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A. What and Why?

Part I



A. WHAT AND WHY?

study 4d and 5d SUSY black holes within the framework of F-theory 

F-theory

phenomenology, 
GUT model buildingConstruct SCFTs: 

6d (1,0), 4d      =3, 

 2d SCFTs, É

QG in F-theory: 
black holes, AdS/
CFT, QG conjectures  

N
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Microscopics Macroscopics
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B. F-theory preliminaries



B. F-THEORY PRELIMINARIES

Type IIB model building:       Type IIB orientifolds with D3/D7 and O3/O7 planes

Why F-theory?

(i)   perturbative string theory ) gs = e� ⌧ 1
<latexit sha1_base64="yeI4lwGupJYgl4E+L5QOMsmbhlY="></latexit><latexit sha1_base64="yeI4lwGupJYgl4E+L5QOMsmbhlY="></latexit><latexit sha1_base64="yeI4lwGupJYgl4E+L5QOMsmbhlY="></latexit><latexit sha1_base64="yeI4lwGupJYgl4E+L5QOMsmbhlY="></latexit>

(ii)  probe approximation: no back-reaction of

Is this a  good (enough) starting point to construct string compactifications?

Yes, at least under certain limiting assumptions!

Way out:      F-theory 
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(asymptotically back-reaction negligible, large volume, D7/O7 on top)

branes



B. F-THEORY PRELIMINARIES

A problem with D7-brane back-reaction:

BPS solution of Type IIB supergravity for p-branes (p < 7)

ds2 = H
� 1

2
p ⌘µ⌫dx

µdx⌫ +H

1
2
p �ijdx

idxj

e2� = e2�0H

3�p
2

p , Hp = 1 +
⇣
rp

r

⌘7�p
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For p = 7 (i.e. codimension 2) separate analysis needed  
[Greene, Shapere, Vafa, Yau `90]
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back-reaction!!For p = 7 (i.e. codimension 2) separate analysis needed  

D7-brane in the background R1,7 ! C
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D7 bane couples to RR 0-form C0
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magnetically

Constraints from SUSY and equations of motions: @⌧ = 0 , ⌧ = C0 + i e��

d ? F9 = �D7 , ?F9 = dC0
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[Greene, Shapere, Vafa, Yau `90]
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Integrate around D7:

!

C
d ! F9 =

!

S1
D7

! F9 =
!

S1
D7

dC0 = 1
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) ⌧ ! ⌧ + 1
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Solution close to the D7: ! (z) = ! 0 +
1

2" i
logz + . . .
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Analysis in [Greene, Shapere, Vafa, Yau `90] shows: back-reaction of D7-branes not negligible,

Monodromy

generically strongly varying! (z)
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!
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c d
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◆
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1 1
0 1

"
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Need to consider [p,q] 7-branes in Type IIB/F-theory

[p, q] 7-brane induces a monodromy transformation

Mp,q =

✓
1� pq p2

�q2 1 + pq

◆
2 SL(2,Z)
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worldvolume action of [p,q] 7-branes unknown
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worldvolume action of [p,q] 7-branes unknown

Insight in [Vafa `96] :

Type IIB axio-dilaton ⌧IIB
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in Type IIB modular group of T 2
<latexit sha1_base64="qCFPR2Ra0u9c2HbmyhsXgrhwi/4="></latexit><latexit sha1_base64="qCFPR2Ra0u9c2HbmyhsXgrhwi/4="></latexit><latexit sha1_base64="qCFPR2Ra0u9c2HbmyhsXgrhwi/4="></latexit><latexit sha1_base64="qCFPR2Ra0u9c2HbmyhsXgrhwi/4="></latexit>

Interpret axio-dilaton           as complex structure of an additional auxiliary⌧IIB
<latexit sha1_base64="O2l88Nn8hJl5gZcqo0rkBp77eRU="></latexit><latexit sha1_base64="O2l88Nn8hJl5gZcqo0rkBp77eRU="></latexit><latexit sha1_base64="O2l88Nn8hJl5gZcqo0rkBp77eRU="></latexit><latexit sha1_base64="O2l88Nn8hJl5gZcqo0rkBp77eRU="></latexit>

T 2
<latexit sha1_base64="qCFPR2Ra0u9c2HbmyhsXgrhwi/4="></latexit><latexit sha1_base64="qCFPR2Ra0u9c2HbmyhsXgrhwi/4="></latexit><latexit sha1_base64="qCFPR2Ra0u9c2HbmyhsXgrhwi/4="></latexit><latexit sha1_base64="qCFPR2Ra0u9c2HbmyhsXgrhwi/4="></latexit>

back-reaction of 7-branes induces proÞle for ⌧IIB
<latexit sha1_base64="O2l88Nn8hJl5gZcqo0rkBp77eRU="></latexit><latexit sha1_base64="O2l88Nn8hJl5gZcqo0rkBp77eRU="></latexit><latexit sha1_base64="O2l88Nn8hJl5gZcqo0rkBp77eRU="></latexit><latexit sha1_base64="O2l88Nn8hJl5gZcqo0rkBp77eRU="></latexit>

non-triviality of the T 2
<latexit sha1_base64="qCFPR2Ra0u9c2HbmyhsXgrhwi/4="></latexit><latexit sha1_base64="qCFPR2Ra0u9c2HbmyhsXgrhwi/4="></latexit><latexit sha1_base64="qCFPR2Ra0u9c2HbmyhsXgrhwi/4="></latexit><latexit sha1_base64="qCFPR2Ra0u9c2HbmyhsXgrhwi/4="></latexit>

Ñ Þbration

however: no 12d origin/interpretation of these T 2
<latexit sha1_base64="qCFPR2Ra0u9c2HbmyhsXgrhwi/4="></latexit><latexit sha1_base64="qCFPR2Ra0u9c2HbmyhsXgrhwi/4="></latexit><latexit sha1_base64="qCFPR2Ra0u9c2HbmyhsXgrhwi/4="></latexit><latexit sha1_base64="qCFPR2Ra0u9c2HbmyhsXgrhwi/4="></latexit> dimensions (known)

(no suitable 12d supergravity exisits,                  not in the 10d effective action, É)vol(T 2)
<latexit sha1_base64="OmyGLkFp9q16pl2nOz6bWcdBv8c="></latexit><latexit sha1_base64="OmyGLkFp9q16pl2nOz6bWcdBv8c="></latexit><latexit sha1_base64="OmyGLkFp9q16pl2nOz6bWcdBv8c="></latexit><latexit sha1_base64="OmyGLkFp9q16pl2nOz6bWcdBv8c="></latexit>



F-THEORY / M-THEORY DUALITY

Various deÞnitions of F-theory: Type IIB with varying !
<latexit sha1_base64="EmonleMPt0n0cRQz8LLXAdAt6Kg="></latexit><latexit sha1_base64="EmonleMPt0n0cRQz8LLXAdAt6Kg="></latexit><latexit sha1_base64="EmonleMPt0n0cRQz8LLXAdAt6Kg="></latexit><latexit sha1_base64="EmonleMPt0n0cRQz8LLXAdAt6Kg="></latexit> and 7-branes

F-theory via M-theory

sometimes via F-theory/heterotic duality
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<latexit sha1_base64="EmonleMPt0n0cRQz8LLXAdAt6Kg="></latexit><latexit sha1_base64="EmonleMPt0n0cRQz8LLXAdAt6Kg="></latexit><latexit sha1_base64="EmonleMPt0n0cRQz8LLXAdAt6Kg="></latexit><latexit sha1_base64="EmonleMPt0n0cRQz8LLXAdAt6Kg="></latexit> and 7-branes
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F-theory via M-theory

7

M-theory on (T 2 = S1
A ⇥ S1

B)
<latexit sha1_base64="PdaIdAgkd+nsAr5BH+FE1rUHmTs="></latexit><latexit sha1_base64="PdaIdAgkd+nsAr5BH+FE1rUHmTs="></latexit><latexit sha1_base64="PdaIdAgkd+nsAr5BH+FE1rUHmTs="></latexit><latexit sha1_base64="PdaIdAgkd+nsAr5BH+FE1rUHmTs="></latexit>

R1,8 ⇥ T 2
<latexit sha1_base64="lrLb2NP1W7yRklrbdTqZGyPq9Nw="></latexit><latexit sha1_base64="lrLb2NP1W7yRklrbdTqZGyPq9Nw="></latexit><latexit sha1_base64="lrLb2NP1W7yRklrbdTqZGyPq9Nw="></latexit><latexit sha1_base64="lrLb2NP1W7yRklrbdTqZGyPq9Nw="></latexit>
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F-theory via M-theory

7

M-theory on (T 2 = S1
A ⇥ S1

B)
<latexit sha1_base64="PdaIdAgkd+nsAr5BH+FE1rUHmTs="></latexit><latexit sha1_base64="PdaIdAgkd+nsAr5BH+FE1rUHmTs="></latexit><latexit sha1_base64="PdaIdAgkd+nsAr5BH+FE1rUHmTs="></latexit><latexit sha1_base64="PdaIdAgkd+nsAr5BH+FE1rUHmTs="></latexit>

reduce along S1
A

<latexit sha1_base64="yC2yJq7uI6ES745jiyZpaA7DMcE="></latexit><latexit sha1_base64="yC2yJq7uI6ES745jiyZpaA7DMcE="></latexit><latexit sha1_base64="yC2yJq7uI6ES745jiyZpaA7DMcE="></latexit><latexit sha1_base64="yC2yJq7uI6ES745jiyZpaA7DMcE="></latexit>

, RA ! 0
<latexit sha1_base64="icmHiAcdA03TlGd78OwAOsUiNP0="></latexit><latexit sha1_base64="icmHiAcdA03TlGd78OwAOsUiNP0="></latexit><latexit sha1_base64="icmHiAcdA03TlGd78OwAOsUiNP0="></latexit><latexit sha1_base64="icmHiAcdA03TlGd78OwAOsUiNP0="></latexit>

weakly coupled Type IIA on R1,8 ⇥ S1
B

<latexit sha1_base64="okMD5WiExpspGc4azdkgz1dYIgM="></latexit><latexit sha1_base64="okMD5WiExpspGc4azdkgz1dYIgM="></latexit><latexit sha1_base64="okMD5WiExpspGc4azdkgz1dYIgM="></latexit><latexit sha1_base64="okMD5WiExpspGc4azdkgz1dYIgM="></latexit>

R1,8 ⇥ T 2
<latexit sha1_base64="lrLb2NP1W7yRklrbdTqZGyPq9Nw="></latexit><latexit sha1_base64="lrLb2NP1W7yRklrbdTqZGyPq9Nw="></latexit><latexit sha1_base64="lrLb2NP1W7yRklrbdTqZGyPq9Nw="></latexit><latexit sha1_base64="lrLb2NP1W7yRklrbdTqZGyPq9Nw="></latexit>

with g(IIA)
s =

RA

`s
<latexit sha1_base64="onV4yPYAu08tu9TnlFFsO1WUNKE="></latexit><latexit sha1_base64="onV4yPYAu08tu9TnlFFsO1WUNKE="></latexit><latexit sha1_base64="onV4yPYAu08tu9TnlFFsO1WUNKE="></latexit><latexit sha1_base64="onV4yPYAu08tu9TnlFFsO1WUNKE="></latexit>
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F-theory via M-theory

7

M-theory on (T 2 = S1
A ⇥ S1

B)
<latexit sha1_base64="PdaIdAgkd+nsAr5BH+FE1rUHmTs="></latexit><latexit sha1_base64="PdaIdAgkd+nsAr5BH+FE1rUHmTs="></latexit><latexit sha1_base64="PdaIdAgkd+nsAr5BH+FE1rUHmTs="></latexit><latexit sha1_base64="PdaIdAgkd+nsAr5BH+FE1rUHmTs="></latexit>

reduce along S1
A

<latexit sha1_base64="yC2yJq7uI6ES745jiyZpaA7DMcE="></latexit><latexit sha1_base64="yC2yJq7uI6ES745jiyZpaA7DMcE="></latexit><latexit sha1_base64="yC2yJq7uI6ES745jiyZpaA7DMcE="></latexit><latexit sha1_base64="yC2yJq7uI6ES745jiyZpaA7DMcE="></latexit>

, RA ! 0
<latexit sha1_base64="icmHiAcdA03TlGd78OwAOsUiNP0="></latexit><latexit sha1_base64="icmHiAcdA03TlGd78OwAOsUiNP0="></latexit><latexit sha1_base64="icmHiAcdA03TlGd78OwAOsUiNP0="></latexit><latexit sha1_base64="icmHiAcdA03TlGd78OwAOsUiNP0="></latexit>

weakly coupled Type IIA on R1,8 ⇥ S1
B

<latexit sha1_base64="okMD5WiExpspGc4azdkgz1dYIgM="></latexit><latexit sha1_base64="okMD5WiExpspGc4azdkgz1dYIgM="></latexit><latexit sha1_base64="okMD5WiExpspGc4azdkgz1dYIgM="></latexit><latexit sha1_base64="okMD5WiExpspGc4azdkgz1dYIgM="></latexit>

R1,8 ⇥ T 2
<latexit sha1_base64="lrLb2NP1W7yRklrbdTqZGyPq9Nw="></latexit><latexit sha1_base64="lrLb2NP1W7yRklrbdTqZGyPq9Nw="></latexit><latexit sha1_base64="lrLb2NP1W7yRklrbdTqZGyPq9Nw="></latexit><latexit sha1_base64="lrLb2NP1W7yRklrbdTqZGyPq9Nw="></latexit>

with g(IIA)
s =

RA

`s
<latexit sha1_base64="onV4yPYAu08tu9TnlFFsO1WUNKE="></latexit><latexit sha1_base64="onV4yPYAu08tu9TnlFFsO1WUNKE="></latexit><latexit sha1_base64="onV4yPYAu08tu9TnlFFsO1WUNKE="></latexit><latexit sha1_base64="onV4yPYAu08tu9TnlFFsO1WUNKE="></latexit>

T-duality along S1
B

<latexit sha1_base64="VBWJh+BjRjVFBtfcM9S3L4/mX/s="></latexit><latexit sha1_base64="VBWJh+BjRjVFBtfcM9S3L4/mX/s="></latexit><latexit sha1_base64="VBWJh+BjRjVFBtfcM9S3L4/mX/s="></latexit><latexit sha1_base64="VBWJh+BjRjVFBtfcM9S3L4/mX/s="></latexit>

Type IIB on R1,8 ⇥ S̃1
B

<latexit sha1_base64="8/Y5bVn8yiGJglf17mbayxytRRM="></latexit><latexit sha1_base64="8/Y5bVn8yiGJglf17mbayxytRRM="></latexit><latexit sha1_base64="8/Y5bVn8yiGJglf17mbayxytRRM="></latexit><latexit sha1_base64="8/Y5bVn8yiGJglf17mbayxytRRM="></latexit>

with R̃B =
`2s
RB

<latexit sha1_base64="eB96Vpx7cxjbrGWhUXl68LZquyo="></latexit><latexit sha1_base64="eB96Vpx7cxjbrGWhUXl68LZquyo="></latexit><latexit sha1_base64="eB96Vpx7cxjbrGWhUXl68LZquyo="></latexit><latexit sha1_base64="eB96Vpx7cxjbrGWhUXl68LZquyo="></latexit>

and Im ⌧ =
RA

RB
<latexit sha1_base64="zVwvrQ/S/6o/Kp5ErCaG8qR/7sM="></latexit><latexit sha1_base64="zVwvrQ/S/6o/Kp5ErCaG8qR/7sM="></latexit><latexit sha1_base64="zVwvrQ/S/6o/Kp5ErCaG8qR/7sM="></latexit><latexit sha1_base64="zVwvrQ/S/6o/Kp5ErCaG8qR/7sM="></latexit>
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7

M-theory on (T 2 = S1
A ⇥ S1

B)
<latexit sha1_base64="PdaIdAgkd+nsAr5BH+FE1rUHmTs="></latexit><latexit sha1_base64="PdaIdAgkd+nsAr5BH+FE1rUHmTs="></latexit><latexit sha1_base64="PdaIdAgkd+nsAr5BH+FE1rUHmTs="></latexit><latexit sha1_base64="PdaIdAgkd+nsAr5BH+FE1rUHmTs="></latexit>

reduce along S1
A

<latexit sha1_base64="yC2yJq7uI6ES745jiyZpaA7DMcE="></latexit><latexit sha1_base64="yC2yJq7uI6ES745jiyZpaA7DMcE="></latexit><latexit sha1_base64="yC2yJq7uI6ES745jiyZpaA7DMcE="></latexit><latexit sha1_base64="yC2yJq7uI6ES745jiyZpaA7DMcE="></latexit>

, RA ! 0
<latexit sha1_base64="icmHiAcdA03TlGd78OwAOsUiNP0="></latexit><latexit sha1_base64="icmHiAcdA03TlGd78OwAOsUiNP0="></latexit><latexit sha1_base64="icmHiAcdA03TlGd78OwAOsUiNP0="></latexit><latexit sha1_base64="icmHiAcdA03TlGd78OwAOsUiNP0="></latexit>

weakly coupled Type IIA on R1,8 ⇥ S1
B

<latexit sha1_base64="okMD5WiExpspGc4azdkgz1dYIgM="></latexit><latexit sha1_base64="okMD5WiExpspGc4azdkgz1dYIgM="></latexit><latexit sha1_base64="okMD5WiExpspGc4azdkgz1dYIgM="></latexit><latexit sha1_base64="okMD5WiExpspGc4azdkgz1dYIgM="></latexit>

R1,8 ⇥ T 2
<latexit sha1_base64="lrLb2NP1W7yRklrbdTqZGyPq9Nw="></latexit><latexit sha1_base64="lrLb2NP1W7yRklrbdTqZGyPq9Nw="></latexit><latexit sha1_base64="lrLb2NP1W7yRklrbdTqZGyPq9Nw="></latexit><latexit sha1_base64="lrLb2NP1W7yRklrbdTqZGyPq9Nw="></latexit>

with g(IIA)
s =

RA

`s
<latexit sha1_base64="onV4yPYAu08tu9TnlFFsO1WUNKE="></latexit><latexit sha1_base64="onV4yPYAu08tu9TnlFFsO1WUNKE="></latexit><latexit sha1_base64="onV4yPYAu08tu9TnlFFsO1WUNKE="></latexit><latexit sha1_base64="onV4yPYAu08tu9TnlFFsO1WUNKE="></latexit>

T-duality along S1
B

<latexit sha1_base64="VBWJh+BjRjVFBtfcM9S3L4/mX/s="></latexit><latexit sha1_base64="VBWJh+BjRjVFBtfcM9S3L4/mX/s="></latexit><latexit sha1_base64="VBWJh+BjRjVFBtfcM9S3L4/mX/s="></latexit><latexit sha1_base64="VBWJh+BjRjVFBtfcM9S3L4/mX/s="></latexit>

Type IIB on R1,8 ⇥ S̃1
B

<latexit sha1_base64="8/Y5bVn8yiGJglf17mbayxytRRM="></latexit><latexit sha1_base64="8/Y5bVn8yiGJglf17mbayxytRRM="></latexit><latexit sha1_base64="8/Y5bVn8yiGJglf17mbayxytRRM="></latexit><latexit sha1_base64="8/Y5bVn8yiGJglf17mbayxytRRM="></latexit>

with R̃B =
`2s
RB

<latexit sha1_base64="eB96Vpx7cxjbrGWhUXl68LZquyo="></latexit><latexit sha1_base64="eB96Vpx7cxjbrGWhUXl68LZquyo="></latexit><latexit sha1_base64="eB96Vpx7cxjbrGWhUXl68LZquyo="></latexit><latexit sha1_base64="eB96Vpx7cxjbrGWhUXl68LZquyo="></latexit>

and Im ⌧ =
RA

RB
<latexit sha1_base64="zVwvrQ/S/6o/Kp5ErCaG8qR/7sM="></latexit><latexit sha1_base64="zVwvrQ/S/6o/Kp5ErCaG8qR/7sM="></latexit><latexit sha1_base64="zVwvrQ/S/6o/Kp5ErCaG8qR/7sM="></latexit><latexit sha1_base64="zVwvrQ/S/6o/Kp5ErCaG8qR/7sM="></latexit>

RB ! 0 (vol(T 2) ! 0)
<latexit sha1_base64="yXSCb+EzWfu4xXhFV5tZ0RUNyUo="></latexit><latexit sha1_base64="yXSCb+EzWfu4xXhFV5tZ0RUNyUo="></latexit><latexit sha1_base64="yXSCb+EzWfu4xXhFV5tZ0RUNyUo="></latexit><latexit sha1_base64="yXSCb+EzWfu4xXhFV5tZ0RUNyUo="></latexit>

Type IIB on R1,9
<latexit sha1_base64="Y+ZVvb00fRnp9nAFe2ISIBXXVSE="></latexit><latexit sha1_base64="Y+ZVvb00fRnp9nAFe2ISIBXXVSE="></latexit><latexit sha1_base64="Y+ZVvb00fRnp9nAFe2ISIBXXVSE="></latexit><latexit sha1_base64="Y+ZVvb00fRnp9nAFe2ISIBXXVSE="></latexit>
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7

M-theory on (T 2 = S1
A ⇥ S1

B)
<latexit sha1_base64="PdaIdAgkd+nsAr5BH+FE1rUHmTs="></latexit><latexit sha1_base64="PdaIdAgkd+nsAr5BH+FE1rUHmTs="></latexit><latexit sha1_base64="PdaIdAgkd+nsAr5BH+FE1rUHmTs="></latexit><latexit sha1_base64="PdaIdAgkd+nsAr5BH+FE1rUHmTs="></latexit>

reduce along S1
A

<latexit sha1_base64="yC2yJq7uI6ES745jiyZpaA7DMcE="></latexit><latexit sha1_base64="yC2yJq7uI6ES745jiyZpaA7DMcE="></latexit><latexit sha1_base64="yC2yJq7uI6ES745jiyZpaA7DMcE="></latexit><latexit sha1_base64="yC2yJq7uI6ES745jiyZpaA7DMcE="></latexit>

, RA ! 0
<latexit sha1_base64="icmHiAcdA03TlGd78OwAOsUiNP0="></latexit><latexit sha1_base64="icmHiAcdA03TlGd78OwAOsUiNP0="></latexit><latexit sha1_base64="icmHiAcdA03TlGd78OwAOsUiNP0="></latexit><latexit sha1_base64="icmHiAcdA03TlGd78OwAOsUiNP0="></latexit>

weakly coupled Type IIA on R1,8 ⇥ S1
B

<latexit sha1_base64="okMD5WiExpspGc4azdkgz1dYIgM="></latexit><latexit sha1_base64="okMD5WiExpspGc4azdkgz1dYIgM="></latexit><latexit sha1_base64="okMD5WiExpspGc4azdkgz1dYIgM="></latexit><latexit sha1_base64="okMD5WiExpspGc4azdkgz1dYIgM="></latexit>

R1,8 ⇥ T 2
<latexit sha1_base64="lrLb2NP1W7yRklrbdTqZGyPq9Nw="></latexit><latexit sha1_base64="lrLb2NP1W7yRklrbdTqZGyPq9Nw="></latexit><latexit sha1_base64="lrLb2NP1W7yRklrbdTqZGyPq9Nw="></latexit><latexit sha1_base64="lrLb2NP1W7yRklrbdTqZGyPq9Nw="></latexit>

with g(IIA)
s =

RA

`s
<latexit sha1_base64="onV4yPYAu08tu9TnlFFsO1WUNKE="></latexit><latexit sha1_base64="onV4yPYAu08tu9TnlFFsO1WUNKE="></latexit><latexit sha1_base64="onV4yPYAu08tu9TnlFFsO1WUNKE="></latexit><latexit sha1_base64="onV4yPYAu08tu9TnlFFsO1WUNKE="></latexit>

T-duality along S1
B

<latexit sha1_base64="VBWJh+BjRjVFBtfcM9S3L4/mX/s="></latexit><latexit sha1_base64="VBWJh+BjRjVFBtfcM9S3L4/mX/s="></latexit><latexit sha1_base64="VBWJh+BjRjVFBtfcM9S3L4/mX/s="></latexit><latexit sha1_base64="VBWJh+BjRjVFBtfcM9S3L4/mX/s="></latexit>

Type IIB on R1,8 ⇥ S̃1
B

<latexit sha1_base64="8/Y5bVn8yiGJglf17mbayxytRRM="></latexit><latexit sha1_base64="8/Y5bVn8yiGJglf17mbayxytRRM="></latexit><latexit sha1_base64="8/Y5bVn8yiGJglf17mbayxytRRM="></latexit><latexit sha1_base64="8/Y5bVn8yiGJglf17mbayxytRRM="></latexit>

with R̃B =
`2s
RB

<latexit sha1_base64="eB96Vpx7cxjbrGWhUXl68LZquyo="></latexit><latexit sha1_base64="eB96Vpx7cxjbrGWhUXl68LZquyo="></latexit><latexit sha1_base64="eB96Vpx7cxjbrGWhUXl68LZquyo="></latexit><latexit sha1_base64="eB96Vpx7cxjbrGWhUXl68LZquyo="></latexit>

and Im ⌧ =
RA

RB
<latexit sha1_base64="zVwvrQ/S/6o/Kp5ErCaG8qR/7sM="></latexit><latexit sha1_base64="zVwvrQ/S/6o/Kp5ErCaG8qR/7sM="></latexit><latexit sha1_base64="zVwvrQ/S/6o/Kp5ErCaG8qR/7sM="></latexit><latexit sha1_base64="zVwvrQ/S/6o/Kp5ErCaG8qR/7sM="></latexit>

RB ! 0 (vol(T 2) ! 0)
<latexit sha1_base64="yXSCb+EzWfu4xXhFV5tZ0RUNyUo="></latexit><latexit sha1_base64="yXSCb+EzWfu4xXhFV5tZ0RUNyUo="></latexit><latexit sha1_base64="yXSCb+EzWfu4xXhFV5tZ0RUNyUo="></latexit><latexit sha1_base64="yXSCb+EzWfu4xXhFV5tZ0RUNyUo="></latexit>

Type IIB on R1,9
<latexit sha1_base64="Y+ZVvb00fRnp9nAFe2ISIBXXVSE="></latexit><latexit sha1_base64="Y+ZVvb00fRnp9nAFe2ISIBXXVSE="></latexit><latexit sha1_base64="Y+ZVvb00fRnp9nAFe2ISIBXXVSE="></latexit><latexit sha1_base64="Y+ZVvb00fRnp9nAFe2ISIBXXVSE="></latexit>

For non-trivial fibration apply 
this duality fiber-wise!
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!

<latexit sha1_base64="1j5Epvx3Zigr3SPwjwkfEMi4eqc="></latexit> <latexit sha1_base64="1j5Epvx3Zigr3SPwjwkfEMi4eqc="></latexit> <latexit sha1_base64="1j5Epvx3Zigr3SPwjwkfEMi4eqc="></latexit> <latexit sha1_base64="1j5Epvx3Zigr3SPwjwkfEMi4eqc="></latexit>

R1,d�1 ⇥
<latexit sha1_base64="kIoiSFdGXHBvi1dc1ExWnjZpcKY="></latexit><latexit sha1_base64="kIoiSFdGXHBvi1dc1ExWnjZpcKY="></latexit><latexit sha1_base64="kIoiSFdGXHBvi1dc1ExWnjZpcKY="></latexit><latexit sha1_base64="kIoiSFdGXHBvi1dc1ExWnjZpcKY="></latexit>

!

<latexit sha1_base64="1j5Epvx3Zigr3SPwjwkfEMi4eqc="></latexit> <latexit sha1_base64="1j5Epvx3Zigr3SPwjwkfEMi4eqc="></latexit> <latexit sha1_base64="1j5Epvx3Zigr3SPwjwkfEMi4eqc="></latexit> <latexit sha1_base64="1j5Epvx3Zigr3SPwjwkfEMi4eqc="></latexit>

}
<latexit sha1_base64="9lhCZgeD6bhxZp4ixZpjZjzPx0c="></latexit><latexit sha1_base64="9lhCZgeD6bhxZp4ixZpjZjzPx0c="></latexit><latexit sha1_base64="9lhCZgeD6bhxZp4ixZpjZjzPx0c="></latexit><latexit sha1_base64="9lhCZgeD6bhxZp4ixZpjZjzPx0c="></latexit>

Bn ! 1
<latexit sha1_base64="ilSSPrZzhMgeMJowk6QaV0FHbeE="></latexit><latexit sha1_base64="ilSSPrZzhMgeMJowk6QaV0FHbeE="></latexit><latexit sha1_base64="ilSSPrZzhMgeMJowk6QaV0FHbeE="></latexit><latexit sha1_base64="ilSSPrZzhMgeMJowk6QaV0FHbeE="></latexit>

E!
<latexit sha1_base64="U/QinL9mO996/1mxRiRptkSnFYA="></latexit><latexit sha1_base64="U/QinL9mO996/1mxRiRptkSnFYA="></latexit><latexit sha1_base64="U/QinL9mO996/1mxRiRptkSnFYA="></latexit><latexit sha1_base64="U/QinL9mO996/1mxRiRptkSnFYA="></latexit>

8

fibration SUSY F-theory SUSY M-theory
CY2=K3 8d N = 1 (16) 7d N = 2 (16)

CY3 6d N = (1, 0) (8) 5d N = 2 (8)

CY4 4d N = 1 (4) 3d N = 2 (4)

CY5 2d N = (2, 0) (2) 1d N = 2 SQM (2)
<latexit sha1_base64="my4/ilHf/CikfpnirXemuQIyPwY="></latexit><latexit sha1_base64="my4/ilHf/CikfpnirXemuQIyPwY="></latexit><latexit sha1_base64="my4/ilHf/CikfpnirXemuQIyPwY="></latexit><latexit sha1_base64="my4/ilHf/CikfpnirXemuQIyPwY="></latexit>

codim. 1 singularities: 
7-branes and gauge 
algebra codim. 2: charged matter

CYn
<latexit sha1_base64="F5K+A+OD37kKoMC5BUIddaTbXik="></latexit><latexit sha1_base64="F5K+A+OD37kKoMC5BUIddaTbXik="></latexit><latexit sha1_base64="F5K+A+OD37kKoMC5BUIddaTbXik="></latexit><latexit sha1_base64="F5K+A+OD37kKoMC5BUIddaTbXik="></latexit>

!
<latexit sha1_base64="CkhJvI2QJWn2sYqL1DbnTRfXIJQ="></latexit><latexit sha1_base64="CkhJvI2QJWn2sYqL1DbnTRfXIJQ="></latexit><latexit sha1_base64="CkhJvI2QJWn2sYqL1DbnTRfXIJQ="></latexit><latexit sha1_base64="CkhJvI2QJWn2sYqL1DbnTRfXIJQ="></latexit>

Bn ! 1
<latexit sha1_base64="ilSSPrZzhMgeMJowk6QaV0FHbeE="></latexit><latexit sha1_base64="ilSSPrZzhMgeMJowk6QaV0FHbeE="></latexit><latexit sha1_base64="ilSSPrZzhMgeMJowk6QaV0FHbeE="></latexit><latexit sha1_base64="ilSSPrZzhMgeMJowk6QaV0FHbeE="></latexit>

!
<latexit sha1_base64="+k3Fwod6svRjCtIvOhwjASD7UtE="></latexit><latexit sha1_base64="+k3Fwod6svRjCtIvOhwjASD7UtE="></latexit><latexit sha1_base64="+k3Fwod6svRjCtIvOhwjASD7UtE="></latexit><latexit sha1_base64="+k3Fwod6svRjCtIvOhwjASD7UtE="></latexit>
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!

<latexit sha1_base64="1j5Epvx3Zigr3SPwjwkfEMi4eqc="></latexit> <latexit sha1_base64="1j5Epvx3Zigr3SPwjwkfEMi4eqc="></latexit> <latexit sha1_base64="1j5Epvx3Zigr3SPwjwkfEMi4eqc="></latexit> <latexit sha1_base64="1j5Epvx3Zigr3SPwjwkfEMi4eqc="></latexit>

R1,d�1 ⇥
<latexit sha1_base64="kIoiSFdGXHBvi1dc1ExWnjZpcKY="></latexit><latexit sha1_base64="kIoiSFdGXHBvi1dc1ExWnjZpcKY="></latexit><latexit sha1_base64="kIoiSFdGXHBvi1dc1ExWnjZpcKY="></latexit><latexit sha1_base64="kIoiSFdGXHBvi1dc1ExWnjZpcKY="></latexit>

!

<latexit sha1_base64="1j5Epvx3Zigr3SPwjwkfEMi4eqc="></latexit> <latexit sha1_base64="1j5Epvx3Zigr3SPwjwkfEMi4eqc="></latexit> <latexit sha1_base64="1j5Epvx3Zigr3SPwjwkfEMi4eqc="></latexit> <latexit sha1_base64="1j5Epvx3Zigr3SPwjwkfEMi4eqc="></latexit>

}
<latexit sha1_base64="9lhCZgeD6bhxZp4ixZpjZjzPx0c="></latexit><latexit sha1_base64="9lhCZgeD6bhxZp4ixZpjZjzPx0c="></latexit><latexit sha1_base64="9lhCZgeD6bhxZp4ixZpjZjzPx0c="></latexit><latexit sha1_base64="9lhCZgeD6bhxZp4ixZpjZjzPx0c="></latexit>

Bn ! 1
<latexit sha1_base64="ilSSPrZzhMgeMJowk6QaV0FHbeE="></latexit><latexit sha1_base64="ilSSPrZzhMgeMJowk6QaV0FHbeE="></latexit><latexit sha1_base64="ilSSPrZzhMgeMJowk6QaV0FHbeE="></latexit><latexit sha1_base64="ilSSPrZzhMgeMJowk6QaV0FHbeE="></latexit>

E!
<latexit sha1_base64="U/QinL9mO996/1mxRiRptkSnFYA="></latexit><latexit sha1_base64="U/QinL9mO996/1mxRiRptkSnFYA="></latexit><latexit sha1_base64="U/QinL9mO996/1mxRiRptkSnFYA="></latexit><latexit sha1_base64="U/QinL9mO996/1mxRiRptkSnFYA="></latexit>

8

fibration SUSY F-theory SUSY M-theory
CY2=K3 8d N = 1 (16) 7d N = 2 (16)

CY3 6d N = (1, 0) (8) 5d N = 2 (8)

CY4 4d N = 1 (4) 3d N = 2 (4)

CY5 2d N = (2, 0) (2) 1d N = 2 SQM (2)
<latexit sha1_base64="my4/ilHf/CikfpnirXemuQIyPwY="></latexit><latexit sha1_base64="my4/ilHf/CikfpnirXemuQIyPwY="></latexit><latexit sha1_base64="my4/ilHf/CikfpnirXemuQIyPwY="></latexit><latexit sha1_base64="my4/ilHf/CikfpnirXemuQIyPwY="></latexit>

codim. 1 singularities: 
7-branes and gauge 
algebra codim. 2: charged matter

CYn
<latexit sha1_base64="F5K+A+OD37kKoMC5BUIddaTbXik="></latexit><latexit sha1_base64="F5K+A+OD37kKoMC5BUIddaTbXik="></latexit><latexit sha1_base64="F5K+A+OD37kKoMC5BUIddaTbXik="></latexit><latexit sha1_base64="F5K+A+OD37kKoMC5BUIddaTbXik="></latexit>

!
<latexit sha1_base64="CkhJvI2QJWn2sYqL1DbnTRfXIJQ="></latexit><latexit sha1_base64="CkhJvI2QJWn2sYqL1DbnTRfXIJQ="></latexit><latexit sha1_base64="CkhJvI2QJWn2sYqL1DbnTRfXIJQ="></latexit><latexit sha1_base64="CkhJvI2QJWn2sYqL1DbnTRfXIJQ="></latexit>

Bn ! 1
<latexit sha1_base64="ilSSPrZzhMgeMJowk6QaV0FHbeE="></latexit><latexit sha1_base64="ilSSPrZzhMgeMJowk6QaV0FHbeE="></latexit><latexit sha1_base64="ilSSPrZzhMgeMJowk6QaV0FHbeE="></latexit><latexit sha1_base64="ilSSPrZzhMgeMJowk6QaV0FHbeE="></latexit>

!
<latexit sha1_base64="+k3Fwod6svRjCtIvOhwjASD7UtE="></latexit><latexit sha1_base64="+k3Fwod6svRjCtIvOhwjASD7UtE="></latexit><latexit sha1_base64="+k3Fwod6svRjCtIvOhwjASD7UtE="></latexit><latexit sha1_base64="+k3Fwod6svRjCtIvOhwjASD7UtE="></latexit>
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smooth Þber resolved Þber

P1
<latexit sha1_base64="optQBIHc0EzeRlkl3aQk4lcdz/Y="></latexit><latexit sha1_base64="optQBIHc0EzeRlkl3aQk4lcdz/Y="></latexit><latexit sha1_base64="optQBIHc0EzeRlkl3aQk4lcdz/Y="></latexit><latexit sha1_base64="optQBIHc0EzeRlkl3aQk4lcdz/Y="></latexit>

`sresolution

P1
<latexit sha1_base64="optQBIHc0EzeRlkl3aQk4lcdz/Y="></latexit><latexit sha1_base64="optQBIHc0EzeRlkl3aQk4lcdz/Y="></latexit><latexit sha1_base64="optQBIHc0EzeRlkl3aQk4lcdz/Y="></latexit><latexit sha1_base64="optQBIHc0EzeRlkl3aQk4lcdz/Y="></latexit>

`s have an intersection pattern as the nodes of afÞne Dynkin diagrams

intersection pattern dictates gauge algebra
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M2-branes wrapping           over codim. 1 singularity: massive W-bosonsP1
i Õs

<latexit sha1_base64="gUNQgfhKTd0MqS3UffOMlWms4U0="></latexit><latexit sha1_base64="gUNQgfhKTd0MqS3UffOMlWms4U0="></latexit><latexit sha1_base64="gUNQgfhKTd0MqS3UffOMlWms4U0="></latexit><latexit sha1_base64="gUNQgfhKTd0MqS3UffOMlWms4U0="></latexit>
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M2-branes wrapping           over codim. 2 singularity: massive charged matterP1
i Õs

<latexit sha1_base64="gUNQgfhKTd0MqS3UffOMlWms4U0="></latexit><latexit sha1_base64="gUNQgfhKTd0MqS3UffOMlWms4U0="></latexit><latexit sha1_base64="gUNQgfhKTd0MqS3UffOMlWms4U0="></latexit><latexit sha1_base64="gUNQgfhKTd0MqS3UffOMlWms4U0="></latexit>

M2-branes wrapping           over codim. 1 singularity: massive W-bosonsP1
i Õs

<latexit sha1_base64="gUNQgfhKTd0MqS3UffOMlWms4U0="></latexit><latexit sha1_base64="gUNQgfhKTd0MqS3UffOMlWms4U0="></latexit><latexit sha1_base64="gUNQgfhKTd0MqS3UffOMlWms4U0="></latexit><latexit sha1_base64="gUNQgfhKTd0MqS3UffOMlWms4U0="></latexit>
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M2-branes wrapping           over codim. 2 singularity: massive charged matterP1
i Õs

<latexit sha1_base64="gUNQgfhKTd0MqS3UffOMlWms4U0="></latexit><latexit sha1_base64="gUNQgfhKTd0MqS3UffOMlWms4U0="></latexit><latexit sha1_base64="gUNQgfhKTd0MqS3UffOMlWms4U0="></latexit><latexit sha1_base64="gUNQgfhKTd0MqS3UffOMlWms4U0="></latexit>

M2-branes wrapping           over codim. 1 singularity: massive W-bosonsP1
i Õs

<latexit sha1_base64="gUNQgfhKTd0MqS3UffOMlWms4U0="></latexit><latexit sha1_base64="gUNQgfhKTd0MqS3UffOMlWms4U0="></latexit><latexit sha1_base64="gUNQgfhKTd0MqS3UffOMlWms4U0="></latexit><latexit sha1_base64="gUNQgfhKTd0MqS3UffOMlWms4U0="></latexit>

M2-branes wrapping        : Kaluza-Klein modes E!
<latexit sha1_base64="U/QinL9mO996/1mxRiRptkSnFYA="></latexit><latexit sha1_base64="U/QinL9mO996/1mxRiRptkSnFYA="></latexit><latexit sha1_base64="U/QinL9mO996/1mxRiRptkSnFYA="></latexit><latexit sha1_base64="U/QinL9mO996/1mxRiRptkSnFYA="></latexit>

10



F-THEORY IN A NUTSHELL

mathematics of elliptic Þbrations physics of F-theory

!<latexit sha1_base64="EglbR4BnTBZbNwiaTHh166yul64="></latexit><latexit sha1_base64="EglbR4BnTBZbNwiaTHh166yul64="></latexit><latexit sha1_base64="EglbR4BnTBZbNwiaTHh166yul64="></latexit><latexit sha1_base64="EglbR4BnTBZbNwiaTHh166yul64="></latexit> Type IIB string theory with 
varying axio-dilaton

Holy grail: establish dictionary between physics and mathematics

map to

11

[from TASI lectures on F-theory, Weigand `18]



B. 5D BLACK HOLES FROM D3-BRANES 
12

F-theory on CY3
!!" B2

<latexit sha1_base64="UWdbE7NpZQ0xII1iRtnH/yvNKYI="></latexit><latexit sha1_base64="UWdbE7NpZQ0xII1iRtnH/yvNKYI="></latexit><latexit sha1_base64="UWdbE7NpZQ0xII1iRtnH/yvNKYI="></latexit><latexit sha1_base64="UWdbE7NpZQ0xII1iRtnH/yvNKYI="></latexit>

R1,5 ! CY3
<latexit sha1_base64="c5Bc2YyERfcRmIEsGkM+nXg7s5Q="></latexit><latexit sha1_base64="c5Bc2YyERfcRmIEsGkM+nXg7s5Q="></latexit><latexit sha1_base64="c5Bc2YyERfcRmIEsGkM+nXg7s5Q="></latexit><latexit sha1_base64="c5Bc2YyERfcRmIEsGkM+nXg7s5Q="></latexit>

: 6d supergravity with N = (1 , 0)
<latexit sha1_base64="I9ar+TEYjQdUO0s2E9C5xxD4zYk="></latexit><latexit sha1_base64="I9ar+TEYjQdUO0s2E9C5xxD4zYk="></latexit><latexit sha1_base64="I9ar+TEYjQdUO0s2E9C5xxD4zYk="></latexit><latexit sha1_base64="I9ar+TEYjQdUO0s2E9C5xxD4zYk="></latexit>

An interesting sub-sector of the theory:
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F-theory on CY3
!!" B2

<latexit sha1_base64="UWdbE7NpZQ0xII1iRtnH/yvNKYI="></latexit><latexit sha1_base64="UWdbE7NpZQ0xII1iRtnH/yvNKYI="></latexit><latexit sha1_base64="UWdbE7NpZQ0xII1iRtnH/yvNKYI="></latexit><latexit sha1_base64="UWdbE7NpZQ0xII1iRtnH/yvNKYI="></latexit>

R1,5 ! CY3
<latexit sha1_base64="c5Bc2YyERfcRmIEsGkM+nXg7s5Q="></latexit><latexit sha1_base64="c5Bc2YyERfcRmIEsGkM+nXg7s5Q="></latexit><latexit sha1_base64="c5Bc2YyERfcRmIEsGkM+nXg7s5Q="></latexit><latexit sha1_base64="c5Bc2YyERfcRmIEsGkM+nXg7s5Q="></latexit>

: 6d supergravity with N = (1 , 0)
<latexit sha1_base64="I9ar+TEYjQdUO0s2E9C5xxD4zYk="></latexit><latexit sha1_base64="I9ar+TEYjQdUO0s2E9C5xxD4zYk="></latexit><latexit sha1_base64="I9ar+TEYjQdUO0s2E9C5xxD4zYk="></latexit><latexit sha1_base64="I9ar+TEYjQdUO0s2E9C5xxD4zYk="></latexit>

An interesting sub-sector of the theory: D3-branes  wrapped on C ! B2
<latexit sha1_base64="WOoleQhJ1ZMHsnRBpfIQnLG/6tk="></latexit><latexit sha1_base64="WOoleQhJ1ZMHsnRBpfIQnLG/6tk="></latexit><latexit sha1_base64="WOoleQhJ1ZMHsnRBpfIQnLG/6tk="></latexit><latexit sha1_base64="WOoleQhJ1ZMHsnRBpfIQnLG/6tk="></latexit>

strings of 6d (1, 0)
<latexit sha1_base64="lsRzFmmSzXpBKEphd/P/i5pjcw4="></latexit><latexit sha1_base64="lsRzFmmSzXpBKEphd/P/i5pjcw4="></latexit><latexit sha1_base64="lsRzFmmSzXpBKEphd/P/i5pjcw4="></latexit><latexit sha1_base64="lsRzFmmSzXpBKEphd/P/i5pjcw4="></latexit>

SCFTs [e.g. del Zotto, Lockhart, Vafa, Haghighat, Tachikawa, 
Shimizu É]

excitations of 6d strings satisfy WGC and SDC in

highly non-trivial way [Lee, Lerche, Weigand `18]

5d spinning black holes AdS3/ CFT (0,4)
<latexit sha1_base64="z5xjWFRvHGT5jmUJxkjwixZNIPA="></latexit><latexit sha1_base64="z5xjWFRvHGT5jmUJxkjwixZNIPA="></latexit><latexit sha1_base64="z5xjWFRvHGT5jmUJxkjwixZNIPA="></latexit><latexit sha1_base64="z5xjWFRvHGT5jmUJxkjwixZNIPA="></latexit>

[Haghighat, Murthy, Vafa, Vandoren `15]

12



B. 5D BLACK HOLES FROM D3-BRANES 

F-theory on CY3
!!" B2

<latexit sha1_base64="UWdbE7NpZQ0xII1iRtnH/yvNKYI="></latexit><latexit sha1_base64="UWdbE7NpZQ0xII1iRtnH/yvNKYI="></latexit><latexit sha1_base64="UWdbE7NpZQ0xII1iRtnH/yvNKYI="></latexit><latexit sha1_base64="UWdbE7NpZQ0xII1iRtnH/yvNKYI="></latexit>

R1,5 ! CY3
<latexit sha1_base64="c5Bc2YyERfcRmIEsGkM+nXg7s5Q="></latexit><latexit sha1_base64="c5Bc2YyERfcRmIEsGkM+nXg7s5Q="></latexit><latexit sha1_base64="c5Bc2YyERfcRmIEsGkM+nXg7s5Q="></latexit><latexit sha1_base64="c5Bc2YyERfcRmIEsGkM+nXg7s5Q="></latexit>

: 6d supergravity with N = (1 , 0)
<latexit sha1_base64="I9ar+TEYjQdUO0s2E9C5xxD4zYk="></latexit><latexit sha1_base64="I9ar+TEYjQdUO0s2E9C5xxD4zYk="></latexit><latexit sha1_base64="I9ar+TEYjQdUO0s2E9C5xxD4zYk="></latexit><latexit sha1_base64="I9ar+TEYjQdUO0s2E9C5xxD4zYk="></latexit>

An interesting sub-sector of the theory: D3-branes  wrapped on C ! B2
<latexit sha1_base64="WOoleQhJ1ZMHsnRBpfIQnLG/6tk="></latexit><latexit sha1_base64="WOoleQhJ1ZMHsnRBpfIQnLG/6tk="></latexit><latexit sha1_base64="WOoleQhJ1ZMHsnRBpfIQnLG/6tk="></latexit><latexit sha1_base64="WOoleQhJ1ZMHsnRBpfIQnLG/6tk="></latexit>

strings of 6d (1, 0)
<latexit sha1_base64="lsRzFmmSzXpBKEphd/P/i5pjcw4="></latexit><latexit sha1_base64="lsRzFmmSzXpBKEphd/P/i5pjcw4="></latexit><latexit sha1_base64="lsRzFmmSzXpBKEphd/P/i5pjcw4="></latexit><latexit sha1_base64="lsRzFmmSzXpBKEphd/P/i5pjcw4="></latexit>

SCFTs

excitations of 6d strings satisfy WGC and SDC in

highly non-trivial way [Lee, Lerche, Weigand `18]

5d spinning black holes AdS3/ CFT (0,4)
<latexit sha1_base64="z5xjWFRvHGT5jmUJxkjwixZNIPA="></latexit><latexit sha1_base64="z5xjWFRvHGT5jmUJxkjwixZNIPA="></latexit><latexit sha1_base64="z5xjWFRvHGT5jmUJxkjwixZNIPA="></latexit><latexit sha1_base64="z5xjWFRvHGT5jmUJxkjwixZNIPA="></latexit>

[Haghighat, Murthy, Vafa, Vandoren `15]

X 0 X 1 X 2 á á áX 5 X 6 X 7 X 8 X 9

D3 ! ! á ! ! á á
<latexit sha1_base64="3QPW4puB46BLO3obqlPOesulPY4="></latexit><latexit sha1_base64="3QPW4puB46BLO3obqlPOesulPY4="></latexit><latexit sha1_base64="3QPW4puB46BLO3obqlPOesulPY4="></latexit><latexit sha1_base64="3QPW4puB46BLO3obqlPOesulPY4="></latexit>

Rt
<latexit sha1_base64="uRLNKza6PwVwGnFVfrkOYB6zgU8="></latexit><latexit sha1_base64="uRLNKza6PwVwGnFVfrkOYB6zgU8="></latexit><latexit sha1_base64="uRLNKza6PwVwGnFVfrkOYB6zgU8="></latexit><latexit sha1_base64="uRLNKza6PwVwGnFVfrkOYB6zgU8="></latexit>

S1
<latexit sha1_base64="GCbpHCnpMqWt8psVzWJuzotJuWw="></latexit><latexit sha1_base64="GCbpHCnpMqWt8psVzWJuzotJuWw="></latexit><latexit sha1_base64="GCbpHCnpMqWt8psVzWJuzotJuWw="></latexit><latexit sha1_base64="GCbpHCnpMqWt8psVzWJuzotJuWw="></latexit>

R4
!

<latexit sha1_base64="/HxHagE3zsMoHOSF/JU3hDyONXU="></latexit><latexit sha1_base64="/HxHagE3zsMoHOSF/JU3hDyONXU="></latexit><latexit sha1_base64="/HxHagE3zsMoHOSF/JU3hDyONXU="></latexit><latexit sha1_base64="/HxHagE3zsMoHOSF/JU3hDyONXU="></latexit>

B2
<latexit sha1_base64="oh4SMK81LjiifeKWgI+K/YOcOp8="></latexit><latexit sha1_base64="oh4SMK81LjiifeKWgI+K/YOcOp8="></latexit><latexit sha1_base64="oh4SMK81LjiifeKWgI+K/YOcOp8="></latexit><latexit sha1_base64="oh4SMK81LjiifeKWgI+K/YOcOp8="></latexit>

!
<latexit sha1_base64="kc+vcmJjLQ+RPUi92t50M5vNhjs="></latexit><latexit sha1_base64="kc+vcmJjLQ+RPUi92t50M5vNhjs="></latexit><latexit sha1_base64="kc+vcmJjLQ+RPUi92t50M5vNhjs="></latexit><latexit sha1_base64="kc+vcmJjLQ+RPUi92t50M5vNhjs="></latexit> !

<latexit sha1_base64="kc+vcmJjLQ+RPUi92t50M5vNhjs="></latexit><latexit sha1_base64="kc+vcmJjLQ+RPUi92t50M5vNhjs="></latexit><latexit sha1_base64="kc+vcmJjLQ+RPUi92t50M5vNhjs="></latexit><latexit sha1_base64="kc+vcmJjLQ+RPUi92t50M5vNhjs="></latexit>

!
<latexit sha1_base64="kc+vcmJjLQ+RPUi92t50M5vNhjs="></latexit><latexit sha1_base64="kc+vcmJjLQ+RPUi92t50M5vNhjs="></latexit><latexit sha1_base64="kc+vcmJjLQ+RPUi92t50M5vNhjs="></latexit><latexit sha1_base64="kc+vcmJjLQ+RPUi92t50M5vNhjs="></latexit>

background:

[e.g. del Zotto, Lockhart, Vafa, Haghighat, Tachikawa, 
Shimizu É]

SO(4)!
<latexit sha1_base64="V3vRjeLU6zxcOEwTZ33hAJsOePE="></latexit><latexit sha1_base64="V3vRjeLU6zxcOEwTZ33hAJsOePE="></latexit><latexit sha1_base64="V3vRjeLU6zxcOEwTZ33hAJsOePE="></latexit><latexit sha1_base64="V3vRjeLU6zxcOEwTZ33hAJsOePE="></latexit>
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MICROSCOPICS VS. MACROSCOPICS 

in IR: 2d N = (0 , 4)
<latexit sha1_base64="EmGCWgfrCh+8Nok+rrLjSTK/ybY="></latexit><latexit sha1_base64="EmGCWgfrCh+8Nok+rrLjSTK/ybY="></latexit><latexit sha1_base64="EmGCWgfrCh+8Nok+rrLjSTK/ybY="></latexit><latexit sha1_base64="EmGCWgfrCh+8Nok+rrLjSTK/ybY="></latexit>

SCFT

cR = 6kR
<latexit sha1_base64="6vgP/EGA9UTDlKvQkQI5HOxoHLE="></latexit><latexit sha1_base64="6vgP/EGA9UTDlKvQkQI5HOxoHLE="></latexit><latexit sha1_base64="6vgP/EGA9UTDlKvQkQI5HOxoHLE="></latexit><latexit sha1_base64="6vgP/EGA9UTDlKvQkQI5HOxoHLE="></latexit>

novel feature: identify SU(2)L
<latexit sha1_base64="EQ5CbmzicB2PgH7xDugG2Lu1PYA="></latexit><latexit sha1_base64="EQ5CbmzicB2PgH7xDugG2Lu1PYA="></latexit><latexit sha1_base64="EQ5CbmzicB2PgH7xDugG2Lu1PYA="></latexit><latexit sha1_base64="EQ5CbmzicB2PgH7xDugG2Lu1PYA="></latexit>

current algebra

entropy determined by CardyÕs formula S = 2 !

!
cL

6

"
n !

J 2

kL

#

<latexit sha1_base64="xPSMgpZqT217BBV+weQ07KckRgo="></latexit><latexit sha1_base64="xPSMgpZqT217BBV+weQ07KckRgo="></latexit><latexit sha1_base64="xPSMgpZqT217BBV+weQ07KckRgo="></latexit><latexit sha1_base64="xPSMgpZqT217BBV+weQ07KckRgo="></latexit>
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SU(2)R
<latexit sha1_base64="pyEhXsz0qYtoWrQBe5f0eunpevM="></latexit><latexit sha1_base64="pyEhXsz0qYtoWrQBe5f0eunpevM="></latexit><latexit sha1_base64="pyEhXsz0qYtoWrQBe5f0eunpevM="></latexit><latexit sha1_base64="pyEhXsz0qYtoWrQBe5f0eunpevM="></latexit>

current algebra

SO(4)! = SU(2) L ! SU(2)R
<latexit sha1_base64="BEZuAmVW2OAGGHMVNBGGFmJGlvo="></latexit><latexit sha1_base64="BEZuAmVW2OAGGHMVNBGGFmJGlvo="></latexit><latexit sha1_base64="BEZuAmVW2OAGGHMVNBGGFmJGlvo="></latexit><latexit sha1_base64="BEZuAmVW2OAGGHMVNBGGFmJGlvo="></latexit>



MICROSCOPICS VS. MACROSCOPICS 

S = 2⇡

!
cL

6

"
n !

J 2

kL

#

<latexit sha1_base64="yiHw3hMe8Tac3X3ckrxnWSWPvhU="></latexit><latexit sha1_base64="yiHw3hMe8Tac3X3ckrxnWSWPvhU="></latexit><latexit sha1_base64="yiHw3hMe8Tac3X3ckrxnWSWPvhU="></latexit><latexit sha1_base64="yiHw3hMe8Tac3X3ckrxnWSWPvhU="></latexit>

microscopics

D3 brane on C ! B2
<latexit sha1_base64="WOoleQhJ1ZMHsnRBpfIQnLG/6tk="></latexit><latexit sha1_base64="WOoleQhJ1ZMHsnRBpfIQnLG/6tk="></latexit><latexit sha1_base64="WOoleQhJ1ZMHsnRBpfIQnLG/6tk="></latexit><latexit sha1_base64="WOoleQhJ1ZMHsnRBpfIQnLG/6tk="></latexit>

+ D7Õs ! (z)
<latexit sha1_base64="YfYaN6CJ/5cuNWXQdIMe88fyEFI="></latexit><latexit sha1_base64="YfYaN6CJ/5cuNWXQdIMe88fyEFI="></latexit><latexit sha1_base64="YfYaN6CJ/5cuNWXQdIMe88fyEFI="></latexit><latexit sha1_base64="YfYaN6CJ/5cuNWXQdIMe88fyEFI="></latexit>

varying on B2
<latexit sha1_base64="oh4SMK81LjiifeKWgI+K/YOcOp8="></latexit><latexit sha1_base64="oh4SMK81LjiifeKWgI+K/YOcOp8="></latexit><latexit sha1_base64="oh4SMK81LjiifeKWgI+K/YOcOp8="></latexit><latexit sha1_base64="oh4SMK81LjiifeKWgI+K/YOcOp8="></latexit>

worldvolume theory: N = 4
<latexit sha1_base64="5/d9sImmxLNxWYQgA3oZBeFUPjw="></latexit><latexit sha1_base64="5/d9sImmxLNxWYQgA3oZBeFUPjw="></latexit><latexit sha1_base64="5/d9sImmxLNxWYQgA3oZBeFUPjw="></latexit><latexit sha1_base64="5/d9sImmxLNxWYQgA3oZBeFUPjw="></latexit>

SYM with varying coupling + monodromies

supercharges transform under SL(2, Z)
<latexit sha1_base64="437dL1rUOf+hLUly2/EuYEfqSTA="></latexit><latexit sha1_base64="437dL1rUOf+hLUly2/EuYEfqSTA="></latexit><latexit sha1_base64="437dL1rUOf+hLUly2/EuYEfqSTA="></latexit><latexit sha1_base64="437dL1rUOf+hLUly2/EuYEfqSTA="></latexit>

need generalization of top. twist

in IR: 2d N = (0 , 4)
<latexit sha1_base64="EmGCWgfrCh+8Nok+rrLjSTK/ybY="></latexit><latexit sha1_base64="EmGCWgfrCh+8Nok+rrLjSTK/ybY="></latexit><latexit sha1_base64="EmGCWgfrCh+8Nok+rrLjSTK/ybY="></latexit><latexit sha1_base64="EmGCWgfrCh+8Nok+rrLjSTK/ybY="></latexit>

SCFT

cR = 6kR
<latexit sha1_base64="6vgP/EGA9UTDlKvQkQI5HOxoHLE="></latexit><latexit sha1_base64="6vgP/EGA9UTDlKvQkQI5HOxoHLE="></latexit><latexit sha1_base64="6vgP/EGA9UTDlKvQkQI5HOxoHLE="></latexit><latexit sha1_base64="6vgP/EGA9UTDlKvQkQI5HOxoHLE="></latexit>

novel feature: identify SU(2)L
<latexit sha1_base64="EQ5CbmzicB2PgH7xDugG2Lu1PYA="></latexit><latexit sha1_base64="EQ5CbmzicB2PgH7xDugG2Lu1PYA="></latexit><latexit sha1_base64="EQ5CbmzicB2PgH7xDugG2Lu1PYA="></latexit><latexit sha1_base64="EQ5CbmzicB2PgH7xDugG2Lu1PYA="></latexit>

current algebra

entropy determined by CardyÕs formula

SU(2)R
<latexit sha1_base64="pyEhXsz0qYtoWrQBe5f0eunpevM="></latexit><latexit sha1_base64="pyEhXsz0qYtoWrQBe5f0eunpevM="></latexit><latexit sha1_base64="pyEhXsz0qYtoWrQBe5f0eunpevM="></latexit><latexit sha1_base64="pyEhXsz0qYtoWrQBe5f0eunpevM="></latexit>

current algebra

SO(4)! = SU(2) L ! SU(2)R
<latexit sha1_base64="BEZuAmVW2OAGGHMVNBGGFmJGlvo="></latexit><latexit sha1_base64="BEZuAmVW2OAGGHMVNBGGFmJGlvo="></latexit><latexit sha1_base64="BEZuAmVW2OAGGHMVNBGGFmJGlvo="></latexit><latexit sha1_base64="BEZuAmVW2OAGGHMVNBGGFmJGlvo="></latexit>
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MICROSCOPICS VS. MACROSCOPICS 

Topological duality twist [Martucci `14]

However: procedure misses D3-D7 modes

S = 2⇡

!
cL

6

"
n !

J 2

kL

#

<latexit sha1_base64="yiHw3hMe8Tac3X3ckrxnWSWPvhU="></latexit><latexit sha1_base64="yiHw3hMe8Tac3X3ckrxnWSWPvhU="></latexit><latexit sha1_base64="yiHw3hMe8Tac3X3ckrxnWSWPvhU="></latexit><latexit sha1_base64="yiHw3hMe8Tac3X3ckrxnWSWPvhU="></latexit>

microscopics

D3 brane on C ! B2
<latexit sha1_base64="WOoleQhJ1ZMHsnRBpfIQnLG/6tk="></latexit><latexit sha1_base64="WOoleQhJ1ZMHsnRBpfIQnLG/6tk="></latexit><latexit sha1_base64="WOoleQhJ1ZMHsnRBpfIQnLG/6tk="></latexit><latexit sha1_base64="WOoleQhJ1ZMHsnRBpfIQnLG/6tk="></latexit>

+ D7Õs ! (z)
<latexit sha1_base64="YfYaN6CJ/5cuNWXQdIMe88fyEFI="></latexit><latexit sha1_base64="YfYaN6CJ/5cuNWXQdIMe88fyEFI="></latexit><latexit sha1_base64="YfYaN6CJ/5cuNWXQdIMe88fyEFI="></latexit><latexit sha1_base64="YfYaN6CJ/5cuNWXQdIMe88fyEFI="></latexit>

varying on B2
<latexit sha1_base64="oh4SMK81LjiifeKWgI+K/YOcOp8="></latexit><latexit sha1_base64="oh4SMK81LjiifeKWgI+K/YOcOp8="></latexit><latexit sha1_base64="oh4SMK81LjiifeKWgI+K/YOcOp8="></latexit><latexit sha1_base64="oh4SMK81LjiifeKWgI+K/YOcOp8="></latexit>

worldvolume theory: N = 4
<latexit sha1_base64="5/d9sImmxLNxWYQgA3oZBeFUPjw="></latexit><latexit sha1_base64="5/d9sImmxLNxWYQgA3oZBeFUPjw="></latexit><latexit sha1_base64="5/d9sImmxLNxWYQgA3oZBeFUPjw="></latexit><latexit sha1_base64="5/d9sImmxLNxWYQgA3oZBeFUPjw="></latexit>

SYM with varying coupling + monodromies

supercharges transform under SL(2, Z)
<latexit sha1_base64="437dL1rUOf+hLUly2/EuYEfqSTA="></latexit><latexit sha1_base64="437dL1rUOf+hLUly2/EuYEfqSTA="></latexit><latexit sha1_base64="437dL1rUOf+hLUly2/EuYEfqSTA="></latexit><latexit sha1_base64="437dL1rUOf+hLUly2/EuYEfqSTA="></latexit>

need generalization of top. twist

in IR: 2d N = (0 , 4)
<latexit sha1_base64="EmGCWgfrCh+8Nok+rrLjSTK/ybY="></latexit><latexit sha1_base64="EmGCWgfrCh+8Nok+rrLjSTK/ybY="></latexit><latexit sha1_base64="EmGCWgfrCh+8Nok+rrLjSTK/ybY="></latexit><latexit sha1_base64="EmGCWgfrCh+8Nok+rrLjSTK/ybY="></latexit>

SCFT

cR = 6kR
<latexit sha1_base64="6vgP/EGA9UTDlKvQkQI5HOxoHLE="></latexit><latexit sha1_base64="6vgP/EGA9UTDlKvQkQI5HOxoHLE="></latexit><latexit sha1_base64="6vgP/EGA9UTDlKvQkQI5HOxoHLE="></latexit><latexit sha1_base64="6vgP/EGA9UTDlKvQkQI5HOxoHLE="></latexit>

novel feature: identify SU(2)L
<latexit sha1_base64="EQ5CbmzicB2PgH7xDugG2Lu1PYA="></latexit><latexit sha1_base64="EQ5CbmzicB2PgH7xDugG2Lu1PYA="></latexit><latexit sha1_base64="EQ5CbmzicB2PgH7xDugG2Lu1PYA="></latexit><latexit sha1_base64="EQ5CbmzicB2PgH7xDugG2Lu1PYA="></latexit>

current algebra

entropy determined by CardyÕs formula

SU(2)R
<latexit sha1_base64="pyEhXsz0qYtoWrQBe5f0eunpevM="></latexit><latexit sha1_base64="pyEhXsz0qYtoWrQBe5f0eunpevM="></latexit><latexit sha1_base64="pyEhXsz0qYtoWrQBe5f0eunpevM="></latexit><latexit sha1_base64="pyEhXsz0qYtoWrQBe5f0eunpevM="></latexit>

current algebra

SO(4)! = SU(2) L ! SU(2)R
<latexit sha1_base64="BEZuAmVW2OAGGHMVNBGGFmJGlvo="></latexit><latexit sha1_base64="BEZuAmVW2OAGGHMVNBGGFmJGlvo="></latexit><latexit sha1_base64="BEZuAmVW2OAGGHMVNBGGFmJGlvo="></latexit><latexit sha1_base64="BEZuAmVW2OAGGHMVNBGGFmJGlvo="></latexit>
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microscopics
14

dimensional reduction of D3-brane action and counting of left/right movers

cD3
R = 6kR = 3C áC + 3c1(B2) áC

cD3
L = 3C áC + c1(B2) áC + ! cD3 ! D7

L
<latexit sha1_base64="0Fc3MqzKb5WQ4xF2WtEr0J8kFPg="></latexit><latexit sha1_base64="0Fc3MqzKb5WQ4xF2WtEr0J8kFPg="></latexit><latexit sha1_base64="0Fc3MqzKb5WQ4xF2WtEr0J8kFPg="></latexit><latexit sha1_base64="0Fc3MqzKb5WQ4xF2WtEr0J8kFPg="></latexit>

notation: C = q! ! ! , c1(B2) = c! ! ! , ! ! ! H 1,1(B2, Z)
<latexit sha1_base64="+eXJS/zaiNka9UsKfImosYmhTOo="></latexit><latexit sha1_base64="+eXJS/zaiNka9UsKfImosYmhTOo="></latexit><latexit sha1_base64="+eXJS/zaiNka9UsKfImosYmhTOo="></latexit><latexit sha1_base64="+eXJS/zaiNka9UsKfImosYmhTOo="></latexit>

A áB = A! ! !" B " =
!

B 2

A ! B
<latexit sha1_base64="y+vn6tVz8t8nx/24LH4ajrFwkRg="></latexit><latexit sha1_base64="y+vn6tVz8t8nx/24LH4ajrFwkRg="></latexit><latexit sha1_base64="y+vn6tVz8t8nx/24LH4ajrFwkRg="></latexit><latexit sha1_base64="y+vn6tVz8t8nx/24LH4ajrFwkRg="></latexit>

! !" =
!

B 2

" ! ! " "
<latexit sha1_base64="z9jqT0b6ShCxa8/hkCgZp0IEnMw="></latexit><latexit sha1_base64="z9jqT0b6ShCxa8/hkCgZp0IEnMw="></latexit><latexit sha1_base64="z9jqT0b6ShCxa8/hkCgZp0IEnMw="></latexit><latexit sha1_base64="z9jqT0b6ShCxa8/hkCgZp0IEnMw="></latexit>

kL =
1
2

C áC !
1
2

c1(B2) áC
<latexit sha1_base64="LnMj0Bh18FcY5p5VXBhsxPc4SjQ="></latexit><latexit sha1_base64="LnMj0Bh18FcY5p5VXBhsxPc4SjQ="></latexit><latexit sha1_base64="LnMj0Bh18FcY5p5VXBhsxPc4SjQ="></latexit><latexit sha1_base64="LnMj0Bh18FcY5p5VXBhsxPc4SjQ="></latexit>

[Lawrie, SchŠfer-Nameki, Weigand `16]

[Haghighat, Murthy, Vafa, Vandoren `15]



microscopics

dimensional reduction of D3-brane action and counting of left/right movers

cD3
R = 6kR = 3C áC + 3c1(B2) áC

cD3
L = 3C áC + c1(B2) áC + ! cD3 ! D7

L
<latexit sha1_base64="rnRTNJ/3pAxYeBwctFfN/zhe4wg="></latexit><latexit sha1_base64="rnRTNJ/3pAxYeBwctFfN/zhe4wg="></latexit><latexit sha1_base64="rnRTNJ/3pAxYeBwctFfN/zhe4wg="></latexit><latexit sha1_base64="rnRTNJ/3pAxYeBwctFfN/zhe4wg="></latexit>

kL =
1
2

C áC !
1
2

c1(B2) áC
<latexit sha1_base64="LnMj0Bh18FcY5p5VXBhsxPc4SjQ="></latexit><latexit sha1_base64="LnMj0Bh18FcY5p5VXBhsxPc4SjQ="></latexit><latexit sha1_base64="LnMj0Bh18FcY5p5VXBhsxPc4SjQ="></latexit><latexit sha1_base64="LnMj0Bh18FcY5p5VXBhsxPc4SjQ="></latexit> dualize to M-theory!

[Haghighat, Murthy, Vafa, Vandoren `15]

[Lawrie, SchŠfer-Nameki, Weigand `16]
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microscopics

dimensional reduction of D3-brane action and counting of left/right movers

cD3
R = 6kR = 3C áC + 3c1(B2) áC

cD3
L = 3C áC + c1(B2) áC + ! cD3 ! D7

L
<latexit sha1_base64="rnRTNJ/3pAxYeBwctFfN/zhe4wg="></latexit><latexit sha1_base64="rnRTNJ/3pAxYeBwctFfN/zhe4wg="></latexit><latexit sha1_base64="rnRTNJ/3pAxYeBwctFfN/zhe4wg="></latexit><latexit sha1_base64="rnRTNJ/3pAxYeBwctFfN/zhe4wg="></latexit>

kL =
1
2

C áC !
1
2

c1(B2) áC
<latexit sha1_base64="LnMj0Bh18FcY5p5VXBhsxPc4SjQ="></latexit><latexit sha1_base64="LnMj0Bh18FcY5p5VXBhsxPc4SjQ="></latexit><latexit sha1_base64="LnMj0Bh18FcY5p5VXBhsxPc4SjQ="></latexit><latexit sha1_base64="LnMj0Bh18FcY5p5VXBhsxPc4SjQ="></latexit> dualize to M-theory!

dual M-theory picture: M5 brane wrapping öC = ! ! 1(C) ! H4(CY 3)
<latexit sha1_base64="SZtW/eaiqjY0k/c2vx6GbFOoPt4="></latexit><latexit sha1_base64="SZtW/eaiqjY0k/c2vx6GbFOoPt4="></latexit><latexit sha1_base64="SZtW/eaiqjY0k/c2vx6GbFOoPt4="></latexit><latexit sha1_base64="SZtW/eaiqjY0k/c2vx6GbFOoPt4="></latexit>

M5 brane wrapping 4-cycle in CY3
<latexit sha1_base64="fteh+KfmkJJmntPvJFi0TzhpLqQ="></latexit><latexit sha1_base64="fteh+KfmkJJmntPvJFi0TzhpLqQ="></latexit><latexit sha1_base64="fteh+KfmkJJmntPvJFi0TzhpLqQ="></latexit><latexit sha1_base64="fteh+KfmkJJmntPvJFi0TzhpLqQ="></latexit>

described by MSW CFT
[Maldacena, Strominger, Witten `97]

[Haghighat, Murthy, Vafa, Vandoren `15]

[Lawrie, SchŠfer-Nameki, Weigand `16]

! cD3 ! D7
L = 8c1(B ) áC

<latexit sha1_base64="0t5Y5fQNDkyzERw2HI8BC0iEodM="></latexit><latexit sha1_base64="0t5Y5fQNDkyzERw2HI8BC0iEodM="></latexit><latexit sha1_base64="0t5Y5fQNDkyzERw2HI8BC0iEodM="></latexit><latexit sha1_base64="0t5Y5fQNDkyzERw2HI8BC0iEodM="></latexit>

macroscopics AdS3 ! S3 ! B2
<latexit sha1_base64="sljAdjWE/91eo73hZe61cJ2JwAo="></latexit><latexit sha1_base64="sljAdjWE/91eo73hZe61cJ2JwAo="></latexit><latexit sha1_base64="sljAdjWE/91eo73hZe61cJ2JwAo="></latexit><latexit sha1_base64="sljAdjWE/91eo73hZe61cJ2JwAo="></latexit>

computationÉmore later
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Today: generalize the setup in [Haghighat, Murthy, Vafa, Vandoren `15]

compute CFT data from macroscopic side and match with

microscopics

express CFT data in terms of geometric data  of CY3
<latexit sha1_base64="fteh+KfmkJJmntPvJFi0TzhpLqQ="></latexit><latexit sha1_base64="fteh+KfmkJJmntPvJFi0TzhpLqQ="></latexit><latexit sha1_base64="fteh+KfmkJJmntPvJFi0TzhpLqQ="></latexit><latexit sha1_base64="fteh+KfmkJJmntPvJFi0TzhpLqQ="></latexit>

How: CFT data related to certain Chern-Simons coefÞcients

calculate them!

Short summary

âclassicalÔ supergravity analysis not sufÞcient

need to include one-loop generated Chern-Simons terms 

âclassicalÔ supergravity    +    one-loop Chern Simons terms     =     microscopics

15



C. 4d Black Holes from D3-branes

Part II



B. MAKING 4D BLACK HOLES WITH D3-BRANES 

X 0 X 1 X 2 á á áX 5 X 6 X 7 X 8 X 9

D3 ! ! á ! ! á á
<latexit sha1_base64="3QPW4puB46BLO3obqlPOesulPY4="></latexit><latexit sha1_base64="3QPW4puB46BLO3obqlPOesulPY4="></latexit><latexit sha1_base64="3QPW4puB46BLO3obqlPOesulPY4="></latexit><latexit sha1_base64="3QPW4puB46BLO3obqlPOesulPY4="></latexit>

Rt
<latexit sha1_base64="uRLNKza6PwVwGnFVfrkOYB6zgU8="></latexit><latexit sha1_base64="uRLNKza6PwVwGnFVfrkOYB6zgU8="></latexit><latexit sha1_base64="uRLNKza6PwVwGnFVfrkOYB6zgU8="></latexit><latexit sha1_base64="uRLNKza6PwVwGnFVfrkOYB6zgU8="></latexit>

S1
<latexit sha1_base64="GCbpHCnpMqWt8psVzWJuzotJuWw="></latexit><latexit sha1_base64="GCbpHCnpMqWt8psVzWJuzotJuWw="></latexit><latexit sha1_base64="GCbpHCnpMqWt8psVzWJuzotJuWw="></latexit><latexit sha1_base64="GCbpHCnpMqWt8psVzWJuzotJuWw="></latexit>

R4
!

<latexit sha1_base64="/HxHagE3zsMoHOSF/JU3hDyONXU="></latexit><latexit sha1_base64="/HxHagE3zsMoHOSF/JU3hDyONXU="></latexit><latexit sha1_base64="/HxHagE3zsMoHOSF/JU3hDyONXU="></latexit><latexit sha1_base64="/HxHagE3zsMoHOSF/JU3hDyONXU="></latexit>

B2
<latexit sha1_base64="oh4SMK81LjiifeKWgI+K/YOcOp8="></latexit><latexit sha1_base64="oh4SMK81LjiifeKWgI+K/YOcOp8="></latexit><latexit sha1_base64="oh4SMK81LjiifeKWgI+K/YOcOp8="></latexit><latexit sha1_base64="oh4SMK81LjiifeKWgI+K/YOcOp8="></latexit>

!
<latexit sha1_base64="kc+vcmJjLQ+RPUi92t50M5vNhjs="></latexit><latexit sha1_base64="kc+vcmJjLQ+RPUi92t50M5vNhjs="></latexit><latexit sha1_base64="kc+vcmJjLQ+RPUi92t50M5vNhjs="></latexit><latexit sha1_base64="kc+vcmJjLQ+RPUi92t50M5vNhjs="></latexit> !

<latexit sha1_base64="kc+vcmJjLQ+RPUi92t50M5vNhjs="></latexit><latexit sha1_base64="kc+vcmJjLQ+RPUi92t50M5vNhjs="></latexit><latexit sha1_base64="kc+vcmJjLQ+RPUi92t50M5vNhjs="></latexit><latexit sha1_base64="kc+vcmJjLQ+RPUi92t50M5vNhjs="></latexit>

!
<latexit sha1_base64="kc+vcmJjLQ+RPUi92t50M5vNhjs="></latexit><latexit sha1_base64="kc+vcmJjLQ+RPUi92t50M5vNhjs="></latexit><latexit sha1_base64="kc+vcmJjLQ+RPUi92t50M5vNhjs="></latexit><latexit sha1_base64="kc+vcmJjLQ+RPUi92t50M5vNhjs="></latexit>

background:
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B. MAKING 4D BLACK HOLES WITH D3-BRANES 

X 0 X 1 X 2 á á áX 5 X 6 X 7 X 8 X 9

D3 ! ! á ! ! á á
<latexit sha1_base64="3QPW4puB46BLO3obqlPOesulPY4="></latexit><latexit sha1_base64="3QPW4puB46BLO3obqlPOesulPY4="></latexit><latexit sha1_base64="3QPW4puB46BLO3obqlPOesulPY4="></latexit><latexit sha1_base64="3QPW4puB46BLO3obqlPOesulPY4="></latexit>

Rt
<latexit sha1_base64="uRLNKza6PwVwGnFVfrkOYB6zgU8="></latexit><latexit sha1_base64="uRLNKza6PwVwGnFVfrkOYB6zgU8="></latexit><latexit sha1_base64="uRLNKza6PwVwGnFVfrkOYB6zgU8="></latexit><latexit sha1_base64="uRLNKza6PwVwGnFVfrkOYB6zgU8="></latexit>

S1
<latexit sha1_base64="GCbpHCnpMqWt8psVzWJuzotJuWw="></latexit><latexit sha1_base64="GCbpHCnpMqWt8psVzWJuzotJuWw="></latexit><latexit sha1_base64="GCbpHCnpMqWt8psVzWJuzotJuWw="></latexit><latexit sha1_base64="GCbpHCnpMqWt8psVzWJuzotJuWw="></latexit>

B2
<latexit sha1_base64="oh4SMK81LjiifeKWgI+K/YOcOp8="></latexit><latexit sha1_base64="oh4SMK81LjiifeKWgI+K/YOcOp8="></latexit><latexit sha1_base64="oh4SMK81LjiifeKWgI+K/YOcOp8="></latexit><latexit sha1_base64="oh4SMK81LjiifeKWgI+K/YOcOp8="></latexit>

!
<latexit sha1_base64="kc+vcmJjLQ+RPUi92t50M5vNhjs="></latexit><latexit sha1_base64="kc+vcmJjLQ+RPUi92t50M5vNhjs="></latexit><latexit sha1_base64="kc+vcmJjLQ+RPUi92t50M5vNhjs="></latexit><latexit sha1_base64="kc+vcmJjLQ+RPUi92t50M5vNhjs="></latexit> !

<latexit sha1_base64="kc+vcmJjLQ+RPUi92t50M5vNhjs="></latexit><latexit sha1_base64="kc+vcmJjLQ+RPUi92t50M5vNhjs="></latexit><latexit sha1_base64="kc+vcmJjLQ+RPUi92t50M5vNhjs="></latexit><latexit sha1_base64="kc+vcmJjLQ+RPUi92t50M5vNhjs="></latexit>

!
<latexit sha1_base64="kc+vcmJjLQ+RPUi92t50M5vNhjs="></latexit><latexit sha1_base64="kc+vcmJjLQ+RPUi92t50M5vNhjs="></latexit><latexit sha1_base64="kc+vcmJjLQ+RPUi92t50M5vNhjs="></latexit><latexit sha1_base64="kc+vcmJjLQ+RPUi92t50M5vNhjs="></latexit>

background: TN m
<latexit sha1_base64="AR8hLsUnjIqcozunm5Zl3a9x1hs="></latexit><latexit sha1_base64="AR8hLsUnjIqcozunm5Zl3a9x1hs="></latexit><latexit sha1_base64="AR8hLsUnjIqcozunm5Zl3a9x1hs="></latexit><latexit sha1_base64="AR8hLsUnjIqcozunm5Zl3a9x1hs="></latexit>

geometry of TN m
<latexit sha1_base64="GapQNACwAIONqhLF5RTBZReAEe4="></latexit><latexit sha1_base64="GapQNACwAIONqhLF5RTBZReAEe4="></latexit><latexit sha1_base64="GapQNACwAIONqhLF5RTBZReAEe4="></latexit><latexit sha1_base64="GapQNACwAIONqhLF5RTBZReAEe4="></latexit>

centers on top: Am ! 1
<latexit sha1_base64="Sdz45Tsj/aj2Ew4fzqyWd/Eactw="></latexit><latexit sha1_base64="Sdz45Tsj/aj2Ew4fzqyWd/Eactw="></latexit><latexit sha1_base64="Sdz45Tsj/aj2Ew4fzqyWd/Eactw="></latexit><latexit sha1_base64="Sdz45Tsj/aj2Ew4fzqyWd/Eactw="></latexit>

singularity

interpolates between C2/ Zm
<latexit sha1_base64="XTuJAZH+D+Mv+iU6YGJEsWohBhA="></latexit><latexit sha1_base64="XTuJAZH+D+Mv+iU6YGJEsWohBhA="></latexit><latexit sha1_base64="XTuJAZH+D+Mv+iU6YGJEsWohBhA="></latexit><latexit sha1_base64="XTuJAZH+D+Mv+iU6YGJEsWohBhA="></latexit>

R3 ! S1
<latexit sha1_base64="EYHQ4CCt4IfhNUKShznvHp2zPho="></latexit><latexit sha1_base64="EYHQ4CCt4IfhNUKShznvHp2zPho="></latexit><latexit sha1_base64="EYHQ4CCt4IfhNUKShznvHp2zPho="></latexit><latexit sha1_base64="EYHQ4CCt4IfhNUKShznvHp2zPho="></latexit>

&

near horizon geometry of D3-branes:

AdS3 ! S3/ Zm ! (CY 3 " B2)
<latexit sha1_base64="XP+l8tc36awsr8AyAK3HSdlrDOo="></latexit><latexit sha1_base64="XP+l8tc36awsr8AyAK3HSdlrDOo="></latexit><latexit sha1_base64="XP+l8tc36awsr8AyAK3HSdlrDOo="></latexit><latexit sha1_base64="XP+l8tc36awsr8AyAK3HSdlrDOo="></latexit>

U(1)L ! SU(2)R
<latexit sha1_base64="rsSforU5+PS/8OvFX7IabLOcYgM="></latexit><latexit sha1_base64="rsSforU5+PS/8OvFX7IabLOcYgM="></latexit><latexit sha1_base64="rsSforU5+PS/8OvFX7IabLOcYgM="></latexit><latexit sha1_base64="rsSforU5+PS/8OvFX7IabLOcYgM="></latexit>

carries âtopological chargeÔ
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B. MAKING 4D BLACK HOLES WITH D3-BRANES 

X 0 X 1 X 2 á á áX 5 X 6 X 7 X 8 X 9

D3 ! ! á ! ! á á
<latexit sha1_base64="3QPW4puB46BLO3obqlPOesulPY4="></latexit><latexit sha1_base64="3QPW4puB46BLO3obqlPOesulPY4="></latexit><latexit sha1_base64="3QPW4puB46BLO3obqlPOesulPY4="></latexit><latexit sha1_base64="3QPW4puB46BLO3obqlPOesulPY4="></latexit>

Rt
<latexit sha1_base64="uRLNKza6PwVwGnFVfrkOYB6zgU8="></latexit><latexit sha1_base64="uRLNKza6PwVwGnFVfrkOYB6zgU8="></latexit><latexit sha1_base64="uRLNKza6PwVwGnFVfrkOYB6zgU8="></latexit><latexit sha1_base64="uRLNKza6PwVwGnFVfrkOYB6zgU8="></latexit>

S1
<latexit sha1_base64="GCbpHCnpMqWt8psVzWJuzotJuWw="></latexit><latexit sha1_base64="GCbpHCnpMqWt8psVzWJuzotJuWw="></latexit><latexit sha1_base64="GCbpHCnpMqWt8psVzWJuzotJuWw="></latexit><latexit sha1_base64="GCbpHCnpMqWt8psVzWJuzotJuWw="></latexit>

B2
<latexit sha1_base64="oh4SMK81LjiifeKWgI+K/YOcOp8="></latexit><latexit sha1_base64="oh4SMK81LjiifeKWgI+K/YOcOp8="></latexit><latexit sha1_base64="oh4SMK81LjiifeKWgI+K/YOcOp8="></latexit><latexit sha1_base64="oh4SMK81LjiifeKWgI+K/YOcOp8="></latexit>

!
<latexit sha1_base64="kc+vcmJjLQ+RPUi92t50M5vNhjs="></latexit><latexit sha1_base64="kc+vcmJjLQ+RPUi92t50M5vNhjs="></latexit><latexit sha1_base64="kc+vcmJjLQ+RPUi92t50M5vNhjs="></latexit><latexit sha1_base64="kc+vcmJjLQ+RPUi92t50M5vNhjs="></latexit> !

<latexit sha1_base64="kc+vcmJjLQ+RPUi92t50M5vNhjs="></latexit><latexit sha1_base64="kc+vcmJjLQ+RPUi92t50M5vNhjs="></latexit><latexit sha1_base64="kc+vcmJjLQ+RPUi92t50M5vNhjs="></latexit><latexit sha1_base64="kc+vcmJjLQ+RPUi92t50M5vNhjs="></latexit>

!
<latexit sha1_base64="kc+vcmJjLQ+RPUi92t50M5vNhjs="></latexit><latexit sha1_base64="kc+vcmJjLQ+RPUi92t50M5vNhjs="></latexit><latexit sha1_base64="kc+vcmJjLQ+RPUi92t50M5vNhjs="></latexit><latexit sha1_base64="kc+vcmJjLQ+RPUi92t50M5vNhjs="></latexit>

background: TN m
<latexit sha1_base64="AR8hLsUnjIqcozunm5Zl3a9x1hs="></latexit><latexit sha1_base64="AR8hLsUnjIqcozunm5Zl3a9x1hs="></latexit><latexit sha1_base64="AR8hLsUnjIqcozunm5Zl3a9x1hs="></latexit><latexit sha1_base64="AR8hLsUnjIqcozunm5Zl3a9x1hs="></latexit>

geometry of TN m
<latexit sha1_base64="GapQNACwAIONqhLF5RTBZReAEe4="></latexit><latexit sha1_base64="GapQNACwAIONqhLF5RTBZReAEe4="></latexit><latexit sha1_base64="GapQNACwAIONqhLF5RTBZReAEe4="></latexit><latexit sha1_base64="GapQNACwAIONqhLF5RTBZReAEe4="></latexit>

centers on top: Am ! 1
<latexit sha1_base64="Sdz45Tsj/aj2Ew4fzqyWd/Eactw="></latexit><latexit sha1_base64="Sdz45Tsj/aj2Ew4fzqyWd/Eactw="></latexit><latexit sha1_base64="Sdz45Tsj/aj2Ew4fzqyWd/Eactw="></latexit><latexit sha1_base64="Sdz45Tsj/aj2Ew4fzqyWd/Eactw="></latexit>

singularity

interpolates between C2/ Zm
<latexit sha1_base64="XTuJAZH+D+Mv+iU6YGJEsWohBhA="></latexit><latexit sha1_base64="XTuJAZH+D+Mv+iU6YGJEsWohBhA="></latexit><latexit sha1_base64="XTuJAZH+D+Mv+iU6YGJEsWohBhA="></latexit><latexit sha1_base64="XTuJAZH+D+Mv+iU6YGJEsWohBhA="></latexit>

R3 ! S1
<latexit sha1_base64="EYHQ4CCt4IfhNUKShznvHp2zPho="></latexit><latexit sha1_base64="EYHQ4CCt4IfhNUKShznvHp2zPho="></latexit><latexit sha1_base64="EYHQ4CCt4IfhNUKShznvHp2zPho="></latexit><latexit sha1_base64="EYHQ4CCt4IfhNUKShznvHp2zPho="></latexit>

&

near horizon geometry of D3-branes:

in fact AdS3 ! S3/ ! ADE ! (CY 3 " B2)
<latexit sha1_base64="9OqIHmMOXq55Pxh32NeVPBn/Q1A="></latexit><latexit sha1_base64="9OqIHmMOXq55Pxh32NeVPBn/Q1A="></latexit><latexit sha1_base64="9OqIHmMOXq55Pxh32NeVPBn/Q1A="></latexit><latexit sha1_base64="9OqIHmMOXq55Pxh32NeVPBn/Q1A="></latexit>

! ADE ! SU(2)
<latexit sha1_base64="LJzMu+8iJHnXmG0LOuHSs/V6B+k="></latexit><latexit sha1_base64="LJzMu+8iJHnXmG0LOuHSs/V6B+k="></latexit><latexit sha1_base64="LJzMu+8iJHnXmG0LOuHSs/V6B+k="></latexit><latexit sha1_base64="LJzMu+8iJHnXmG0LOuHSs/V6B+k="></latexit>

with most general

U(1)L ! SU(2)R
<latexit sha1_base64="rsSforU5+PS/8OvFX7IabLOcYgM="></latexit><latexit sha1_base64="rsSforU5+PS/8OvFX7IabLOcYgM="></latexit><latexit sha1_base64="rsSforU5+PS/8OvFX7IabLOcYgM="></latexit><latexit sha1_base64="rsSforU5+PS/8OvFX7IabLOcYgM="></latexit>

[Couzens, Lawrie, Martelli, SchŠfer-Nameki, Wong `17]

carries âtopological chargeÔ
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B. MAKING 4D BLACK HOLES WITH D3-BRANES 

X 0 X 1 X 2 á á áX 5 X 6 X 7 X 8 X 9

D3 ! ! á ! ! á á
<latexit sha1_base64="3QPW4puB46BLO3obqlPOesulPY4="></latexit><latexit sha1_base64="3QPW4puB46BLO3obqlPOesulPY4="></latexit><latexit sha1_base64="3QPW4puB46BLO3obqlPOesulPY4="></latexit><latexit sha1_base64="3QPW4puB46BLO3obqlPOesulPY4="></latexit>

Rt
<latexit sha1_base64="uRLNKza6PwVwGnFVfrkOYB6zgU8="></latexit><latexit sha1_base64="uRLNKza6PwVwGnFVfrkOYB6zgU8="></latexit><latexit sha1_base64="uRLNKza6PwVwGnFVfrkOYB6zgU8="></latexit><latexit sha1_base64="uRLNKza6PwVwGnFVfrkOYB6zgU8="></latexit>

S1
<latexit sha1_base64="GCbpHCnpMqWt8psVzWJuzotJuWw="></latexit><latexit sha1_base64="GCbpHCnpMqWt8psVzWJuzotJuWw="></latexit><latexit sha1_base64="GCbpHCnpMqWt8psVzWJuzotJuWw="></latexit><latexit sha1_base64="GCbpHCnpMqWt8psVzWJuzotJuWw="></latexit>

B2
<latexit sha1_base64="oh4SMK81LjiifeKWgI+K/YOcOp8="></latexit><latexit sha1_base64="oh4SMK81LjiifeKWgI+K/YOcOp8="></latexit><latexit sha1_base64="oh4SMK81LjiifeKWgI+K/YOcOp8="></latexit><latexit sha1_base64="oh4SMK81LjiifeKWgI+K/YOcOp8="></latexit>

!
<latexit sha1_base64="kc+vcmJjLQ+RPUi92t50M5vNhjs="></latexit><latexit sha1_base64="kc+vcmJjLQ+RPUi92t50M5vNhjs="></latexit><latexit sha1_base64="kc+vcmJjLQ+RPUi92t50M5vNhjs="></latexit><latexit sha1_base64="kc+vcmJjLQ+RPUi92t50M5vNhjs="></latexit> !

<latexit sha1_base64="kc+vcmJjLQ+RPUi92t50M5vNhjs="></latexit><latexit sha1_base64="kc+vcmJjLQ+RPUi92t50M5vNhjs="></latexit><latexit sha1_base64="kc+vcmJjLQ+RPUi92t50M5vNhjs="></latexit><latexit sha1_base64="kc+vcmJjLQ+RPUi92t50M5vNhjs="></latexit>

!
<latexit sha1_base64="kc+vcmJjLQ+RPUi92t50M5vNhjs="></latexit><latexit sha1_base64="kc+vcmJjLQ+RPUi92t50M5vNhjs="></latexit><latexit sha1_base64="kc+vcmJjLQ+RPUi92t50M5vNhjs="></latexit><latexit sha1_base64="kc+vcmJjLQ+RPUi92t50M5vNhjs="></latexit>

background: TN m
<latexit sha1_base64="AR8hLsUnjIqcozunm5Zl3a9x1hs="></latexit><latexit sha1_base64="AR8hLsUnjIqcozunm5Zl3a9x1hs="></latexit><latexit sha1_base64="AR8hLsUnjIqcozunm5Zl3a9x1hs="></latexit><latexit sha1_base64="AR8hLsUnjIqcozunm5Zl3a9x1hs="></latexit>

geometry of TN m
<latexit sha1_base64="GapQNACwAIONqhLF5RTBZReAEe4="></latexit><latexit sha1_base64="GapQNACwAIONqhLF5RTBZReAEe4="></latexit><latexit sha1_base64="GapQNACwAIONqhLF5RTBZReAEe4="></latexit><latexit sha1_base64="GapQNACwAIONqhLF5RTBZReAEe4="></latexit>

centers on top: Am ! 1
<latexit sha1_base64="Sdz45Tsj/aj2Ew4fzqyWd/Eactw="></latexit><latexit sha1_base64="Sdz45Tsj/aj2Ew4fzqyWd/Eactw="></latexit><latexit sha1_base64="Sdz45Tsj/aj2Ew4fzqyWd/Eactw="></latexit><latexit sha1_base64="Sdz45Tsj/aj2Ew4fzqyWd/Eactw="></latexit>

singularity

interpolates between C2/ Zm
<latexit sha1_base64="XTuJAZH+D+Mv+iU6YGJEsWohBhA="></latexit><latexit sha1_base64="XTuJAZH+D+Mv+iU6YGJEsWohBhA="></latexit><latexit sha1_base64="XTuJAZH+D+Mv+iU6YGJEsWohBhA="></latexit><latexit sha1_base64="XTuJAZH+D+Mv+iU6YGJEsWohBhA="></latexit>

R3 ! S1
<latexit sha1_base64="EYHQ4CCt4IfhNUKShznvHp2zPho="></latexit><latexit sha1_base64="EYHQ4CCt4IfhNUKShznvHp2zPho="></latexit><latexit sha1_base64="EYHQ4CCt4IfhNUKShznvHp2zPho="></latexit><latexit sha1_base64="EYHQ4CCt4IfhNUKShznvHp2zPho="></latexit>

&

near horizon geometry of D3-branes:

in fact AdS3 ! S3/ ! ADE ! (CY 3 " B2)
<latexit sha1_base64="9OqIHmMOXq55Pxh32NeVPBn/Q1A="></latexit><latexit sha1_base64="9OqIHmMOXq55Pxh32NeVPBn/Q1A="></latexit><latexit sha1_base64="9OqIHmMOXq55Pxh32NeVPBn/Q1A="></latexit><latexit sha1_base64="9OqIHmMOXq55Pxh32NeVPBn/Q1A="></latexit>

! ADE ! SU(2)
<latexit sha1_base64="LJzMu+8iJHnXmG0LOuHSs/V6B+k="></latexit><latexit sha1_base64="LJzMu+8iJHnXmG0LOuHSs/V6B+k="></latexit><latexit sha1_base64="LJzMu+8iJHnXmG0LOuHSs/V6B+k="></latexit><latexit sha1_base64="LJzMu+8iJHnXmG0LOuHSs/V6B+k="></latexit>

with [Couzens, Lawrie, Martelli, SchŠfer-Nameki, Wong `17]most general

focus on ! = Zm
<latexit sha1_base64="iokienUvyMXMBVvm45RiVh1sL7Q="></latexit><latexit sha1_base64="iokienUvyMXMBVvm45RiVh1sL7Q="></latexit><latexit sha1_base64="iokienUvyMXMBVvm45RiVh1sL7Q="></latexit><latexit sha1_base64="iokienUvyMXMBVvm45RiVh1sL7Q="></latexit>

carries âtopological chargeÔU(1)L ! SU(2)R
<latexit sha1_base64="rsSforU5+PS/8OvFX7IabLOcYgM="></latexit><latexit sha1_base64="rsSforU5+PS/8OvFX7IabLOcYgM="></latexit><latexit sha1_base64="rsSforU5+PS/8OvFX7IabLOcYgM="></latexit><latexit sha1_base64="rsSforU5+PS/8OvFX7IabLOcYgM="></latexit>
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MAKING 4D BLACK HOLES WITH D3-BRANES

Charges of the setup

q!
<latexit sha1_base64="WLQkj4+N+2INS6HB80kPEfCyFbg="></latexit><latexit sha1_base64="WLQkj4+N+2INS6HB80kPEfCyFbg="></latexit><latexit sha1_base64="WLQkj4+N+2INS6HB80kPEfCyFbg="></latexit><latexit sha1_base64="WLQkj4+N+2INS6HB80kPEfCyFbg="></latexit>

characterize C
<latexit sha1_base64="OlaxYZd6SxYogIDG8Nw2uHdF1JE="></latexit><latexit sha1_base64="OlaxYZd6SxYogIDG8Nw2uHdF1JE="></latexit><latexit sha1_base64="OlaxYZd6SxYogIDG8Nw2uHdF1JE="></latexit><latexit sha1_base64="OlaxYZd6SxYogIDG8Nw2uHdF1JE="></latexit>

m
<latexit sha1_base64="CM72YiQazm9cBK5RHNo5eqm2Qg4="></latexit><latexit sha1_base64="CM72YiQazm9cBK5RHNo5eqm2Qg4="></latexit><latexit sha1_base64="CM72YiQazm9cBK5RHNo5eqm2Qg4="></latexit><latexit sha1_base64="CM72YiQazm9cBK5RHNo5eqm2Qg4="></latexit>

n
<latexit sha1_base64="rCAaYKXBjZ1uJ8JCVhR9gF21Tnw="></latexit><latexit sha1_base64="rCAaYKXBjZ1uJ8JCVhR9gF21Tnw="></latexit><latexit sha1_base64="rCAaYKXBjZ1uJ8JCVhR9gF21Tnw="></latexit><latexit sha1_base64="rCAaYKXBjZ1uJ8JCVhR9gF21Tnw="></latexit> KK momentum around S1

<latexit sha1_base64="GCbpHCnpMqWt8psVzWJuzotJuWw="></latexit><latexit sha1_base64="GCbpHCnpMqWt8psVzWJuzotJuWw="></latexit><latexit sha1_base64="GCbpHCnpMqWt8psVzWJuzotJuWw="></latexit><latexit sha1_base64="GCbpHCnpMqWt8psVzWJuzotJuWw="></latexit>

topological charge of TN m
<latexit sha1_base64="idAo3MuWo4BoowVevsZ9HcPlJLI="></latexit><latexit sha1_base64="idAo3MuWo4BoowVevsZ9HcPlJLI="></latexit><latexit sha1_base64="idAo3MuWo4BoowVevsZ9HcPlJLI="></latexit><latexit sha1_base64="idAo3MuWo4BoowVevsZ9HcPlJLI="></latexit>

p1(TN m ) = !
1
2

!
tr R " R = 2m

<latexit sha1_base64="/5W6cy9PFCsLy/8EogJTZ94zb6s="></latexit><latexit sha1_base64="/5W6cy9PFCsLy/8EogJTZ94zb6s="></latexit><latexit sha1_base64="/5W6cy9PFCsLy/8EogJTZ94zb6s="></latexit><latexit sha1_base64="/5W6cy9PFCsLy/8EogJTZ94zb6s="></latexit>

:

:

:
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MAKING 4D BLACK HOLES WITH D3-BRANES

Charges of the setup

q!
<latexit sha1_base64="WLQkj4+N+2INS6HB80kPEfCyFbg="></latexit><latexit sha1_base64="WLQkj4+N+2INS6HB80kPEfCyFbg="></latexit><latexit sha1_base64="WLQkj4+N+2INS6HB80kPEfCyFbg="></latexit><latexit sha1_base64="WLQkj4+N+2INS6HB80kPEfCyFbg="></latexit>

characterize C
<latexit sha1_base64="OlaxYZd6SxYogIDG8Nw2uHdF1JE="></latexit><latexit sha1_base64="OlaxYZd6SxYogIDG8Nw2uHdF1JE="></latexit><latexit sha1_base64="OlaxYZd6SxYogIDG8Nw2uHdF1JE="></latexit><latexit sha1_base64="OlaxYZd6SxYogIDG8Nw2uHdF1JE="></latexit>

m
<latexit sha1_base64="CM72YiQazm9cBK5RHNo5eqm2Qg4="></latexit><latexit sha1_base64="CM72YiQazm9cBK5RHNo5eqm2Qg4="></latexit><latexit sha1_base64="CM72YiQazm9cBK5RHNo5eqm2Qg4="></latexit><latexit sha1_base64="CM72YiQazm9cBK5RHNo5eqm2Qg4="></latexit>

n
<latexit sha1_base64="rCAaYKXBjZ1uJ8JCVhR9gF21Tnw="></latexit><latexit sha1_base64="rCAaYKXBjZ1uJ8JCVhR9gF21Tnw="></latexit><latexit sha1_base64="rCAaYKXBjZ1uJ8JCVhR9gF21Tnw="></latexit><latexit sha1_base64="rCAaYKXBjZ1uJ8JCVhR9gF21Tnw="></latexit> KK momentum around S1

<latexit sha1_base64="GCbpHCnpMqWt8psVzWJuzotJuWw="></latexit><latexit sha1_base64="GCbpHCnpMqWt8psVzWJuzotJuWw="></latexit><latexit sha1_base64="GCbpHCnpMqWt8psVzWJuzotJuWw="></latexit><latexit sha1_base64="GCbpHCnpMqWt8psVzWJuzotJuWw="></latexit>

topological charge of TN m
<latexit sha1_base64="idAo3MuWo4BoowVevsZ9HcPlJLI="></latexit><latexit sha1_base64="idAo3MuWo4BoowVevsZ9HcPlJLI="></latexit><latexit sha1_base64="idAo3MuWo4BoowVevsZ9HcPlJLI="></latexit><latexit sha1_base64="idAo3MuWo4BoowVevsZ9HcPlJLI="></latexit>

p1(TN m ) = !
1
2

!
tr R " R = 2m

<latexit sha1_base64="/5W6cy9PFCsLy/8EogJTZ94zb6s="></latexit><latexit sha1_base64="/5W6cy9PFCsLy/8EogJTZ94zb6s="></latexit><latexit sha1_base64="/5W6cy9PFCsLy/8EogJTZ94zb6s="></latexit><latexit sha1_base64="/5W6cy9PFCsLy/8EogJTZ94zb6s="></latexit>

:

:

:

(i)  compute                         in terms of the chargescL,R , kL,R
<latexit sha1_base64="hxmkvYKhmiFozLyFLnw0XDMf05Y="></latexit><latexit sha1_base64="hxmkvYKhmiFozLyFLnw0XDMf05Y="></latexit><latexit sha1_base64="hxmkvYKhmiFozLyFLnw0XDMf05Y="></latexit><latexit sha1_base64="hxmkvYKhmiFozLyFLnw0XDMf05Y="></latexit>

q! , m
<latexit sha1_base64="7gKG0bGlgEhYO9eTvKBo3JeSvC8="></latexit><latexit sha1_base64="7gKG0bGlgEhYO9eTvKBo3JeSvC8="></latexit><latexit sha1_base64="7gKG0bGlgEhYO9eTvKBo3JeSvC8="></latexit><latexit sha1_base64="7gKG0bGlgEhYO9eTvKBo3JeSvC8="></latexit>

Goals:

(ii)  compare macroscopics with microscopics

(iii)  extend F-theory dictionary :     physics                  geometry/topology 
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MICROSCOPICS
18

D3-branes probing Zm
<latexit sha1_base64="8tHBiMGGtNrI/StNcq200+ea1uU="></latexit><latexit sha1_base64="8tHBiMGGtNrI/StNcq200+ea1uU="></latexit><latexit sha1_base64="8tHBiMGGtNrI/StNcq200+ea1uU="></latexit><latexit sha1_base64="8tHBiMGGtNrI/StNcq200+ea1uU="></latexit>

singularityN
<latexit sha1_base64="ZrAsGBahO7rH4I5n+w+8bOnitbY="></latexit><latexit sha1_base64="ZrAsGBahO7rH4I5n+w+8bOnitbY="></latexit><latexit sha1_base64="ZrAsGBahO7rH4I5n+w+8bOnitbY="></latexit><latexit sha1_base64="ZrAsGBahO7rH4I5n+w+8bOnitbY="></latexit>

SU(N )m
<latexit sha1_base64="NUBv0OS0f2MQSPy9L4sttgASR/Q="></latexit><latexit sha1_base64="NUBv0OS0f2MQSPy9L4sttgASR/Q="></latexit><latexit sha1_base64="NUBv0OS0f2MQSPy9L4sttgASR/Q="></latexit><latexit sha1_base64="NUBv0OS0f2MQSPy9L4sttgASR/Q="></latexit>

+ m
<latexit sha1_base64="CM72YiQazm9cBK5RHNo5eqm2Qg4="></latexit><latexit sha1_base64="CM72YiQazm9cBK5RHNo5eqm2Qg4="></latexit><latexit sha1_base64="CM72YiQazm9cBK5RHNo5eqm2Qg4="></latexit><latexit sha1_base64="CM72YiQazm9cBK5RHNo5eqm2Qg4="></latexit> bifundamental hypersN = 2

<latexit sha1_base64="iNn99SPPNd5ljA1TcjAJdH6PZvo="></latexit><latexit sha1_base64="iNn99SPPNd5ljA1TcjAJdH6PZvo="></latexit><latexit sha1_base64="iNn99SPPNd5ljA1TcjAJdH6PZvo="></latexit><latexit sha1_base64="iNn99SPPNd5ljA1TcjAJdH6PZvo="></latexit>

4d SCFT:

! i =
!
m

<latexit sha1_base64="B2kuaE3eAUyBkKg5MAQr7F7z6XM="></latexit><latexit sha1_base64="B2kuaE3eAUyBkKg5MAQr7F7z6XM="></latexit><latexit sha1_base64="B2kuaE3eAUyBkKg5MAQr7F7z6XM="></latexit><latexit sha1_base64="B2kuaE3eAUyBkKg5MAQr7F7z6XM="></latexit>

[Kachru, Silverstein `98, Lawrence, Nekrasov, Vafa `98]

wrapped over C ! B2
<latexit sha1_base64="WOoleQhJ1ZMHsnRBpfIQnLG/6tk="></latexit><latexit sha1_base64="WOoleQhJ1ZMHsnRBpfIQnLG/6tk="></latexit><latexit sha1_base64="WOoleQhJ1ZMHsnRBpfIQnLG/6tk="></latexit><latexit sha1_base64="WOoleQhJ1ZMHsnRBpfIQnLG/6tk="></latexit>

complexiÞed gauge coupling !
<latexit sha1_base64="HJ0IFZMj3tnfv07c6GbdulV6JKI="></latexit><latexit sha1_base64="HJ0IFZMj3tnfv07c6GbdulV6JKI="></latexit><latexit sha1_base64="HJ0IFZMj3tnfv07c6GbdulV6JKI="></latexit><latexit sha1_base64="HJ0IFZMj3tnfv07c6GbdulV6JKI="></latexit> varies over C

<latexit sha1_base64="OlaxYZd6SxYogIDG8Nw2uHdF1JE="></latexit><latexit sha1_base64="OlaxYZd6SxYogIDG8Nw2uHdF1JE="></latexit><latexit sha1_base64="OlaxYZd6SxYogIDG8Nw2uHdF1JE="></latexit><latexit sha1_base64="OlaxYZd6SxYogIDG8Nw2uHdF1JE="></latexit>

quiver

need for top. duality twist

type IIB axio-dilaton

Some issues with this approach:

ignoring D3-D7 string contributions

no (obvious) generalization of top. duality twist knownÉ

microscopics use suitable dual M-theory description



TWO DUALITY CHAINS
D3-brane wrapped on C ! B2

<latexit sha1_base64="WOoleQhJ1ZMHsnRBpfIQnLG/6tk="></latexit><latexit sha1_base64="WOoleQhJ1ZMHsnRBpfIQnLG/6tk="></latexit><latexit sha1_base64="WOoleQhJ1ZMHsnRBpfIQnLG/6tk="></latexit><latexit sha1_base64="WOoleQhJ1ZMHsnRBpfIQnLG/6tk="></latexit>

probing TN m
<latexit sha1_base64="idAo3MuWo4BoowVevsZ9HcPlJLI="></latexit><latexit sha1_base64="idAo3MuWo4BoowVevsZ9HcPlJLI="></latexit><latexit sha1_base64="idAo3MuWo4BoowVevsZ9HcPlJLI="></latexit><latexit sha1_base64="idAo3MuWo4BoowVevsZ9HcPlJLI="></latexit>

transversally
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TWO DUALITY CHAINS
D3-brane wrapped on C ! B2

<latexit sha1_base64="WOoleQhJ1ZMHsnRBpfIQnLG/6tk="></latexit><latexit sha1_base64="WOoleQhJ1ZMHsnRBpfIQnLG/6tk="></latexit><latexit sha1_base64="WOoleQhJ1ZMHsnRBpfIQnLG/6tk="></latexit><latexit sha1_base64="WOoleQhJ1ZMHsnRBpfIQnLG/6tk="></latexit>

probing TN m
<latexit sha1_base64="idAo3MuWo4BoowVevsZ9HcPlJLI="></latexit><latexit sha1_base64="idAo3MuWo4BoowVevsZ9HcPlJLI="></latexit><latexit sha1_base64="idAo3MuWo4BoowVevsZ9HcPlJLI="></latexit><latexit sha1_base64="idAo3MuWo4BoowVevsZ9HcPlJLI="></latexit>

transversally

take S1
D3

<latexit sha1_base64="45uMGwGP2UDCp6nTF6fOa3brxZU="></latexit><latexit sha1_base64="45uMGwGP2UDCp6nTF6fOa3brxZU="></latexit><latexit sha1_base64="45uMGwGP2UDCp6nTF6fOa3brxZU="></latexit><latexit sha1_base64="45uMGwGP2UDCp6nTF6fOa3brxZU="></latexit>

small

M-theory on Rt ! TN m ! CY3
<latexit sha1_base64="+j5GKA7TS6AzYnbUaPGRWRBC8pI="></latexit><latexit sha1_base64="+j5GKA7TS6AzYnbUaPGRWRBC8pI="></latexit><latexit sha1_base64="+j5GKA7TS6AzYnbUaPGRWRBC8pI="></latexit><latexit sha1_base64="+j5GKA7TS6AzYnbUaPGRWRBC8pI="></latexit>

M2-brane wrapping Cn = C + nE!
<latexit sha1_base64="N23pR2WMSvn4Z7c+wc2HwxPT03c="></latexit><latexit sha1_base64="N23pR2WMSvn4Z7c+wc2HwxPT03c="></latexit><latexit sha1_base64="N23pR2WMSvn4Z7c+wc2HwxPT03c="></latexit><latexit sha1_base64="N23pR2WMSvn4Z7c+wc2HwxPT03c="></latexit>
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TWO DUALITY CHAINS
D3-brane wrapped on C ! B2

<latexit sha1_base64="WOoleQhJ1ZMHsnRBpfIQnLG/6tk="></latexit><latexit sha1_base64="WOoleQhJ1ZMHsnRBpfIQnLG/6tk="></latexit><latexit sha1_base64="WOoleQhJ1ZMHsnRBpfIQnLG/6tk="></latexit><latexit sha1_base64="WOoleQhJ1ZMHsnRBpfIQnLG/6tk="></latexit>

probing TN m
<latexit sha1_base64="idAo3MuWo4BoowVevsZ9HcPlJLI="></latexit><latexit sha1_base64="idAo3MuWo4BoowVevsZ9HcPlJLI="></latexit><latexit sha1_base64="idAo3MuWo4BoowVevsZ9HcPlJLI="></latexit><latexit sha1_base64="idAo3MuWo4BoowVevsZ9HcPlJLI="></latexit>

transversally

take S1
D3

<latexit sha1_base64="45uMGwGP2UDCp6nTF6fOa3brxZU="></latexit><latexit sha1_base64="45uMGwGP2UDCp6nTF6fOa3brxZU="></latexit><latexit sha1_base64="45uMGwGP2UDCp6nTF6fOa3brxZU="></latexit><latexit sha1_base64="45uMGwGP2UDCp6nTF6fOa3brxZU="></latexit>

small

M-theory on Rt ! TN m ! CY3
<latexit sha1_base64="+j5GKA7TS6AzYnbUaPGRWRBC8pI="></latexit><latexit sha1_base64="+j5GKA7TS6AzYnbUaPGRWRBC8pI="></latexit><latexit sha1_base64="+j5GKA7TS6AzYnbUaPGRWRBC8pI="></latexit><latexit sha1_base64="+j5GKA7TS6AzYnbUaPGRWRBC8pI="></latexit>

M2-brane wrapping Cn = C + nE!
<latexit sha1_base64="N23pR2WMSvn4Z7c+wc2HwxPT03c="></latexit><latexit sha1_base64="N23pR2WMSvn4Z7c+wc2HwxPT03c="></latexit><latexit sha1_base64="N23pR2WMSvn4Z7c+wc2HwxPT03c="></latexit><latexit sha1_base64="N23pR2WMSvn4Z7c+wc2HwxPT03c="></latexit>

microstate counting difÞcult task
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TWO DUALITY CHAINS
D3-brane wrapped on C ! B2

<latexit sha1_base64="WOoleQhJ1ZMHsnRBpfIQnLG/6tk="></latexit><latexit sha1_base64="WOoleQhJ1ZMHsnRBpfIQnLG/6tk="></latexit><latexit sha1_base64="WOoleQhJ1ZMHsnRBpfIQnLG/6tk="></latexit><latexit sha1_base64="WOoleQhJ1ZMHsnRBpfIQnLG/6tk="></latexit>

probing TN m
<latexit sha1_base64="idAo3MuWo4BoowVevsZ9HcPlJLI="></latexit><latexit sha1_base64="idAo3MuWo4BoowVevsZ9HcPlJLI="></latexit><latexit sha1_base64="idAo3MuWo4BoowVevsZ9HcPlJLI="></latexit><latexit sha1_base64="idAo3MuWo4BoowVevsZ9HcPlJLI="></latexit>

transversally

take S1
D3

<latexit sha1_base64="45uMGwGP2UDCp6nTF6fOa3brxZU="></latexit><latexit sha1_base64="45uMGwGP2UDCp6nTF6fOa3brxZU="></latexit><latexit sha1_base64="45uMGwGP2UDCp6nTF6fOa3brxZU="></latexit><latexit sha1_base64="45uMGwGP2UDCp6nTF6fOa3brxZU="></latexit>

small

M-theory on Rt ! TN m ! CY3
<latexit sha1_base64="+j5GKA7TS6AzYnbUaPGRWRBC8pI="></latexit><latexit sha1_base64="+j5GKA7TS6AzYnbUaPGRWRBC8pI="></latexit><latexit sha1_base64="+j5GKA7TS6AzYnbUaPGRWRBC8pI="></latexit><latexit sha1_base64="+j5GKA7TS6AzYnbUaPGRWRBC8pI="></latexit>

M2-brane wrapping Cn = C + nE!
<latexit sha1_base64="N23pR2WMSvn4Z7c+wc2HwxPT03c="></latexit><latexit sha1_base64="N23pR2WMSvn4Z7c+wc2HwxPT03c="></latexit><latexit sha1_base64="N23pR2WMSvn4Z7c+wc2HwxPT03c="></latexit><latexit sha1_base64="N23pR2WMSvn4Z7c+wc2HwxPT03c="></latexit>

microstate counting difÞcult task

T-dualize along S1
NUT

<latexit sha1_base64="7RAcbJFx6bXV0kOpGMgsO0W54GQ="></latexit><latexit sha1_base64="7RAcbJFx6bXV0kOpGMgsO0W54GQ="></latexit><latexit sha1_base64="7RAcbJFx6bXV0kOpGMgsO0W54GQ="></latexit><latexit sha1_base64="7RAcbJFx6bXV0kOpGMgsO0W54GQ="></latexit>

Type IIA on

D4 wrapping

R1,3 ! S1
D3 ! ÷S1

NUT ! B2
<latexit sha1_base64="f0aNqTp36l8AD0Oqt81Pu7jiEk4="></latexit><latexit sha1_base64="f0aNqTp36l8AD0Oqt81Pu7jiEk4="></latexit><latexit sha1_base64="f0aNqTp36l8AD0Oqt81Pu7jiEk4="></latexit><latexit sha1_base64="f0aNqTp36l8AD0Oqt81Pu7jiEk4="></latexit>

NS5Õs wrappingm
<latexit sha1_base64="CM72YiQazm9cBK5RHNo5eqm2Qg4="></latexit><latexit sha1_base64="CM72YiQazm9cBK5RHNo5eqm2Qg4="></latexit><latexit sha1_base64="CM72YiQazm9cBK5RHNo5eqm2Qg4="></latexit><latexit sha1_base64="CM72YiQazm9cBK5RHNo5eqm2Qg4="></latexit>

S1
D3 ! C

<latexit sha1_base64="oeaZfGMCRTSOSuY9yUSbO3ozQfM="></latexit><latexit sha1_base64="oeaZfGMCRTSOSuY9yUSbO3ozQfM="></latexit><latexit sha1_base64="oeaZfGMCRTSOSuY9yUSbO3ozQfM="></latexit><latexit sha1_base64="oeaZfGMCRTSOSuY9yUSbO3ozQfM="></latexit>

S1
D3 ! B2

<latexit sha1_base64="IaD1XDmaqBqymnZ7/h+18C1sTEE="></latexit><latexit sha1_base64="IaD1XDmaqBqymnZ7/h+18C1sTEE="></latexit><latexit sha1_base64="IaD1XDmaqBqymnZ7/h+18C1sTEE="></latexit><latexit sha1_base64="IaD1XDmaqBqymnZ7/h+18C1sTEE="></latexit>
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TWO DUALITY CHAINS
D3-brane wrapped on C ! B2

<latexit sha1_base64="WOoleQhJ1ZMHsnRBpfIQnLG/6tk="></latexit><latexit sha1_base64="WOoleQhJ1ZMHsnRBpfIQnLG/6tk="></latexit><latexit sha1_base64="WOoleQhJ1ZMHsnRBpfIQnLG/6tk="></latexit><latexit sha1_base64="WOoleQhJ1ZMHsnRBpfIQnLG/6tk="></latexit>

probing TN m
<latexit sha1_base64="idAo3MuWo4BoowVevsZ9HcPlJLI="></latexit><latexit sha1_base64="idAo3MuWo4BoowVevsZ9HcPlJLI="></latexit><latexit sha1_base64="idAo3MuWo4BoowVevsZ9HcPlJLI="></latexit><latexit sha1_base64="idAo3MuWo4BoowVevsZ9HcPlJLI="></latexit>

transversally

take S1
D3

<latexit sha1_base64="45uMGwGP2UDCp6nTF6fOa3brxZU="></latexit><latexit sha1_base64="45uMGwGP2UDCp6nTF6fOa3brxZU="></latexit><latexit sha1_base64="45uMGwGP2UDCp6nTF6fOa3brxZU="></latexit><latexit sha1_base64="45uMGwGP2UDCp6nTF6fOa3brxZU="></latexit>

small

M-theory on Rt ! TN m ! CY3
<latexit sha1_base64="+j5GKA7TS6AzYnbUaPGRWRBC8pI="></latexit><latexit sha1_base64="+j5GKA7TS6AzYnbUaPGRWRBC8pI="></latexit><latexit sha1_base64="+j5GKA7TS6AzYnbUaPGRWRBC8pI="></latexit><latexit sha1_base64="+j5GKA7TS6AzYnbUaPGRWRBC8pI="></latexit>

M2-brane wrapping Cn = C + nE!
<latexit sha1_base64="N23pR2WMSvn4Z7c+wc2HwxPT03c="></latexit><latexit sha1_base64="N23pR2WMSvn4Z7c+wc2HwxPT03c="></latexit><latexit sha1_base64="N23pR2WMSvn4Z7c+wc2HwxPT03c="></latexit><latexit sha1_base64="N23pR2WMSvn4Z7c+wc2HwxPT03c="></latexit>

microstate counting difÞcult task

T-dualize along S1
NUT

<latexit sha1_base64="7RAcbJFx6bXV0kOpGMgsO0W54GQ="></latexit><latexit sha1_base64="7RAcbJFx6bXV0kOpGMgsO0W54GQ="></latexit><latexit sha1_base64="7RAcbJFx6bXV0kOpGMgsO0W54GQ="></latexit><latexit sha1_base64="7RAcbJFx6bXV0kOpGMgsO0W54GQ="></latexit>

Type IIA on

D4 wrapping

R1,3 ! S1
D3 ! ÷S1

NUT ! B2
<latexit sha1_base64="f0aNqTp36l8AD0Oqt81Pu7jiEk4="></latexit><latexit sha1_base64="f0aNqTp36l8AD0Oqt81Pu7jiEk4="></latexit><latexit sha1_base64="f0aNqTp36l8AD0Oqt81Pu7jiEk4="></latexit><latexit sha1_base64="f0aNqTp36l8AD0Oqt81Pu7jiEk4="></latexit>

NS5Õs wrappingm
<latexit sha1_base64="CM72YiQazm9cBK5RHNo5eqm2Qg4="></latexit><latexit sha1_base64="CM72YiQazm9cBK5RHNo5eqm2Qg4="></latexit><latexit sha1_base64="CM72YiQazm9cBK5RHNo5eqm2Qg4="></latexit><latexit sha1_base64="CM72YiQazm9cBK5RHNo5eqm2Qg4="></latexit>

S1
D3 ! C

<latexit sha1_base64="oeaZfGMCRTSOSuY9yUSbO3ozQfM="></latexit><latexit sha1_base64="oeaZfGMCRTSOSuY9yUSbO3ozQfM="></latexit><latexit sha1_base64="oeaZfGMCRTSOSuY9yUSbO3ozQfM="></latexit><latexit sha1_base64="oeaZfGMCRTSOSuY9yUSbO3ozQfM="></latexit>

S1
D3 ! B2

<latexit sha1_base64="IaD1XDmaqBqymnZ7/h+18C1sTEE="></latexit><latexit sha1_base64="IaD1XDmaqBqymnZ7/h+18C1sTEE="></latexit><latexit sha1_base64="IaD1XDmaqBqymnZ7/h+18C1sTEE="></latexit><latexit sha1_base64="IaD1XDmaqBqymnZ7/h+18C1sTEE="></latexit>

M-theory uplift

M-theory on R1,3 ! S1
D3 ! CY3

<latexit sha1_base64="ZGTu1WHmk4uE2s2zVLGomF/Fv2Y="></latexit><latexit sha1_base64="ZGTu1WHmk4uE2s2zVLGomF/Fv2Y="></latexit><latexit sha1_base64="ZGTu1WHmk4uE2s2zVLGomF/Fv2Y="></latexit><latexit sha1_base64="ZGTu1WHmk4uE2s2zVLGomF/Fv2Y="></latexit>

M5 brane on S1
D3 ! öC

<latexit sha1_base64="s4sPGo8/iWt8uOeH1HY7O6E6ON4="></latexit><latexit sha1_base64="s4sPGo8/iWt8uOeH1HY7O6E6ON4="></latexit><latexit sha1_base64="s4sPGo8/iWt8uOeH1HY7O6E6ON4="></latexit><latexit sha1_base64="s4sPGo8/iWt8uOeH1HY7O6E6ON4="></latexit>

M5 branes on S1
D3 ! B2

<latexit sha1_base64="ypvlauhDYT2e6qCzGhC5Xw5zmkA="></latexit><latexit sha1_base64="ypvlauhDYT2e6qCzGhC5Xw5zmkA="></latexit><latexit sha1_base64="ypvlauhDYT2e6qCzGhC5Xw5zmkA="></latexit><latexit sha1_base64="ypvlauhDYT2e6qCzGhC5Xw5zmkA="></latexit>

m
<latexit sha1_base64="CM72YiQazm9cBK5RHNo5eqm2Qg4="></latexit><latexit sha1_base64="CM72YiQazm9cBK5RHNo5eqm2Qg4="></latexit><latexit sha1_base64="CM72YiQazm9cBK5RHNo5eqm2Qg4="></latexit><latexit sha1_base64="CM72YiQazm9cBK5RHNo5eqm2Qg4="></latexit>
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TWO DUALITY CHAINS
D3-brane wrapped on C ! B2

<latexit sha1_base64="WOoleQhJ1ZMHsnRBpfIQnLG/6tk="></latexit><latexit sha1_base64="WOoleQhJ1ZMHsnRBpfIQnLG/6tk="></latexit><latexit sha1_base64="WOoleQhJ1ZMHsnRBpfIQnLG/6tk="></latexit><latexit sha1_base64="WOoleQhJ1ZMHsnRBpfIQnLG/6tk="></latexit>

probing TN m
<latexit sha1_base64="idAo3MuWo4BoowVevsZ9HcPlJLI="></latexit><latexit sha1_base64="idAo3MuWo4BoowVevsZ9HcPlJLI="></latexit><latexit sha1_base64="idAo3MuWo4BoowVevsZ9HcPlJLI="></latexit><latexit sha1_base64="idAo3MuWo4BoowVevsZ9HcPlJLI="></latexit>

transversally

take S1
D3

<latexit sha1_base64="45uMGwGP2UDCp6nTF6fOa3brxZU="></latexit><latexit sha1_base64="45uMGwGP2UDCp6nTF6fOa3brxZU="></latexit><latexit sha1_base64="45uMGwGP2UDCp6nTF6fOa3brxZU="></latexit><latexit sha1_base64="45uMGwGP2UDCp6nTF6fOa3brxZU="></latexit>

small

M-theory on Rt ! TN m ! CY3
<latexit sha1_base64="+j5GKA7TS6AzYnbUaPGRWRBC8pI="></latexit><latexit sha1_base64="+j5GKA7TS6AzYnbUaPGRWRBC8pI="></latexit><latexit sha1_base64="+j5GKA7TS6AzYnbUaPGRWRBC8pI="></latexit><latexit sha1_base64="+j5GKA7TS6AzYnbUaPGRWRBC8pI="></latexit>

M2-brane wrapping Cn = C + nE!
<latexit sha1_base64="N23pR2WMSvn4Z7c+wc2HwxPT03c="></latexit><latexit sha1_base64="N23pR2WMSvn4Z7c+wc2HwxPT03c="></latexit><latexit sha1_base64="N23pR2WMSvn4Z7c+wc2HwxPT03c="></latexit><latexit sha1_base64="N23pR2WMSvn4Z7c+wc2HwxPT03c="></latexit>

microstate counting difÞcult task

T-dualize along S1
NUT

<latexit sha1_base64="7RAcbJFx6bXV0kOpGMgsO0W54GQ="></latexit><latexit sha1_base64="7RAcbJFx6bXV0kOpGMgsO0W54GQ="></latexit><latexit sha1_base64="7RAcbJFx6bXV0kOpGMgsO0W54GQ="></latexit><latexit sha1_base64="7RAcbJFx6bXV0kOpGMgsO0W54GQ="></latexit>

Type IIA on

D4 wrapping

R1,3 ! S1
D3 ! ÷S1

NUT ! B2
<latexit sha1_base64="f0aNqTp36l8AD0Oqt81Pu7jiEk4="></latexit><latexit sha1_base64="f0aNqTp36l8AD0Oqt81Pu7jiEk4="></latexit><latexit sha1_base64="f0aNqTp36l8AD0Oqt81Pu7jiEk4="></latexit><latexit sha1_base64="f0aNqTp36l8AD0Oqt81Pu7jiEk4="></latexit>

NS5Õs wrappingm
<latexit sha1_base64="CM72YiQazm9cBK5RHNo5eqm2Qg4="></latexit><latexit sha1_base64="CM72YiQazm9cBK5RHNo5eqm2Qg4="></latexit><latexit sha1_base64="CM72YiQazm9cBK5RHNo5eqm2Qg4="></latexit><latexit sha1_base64="CM72YiQazm9cBK5RHNo5eqm2Qg4="></latexit>

S1
D3 ! C

<latexit sha1_base64="oeaZfGMCRTSOSuY9yUSbO3ozQfM="></latexit><latexit sha1_base64="oeaZfGMCRTSOSuY9yUSbO3ozQfM="></latexit><latexit sha1_base64="oeaZfGMCRTSOSuY9yUSbO3ozQfM="></latexit><latexit sha1_base64="oeaZfGMCRTSOSuY9yUSbO3ozQfM="></latexit>

S1
D3 ! B2

<latexit sha1_base64="IaD1XDmaqBqymnZ7/h+18C1sTEE="></latexit><latexit sha1_base64="IaD1XDmaqBqymnZ7/h+18C1sTEE="></latexit><latexit sha1_base64="IaD1XDmaqBqymnZ7/h+18C1sTEE="></latexit><latexit sha1_base64="IaD1XDmaqBqymnZ7/h+18C1sTEE="></latexit>

M-theory uplift

M-theory on R1,3 ! S1
D3 ! CY3

<latexit sha1_base64="ZGTu1WHmk4uE2s2zVLGomF/Fv2Y="></latexit><latexit sha1_base64="ZGTu1WHmk4uE2s2zVLGomF/Fv2Y="></latexit><latexit sha1_base64="ZGTu1WHmk4uE2s2zVLGomF/Fv2Y="></latexit><latexit sha1_base64="ZGTu1WHmk4uE2s2zVLGomF/Fv2Y="></latexit>

M5 brane on S1
D3 ! öC

<latexit sha1_base64="s4sPGo8/iWt8uOeH1HY7O6E6ON4="></latexit><latexit sha1_base64="s4sPGo8/iWt8uOeH1HY7O6E6ON4="></latexit><latexit sha1_base64="s4sPGo8/iWt8uOeH1HY7O6E6ON4="></latexit><latexit sha1_base64="s4sPGo8/iWt8uOeH1HY7O6E6ON4="></latexit>

M5 branes on S1
D3 ! B2

<latexit sha1_base64="ypvlauhDYT2e6qCzGhC5Xw5zmkA="></latexit><latexit sha1_base64="ypvlauhDYT2e6qCzGhC5Xw5zmkA="></latexit><latexit sha1_base64="ypvlauhDYT2e6qCzGhC5Xw5zmkA="></latexit><latexit sha1_base64="ypvlauhDYT2e6qCzGhC5Xw5zmkA="></latexit>

m
<latexit sha1_base64="CM72YiQazm9cBK5RHNo5eqm2Qg4="></latexit><latexit sha1_base64="CM72YiQazm9cBK5RHNo5eqm2Qg4="></latexit><latexit sha1_base64="CM72YiQazm9cBK5RHNo5eqm2Qg4="></latexit><latexit sha1_base64="CM72YiQazm9cBK5RHNo5eqm2Qg4="></latexit>

If

can eff. describe M5 system as 

Single M5 on öCm = öC + mB 2
<latexit sha1_base64="2AwHl6/c1xDKTW16VHulki7wlV8="></latexit><latexit sha1_base64="2AwHl6/c1xDKTW16VHulki7wlV8="></latexit><latexit sha1_base64="2AwHl6/c1xDKTW16VHulki7wlV8="></latexit><latexit sha1_base64="2AwHl6/c1xDKTW16VHulki7wlV8="></latexit>

q! ! mc!
<latexit sha1_base64="rJD+2EdBlAtVusHob3PrQiSXgfA="></latexit><latexit sha1_base64="rJD+2EdBlAtVusHob3PrQiSXgfA="></latexit><latexit sha1_base64="rJD+2EdBlAtVusHob3PrQiSXgfA="></latexit><latexit sha1_base64="rJD+2EdBlAtVusHob3PrQiSXgfA="></latexit>

MSW CFT techniques!
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THE MSW CFT
M-theory compactiÞed on compact CY3

<latexit sha1_base64="fteh+KfmkJJmntPvJFi0TzhpLqQ="></latexit><latexit sha1_base64="fteh+KfmkJJmntPvJFi0TzhpLqQ="></latexit><latexit sha1_base64="fteh+KfmkJJmntPvJFi0TzhpLqQ="></latexit><latexit sha1_base64="fteh+KfmkJJmntPvJFi0TzhpLqQ="></latexit>

5d BPS string states: M5-brane wrapped on [P] ! H4(CY 3)
<latexit sha1_base64="E73+ixyNx03p5K0QaFkXnM+wh7k="></latexit><latexit sha1_base64="E73+ixyNx03p5K0QaFkXnM+wh7k="></latexit><latexit sha1_base64="E73+ixyNx03p5K0QaFkXnM+wh7k="></latexit><latexit sha1_base64="E73+ixyNx03p5K0QaFkXnM+wh7k="></latexit>

[Maldacena, Strominger, Witten `97]

5d N = 2
<latexit sha1_base64="NbTqV7ur8G+3K+Lv6+THZ5WiLPg="></latexit><latexit sha1_base64="NbTqV7ur8G+3K+Lv6+THZ5WiLPg="></latexit><latexit sha1_base64="NbTqV7ur8G+3K+Lv6+THZ5WiLPg="></latexit><latexit sha1_base64="NbTqV7ur8G+3K+Lv6+THZ5WiLPg="></latexit>

supergravity
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THE MSW CFT
M-theory compactiÞed on compact CY3

<latexit sha1_base64="fteh+KfmkJJmntPvJFi0TzhpLqQ="></latexit><latexit sha1_base64="fteh+KfmkJJmntPvJFi0TzhpLqQ="></latexit><latexit sha1_base64="fteh+KfmkJJmntPvJFi0TzhpLqQ="></latexit><latexit sha1_base64="fteh+KfmkJJmntPvJFi0TzhpLqQ="></latexit>

5d BPS string states: M5-brane wrapped on [P] ! H4(CY 3)
<latexit sha1_base64="E73+ixyNx03p5K0QaFkXnM+wh7k="></latexit><latexit sha1_base64="E73+ixyNx03p5K0QaFkXnM+wh7k="></latexit><latexit sha1_base64="E73+ixyNx03p5K0QaFkXnM+wh7k="></latexit><latexit sha1_base64="E73+ixyNx03p5K0QaFkXnM+wh7k="></latexit>

RG ßow to IR

[Maldacena, Strominger, Witten `97]

2d N = (0 , 4)
<latexit sha1_base64="YOaDKeC5KjZHvOO2qN7otcxXnC0="></latexit><latexit sha1_base64="YOaDKeC5KjZHvOO2qN7otcxXnC0="></latexit><latexit sha1_base64="YOaDKeC5KjZHvOO2qN7otcxXnC0="></latexit><latexit sha1_base64="YOaDKeC5KjZHvOO2qN7otcxXnC0="></latexit>

SCFT is IR Þxed point of M5 world-volume theory

5d N = 2
<latexit sha1_base64="NbTqV7ur8G+3K+Lv6+THZ5WiLPg="></latexit><latexit sha1_base64="NbTqV7ur8G+3K+Lv6+THZ5WiLPg="></latexit><latexit sha1_base64="NbTqV7ur8G+3K+Lv6+THZ5WiLPg="></latexit><latexit sha1_base64="NbTqV7ur8G+3K+Lv6+THZ5WiLPg="></latexit>

supergravity
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THE MSW CFT
M-theory compactiÞed on compact CY3

<latexit sha1_base64="fteh+KfmkJJmntPvJFi0TzhpLqQ="></latexit><latexit sha1_base64="fteh+KfmkJJmntPvJFi0TzhpLqQ="></latexit><latexit sha1_base64="fteh+KfmkJJmntPvJFi0TzhpLqQ="></latexit><latexit sha1_base64="fteh+KfmkJJmntPvJFi0TzhpLqQ="></latexit>

5d BPS string states: M5-brane wrapped on [P] ! H4(CY 3)
<latexit sha1_base64="E73+ixyNx03p5K0QaFkXnM+wh7k="></latexit><latexit sha1_base64="E73+ixyNx03p5K0QaFkXnM+wh7k="></latexit><latexit sha1_base64="E73+ixyNx03p5K0QaFkXnM+wh7k="></latexit><latexit sha1_base64="E73+ixyNx03p5K0QaFkXnM+wh7k="></latexit>

RG ßow to IR

[Maldacena, Strominger, Witten `97]

2d N = (0 , 4)
<latexit sha1_base64="YOaDKeC5KjZHvOO2qN7otcxXnC0="></latexit><latexit sha1_base64="YOaDKeC5KjZHvOO2qN7otcxXnC0="></latexit><latexit sha1_base64="YOaDKeC5KjZHvOO2qN7otcxXnC0="></latexit><latexit sha1_base64="YOaDKeC5KjZHvOO2qN7otcxXnC0="></latexit>

SCFT is IR Þxed point of M5 world-volume theory

central charges of IR Þxed point:

compactify M5 brane theory on P
<latexit sha1_base64="rRDIH5A74HMFQKzJuhTrXM/wAZo="></latexit><latexit sha1_base64="rRDIH5A74HMFQKzJuhTrXM/wAZo="></latexit><latexit sha1_base64="rRDIH5A74HMFQKzJuhTrXM/wAZo="></latexit><latexit sha1_base64="rRDIH5A74HMFQKzJuhTrXM/wAZo="></latexit> compute effective 2d spectrum

counted by top. numbers

cL = P áP áP + c2(CY 3) áP

cR = P áP áP +
1
2

c2(CY 3) áP
<latexit sha1_base64="qDG71C2NvFXT6hByr6PLFwrtkVg="></latexit><latexit sha1_base64="qDG71C2NvFXT6hByr6PLFwrtkVg="></latexit><latexit sha1_base64="qDG71C2NvFXT6hByr6PLFwrtkVg="></latexit><latexit sha1_base64="qDG71C2NvFXT6hByr6PLFwrtkVg="></latexit>

5d N = 2
<latexit sha1_base64="NbTqV7ur8G+3K+Lv6+THZ5WiLPg="></latexit><latexit sha1_base64="NbTqV7ur8G+3K+Lv6+THZ5WiLPg="></latexit><latexit sha1_base64="NbTqV7ur8G+3K+Lv6+THZ5WiLPg="></latexit><latexit sha1_base64="NbTqV7ur8G+3K+Lv6+THZ5WiLPg="></latexit>

supergravity
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THE MSW CFT
M-theory compactiÞed on compact CY3

<latexit sha1_base64="fteh+KfmkJJmntPvJFi0TzhpLqQ="></latexit><latexit sha1_base64="fteh+KfmkJJmntPvJFi0TzhpLqQ="></latexit><latexit sha1_base64="fteh+KfmkJJmntPvJFi0TzhpLqQ="></latexit><latexit sha1_base64="fteh+KfmkJJmntPvJFi0TzhpLqQ="></latexit>

5d N = 2
<latexit sha1_base64="NbTqV7ur8G+3K+Lv6+THZ5WiLPg="></latexit><latexit sha1_base64="NbTqV7ur8G+3K+Lv6+THZ5WiLPg="></latexit><latexit sha1_base64="NbTqV7ur8G+3K+Lv6+THZ5WiLPg="></latexit><latexit sha1_base64="NbTqV7ur8G+3K+Lv6+THZ5WiLPg="></latexit>

supergravity

5d BPS string states: M5-brane wrapped on [P] ! H4(CY 3)
<latexit sha1_base64="E73+ixyNx03p5K0QaFkXnM+wh7k="></latexit><latexit sha1_base64="E73+ixyNx03p5K0QaFkXnM+wh7k="></latexit><latexit sha1_base64="E73+ixyNx03p5K0QaFkXnM+wh7k="></latexit><latexit sha1_base64="E73+ixyNx03p5K0QaFkXnM+wh7k="></latexit>

RG ßow to IR

2d N = (0 , 4)
<latexit sha1_base64="YOaDKeC5KjZHvOO2qN7otcxXnC0="></latexit><latexit sha1_base64="YOaDKeC5KjZHvOO2qN7otcxXnC0="></latexit><latexit sha1_base64="YOaDKeC5KjZHvOO2qN7otcxXnC0="></latexit><latexit sha1_base64="YOaDKeC5KjZHvOO2qN7otcxXnC0="></latexit>

SCFT is IR Þxed point of M5 world-volume theory

central charges of IR Þxed point:

compactify M5 brane theory on P
<latexit sha1_base64="rRDIH5A74HMFQKzJuhTrXM/wAZo="></latexit><latexit sha1_base64="rRDIH5A74HMFQKzJuhTrXM/wAZo="></latexit><latexit sha1_base64="rRDIH5A74HMFQKzJuhTrXM/wAZo="></latexit><latexit sha1_base64="rRDIH5A74HMFQKzJuhTrXM/wAZo="></latexit> compute effective 2d spectrum

counted by top. numbers

apply this to our case of interest

[Maldacena, Strominger, Witten `97]

cL = P áP áP + c2(CY 3) áP

cR = P áP áP +
1
2

c2(CY 3) áP
<latexit sha1_base64="qDG71C2NvFXT6hByr6PLFwrtkVg="></latexit><latexit sha1_base64="qDG71C2NvFXT6hByr6PLFwrtkVg="></latexit><latexit sha1_base64="qDG71C2NvFXT6hByr6PLFwrtkVg="></latexit><latexit sha1_base64="qDG71C2NvFXT6hByr6PLFwrtkVg="></latexit>

[Bena, Diaconescu, Florea `06]
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MICROSCOPICS VIA MSW

Compute the following integrals for ell. Þbered

P3 =
!

CY 3

(q! ! ! + m! 0)3 = 3mC áC ! 3m2c1(B2) áC + m3c1(B2)2

<latexit sha1_base64="A3w2xlRjSX1YoY5qAJWzfQWj8ac="></latexit><latexit sha1_base64="A3w2xlRjSX1YoY5qAJWzfQWj8ac="></latexit><latexit sha1_base64="A3w2xlRjSX1YoY5qAJWzfQWj8ac="></latexit><latexit sha1_base64="A3w2xlRjSX1YoY5qAJWzfQWj8ac="></latexit>

CY3
<latexit sha1_base64="fteh+KfmkJJmntPvJFi0TzhpLqQ="></latexit><latexit sha1_base64="fteh+KfmkJJmntPvJFi0TzhpLqQ="></latexit><latexit sha1_base64="fteh+KfmkJJmntPvJFi0TzhpLqQ="></latexit><latexit sha1_base64="fteh+KfmkJJmntPvJFi0TzhpLqQ="></latexit>
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MICROSCOPICS VIA MSW

Compute the following integrals for ell. Þbered

P3 =
!

CY 3

(q! ! ! + m! 0)3 = 3mC áC ! 3m2c1(B2) áC + m3c1(B2)2

<latexit sha1_base64="A3w2xlRjSX1YoY5qAJWzfQWj8ac="></latexit><latexit sha1_base64="A3w2xlRjSX1YoY5qAJWzfQWj8ac="></latexit><latexit sha1_base64="A3w2xlRjSX1YoY5qAJWzfQWj8ac="></latexit><latexit sha1_base64="A3w2xlRjSX1YoY5qAJWzfQWj8ac="></latexit>

CY3
<latexit sha1_base64="fteh+KfmkJJmntPvJFi0TzhpLqQ="></latexit><latexit sha1_base64="fteh+KfmkJJmntPvJFi0TzhpLqQ="></latexit><latexit sha1_base64="fteh+KfmkJJmntPvJFi0TzhpLqQ="></latexit><latexit sha1_base64="fteh+KfmkJJmntPvJFi0TzhpLqQ="></latexit>

c2(CY 3) áP = m! (B2) + 12c1(B2) áC ! mc1(B2)2
<latexit sha1_base64="Xci7SFG3PkwmC17qhnlHpbSZEjo=">AAADD3ichVHLShxBFD12YnwmTnSZTZNBGAkZujsBsxHEUckmMIGMDxzTdN </latexit><latexit sha1_base64="Xci7SFG3PkwmC17qhnlHpbSZEjo=">AAADD3ichVHLShxBFD12YnwmTnSZTZNBGAkZujsBsxHEUckmMIGMDxzTdN </latexit><latexit sha1_base64="Xci7SFG3PkwmC17qhnlHpbSZEjo=">AAADD3ichVHLShxBFD12YnwmTnSZTZNBGAkZujsBsxHEUckmMIGMDxzTdN </latexit><latexit sha1_base64="Xci7SFG3PkwmC17qhnlHpbSZEjo=">AAADD3ichVHLShxBFD12YnwmTnSZTZNBGAkZujsBsxHEUckmMIGMDxzTdN </latexit>

21



MICROSCOPICS VIA MSW

Compute the following integrals for ell. Þbered

P3 =
!

CY 3

(q! ! ! + m! 0)3 = 3mC áC ! 3m2c1(B2) áC + m3c1(B2)2

<latexit sha1_base64="A3w2xlRjSX1YoY5qAJWzfQWj8ac="></latexit><latexit sha1_base64="A3w2xlRjSX1YoY5qAJWzfQWj8ac="></latexit><latexit sha1_base64="A3w2xlRjSX1YoY5qAJWzfQWj8ac="></latexit><latexit sha1_base64="A3w2xlRjSX1YoY5qAJWzfQWj8ac="></latexit>

CY3
<latexit sha1_base64="fteh+KfmkJJmntPvJFi0TzhpLqQ="></latexit><latexit sha1_base64="fteh+KfmkJJmntPvJFi0TzhpLqQ="></latexit><latexit sha1_base64="fteh+KfmkJJmntPvJFi0TzhpLqQ="></latexit><latexit sha1_base64="fteh+KfmkJJmntPvJFi0TzhpLqQ="></latexit>

c2(CY 3) áP = m! (B2) + 12c1(B2) áC ! mc1(B2)2
<latexit sha1_base64="Xci7SFG3PkwmC17qhnlHpbSZEjo=">AAADD3ichVHLShxBFD12YnwmTnSZTZNBGAkZujsBsxHEUckmMIGMDxzTdN </latexit><latexit sha1_base64="Xci7SFG3PkwmC17qhnlHpbSZEjo=">AAADD3ichVHLShxBFD12YnwmTnSZTZNBGAkZujsBsxHEUckmMIGMDxzTdN </latexit><latexit sha1_base64="Xci7SFG3PkwmC17qhnlHpbSZEjo=">AAADD3ichVHLShxBFD12YnwmTnSZTZNBGAkZujsBsxHEUckmMIGMDxzTdN </latexit><latexit sha1_base64="Xci7SFG3PkwmC17qhnlHpbSZEjo=">AAADD3ichVHLShxBFD12YnwmTnSZTZNBGAkZujsBsxHEUckmMIGMDxzTdN </latexit>

! (B2) = 2 + h1,1(B2) = 12 ! c1(B2)2
<latexit sha1_base64="vGbJguQ48agH4xWZ3x/jwtucnPo="></latexit><latexit sha1_base64="vGbJguQ48agH4xWZ3x/jwtucnPo="></latexit><latexit sha1_base64="vGbJguQ48agH4xWZ3x/jwtucnPo="></latexit><latexit sha1_base64="vGbJguQ48agH4xWZ3x/jwtucnPo="></latexit>
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MICROSCOPICS VIA MSW

Compute the following integrals for ell. Þbered

P3 =
!

CY 3

(q! ! ! + m! 0)3 = 3mC áC ! 3m2c1(B2) áC + m3c1(B2)2

<latexit sha1_base64="A3w2xlRjSX1YoY5qAJWzfQWj8ac="></latexit><latexit sha1_base64="A3w2xlRjSX1YoY5qAJWzfQWj8ac="></latexit><latexit sha1_base64="A3w2xlRjSX1YoY5qAJWzfQWj8ac="></latexit><latexit sha1_base64="A3w2xlRjSX1YoY5qAJWzfQWj8ac="></latexit>

CY3
<latexit sha1_base64="fteh+KfmkJJmntPvJFi0TzhpLqQ="></latexit><latexit sha1_base64="fteh+KfmkJJmntPvJFi0TzhpLqQ="></latexit><latexit sha1_base64="fteh+KfmkJJmntPvJFi0TzhpLqQ="></latexit><latexit sha1_base64="fteh+KfmkJJmntPvJFi0TzhpLqQ="></latexit>

c2(CY 3) áP = m! (B2) + 12c1(B2) áC ! mc1(B2)2
<latexit sha1_base64="Xci7SFG3PkwmC17qhnlHpbSZEjo=">AAADD3ichVHLShxBFD12YnwmTnSZTZNBGAkZujsBsxHEUckmMIGMDxzTdN </latexit><latexit sha1_base64="Xci7SFG3PkwmC17qhnlHpbSZEjo=">AAADD3ichVHLShxBFD12YnwmTnSZTZNBGAkZujsBsxHEUckmMIGMDxzTdN </latexit><latexit sha1_base64="Xci7SFG3PkwmC17qhnlHpbSZEjo=">AAADD3ichVHLShxBFD12YnwmTnSZTZNBGAkZujsBsxHEUckmMIGMDxzTdN </latexit><latexit sha1_base64="Xci7SFG3PkwmC17qhnlHpbSZEjo=">AAADD3ichVHLShxBFD12YnwmTnSZTZNBGAkZujsBsxHEUckmMIGMDxzTdN </latexit>

! (B2) = 2 + h1,1(B2) = 12 ! c1(B2)2
<latexit sha1_base64="vGbJguQ48agH4xWZ3x/jwtucnPo="></latexit><latexit sha1_base64="vGbJguQ48agH4xWZ3x/jwtucnPo="></latexit><latexit sha1_base64="vGbJguQ48agH4xWZ3x/jwtucnPo="></latexit><latexit sha1_base64="vGbJguQ48agH4xWZ3x/jwtucnPo="></latexit>

Éwhich leads to the microscopic prediction

cL = 3mC áC ! 3m2c1(B2) áC + m3c1(B2)2 + 12c1(B2) áC + 12m ! 2mc1(B2)2

cR = 3mC áC ! 3m2c1(B2) áC + m3c1(B2)2 + 6c1(B2) áC + 6m ! mc1(B2)2
<latexit sha1_base64="6+cHnzmNiuC4XZ5Uu5kYScjPWOY="></latexit><latexit sha1_base64="6+cHnzmNiuC4XZ5Uu5kYScjPWOY="></latexit><latexit sha1_base64="6+cHnzmNiuC4XZ5Uu5kYScjPWOY="></latexit><latexit sha1_base64="6+cHnzmNiuC4XZ5Uu5kYScjPWOY="></latexit>
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MICROSCOPICS VIA MSW

Compute the following integrals for ell. Þbered

P3 =
!

CY 3

(q! ! ! + m! 0)3 = 3mC áC ! 3m2c1(B2) áC + m3c1(B2)2

<latexit sha1_base64="A3w2xlRjSX1YoY5qAJWzfQWj8ac="></latexit><latexit sha1_base64="A3w2xlRjSX1YoY5qAJWzfQWj8ac="></latexit><latexit sha1_base64="A3w2xlRjSX1YoY5qAJWzfQWj8ac="></latexit><latexit sha1_base64="A3w2xlRjSX1YoY5qAJWzfQWj8ac="></latexit>

CY3
<latexit sha1_base64="fteh+KfmkJJmntPvJFi0TzhpLqQ="></latexit><latexit sha1_base64="fteh+KfmkJJmntPvJFi0TzhpLqQ="></latexit><latexit sha1_base64="fteh+KfmkJJmntPvJFi0TzhpLqQ="></latexit><latexit sha1_base64="fteh+KfmkJJmntPvJFi0TzhpLqQ="></latexit>

c2(CY 3) áP = m! (B2) + 12c1(B2) áC ! mc1(B2)2
<latexit sha1_base64="Xci7SFG3PkwmC17qhnlHpbSZEjo=">AAADD3ichVHLShxBFD12YnwmTnSZTZNBGAkZujsBsxHEUckmMIGMDxzTdN </latexit><latexit sha1_base64="Xci7SFG3PkwmC17qhnlHpbSZEjo=">AAADD3ichVHLShxBFD12YnwmTnSZTZNBGAkZujsBsxHEUckmMIGMDxzTdN </latexit><latexit sha1_base64="Xci7SFG3PkwmC17qhnlHpbSZEjo=">AAADD3ichVHLShxBFD12YnwmTnSZTZNBGAkZujsBsxHEUckmMIGMDxzTdN </latexit><latexit sha1_base64="Xci7SFG3PkwmC17qhnlHpbSZEjo=">AAADD3ichVHLShxBFD12YnwmTnSZTZNBGAkZujsBsxHEUckmMIGMDxzTdN </latexit>

! (B2) = 2 + h1,1(B2) = 12 ! c1(B2)2
<latexit sha1_base64="vGbJguQ48agH4xWZ3x/jwtucnPo="></latexit><latexit sha1_base64="vGbJguQ48agH4xWZ3x/jwtucnPo="></latexit><latexit sha1_base64="vGbJguQ48agH4xWZ3x/jwtucnPo="></latexit><latexit sha1_base64="vGbJguQ48agH4xWZ3x/jwtucnPo="></latexit>

Éwhich leads to the microscopic prediction

cL = 3mC áC ! 3m2c1(B2) áC + m3c1(B2)2 + 12c1(B2) áC + 12m ! 2mc1(B2)2

cR = 3mC áC ! 3m2c1(B2) áC + m3c1(B2)2 + 6c1(B2) áC + 6m ! mc1(B2)2
<latexit sha1_base64="6+cHnzmNiuC4XZ5Uu5kYScjPWOY="></latexit><latexit sha1_base64="6+cHnzmNiuC4XZ5Uu5kYScjPWOY="></latexit><latexit sha1_base64="6+cHnzmNiuC4XZ5Uu5kYScjPWOY="></latexit><latexit sha1_base64="6+cHnzmNiuC4XZ5Uu5kYScjPWOY="></latexit>

to get        one has to work a bit harderÉ

kL =
1
2

mC áC !
1
2

m2c1(B2) áC
<latexit sha1_base64="FSJWZ66v/OD6gk/Jt648z4vjs84="></latexit><latexit sha1_base64="FSJWZ66v/OD6gk/Jt648z4vjs84="></latexit><latexit sha1_base64="FSJWZ66v/OD6gk/Jt648z4vjs84="></latexit><latexit sha1_base64="FSJWZ66v/OD6gk/Jt648z4vjs84="></latexit>

kL
<latexit sha1_base64="0yKgJlxuMVz+mr8JJgyl8upuK7M="></latexit><latexit sha1_base64="0yKgJlxuMVz+mr8JJgyl8upuK7M="></latexit><latexit sha1_base64="0yKgJlxuMVz+mr8JJgyl8upuK7M="></latexit><latexit sha1_base64="0yKgJlxuMVz+mr8JJgyl8upuK7M="></latexit>
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MICROSCOPICS VIA MSW

Compute the following integrals for ell. Þbered

P3 =
!

CY 3

(q! ! ! + m! 0)3 = 3mC áC ! 3m2c1(B2) áC + m3c1(B2)2

<latexit sha1_base64="A3w2xlRjSX1YoY5qAJWzfQWj8ac="></latexit><latexit sha1_base64="A3w2xlRjSX1YoY5qAJWzfQWj8ac="></latexit><latexit sha1_base64="A3w2xlRjSX1YoY5qAJWzfQWj8ac="></latexit><latexit sha1_base64="A3w2xlRjSX1YoY5qAJWzfQWj8ac="></latexit>

CY3
<latexit sha1_base64="fteh+KfmkJJmntPvJFi0TzhpLqQ="></latexit><latexit sha1_base64="fteh+KfmkJJmntPvJFi0TzhpLqQ="></latexit><latexit sha1_base64="fteh+KfmkJJmntPvJFi0TzhpLqQ="></latexit><latexit sha1_base64="fteh+KfmkJJmntPvJFi0TzhpLqQ="></latexit>

c2(CY 3) áP = m! (B2) + 12c1(B2) áC ! mc1(B2)2
<latexit sha1_base64="Xci7SFG3PkwmC17qhnlHpbSZEjo=">AAADD3ichVHLShxBFD12YnwmTnSZTZNBGAkZujsBsxHEUckmMIGMDxzTdN </latexit><latexit sha1_base64="Xci7SFG3PkwmC17qhnlHpbSZEjo=">AAADD3ichVHLShxBFD12YnwmTnSZTZNBGAkZujsBsxHEUckmMIGMDxzTdN </latexit><latexit sha1_base64="Xci7SFG3PkwmC17qhnlHpbSZEjo=">AAADD3ichVHLShxBFD12YnwmTnSZTZNBGAkZujsBsxHEUckmMIGMDxzTdN </latexit><latexit sha1_base64="Xci7SFG3PkwmC17qhnlHpbSZEjo=">AAADD3ichVHLShxBFD12YnwmTnSZTZNBGAkZujsBsxHEUckmMIGMDxzTdN </latexit>

! (B2) = 2 + h1,1(B2) = 12 ! c1(B2)2
<latexit sha1_base64="vGbJguQ48agH4xWZ3x/jwtucnPo="></latexit><latexit sha1_base64="vGbJguQ48agH4xWZ3x/jwtucnPo="></latexit><latexit sha1_base64="vGbJguQ48agH4xWZ3x/jwtucnPo="></latexit><latexit sha1_base64="vGbJguQ48agH4xWZ3x/jwtucnPo="></latexit>

Éwhich leads to the microscopic prediction

cL = 3mC áC ! 3m2c1(B2) áC + m3c1(B2)2 + 12c1(B2) áC + 12m ! 2mc1(B2)2

cR = 6kR = 3mC áC ! 3m2c1(B2) áC + m3c1(B2)2 + 6c1(B2) áC + 6m ! mc1(B2)2

kL =
1
2

mC áC !
1
2

m2c1(B2) áC
<latexit sha1_base64="wv0NmvdkYwOaFZNRqEswMLxBPdk="></latexit><latexit sha1_base64="wv0NmvdkYwOaFZNRqEswMLxBPdk="></latexit><latexit sha1_base64="wv0NmvdkYwOaFZNRqEswMLxBPdk="></latexit><latexit sha1_base64="wv0NmvdkYwOaFZNRqEswMLxBPdk="></latexit>
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D. Computation of central charges and levels: Macro



6D N=(1,0) SUPERGRAVITY & F-THEORY22

6d                     supergravity has 4 types of multiplets N = (1 , 0)
<latexit sha1_base64="MPskgUVqPwC3KOKsSKwoo/nipsw="></latexit><latexit sha1_base64="MPskgUVqPwC3KOKsSKwoo/nipsw="></latexit><latexit sha1_base64="MPskgUVqPwC3KOKsSKwoo/nipsw="></latexit><latexit sha1_base64="MPskgUVqPwC3KOKsSKwoo/nipsw="></latexit>

gravity

tensor

gµ ! ! ! L ! B +
µ !

<latexit sha1_base64="whD0qKlMIRMhbEMYkrlLYmMPzGw="></latexit><latexit sha1_base64="whD0qKlMIRMhbEMYkrlLYmMPzGw="></latexit><latexit sha1_base64="whD0qKlMIRMhbEMYkrlLYmMPzGw="></latexit><latexit sha1_base64="whD0qKlMIRMhbEMYkrlLYmMPzGw="></latexit>

B !
µ ! ! ! R ! j

<latexit sha1_base64="Z+EZh6smreX5LnnWH4xqL79zdEU="></latexit><latexit sha1_base64="Z+EZh6smreX5LnnWH4xqL79zdEU="></latexit><latexit sha1_base64="Z+EZh6smreX5LnnWH4xqL79zdEU="></latexit><latexit sha1_base64="Z+EZh6smreX5LnnWH4xqL79zdEU="></latexit>

vector

hyper

Aµ ! ! L
<latexit sha1_base64="X51mJLiqjN9zDBGBG9wIFA5rYaY="></latexit><latexit sha1_base64="X51mJLiqjN9zDBGBG9wIFA5rYaY="></latexit><latexit sha1_base64="X51mJLiqjN9zDBGBG9wIFA5rYaY="></latexit><latexit sha1_base64="X51mJLiqjN9zDBGBG9wIFA5rYaY="></latexit>

÷! R ! q1 ! q2
<latexit sha1_base64="fcBfMAlDdELhpJxDXpiWSvZnAdI="></latexit><latexit sha1_base64="fcBfMAlDdELhpJxDXpiWSvZnAdI="></latexit><latexit sha1_base64="fcBfMAlDdELhpJxDXpiWSvZnAdI="></latexit><latexit sha1_base64="fcBfMAlDdELhpJxDXpiWSvZnAdI="></latexit>

nT
<latexit sha1_base64="IEp9cjD0RLJMaXtzJPiS3J8d4rw="></latexit><latexit sha1_base64="IEp9cjD0RLJMaXtzJPiS3J8d4rw="></latexit><latexit sha1_base64="IEp9cjD0RLJMaXtzJPiS3J8d4rw="></latexit><latexit sha1_base64="IEp9cjD0RLJMaXtzJPiS3J8d4rw="></latexit>

nV
<latexit sha1_base64="QCP2+CCVIMxKR3l/mUHUJs4K/qE="></latexit><latexit sha1_base64="QCP2+CCVIMxKR3l/mUHUJs4K/qE="></latexit><latexit sha1_base64="QCP2+CCVIMxKR3l/mUHUJs4K/qE="></latexit><latexit sha1_base64="QCP2+CCVIMxKR3l/mUHUJs4K/qE="></latexit>

nH
<latexit sha1_base64="yPZZCZaweOzzYfLR1Q3LrUbtJfQ="></latexit><latexit sha1_base64="yPZZCZaweOzzYfLR1Q3LrUbtJfQ="></latexit><latexit sha1_base64="yPZZCZaweOzzYfLR1Q3LrUbtJfQ="></latexit><latexit sha1_base64="yPZZCZaweOzzYfLR1Q3LrUbtJfQ="></latexit>

starting point:  6d                       supergravity describing F-theory onN = (1 , 0)
<latexit sha1_base64="MPskgUVqPwC3KOKsSKwoo/nipsw="></latexit><latexit sha1_base64="MPskgUVqPwC3KOKsSKwoo/nipsw="></latexit><latexit sha1_base64="MPskgUVqPwC3KOKsSKwoo/nipsw="></latexit><latexit sha1_base64="MPskgUVqPwC3KOKsSKwoo/nipsw="></latexit>

CY3
<latexit sha1_base64="fteh+KfmkJJmntPvJFi0TzhpLqQ="></latexit><latexit sha1_base64="fteh+KfmkJJmntPvJFi0TzhpLqQ="></latexit><latexit sha1_base64="fteh+KfmkJJmntPvJFi0TzhpLqQ="></latexit><latexit sha1_base64="fteh+KfmkJJmntPvJFi0TzhpLqQ="></latexit>

[Ferrara, Minasian, Sagnotti `97; Bonetti, Grimm `11]



6D N=(1,0) SUPERGRAVITY & F-THEORY

6d                     supergravity has 4 types of multiplets N = (1 , 0)
<latexit sha1_base64="MPskgUVqPwC3KOKsSKwoo/nipsw="></latexit><latexit sha1_base64="MPskgUVqPwC3KOKsSKwoo/nipsw="></latexit><latexit sha1_base64="MPskgUVqPwC3KOKsSKwoo/nipsw="></latexit><latexit sha1_base64="MPskgUVqPwC3KOKsSKwoo/nipsw="></latexit>

gravity

tensor

gµ ! ! ! L ! B +
µ !

<latexit sha1_base64="whD0qKlMIRMhbEMYkrlLYmMPzGw="></latexit><latexit sha1_base64="whD0qKlMIRMhbEMYkrlLYmMPzGw="></latexit><latexit sha1_base64="whD0qKlMIRMhbEMYkrlLYmMPzGw="></latexit><latexit sha1_base64="whD0qKlMIRMhbEMYkrlLYmMPzGw="></latexit>

B !
µ ! ! ! R ! j

<latexit sha1_base64="Z+EZh6smreX5LnnWH4xqL79zdEU="></latexit><latexit sha1_base64="Z+EZh6smreX5LnnWH4xqL79zdEU="></latexit><latexit sha1_base64="Z+EZh6smreX5LnnWH4xqL79zdEU="></latexit><latexit sha1_base64="Z+EZh6smreX5LnnWH4xqL79zdEU="></latexit>

vector

hyper

Aµ ! ! L
<latexit sha1_base64="X51mJLiqjN9zDBGBG9wIFA5rYaY="></latexit><latexit sha1_base64="X51mJLiqjN9zDBGBG9wIFA5rYaY="></latexit><latexit sha1_base64="X51mJLiqjN9zDBGBG9wIFA5rYaY="></latexit><latexit sha1_base64="X51mJLiqjN9zDBGBG9wIFA5rYaY="></latexit>

÷! R ! q1 ! q2
<latexit sha1_base64="fcBfMAlDdELhpJxDXpiWSvZnAdI="></latexit><latexit sha1_base64="fcBfMAlDdELhpJxDXpiWSvZnAdI="></latexit><latexit sha1_base64="fcBfMAlDdELhpJxDXpiWSvZnAdI="></latexit><latexit sha1_base64="fcBfMAlDdELhpJxDXpiWSvZnAdI="></latexit>

nT
<latexit sha1_base64="IEp9cjD0RLJMaXtzJPiS3J8d4rw="></latexit><latexit sha1_base64="IEp9cjD0RLJMaXtzJPiS3J8d4rw="></latexit><latexit sha1_base64="IEp9cjD0RLJMaXtzJPiS3J8d4rw="></latexit><latexit sha1_base64="IEp9cjD0RLJMaXtzJPiS3J8d4rw="></latexit>

nV
<latexit sha1_base64="QCP2+CCVIMxKR3l/mUHUJs4K/qE="></latexit><latexit sha1_base64="QCP2+CCVIMxKR3l/mUHUJs4K/qE="></latexit><latexit sha1_base64="QCP2+CCVIMxKR3l/mUHUJs4K/qE="></latexit><latexit sha1_base64="QCP2+CCVIMxKR3l/mUHUJs4K/qE="></latexit>

nH
<latexit sha1_base64="yPZZCZaweOzzYfLR1Q3LrUbtJfQ="></latexit><latexit sha1_base64="yPZZCZaweOzzYfLR1Q3LrUbtJfQ="></latexit><latexit sha1_base64="yPZZCZaweOzzYfLR1Q3LrUbtJfQ="></latexit><latexit sha1_base64="yPZZCZaweOzzYfLR1Q3LrUbtJfQ="></latexit>

simplifying assumption: nV = 0
<latexit sha1_base64="Y8laPOjHG0Ml38YhgD7E++q4PnY="></latexit><latexit sha1_base64="Y8laPOjHG0Ml38YhgD7E++q4PnY="></latexit><latexit sha1_base64="Y8laPOjHG0Ml38YhgD7E++q4PnY="></latexit><latexit sha1_base64="Y8laPOjHG0Ml38YhgD7E++q4PnY="></latexit>

tensor multiplets in supergravity 

! = 1 , . . . , nT + 1
<latexit sha1_base64="T0TrtdVW+Zv9S/qtwYIovzZEqOA="></latexit><latexit sha1_base64="T0TrtdVW+Zv9S/qtwYIovzZEqOA="></latexit><latexit sha1_base64="T0TrtdVW+Zv9S/qtwYIovzZEqOA="></latexit><latexit sha1_base64="T0TrtdVW+Zv9S/qtwYIovzZEqOA="></latexit>

denote collectively tensor and gravity multiplet two forms       ,B !
<latexit sha1_base64="/RWLKPWjUuegnNDBUcRkHNmagj8="></latexit><latexit sha1_base64="/RWLKPWjUuegnNDBUcRkHNmagj8="></latexit><latexit sha1_base64="/RWLKPWjUuegnNDBUcRkHNmagj8="></latexit><latexit sha1_base64="/RWLKPWjUuegnNDBUcRkHNmagj8="></latexit>

tensor multiplet scalars j !
<latexit sha1_base64="PLgozYthYhXv7W87jOc9mpdISaU="></latexit><latexit sha1_base64="PLgozYthYhXv7W87jOc9mpdISaU="></latexit><latexit sha1_base64="PLgozYthYhXv7W87jOc9mpdISaU="></latexit><latexit sha1_base64="PLgozYthYhXv7W87jOc9mpdISaU="></latexit>

starting point:  6d                       supergravity describing F-theory onN = (1 , 0)
<latexit sha1_base64="MPskgUVqPwC3KOKsSKwoo/nipsw="></latexit><latexit sha1_base64="MPskgUVqPwC3KOKsSKwoo/nipsw="></latexit><latexit sha1_base64="MPskgUVqPwC3KOKsSKwoo/nipsw="></latexit><latexit sha1_base64="MPskgUVqPwC3KOKsSKwoo/nipsw="></latexit>

CY3
<latexit sha1_base64="fteh+KfmkJJmntPvJFi0TzhpLqQ="></latexit><latexit sha1_base64="fteh+KfmkJJmntPvJFi0TzhpLqQ="></latexit><latexit sha1_base64="fteh+KfmkJJmntPvJFi0TzhpLqQ="></latexit><latexit sha1_base64="fteh+KfmkJJmntPvJFi0TzhpLqQ="></latexit>

[Ferrara, Minasian, Sagnotti `97; Bonetti, Grimm `11]
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6D N=(1,0) SUPERGRAVITY & F-THEORY

6d                     supergravity has 4 types of multiplets N = (1 , 0)
<latexit sha1_base64="MPskgUVqPwC3KOKsSKwoo/nipsw="></latexit><latexit sha1_base64="MPskgUVqPwC3KOKsSKwoo/nipsw="></latexit><latexit sha1_base64="MPskgUVqPwC3KOKsSKwoo/nipsw="></latexit><latexit sha1_base64="MPskgUVqPwC3KOKsSKwoo/nipsw="></latexit>

gravity

tensor

gµ ! ! ! L ! B +
µ !

<latexit sha1_base64="whD0qKlMIRMhbEMYkrlLYmMPzGw="></latexit><latexit sha1_base64="whD0qKlMIRMhbEMYkrlLYmMPzGw="></latexit><latexit sha1_base64="whD0qKlMIRMhbEMYkrlLYmMPzGw="></latexit><latexit sha1_base64="whD0qKlMIRMhbEMYkrlLYmMPzGw="></latexit>

B !
µ ! ! ! R ! j

<latexit sha1_base64="Z+EZh6smreX5LnnWH4xqL79zdEU="></latexit><latexit sha1_base64="Z+EZh6smreX5LnnWH4xqL79zdEU="></latexit><latexit sha1_base64="Z+EZh6smreX5LnnWH4xqL79zdEU="></latexit><latexit sha1_base64="Z+EZh6smreX5LnnWH4xqL79zdEU="></latexit>

vector

hyper

Aµ ! ! L
<latexit sha1_base64="X51mJLiqjN9zDBGBG9wIFA5rYaY="></latexit><latexit sha1_base64="X51mJLiqjN9zDBGBG9wIFA5rYaY="></latexit><latexit sha1_base64="X51mJLiqjN9zDBGBG9wIFA5rYaY="></latexit><latexit sha1_base64="X51mJLiqjN9zDBGBG9wIFA5rYaY="></latexit>

÷! R ! q1 ! q2
<latexit sha1_base64="fcBfMAlDdELhpJxDXpiWSvZnAdI="></latexit><latexit sha1_base64="fcBfMAlDdELhpJxDXpiWSvZnAdI="></latexit><latexit sha1_base64="fcBfMAlDdELhpJxDXpiWSvZnAdI="></latexit><latexit sha1_base64="fcBfMAlDdELhpJxDXpiWSvZnAdI="></latexit>

nT
<latexit sha1_base64="IEp9cjD0RLJMaXtzJPiS3J8d4rw="></latexit><latexit sha1_base64="IEp9cjD0RLJMaXtzJPiS3J8d4rw="></latexit><latexit sha1_base64="IEp9cjD0RLJMaXtzJPiS3J8d4rw="></latexit><latexit sha1_base64="IEp9cjD0RLJMaXtzJPiS3J8d4rw="></latexit>

nV
<latexit sha1_base64="QCP2+CCVIMxKR3l/mUHUJs4K/qE="></latexit><latexit sha1_base64="QCP2+CCVIMxKR3l/mUHUJs4K/qE="></latexit><latexit sha1_base64="QCP2+CCVIMxKR3l/mUHUJs4K/qE="></latexit><latexit sha1_base64="QCP2+CCVIMxKR3l/mUHUJs4K/qE="></latexit>

nH
<latexit sha1_base64="yPZZCZaweOzzYfLR1Q3LrUbtJfQ="></latexit><latexit sha1_base64="yPZZCZaweOzzYfLR1Q3LrUbtJfQ="></latexit><latexit sha1_base64="yPZZCZaweOzzYfLR1Q3LrUbtJfQ="></latexit><latexit sha1_base64="yPZZCZaweOzzYfLR1Q3LrUbtJfQ="></latexit>

simplifying assumption: nV = 0
<latexit sha1_base64="Y8laPOjHG0Ml38YhgD7E++q4PnY="></latexit><latexit sha1_base64="Y8laPOjHG0Ml38YhgD7E++q4PnY="></latexit><latexit sha1_base64="Y8laPOjHG0Ml38YhgD7E++q4PnY="></latexit><latexit sha1_base64="Y8laPOjHG0Ml38YhgD7E++q4PnY="></latexit>

tensor multiplets in supergravity 

! = 1 , . . . , nT + 1
<latexit sha1_base64="T0TrtdVW+Zv9S/qtwYIovzZEqOA="></latexit><latexit sha1_base64="T0TrtdVW+Zv9S/qtwYIovzZEqOA="></latexit><latexit sha1_base64="T0TrtdVW+Zv9S/qtwYIovzZEqOA="></latexit><latexit sha1_base64="T0TrtdVW+Zv9S/qtwYIovzZEqOA="></latexit>

denote collectively tensor and gravity multiplet two forms       ,B !
<latexit sha1_base64="/RWLKPWjUuegnNDBUcRkHNmagj8="></latexit><latexit sha1_base64="/RWLKPWjUuegnNDBUcRkHNmagj8="></latexit><latexit sha1_base64="/RWLKPWjUuegnNDBUcRkHNmagj8="></latexit><latexit sha1_base64="/RWLKPWjUuegnNDBUcRkHNmagj8="></latexit>

tensor multiplet scalars j !
<latexit sha1_base64="PLgozYthYhXv7W87jOc9mpdISaU="></latexit><latexit sha1_base64="PLgozYthYhXv7W87jOc9mpdISaU="></latexit><latexit sha1_base64="PLgozYthYhXv7W87jOc9mpdISaU="></latexit><latexit sha1_base64="PLgozYthYhXv7W87jOc9mpdISaU="></latexit>

parametrize coset manifold M tensor =
SO(1, nT )
SO(nT )

<latexit sha1_base64="K3UQgyqrU6tHsSCoxdLrsrCavqI="></latexit><latexit sha1_base64="K3UQgyqrU6tHsSCoxdLrsrCavqI="></latexit><latexit sha1_base64="K3UQgyqrU6tHsSCoxdLrsrCavqI="></latexit><latexit sha1_base64="K3UQgyqrU6tHsSCoxdLrsrCavqI="></latexit>

obey quadratic constraint ! !" j ! j " = j áj = 1
<latexit sha1_base64="m/Hk0h7GvZx4yn78gvhnipQ7N4E="></latexit><latexit sha1_base64="m/Hk0h7GvZx4yn78gvhnipQ7N4E="></latexit><latexit sha1_base64="m/Hk0h7GvZx4yn78gvhnipQ7N4E="></latexit><latexit sha1_base64="m/Hk0h7GvZx4yn78gvhnipQ7N4E="></latexit>

starting point:  6d                       supergravity describing F-theory onN = (1 , 0)
<latexit sha1_base64="MPskgUVqPwC3KOKsSKwoo/nipsw="></latexit><latexit sha1_base64="MPskgUVqPwC3KOKsSKwoo/nipsw="></latexit><latexit sha1_base64="MPskgUVqPwC3KOKsSKwoo/nipsw="></latexit><latexit sha1_base64="MPskgUVqPwC3KOKsSKwoo/nipsw="></latexit>

CY3
<latexit sha1_base64="fteh+KfmkJJmntPvJFi0TzhpLqQ="></latexit><latexit sha1_base64="fteh+KfmkJJmntPvJFi0TzhpLqQ="></latexit><latexit sha1_base64="fteh+KfmkJJmntPvJFi0TzhpLqQ="></latexit><latexit sha1_base64="fteh+KfmkJJmntPvJFi0TzhpLqQ="></latexit>

[Ferrara, Minasian, Sagnotti `97; Bonetti, Grimm `11]
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6D N=(1,0) SUPERGRAVITY & F-THEORY

6d                     supergravity has 4 types of multiplets N = (1 , 0)
<latexit sha1_base64="MPskgUVqPwC3KOKsSKwoo/nipsw="></latexit><latexit sha1_base64="MPskgUVqPwC3KOKsSKwoo/nipsw="></latexit><latexit sha1_base64="MPskgUVqPwC3KOKsSKwoo/nipsw="></latexit><latexit sha1_base64="MPskgUVqPwC3KOKsSKwoo/nipsw="></latexit>

gravity

tensor

gµ ! ! ! L ! B +
µ !

<latexit sha1_base64="whD0qKlMIRMhbEMYkrlLYmMPzGw="></latexit><latexit sha1_base64="whD0qKlMIRMhbEMYkrlLYmMPzGw="></latexit><latexit sha1_base64="whD0qKlMIRMhbEMYkrlLYmMPzGw="></latexit><latexit sha1_base64="whD0qKlMIRMhbEMYkrlLYmMPzGw="></latexit>

B !
µ ! ! ! R ! j

<latexit sha1_base64="Z+EZh6smreX5LnnWH4xqL79zdEU="></latexit><latexit sha1_base64="Z+EZh6smreX5LnnWH4xqL79zdEU="></latexit><latexit sha1_base64="Z+EZh6smreX5LnnWH4xqL79zdEU="></latexit><latexit sha1_base64="Z+EZh6smreX5LnnWH4xqL79zdEU="></latexit>

vector

hyper

Aµ ! ! L
<latexit sha1_base64="X51mJLiqjN9zDBGBG9wIFA5rYaY="></latexit><latexit sha1_base64="X51mJLiqjN9zDBGBG9wIFA5rYaY="></latexit><latexit sha1_base64="X51mJLiqjN9zDBGBG9wIFA5rYaY="></latexit><latexit sha1_base64="X51mJLiqjN9zDBGBG9wIFA5rYaY="></latexit>

÷! R ! q1 ! q2
<latexit sha1_base64="fcBfMAlDdELhpJxDXpiWSvZnAdI="></latexit><latexit sha1_base64="fcBfMAlDdELhpJxDXpiWSvZnAdI="></latexit><latexit sha1_base64="fcBfMAlDdELhpJxDXpiWSvZnAdI="></latexit><latexit sha1_base64="fcBfMAlDdELhpJxDXpiWSvZnAdI="></latexit>

nT
<latexit sha1_base64="IEp9cjD0RLJMaXtzJPiS3J8d4rw="></latexit><latexit sha1_base64="IEp9cjD0RLJMaXtzJPiS3J8d4rw="></latexit><latexit sha1_base64="IEp9cjD0RLJMaXtzJPiS3J8d4rw="></latexit><latexit sha1_base64="IEp9cjD0RLJMaXtzJPiS3J8d4rw="></latexit>

nV
<latexit sha1_base64="QCP2+CCVIMxKR3l/mUHUJs4K/qE="></latexit><latexit sha1_base64="QCP2+CCVIMxKR3l/mUHUJs4K/qE="></latexit><latexit sha1_base64="QCP2+CCVIMxKR3l/mUHUJs4K/qE="></latexit><latexit sha1_base64="QCP2+CCVIMxKR3l/mUHUJs4K/qE="></latexit>

nH
<latexit sha1_base64="yPZZCZaweOzzYfLR1Q3LrUbtJfQ="></latexit><latexit sha1_base64="yPZZCZaweOzzYfLR1Q3LrUbtJfQ="></latexit><latexit sha1_base64="yPZZCZaweOzzYfLR1Q3LrUbtJfQ="></latexit><latexit sha1_base64="yPZZCZaweOzzYfLR1Q3LrUbtJfQ="></latexit>

simplifying assumption: nV = 0
<latexit sha1_base64="Y8laPOjHG0Ml38YhgD7E++q4PnY="></latexit><latexit sha1_base64="Y8laPOjHG0Ml38YhgD7E++q4PnY="></latexit><latexit sha1_base64="Y8laPOjHG0Ml38YhgD7E++q4PnY="></latexit><latexit sha1_base64="Y8laPOjHG0Ml38YhgD7E++q4PnY="></latexit>

tensor multiplets in supergravity 

! = 1 , . . . , nT + 1
<latexit sha1_base64="T0TrtdVW+Zv9S/qtwYIovzZEqOA="></latexit><latexit sha1_base64="T0TrtdVW+Zv9S/qtwYIovzZEqOA="></latexit><latexit sha1_base64="T0TrtdVW+Zv9S/qtwYIovzZEqOA="></latexit><latexit sha1_base64="T0TrtdVW+Zv9S/qtwYIovzZEqOA="></latexit>

denote collectively tensor and gravity multiplet two forms       ,B !
<latexit sha1_base64="/RWLKPWjUuegnNDBUcRkHNmagj8="></latexit><latexit sha1_base64="/RWLKPWjUuegnNDBUcRkHNmagj8="></latexit><latexit sha1_base64="/RWLKPWjUuegnNDBUcRkHNmagj8="></latexit><latexit sha1_base64="/RWLKPWjUuegnNDBUcRkHNmagj8="></latexit>

tensor multiplet scalars j !
<latexit sha1_base64="PLgozYthYhXv7W87jOc9mpdISaU="></latexit><latexit sha1_base64="PLgozYthYhXv7W87jOc9mpdISaU="></latexit><latexit sha1_base64="PLgozYthYhXv7W87jOc9mpdISaU="></latexit><latexit sha1_base64="PLgozYthYhXv7W87jOc9mpdISaU="></latexit>

parametrize coset manifold M tensor =
SO(1, nT )
SO(nT )

<latexit sha1_base64="K3UQgyqrU6tHsSCoxdLrsrCavqI="></latexit><latexit sha1_base64="K3UQgyqrU6tHsSCoxdLrsrCavqI="></latexit><latexit sha1_base64="K3UQgyqrU6tHsSCoxdLrsrCavqI="></latexit><latexit sha1_base64="K3UQgyqrU6tHsSCoxdLrsrCavqI="></latexit>

obey quadratic constraint (! !" ) = signature(1 , ! 1, á á á, ! 1)
<latexit sha1_base64="ohcp2CdavoTo0NudENu9xI79sQY="></latexit><latexit sha1_base64="ohcp2CdavoTo0NudENu9xI79sQY="></latexit><latexit sha1_base64="ohcp2CdavoTo0NudENu9xI79sQY="></latexit><latexit sha1_base64="ohcp2CdavoTo0NudENu9xI79sQY="></latexit>

! !" j ! j " = j áj = 1
<latexit sha1_base64="m/Hk0h7GvZx4yn78gvhnipQ7N4E="></latexit><latexit sha1_base64="m/Hk0h7GvZx4yn78gvhnipQ7N4E="></latexit><latexit sha1_base64="m/Hk0h7GvZx4yn78gvhnipQ7N4E="></latexit><latexit sha1_base64="m/Hk0h7GvZx4yn78gvhnipQ7N4E="></latexit>

starting point:  6d                       supergravity describing F-theory onN = (1 , 0)
<latexit sha1_base64="MPskgUVqPwC3KOKsSKwoo/nipsw="></latexit><latexit sha1_base64="MPskgUVqPwC3KOKsSKwoo/nipsw="></latexit><latexit sha1_base64="MPskgUVqPwC3KOKsSKwoo/nipsw="></latexit><latexit sha1_base64="MPskgUVqPwC3KOKsSKwoo/nipsw="></latexit>

CY3
<latexit sha1_base64="fteh+KfmkJJmntPvJFi0TzhpLqQ="></latexit><latexit sha1_base64="fteh+KfmkJJmntPvJFi0TzhpLqQ="></latexit><latexit sha1_base64="fteh+KfmkJJmntPvJFi0TzhpLqQ="></latexit><latexit sha1_base64="fteh+KfmkJJmntPvJFi0TzhpLqQ="></latexit>

[Ferrara, Minasian, Sagnotti `97; Bonetti, Grimm `11]
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more on tensor multiplets in supergravity 
23

kinetic terms of two forms and scalars g!" = 2 j! j" ! ! !"
<latexit sha1_base64="DhKHAZ8EfgPOOrHnG0K91Pw3lSc="></latexit><latexit sha1_base64="DhKHAZ8EfgPOOrHnG0K91Pw3lSc="></latexit><latexit sha1_base64="DhKHAZ8EfgPOOrHnG0K91Pw3lSc="></latexit><latexit sha1_base64="DhKHAZ8EfgPOOrHnG0K91Pw3lSc="></latexit>



more on tensor multiplets in supergravity 

kinetic terms of two forms and scalars g!" = 2 j! j" ! ! !"
<latexit sha1_base64="DhKHAZ8EfgPOOrHnG0K91Pw3lSc="></latexit><latexit sha1_base64="DhKHAZ8EfgPOOrHnG0K91Pw3lSc="></latexit><latexit sha1_base64="DhKHAZ8EfgPOOrHnG0K91Pw3lSc="></latexit><latexit sha1_base64="DhKHAZ8EfgPOOrHnG0K91Pw3lSc="></latexit>

(anti-)self-duality constraint g!" ! G" = ! !" G"
<latexit sha1_base64="68cMrQvCzY9ezW5ON+A6+xja8tc="></latexit><latexit sha1_base64="68cMrQvCzY9ezW5ON+A6+xja8tc="></latexit><latexit sha1_base64="68cMrQvCzY9ezW5ON+A6+xja8tc="></latexit><latexit sha1_base64="68cMrQvCzY9ezW5ON+A6+xja8tc="></latexit>

23



more on tensor multiplets in supergravity 

kinetic terms of two forms and scalars g!" = 2 j! j" ! ! !"
<latexit sha1_base64="DhKHAZ8EfgPOOrHnG0K91Pw3lSc="></latexit><latexit sha1_base64="DhKHAZ8EfgPOOrHnG0K91Pw3lSc="></latexit><latexit sha1_base64="DhKHAZ8EfgPOOrHnG0K91Pw3lSc="></latexit><latexit sha1_base64="DhKHAZ8EfgPOOrHnG0K91Pw3lSc="></latexit>

Stensor =
!

M 6

!
1
4

g!" G! " # G" !
1
2

g!" dj ! " # dj " + fermions
<latexit sha1_base64="k0tAN8LOZnNbxOZrbayye6xVC74="></latexit><latexit sha1_base64="k0tAN8LOZnNbxOZrbayye6xVC74="></latexit><latexit sha1_base64="k0tAN8LOZnNbxOZrbayye6xVC74="></latexit><latexit sha1_base64="k0tAN8LOZnNbxOZrbayye6xVC74="></latexit>

(anti-)self-duality constraint g!" ! G" = ! !" G"
<latexit sha1_base64="68cMrQvCzY9ezW5ON+A6+xja8tc="></latexit><latexit sha1_base64="68cMrQvCzY9ezW5ON+A6+xja8tc="></latexit><latexit sha1_base64="68cMrQvCzY9ezW5ON+A6+xja8tc="></latexit><latexit sha1_base64="68cMrQvCzY9ezW5ON+A6+xja8tc="></latexit>

23



more on tensor multiplets in supergravity 

kinetic terms of two forms and scalars g!" = 2 j! j" ! ! !"
<latexit sha1_base64="DhKHAZ8EfgPOOrHnG0K91Pw3lSc="></latexit><latexit sha1_base64="DhKHAZ8EfgPOOrHnG0K91Pw3lSc="></latexit><latexit sha1_base64="DhKHAZ8EfgPOOrHnG0K91Pw3lSc="></latexit><latexit sha1_base64="DhKHAZ8EfgPOOrHnG0K91Pw3lSc="></latexit>

Stensor =
!

M 6

!
1
4

g!" G! " # G" !
1
2

g!" dj ! " # dj " + fermions
<latexit sha1_base64="k0tAN8LOZnNbxOZrbayye6xVC74="></latexit><latexit sha1_base64="k0tAN8LOZnNbxOZrbayye6xVC74="></latexit><latexit sha1_base64="k0tAN8LOZnNbxOZrbayye6xVC74="></latexit><latexit sha1_base64="k0tAN8LOZnNbxOZrbayye6xVC74="></latexit>

Éin 6d F-theory compactiÞcation ! !" = ! !" =
!

B 2

" ! ! " "
<latexit sha1_base64="aU3pVcrv8XHRB1UONd62XmFpI5g="></latexit><latexit sha1_base64="aU3pVcrv8XHRB1UONd62XmFpI5g="></latexit><latexit sha1_base64="aU3pVcrv8XHRB1UONd62XmFpI5g="></latexit><latexit sha1_base64="aU3pVcrv8XHRB1UONd62XmFpI5g="></latexit>

JB 2 = j ! ! !
<latexit sha1_base64="0d49H/ONDwKLq7eN8ZDnME2uf5s="></latexit><latexit sha1_base64="0d49H/ONDwKLq7eN8ZDnME2uf5s="></latexit><latexit sha1_base64="0d49H/ONDwKLq7eN8ZDnME2uf5s="></latexit><latexit sha1_base64="0d49H/ONDwKLq7eN8ZDnME2uf5s="></latexit>

(anti-)self-duality constraint g!" ! G" = ! !" G"
<latexit sha1_base64="68cMrQvCzY9ezW5ON+A6+xja8tc="></latexit><latexit sha1_base64="68cMrQvCzY9ezW5ON+A6+xja8tc="></latexit><latexit sha1_base64="68cMrQvCzY9ezW5ON+A6+xja8tc="></latexit><latexit sha1_base64="68cMrQvCzY9ezW5ON+A6+xja8tc="></latexit>

Type IIB origin 

C+
4 = B ! ! ! !

<latexit sha1_base64="DSPWn6UolGXFA9vi6r9Kj2p4D7c="></latexit><latexit sha1_base64="DSPWn6UolGXFA9vi6r9Kj2p4D7c="></latexit><latexit sha1_base64="DSPWn6UolGXFA9vi6r9Kj2p4D7c="></latexit><latexit sha1_base64="DSPWn6UolGXFA9vi6r9Kj2p4D7c="></latexit>
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more on tensor multiplets in supergravity 

kinetic terms of two forms and scalars g!" = 2 j! j" ! ! !"
<latexit sha1_base64="DhKHAZ8EfgPOOrHnG0K91Pw3lSc="></latexit><latexit sha1_base64="DhKHAZ8EfgPOOrHnG0K91Pw3lSc="></latexit><latexit sha1_base64="DhKHAZ8EfgPOOrHnG0K91Pw3lSc="></latexit><latexit sha1_base64="DhKHAZ8EfgPOOrHnG0K91Pw3lSc="></latexit>

Stensor =
!

M 6

!
1
4

g!" G! " # G" !
1
2

g!" dj ! " # dj " + fermions
<latexit sha1_base64="k0tAN8LOZnNbxOZrbayye6xVC74="></latexit><latexit sha1_base64="k0tAN8LOZnNbxOZrbayye6xVC74="></latexit><latexit sha1_base64="k0tAN8LOZnNbxOZrbayye6xVC74="></latexit><latexit sha1_base64="k0tAN8LOZnNbxOZrbayye6xVC74="></latexit>

Éin 6d F-theory compactiÞcation ! !" = ! !" =
!

B 2

" ! ! " "
<latexit sha1_base64="aU3pVcrv8XHRB1UONd62XmFpI5g="></latexit><latexit sha1_base64="aU3pVcrv8XHRB1UONd62XmFpI5g="></latexit><latexit sha1_base64="aU3pVcrv8XHRB1UONd62XmFpI5g="></latexit><latexit sha1_base64="aU3pVcrv8XHRB1UONd62XmFpI5g="></latexit>

JB 2 = j ! ! !
<latexit sha1_base64="0d49H/ONDwKLq7eN8ZDnME2uf5s="></latexit><latexit sha1_base64="0d49H/ONDwKLq7eN8ZDnME2uf5s="></latexit><latexit sha1_base64="0d49H/ONDwKLq7eN8ZDnME2uf5s="></latexit><latexit sha1_base64="0d49H/ONDwKLq7eN8ZDnME2uf5s="></latexit>

JCY 3 = v0! 0 + v! " ! (! ! )
<latexit sha1_base64="VhNHNlxYyPBFiICnaeYYUYrRVaU="></latexit><latexit sha1_base64="VhNHNlxYyPBFiICnaeYYUYrRVaU="></latexit><latexit sha1_base64="VhNHNlxYyPBFiICnaeYYUYrRVaU="></latexit><latexit sha1_base64="VhNHNlxYyPBFiICnaeYYUYrRVaU="></latexit>

M-theory origin

C3 = A! ! ! ! (" ! ) + . . .
<latexit sha1_base64="MGOJ1idwwOndi3sjLyWhLsg+vWo="></latexit><latexit sha1_base64="MGOJ1idwwOndi3sjLyWhLsg+vWo="></latexit><latexit sha1_base64="MGOJ1idwwOndi3sjLyWhLsg+vWo="></latexit><latexit sha1_base64="MGOJ1idwwOndi3sjLyWhLsg+vWo="></latexit>

K !" 0 =
!

CY 3

! ! ! ! " ! ! 0 = " !"
<latexit sha1_base64="bCAVaCQOzK1GsCXm9M2bQEQSgrU="></latexit><latexit sha1_base64="bCAVaCQOzK1GsCXm9M2bQEQSgrU="></latexit><latexit sha1_base64="bCAVaCQOzK1GsCXm9M2bQEQSgrU="></latexit><latexit sha1_base64="bCAVaCQOzK1GsCXm9M2bQEQSgrU="></latexit>

(anti-)self-duality constraint g!" ! G" = ! !" G"
<latexit sha1_base64="68cMrQvCzY9ezW5ON+A6+xja8tc="></latexit><latexit sha1_base64="68cMrQvCzY9ezW5ON+A6+xja8tc="></latexit><latexit sha1_base64="68cMrQvCzY9ezW5ON+A6+xja8tc="></latexit><latexit sha1_base64="68cMrQvCzY9ezW5ON+A6+xja8tc="></latexit>

Type IIB origin 

C+
4 = B ! ! ! !

<latexit sha1_base64="DSPWn6UolGXFA9vi6r9Kj2p4D7c="></latexit><latexit sha1_base64="DSPWn6UolGXFA9vi6r9Kj2p4D7c="></latexit><latexit sha1_base64="DSPWn6UolGXFA9vi6r9Kj2p4D7c="></latexit><latexit sha1_base64="DSPWn6UolGXFA9vi6r9Kj2p4D7c="></latexit>
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more on tensor multiplets in supergravity 

kinetic terms of two forms and scalars g!" = 2 j! j" ! ! !"
<latexit sha1_base64="DhKHAZ8EfgPOOrHnG0K91Pw3lSc="></latexit><latexit sha1_base64="DhKHAZ8EfgPOOrHnG0K91Pw3lSc="></latexit><latexit sha1_base64="DhKHAZ8EfgPOOrHnG0K91Pw3lSc="></latexit><latexit sha1_base64="DhKHAZ8EfgPOOrHnG0K91Pw3lSc="></latexit>

Stensor =
!

M 6

!
1
4

g!" G! " # G" !
1
2

g!" dj ! " # dj " + fermions
<latexit sha1_base64="k0tAN8LOZnNbxOZrbayye6xVC74="></latexit><latexit sha1_base64="k0tAN8LOZnNbxOZrbayye6xVC74="></latexit><latexit sha1_base64="k0tAN8LOZnNbxOZrbayye6xVC74="></latexit><latexit sha1_base64="k0tAN8LOZnNbxOZrbayye6xVC74="></latexit>

Éin 6d F-theory compactiÞcation ! !" = ! !" =
!

B 2

" ! ! " "
<latexit sha1_base64="aU3pVcrv8XHRB1UONd62XmFpI5g="></latexit><latexit sha1_base64="aU3pVcrv8XHRB1UONd62XmFpI5g="></latexit><latexit sha1_base64="aU3pVcrv8XHRB1UONd62XmFpI5g="></latexit><latexit sha1_base64="aU3pVcrv8XHRB1UONd62XmFpI5g="></latexit>

JB 2 = j ! ! !
<latexit sha1_base64="0d49H/ONDwKLq7eN8ZDnME2uf5s="></latexit><latexit sha1_base64="0d49H/ONDwKLq7eN8ZDnME2uf5s="></latexit><latexit sha1_base64="0d49H/ONDwKLq7eN8ZDnME2uf5s="></latexit><latexit sha1_base64="0d49H/ONDwKLq7eN8ZDnME2uf5s="></latexit>

JCY 3 = v0! 0 + v! " ! (! ! )
<latexit sha1_base64="VhNHNlxYyPBFiICnaeYYUYrRVaU="></latexit><latexit sha1_base64="VhNHNlxYyPBFiICnaeYYUYrRVaU="></latexit><latexit sha1_base64="VhNHNlxYyPBFiICnaeYYUYrRVaU="></latexit><latexit sha1_base64="VhNHNlxYyPBFiICnaeYYUYrRVaU="></latexit>

M-theory origin Type IIB origin 

C3 = A! ! ! ! (" ! ) + . . .
<latexit sha1_base64="MGOJ1idwwOndi3sjLyWhLsg+vWo="></latexit><latexit sha1_base64="MGOJ1idwwOndi3sjLyWhLsg+vWo="></latexit><latexit sha1_base64="MGOJ1idwwOndi3sjLyWhLsg+vWo="></latexit><latexit sha1_base64="MGOJ1idwwOndi3sjLyWhLsg+vWo="></latexit>

K !" 0 =
!

CY 3

! ! ! ! " ! ! 0 = " !"
<latexit sha1_base64="bCAVaCQOzK1GsCXm9M2bQEQSgrU="></latexit><latexit sha1_base64="bCAVaCQOzK1GsCXm9M2bQEQSgrU="></latexit><latexit sha1_base64="bCAVaCQOzK1GsCXm9M2bQEQSgrU="></latexit><latexit sha1_base64="bCAVaCQOzK1GsCXm9M2bQEQSgrU="></latexit>

number of multiplets determined by top. data nT = h1,1(B2) ! 1
<latexit sha1_base64="Jcjz96AMC+xjVFKiVvTc8PfBVjg="></latexit><latexit sha1_base64="Jcjz96AMC+xjVFKiVvTc8PfBVjg="></latexit><latexit sha1_base64="Jcjz96AMC+xjVFKiVvTc8PfBVjg="></latexit><latexit sha1_base64="Jcjz96AMC+xjVFKiVvTc8PfBVjg="></latexit>

(anti-)self-duality constraint g!" ! G" = ! !" G"
<latexit sha1_base64="68cMrQvCzY9ezW5ON+A6+xja8tc="></latexit><latexit sha1_base64="68cMrQvCzY9ezW5ON+A6+xja8tc="></latexit><latexit sha1_base64="68cMrQvCzY9ezW5ON+A6+xja8tc="></latexit><latexit sha1_base64="68cMrQvCzY9ezW5ON+A6+xja8tc="></latexit>

C+
4 = B ! ! ! !

<latexit sha1_base64="DSPWn6UolGXFA9vi6r9Kj2p4D7c="></latexit><latexit sha1_base64="DSPWn6UolGXFA9vi6r9Kj2p4D7c="></latexit><latexit sha1_base64="DSPWn6UolGXFA9vi6r9Kj2p4D7c="></latexit><latexit sha1_base64="DSPWn6UolGXFA9vi6r9Kj2p4D7c="></latexit>
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hypermultiplets in supergravity 

hypermultiplet scalars qU , U = 1 , . . . , 4nH
<latexit sha1_base64="gbITj2pFDjw/98P3G24iEZpT4/A="></latexit><latexit sha1_base64="gbITj2pFDjw/98P3G24iEZpT4/A="></latexit><latexit sha1_base64="gbITj2pFDjw/98P3G24iEZpT4/A="></latexit><latexit sha1_base64="gbITj2pFDjw/98P3G24iEZpT4/A="></latexit>

parametrize quaternionic manifold

play no further role in supergravity analysis, later moreÉ.

always assume in the following anomaly cancellation nH ! nV = 273 ! 29nT
<latexit sha1_base64="C0PII87PJmA+xAmvScVQoebq24M="></latexit><latexit sha1_base64="C0PII87PJmA+xAmvScVQoebq24M="></latexit><latexit sha1_base64="C0PII87PJmA+xAmvScVQoebq24M="></latexit><latexit sha1_base64="C0PII87PJmA+xAmvScVQoebq24M="></latexit>
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total 6d N=(1,0) action (two derivatives)

equations of motion have black string solution

AdS3 ! S3/ Zm " R1,1 ! TN m
<latexit sha1_base64="My4tXJBhkL4i5jZwyNPwmC8ZQtg="></latexit><latexit sha1_base64="My4tXJBhkL4i5jZwyNPwmC8ZQtg="></latexit><latexit sha1_base64="My4tXJBhkL4i5jZwyNPwmC8ZQtg="></latexit><latexit sha1_base64="My4tXJBhkL4i5jZwyNPwmC8ZQtg="></latexit>

near horizon asymptotics

S6d =
1

(2! )3

!

M 6

1
2

R ! 1 "
1
4

g!" G! # ! G" "
1
2

g!" dj ! # ! dj " "
1
2

hUV dqU # ! dqV

<latexit sha1_base64="+NRNfpQdSDj0vHYTKr98/dSTsrU="></latexit><latexit sha1_base64="+NRNfpQdSDj0vHYTKr98/dSTsrU="></latexit><latexit sha1_base64="+NRNfpQdSDj0vHYTKr98/dSTsrU="></latexit><latexit sha1_base64="+NRNfpQdSDj0vHYTKr98/dSTsrU="></latexit>



black string solution: some properties
25

ds2
6d = 2H ! 1du

!
dv !

1
2

H5du
"

+ H ds2(TN m )
<latexit sha1_base64="uYyjI6XPKjunJr5qIurhUtfLJEI="></latexit><latexit sha1_base64="uYyjI6XPKjunJr5qIurhUtfLJEI="></latexit><latexit sha1_base64="uYyjI6XPKjunJr5qIurhUtfLJEI="></latexit><latexit sha1_base64="uYyjI6XPKjunJr5qIurhUtfLJEI="></latexit>

H =
!

H 1 áH 1
<latexit sha1_base64="gHT1ABdiatqsK3X7Uz0k3cMP8PI="></latexit><latexit sha1_base64="gHT1ABdiatqsK3X7Uz0k3cMP8PI="></latexit><latexit sha1_base64="gHT1ABdiatqsK3X7Uz0k3cMP8PI="></latexit><latexit sha1_base64="gHT1ABdiatqsK3X7Uz0k3cMP8PI="></latexit>

H !
1 = µ!

! +
Q!

4r
<latexit sha1_base64="leaa9kNYUeTsSE+Mq7+JC33yZtc="></latexit><latexit sha1_base64="leaa9kNYUeTsSE+Mq7+JC33yZtc="></latexit><latexit sha1_base64="leaa9kNYUeTsSE+Mq7+JC33yZtc="></latexit><latexit sha1_base64="leaa9kNYUeTsSE+Mq7+JC33yZtc="></latexit>

in addition: non-trivial proÞle of          and      j !
<latexit sha1_base64="PLgozYthYhXv7W87jOc9mpdISaU="></latexit><latexit sha1_base64="PLgozYthYhXv7W87jOc9mpdISaU="></latexit><latexit sha1_base64="PLgozYthYhXv7W87jOc9mpdISaU="></latexit><latexit sha1_base64="PLgozYthYhXv7W87jOc9mpdISaU="></latexit>

G!
<latexit sha1_base64="mhyj9tM+IZ/lD2c1PcO2cyWRyaE="></latexit><latexit sha1_base64="mhyj9tM+IZ/lD2c1PcO2cyWRyaE="></latexit><latexit sha1_base64="mhyj9tM+IZ/lD2c1PcO2cyWRyaE="></latexit><latexit sha1_base64="mhyj9tM+IZ/lD2c1PcO2cyWRyaE="></latexit>

r ! 0
<latexit sha1_base64="Ce0Ex9VLRHfqXL/VxGPfo7vl6V0="></latexit><latexit sha1_base64="Ce0Ex9VLRHfqXL/VxGPfo7vl6V0="></latexit><latexit sha1_base64="Ce0Ex9VLRHfqXL/VxGPfo7vl6V0="></latexit><latexit sha1_base64="Ce0Ex9VLRHfqXL/VxGPfo7vl6V0="></latexit>

with R2(S3/ Zm ) = m
!

Q áQ
<latexit sha1_base64="lMfbjSpDfh6l12OeUow2v+h0TWo="></latexit><latexit sha1_base64="lMfbjSpDfh6l12OeUow2v+h0TWo="></latexit><latexit sha1_base64="lMfbjSpDfh6l12OeUow2v+h0TWo="></latexit><latexit sha1_base64="lMfbjSpDfh6l12OeUow2v+h0TWo="></latexit>

6d tensor branch attractor ßow

AdS3 ! S3/ Zm
<latexit sha1_base64="6D0k0uqc6/+BADNL2Jik1e1LwJA="></latexit><latexit sha1_base64="6D0k0uqc6/+BADNL2Jik1e1LwJA="></latexit><latexit sha1_base64="6D0k0uqc6/+BADNL2Jik1e1LwJA="></latexit><latexit sha1_base64="6D0k0uqc6/+BADNL2Jik1e1LwJA="></latexit>

near horizon (IR) limit

is macro charge of the string underQ!
<latexit sha1_base64="9O5MosU37rdL3AUE93duLTbvkbQ="></latexit><latexit sha1_base64="9O5MosU37rdL3AUE93duLTbvkbQ="></latexit><latexit sha1_base64="9O5MosU37rdL3AUE93duLTbvkbQ="></latexit><latexit sha1_base64="9O5MosU37rdL3AUE93duLTbvkbQ="></latexit>

B !
<latexit sha1_base64="/RWLKPWjUuegnNDBUcRkHNmagj8="></latexit><latexit sha1_base64="/RWLKPWjUuegnNDBUcRkHNmagj8="></latexit><latexit sha1_base64="/RWLKPWjUuegnNDBUcRkHNmagj8="></latexit><latexit sha1_base64="/RWLKPWjUuegnNDBUcRkHNmagj8="></latexit>

Z

! TN m

G" = (2 ! )3Q"

<latexit sha1_base64="7JJR5xfcFchpsXlyfC0x8lMRZLs="></latexit><latexit sha1_base64="7JJR5xfcFchpsXlyfC0x8lMRZLs="></latexit><latexit sha1_base64="7JJR5xfcFchpsXlyfC0x8lMRZLs="></latexit><latexit sha1_base64="7JJR5xfcFchpsXlyfC0x8lMRZLs="></latexit>

How to relate the macro charges        to the micro data                                   ?Q!
<latexit sha1_base64="9O5MosU37rdL3AUE93duLTbvkbQ="></latexit><latexit sha1_base64="9O5MosU37rdL3AUE93duLTbvkbQ="></latexit><latexit sha1_base64="9O5MosU37rdL3AUE93duLTbvkbQ="></latexit><latexit sha1_base64="9O5MosU37rdL3AUE93duLTbvkbQ="></latexit>

(q! , m) ! (C, m)
<latexit sha1_base64="eFUUntrS6C7BACacfF3bcDPbENk="></latexit><latexit sha1_base64="eFUUntrS6C7BACacfF3bcDPbENk="></latexit><latexit sha1_base64="eFUUntrS6C7BACacfF3bcDPbENk="></latexit><latexit sha1_base64="eFUUntrS6C7BACacfF3bcDPbENk="></latexit>

[het Lam, Vandoren `18]



Connecting micro and macro data

consider D3-brane wrapped around C ! B2
<latexit sha1_base64="WOoleQhJ1ZMHsnRBpfIQnLG/6tk="></latexit><latexit sha1_base64="WOoleQhJ1ZMHsnRBpfIQnLG/6tk="></latexit><latexit sha1_base64="WOoleQhJ1ZMHsnRBpfIQnLG/6tk="></latexit><latexit sha1_base64="WOoleQhJ1ZMHsnRBpfIQnLG/6tk="></latexit>

, extended along       in 6d!
<latexit sha1_base64="I5nNTQvrtygnjx/rVvI8hz7GDpg="></latexit><latexit sha1_base64="I5nNTQvrtygnjx/rVvI8hz7GDpg="></latexit><latexit sha1_base64="I5nNTQvrtygnjx/rVvI8hz7GDpg="></latexit><latexit sha1_base64="I5nNTQvrtygnjx/rVvI8hz7GDpg="></latexit>

string couples to a two-form Sstring = ! Q
!

!
B = ! Q

!

M 6

B " ! (! )
<latexit sha1_base64="RqjuPn+cSa1AsN+jpuL8Z6uybzc="></latexit><latexit sha1_base64="RqjuPn+cSa1AsN+jpuL8Z6uybzc="></latexit><latexit sha1_base64="RqjuPn+cSa1AsN+jpuL8Z6uybzc="></latexit><latexit sha1_base64="RqjuPn+cSa1AsN+jpuL8Z6uybzc="></latexit>

total action Stot = S6d + Sstring
<latexit sha1_base64="XBHmVa+w7N0hR7uDN9Ratqn1DEE="></latexit><latexit sha1_base64="XBHmVa+w7N0hR7uDN9Ratqn1DEE="></latexit><latexit sha1_base64="XBHmVa+w7N0hR7uDN9Ratqn1DEE="></latexit><latexit sha1_base64="XBHmVa+w7N0hR7uDN9Ratqn1DEE="></latexit>

reduce CS action of D3-branes on C
<latexit sha1_base64="OlaxYZd6SxYogIDG8Nw2uHdF1JE="></latexit><latexit sha1_base64="OlaxYZd6SxYogIDG8Nw2uHdF1JE="></latexit><latexit sha1_base64="OlaxYZd6SxYogIDG8Nw2uHdF1JE="></latexit><latexit sha1_base64="OlaxYZd6SxYogIDG8Nw2uHdF1JE="></latexit>
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Sstring = !
N
2!

!

! ! C
C+

4 = !
N
2!

!

! ! C
B ! " " ! = !

N
2!

!

!
B !

!

C
" ! = !

N
2!

!

!
q! #!" B "

<latexit sha1_base64="fpBz1ZsrWzbdpYDqVheMZ2qjYmw="></latexit><latexit sha1_base64="fpBz1ZsrWzbdpYDqVheMZ2qjYmw="></latexit><latexit sha1_base64="fpBz1ZsrWzbdpYDqVheMZ2qjYmw="></latexit><latexit sha1_base64="fpBz1ZsrWzbdpYDqVheMZ2qjYmw="></latexit>

equation of motion of tensors

d
!
g!" ! G" "

= (2 ! )2" !" Nq" #(! )
<latexit sha1_base64="BApYjZZ+EbWxICP8QhUp8hccj/s="></latexit><latexit sha1_base64="BApYjZZ+EbWxICP8QhUp8hccj/s="></latexit><latexit sha1_base64="BApYjZZ+EbWxICP8QhUp8hccj/s="></latexit><latexit sha1_base64="BApYjZZ+EbWxICP8QhUp8hccj/s="></latexit>

integrate

!

TN m

d
"
g!" ! G" #

= ! !"

!

#TN m

G" = (2 " )2! !" Q" = (2 " )2N ! !" q"

<latexit sha1_base64="Nzqqu0jp8pDp4TmFoxrwFW9ZPLw="></latexit><latexit sha1_base64="Nzqqu0jp8pDp4TmFoxrwFW9ZPLw="></latexit><latexit sha1_base64="Nzqqu0jp8pDp4TmFoxrwFW9ZPLw="></latexit><latexit sha1_base64="Nzqqu0jp8pDp4TmFoxrwFW9ZPLw="></latexit>

Q! = Nq!
<latexit sha1_base64="FkSsU2jli1C/3tiqaWdDfJlhySU="></latexit><latexit sha1_base64="FkSsU2jli1C/3tiqaWdDfJlhySU="></latexit><latexit sha1_base64="FkSsU2jli1C/3tiqaWdDfJlhySU="></latexit><latexit sha1_base64="FkSsU2jli1C/3tiqaWdDfJlhySU="></latexit>



Subleading contributions: higher-derivative corrections

6d effective action obtains higher-derivative corrections

Shd !
!

M 6

! !" c! B " " tr R " R
<latexit sha1_base64="A/JElEV7WBP+QwOJ13aflzHEQwA="></latexit><latexit sha1_base64="A/JElEV7WBP+QwOJ13aflzHEQwA="></latexit><latexit sha1_base64="A/JElEV7WBP+QwOJ13aflzHEQwA="></latexit><latexit sha1_base64="A/JElEV7WBP+QwOJ13aflzHEQwA="></latexit>

relevant for gen. Green-Schwarz mechanism
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[Sagnotti `92; Sadov `96]



Subleading contributions: higher-derivative corrections

6d effective action obtains higher-derivative corrections

Shd !
!

M 6

! !" c! B " " tr R " R
<latexit sha1_base64="A/JElEV7WBP+QwOJ13aflzHEQwA="></latexit><latexit sha1_base64="A/JElEV7WBP+QwOJ13aflzHEQwA="></latexit><latexit sha1_base64="A/JElEV7WBP+QwOJ13aflzHEQwA="></latexit><latexit sha1_base64="A/JElEV7WBP+QwOJ13aflzHEQwA="></latexit>

relevant for gen. Green-Schwarz mechanism

Where does this come from in M-theory/Type IIB picture?

M-theory

11d supergravity contains higher derivative correction

S11d =
!

M 11

C3 !
"
tr R 4 "

1
4

(tr R 2)2
#

<latexit sha1_base64="gyNYugMXi4P86VghXKFtFYs/qxg="></latexit><latexit sha1_base64="gyNYugMXi4P86VghXKFtFYs/qxg="></latexit><latexit sha1_base64="gyNYugMXi4P86VghXKFtFYs/qxg="></latexit><latexit sha1_base64="gyNYugMXi4P86VghXKFtFYs/qxg="></latexit>

compactify on CY3
<latexit sha1_base64="fteh+KfmkJJmntPvJFi0TzhpLqQ="></latexit><latexit sha1_base64="fteh+KfmkJJmntPvJFi0TzhpLqQ="></latexit><latexit sha1_base64="fteh+KfmkJJmntPvJFi0TzhpLqQ="></latexit><latexit sha1_base64="fteh+KfmkJJmntPvJFi0TzhpLqQ="></latexit>

S5d =
!

M 5

c2 ! A! ! tr R ! R
<latexit sha1_base64="us6DFkVGpTEMShYORNjXUre8teM="></latexit><latexit sha1_base64="us6DFkVGpTEMShYORNjXUre8teM="></latexit><latexit sha1_base64="us6DFkVGpTEMShYORNjXUre8teM="></latexit><latexit sha1_base64="us6DFkVGpTEMShYORNjXUre8teM="></latexit>

[Sagnotti `92; Sadov `96]
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Subleading contributions: higher-derivative corrections

6d effective action obtains higher-derivative corrections

Shd !
!

M 6

! !" c! B " " tr R " R
<latexit sha1_base64="A/JElEV7WBP+QwOJ13aflzHEQwA="></latexit><latexit sha1_base64="A/JElEV7WBP+QwOJ13aflzHEQwA="></latexit><latexit sha1_base64="A/JElEV7WBP+QwOJ13aflzHEQwA="></latexit><latexit sha1_base64="A/JElEV7WBP+QwOJ13aflzHEQwA="></latexit>
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use Þrst Pontryagin number of TN m
<latexit sha1_base64="idAo3MuWo4BoowVevsZ9HcPlJLI="></latexit><latexit sha1_base64="idAo3MuWo4BoowVevsZ9HcPlJLI="></latexit><latexit sha1_base64="idAo3MuWo4BoowVevsZ9HcPlJLI="></latexit><latexit sha1_base64="idAo3MuWo4BoowVevsZ9HcPlJLI="></latexit>

Q! = Nq! !
m
2

c!

<latexit sha1_base64="B8ucE7F0i0a1YFPaTRKf0W93aSU="></latexit><latexit sha1_base64="B8ucE7F0i0a1YFPaTRKf0W93aSU="></latexit><latexit sha1_base64="B8ucE7F0i0a1YFPaTRKf0W93aSU="></latexit><latexit sha1_base64="B8ucE7F0i0a1YFPaTRKf0W93aSU="></latexit>

Q! = Nq! +
1
8

1
(2! )2 c!

!

TN m

tr R ! R
<latexit sha1_base64="LBfVN36YczFYSfpfTMmh2+8wBQ0="></latexit><latexit sha1_base64="LBfVN36YczFYSfpfTMmh2+8wBQ0="></latexit><latexit sha1_base64="LBfVN36YczFYSfpfTMmh2+8wBQ0="></latexit><latexit sha1_base64="LBfVN36YczFYSfpfTMmh2+8wBQ0="></latexit>
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equation of motion of tensorsÉagain

integrate

d
!
g!" ! G" "

= (2 ! )2" !" Nq" #(! ) +
1
8

" !" c" tr R " R
<latexit sha1_base64="Ibry0JANvUIRYaA3Bn0QXEIF/cY="></latexit><latexit sha1_base64="Ibry0JANvUIRYaA3Bn0QXEIF/cY="></latexit><latexit sha1_base64="Ibry0JANvUIRYaA3Bn0QXEIF/cY="></latexit><latexit sha1_base64="Ibry0JANvUIRYaA3Bn0QXEIF/cY="></latexit>

micro-macro charge relation

p1(TN m ) = !
1
2

1
(2! )2

!

TN m

tr R " R = 2m
<latexit sha1_base64="Tms4pByZMA5qKIdWNPsd79jdins="></latexit><latexit sha1_base64="Tms4pByZMA5qKIdWNPsd79jdins="></latexit><latexit sha1_base64="Tms4pByZMA5qKIdWNPsd79jdins="></latexit><latexit sha1_base64="Tms4pByZMA5qKIdWNPsd79jdins="></latexit>

use Þrst Pontryagin number of TN m
<latexit sha1_base64="idAo3MuWo4BoowVevsZ9HcPlJLI="></latexit><latexit sha1_base64="idAo3MuWo4BoowVevsZ9HcPlJLI="></latexit><latexit sha1_base64="idAo3MuWo4BoowVevsZ9HcPlJLI="></latexit><latexit sha1_base64="idAo3MuWo4BoowVevsZ9HcPlJLI="></latexit>

Q! = Nq! !
m
2

c!

<latexit sha1_base64="B8ucE7F0i0a1YFPaTRKf0W93aSU="></latexit><latexit sha1_base64="B8ucE7F0i0a1YFPaTRKf0W93aSU="></latexit><latexit sha1_base64="B8ucE7F0i0a1YFPaTRKf0W93aSU="></latexit><latexit sha1_base64="B8ucE7F0i0a1YFPaTRKf0W93aSU="></latexit>

charge shift due to non-trivial 
topology of Taub-NUT space

in the following: set N = 1
<latexit sha1_base64="8EoCOnIyYu1me+cBt+JJoQonJao="></latexit><latexit sha1_base64="8EoCOnIyYu1me+cBt+JJoQonJao="></latexit><latexit sha1_base64="8EoCOnIyYu1me+cBt+JJoQonJao="></latexit><latexit sha1_base64="8EoCOnIyYu1me+cBt+JJoQonJao="></latexit>

Q! = Nq! +
1
8

1
(2! )2 c!

!

TN m

tr R ! R
<latexit sha1_base64="LBfVN36YczFYSfpfTMmh2+8wBQ0="></latexit><latexit sha1_base64="LBfVN36YczFYSfpfTMmh2+8wBQ0="></latexit><latexit sha1_base64="LBfVN36YczFYSfpfTMmh2+8wBQ0="></latexit><latexit sha1_base64="LBfVN36YczFYSfpfTMmh2+8wBQ0="></latexit>
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(i) ãclassicalÒ contribution



HOW TO COMPUTE LEVELS & CENTRAL CHARGES?

central charges and levels are related to anomalies on the 2d CFT side

cL ! cR
<latexit sha1_base64="MNk4d+AsgPcQft9Ic7EOfe+c79g="></latexit><latexit sha1_base64="MNk4d+AsgPcQft9Ic7EOfe+c79g="></latexit><latexit sha1_base64="MNk4d+AsgPcQft9Ic7EOfe+c79g="></latexit><latexit sha1_base64="MNk4d+AsgPcQft9Ic7EOfe+c79g="></latexit>

gravitational anomaly

kR
<latexit sha1_base64="vvNRsVzKYF5RRswUaAOgfv201KY="></latexit><latexit sha1_base64="vvNRsVzKYF5RRswUaAOgfv201KY="></latexit><latexit sha1_base64="vvNRsVzKYF5RRswUaAOgfv201KY="></latexit><latexit sha1_base64="vvNRsVzKYF5RRswUaAOgfv201KY="></latexit>

`t Hooft anomaly of SU(2)R
<latexit sha1_base64="pyEhXsz0qYtoWrQBe5f0eunpevM="></latexit><latexit sha1_base64="pyEhXsz0qYtoWrQBe5f0eunpevM="></latexit><latexit sha1_base64="pyEhXsz0qYtoWrQBe5f0eunpevM="></latexit><latexit sha1_base64="pyEhXsz0qYtoWrQBe5f0eunpevM="></latexit>

Ñ R-symmetry

kL
<latexit sha1_base64="esL+2O/mOA6tc+/Cg1r1yg6+yAg="></latexit><latexit sha1_base64="esL+2O/mOA6tc+/Cg1r1yg6+yAg="></latexit><latexit sha1_base64="esL+2O/mOA6tc+/Cg1r1yg6+yAg="></latexit><latexit sha1_base64="esL+2O/mOA6tc+/Cg1r1yg6+yAg="></latexit>

`t Hooft anomaly of SU(2)L / U(1)L
<latexit sha1_base64="9V/52FQqgdtrwq1ZIXIGWcmwzJU="></latexit><latexit sha1_base64="9V/52FQqgdtrwq1ZIXIGWcmwzJU="></latexit><latexit sha1_base64="9V/52FQqgdtrwq1ZIXIGWcmwzJU="></latexit><latexit sha1_base64="9V/52FQqgdtrwq1ZIXIGWcmwzJU="></latexit>

bulk description known

compactify to 3d, e.g. AdS3 ! S3/ Zm
<latexit sha1_base64="6D0k0uqc6/+BADNL2Jik1e1LwJA="></latexit><latexit sha1_base64="6D0k0uqc6/+BADNL2Jik1e1LwJA="></latexit><latexit sha1_base64="6D0k0uqc6/+BADNL2Jik1e1LwJA="></latexit><latexit sha1_base64="6D0k0uqc6/+BADNL2Jik1e1LwJA="></latexit>

gauge isometries of space you reduce on U(1)L ! SU(2)R
<latexit sha1_base64="rsSforU5+PS/8OvFX7IabLOcYgM="></latexit><latexit sha1_base64="rsSforU5+PS/8OvFX7IabLOcYgM="></latexit><latexit sha1_base64="rsSforU5+PS/8OvFX7IabLOcYgM="></latexit><latexit sha1_base64="rsSforU5+PS/8OvFX7IabLOcYgM="></latexit>

produces gauge Þelds in Kaluza-Klein ansatz AL , AR
<latexit sha1_base64="aX5nVoMGieckax7YpvmcD7kPeUk="></latexit><latexit sha1_base64="aX5nVoMGieckax7YpvmcD7kPeUk="></latexit><latexit sha1_base64="aX5nVoMGieckax7YpvmcD7kPeUk="></latexit><latexit sha1_base64="aX5nVoMGieckax7YpvmcD7kPeUk="></latexit>

from compactiÞed action read off kL,R , cL ! cR
<latexit sha1_base64="lhujlV/ufW/s/5QRK1tqq8twYUk="></latexit><latexit sha1_base64="lhujlV/ufW/s/5QRK1tqq8twYUk="></latexit><latexit sha1_base64="lhujlV/ufW/s/5QRK1tqq8twYUk="></latexit><latexit sha1_base64="lhujlV/ufW/s/5QRK1tqq8twYUk="></latexit>
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HOW TO COMPUTE LEVELS & CENTRAL CHARGES?
Concretely: look for Chern-Simons terms in the 3d action and read off

U(1)L
<latexit sha1_base64="wSyulsSz1Jt7JvxQbdJPHp/jVbE="></latexit><latexit sha1_base64="wSyulsSz1Jt7JvxQbdJPHp/jVbE="></latexit><latexit sha1_base64="wSyulsSz1Jt7JvxQbdJPHp/jVbE="></latexit><latexit sha1_base64="wSyulsSz1Jt7JvxQbdJPHp/jVbE="></latexit>

SU(2)R
<latexit sha1_base64="pyEhXsz0qYtoWrQBe5f0eunpevM="></latexit><latexit sha1_base64="pyEhXsz0qYtoWrQBe5f0eunpevM="></latexit><latexit sha1_base64="pyEhXsz0qYtoWrQBe5f0eunpevM="></latexit><latexit sha1_base64="pyEhXsz0qYtoWrQBe5f0eunpevM="></latexit>

grav.

read off kR
<latexit sha1_base64="vvNRsVzKYF5RRswUaAOgfv201KY="></latexit><latexit sha1_base64="vvNRsVzKYF5RRswUaAOgfv201KY="></latexit><latexit sha1_base64="vvNRsVzKYF5RRswUaAOgfv201KY="></latexit><latexit sha1_base64="vvNRsVzKYF5RRswUaAOgfv201KY="></latexit>

use N = (0 , 4)
<latexit sha1_base64="gFBhtuEYSFZMD4YWAdrcXMfN0l4="></latexit><latexit sha1_base64="gFBhtuEYSFZMD4YWAdrcXMfN0l4="></latexit><latexit sha1_base64="gFBhtuEYSFZMD4YWAdrcXMfN0l4="></latexit><latexit sha1_base64="gFBhtuEYSFZMD4YWAdrcXMfN0l4="></latexit>

cR = 6kR
<latexit sha1_base64="jWFZRVzVz5NxNJQC2bg+7MZrA6I="></latexit><latexit sha1_base64="jWFZRVzVz5NxNJQC2bg+7MZrA6I="></latexit><latexit sha1_base64="jWFZRVzVz5NxNJQC2bg+7MZrA6I="></latexit><latexit sha1_base64="jWFZRVzVz5NxNJQC2bg+7MZrA6I="></latexit>

use grav. CS

cL = cR + ( cL ! cR )
<latexit sha1_base64="EaFGp2L73sWM+mrmGQxF0TccLFU="></latexit><latexit sha1_base64="EaFGp2L73sWM+mrmGQxF0TccLFU="></latexit><latexit sha1_base64="EaFGp2L73sWM+mrmGQxF0TccLFU="></latexit><latexit sha1_base64="EaFGp2L73sWM+mrmGQxF0TccLFU="></latexit>

read off kL
<latexit sha1_base64="esL+2O/mOA6tc+/Cg1r1yg6+yAg="></latexit><latexit sha1_base64="esL+2O/mOA6tc+/Cg1r1yg6+yAg="></latexit><latexit sha1_base64="esL+2O/mOA6tc+/Cg1r1yg6+yAg="></latexit><latexit sha1_base64="esL+2O/mOA6tc+/Cg1r1yg6+yAg="></latexit>

CS-term CS-term CS-term

central charges and levels of the N=(0,4) SCFTs fully   

encoded in Chern-Simons terms

[Witten `98; Kraus, Larsen `05, Hansen, Kraus `06; É ]

SCS =
kL

8!

!
AL ! dAL +

kR

4!

!
tr

"
AR ! dAR + 2

3 A3
R

#
+

cL " cR

96!

!
tr

"
" ! d" + 2

3 " 3#

<latexit sha1_base64="PP9oQO1MNZj20Pe15uXdNEQz+P0="></latexit><latexit sha1_base64="PP9oQO1MNZj20Pe15uXdNEQz+P0="></latexit><latexit sha1_base64="PP9oQO1MNZj20Pe15uXdNEQz+P0="></latexit><latexit sha1_base64="PP9oQO1MNZj20Pe15uXdNEQz+P0="></latexit>
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âCLASSICALÔ LEVELS & CENTRAL CHARGES32

reduce two-derivative supergravity action & collect ChernÑSimons terms

S2! der =
1
2

m! !" Q! Q"
!

1
8"

"
#CS(AL ) +

1
4"

"
#CS(AR )

#

<latexit sha1_base64="SYfgXMtuIrygI37SmtBuQvzEV1c="></latexit><latexit sha1_base64="SYfgXMtuIrygI37SmtBuQvzEV1c="></latexit><latexit sha1_base64="SYfgXMtuIrygI37SmtBuQvzEV1c="></latexit><latexit sha1_base64="SYfgXMtuIrygI37SmtBuQvzEV1c="></latexit>

(cL ! cR )2-der = 0
<latexit sha1_base64="EDAcWG4PfYnGs5SFgVgJZEnKGi8="></latexit><latexit sha1_base64="EDAcWG4PfYnGs5SFgVgJZEnKGi8="></latexit><latexit sha1_base64="EDAcWG4PfYnGs5SFgVgJZEnKGi8="></latexit><latexit sha1_base64="EDAcWG4PfYnGs5SFgVgJZEnKGi8="></latexit>

k2-der
L = k2-der

R =
1
6

c2-der
R =

1
2

m! !" Q! Q" =
1
2

m
!

q! !
m
2

c!
"!

q" !
m
2

c"
"

<latexit sha1_base64="FEjNiVPIiwClRO9rjvaI/f/Hmio="></latexit><latexit sha1_base64="FEjNiVPIiwClRO9rjvaI/f/Hmio="></latexit><latexit sha1_base64="FEjNiVPIiwClRO9rjvaI/f/Hmio="></latexit><latexit sha1_base64="FEjNiVPIiwClRO9rjvaI/f/Hmio="></latexit>

subleading contributions: higher-derivative corrections

want to produce CS-terms for the KK-gauge Þelds !
!

! !" c! B " " tr R " R
<latexit sha1_base64="wcsXnVKf1iQuQ6lqH7LVONZGH8E="></latexit><latexit sha1_base64="wcsXnVKf1iQuQ6lqH7LVONZGH8E="></latexit><latexit sha1_base64="wcsXnVKf1iQuQ6lqH7LVONZGH8E="></latexit><latexit sha1_base64="wcsXnVKf1iQuQ6lqH7LVONZGH8E="></latexit>

! grav
CS

<latexit sha1_base64="UeDsg3G4SPfkhzy1O5k6l4rrJfc="></latexit><latexit sha1_base64="UeDsg3G4SPfkhzy1O5k6l4rrJfc="></latexit><latexit sha1_base64="UeDsg3G4SPfkhzy1O5k6l4rrJfc="></latexit><latexit sha1_base64="UeDsg3G4SPfkhzy1O5k6l4rrJfc="></latexit>

cL ! cR "= 0
<latexit sha1_base64="GyICwr+yxhlSLgzCYV9T1k9bIs8="></latexit><latexit sha1_base64="GyICwr+yxhlSLgzCYV9T1k9bIs8="></latexit><latexit sha1_base64="GyICwr+yxhlSLgzCYV9T1k9bIs8="></latexit><latexit sha1_base64="GyICwr+yxhlSLgzCYV9T1k9bIs8="></latexit>

contains



âCLASSICALÔ LEVELS & CENTRAL CHARGES33

reduce four-derivative supergravity action & collect ChernÑSimons terms

S4-der =
1

16!
" !" c!

!
q" !

1
2

mc"
" #$

#grav
CS + 4#CS(AR )

%

<latexit sha1_base64="ipLftnulizkmQ+fseaO4FJ/UWhA="></latexit><latexit sha1_base64="ipLftnulizkmQ+fseaO4FJ/UWhA="></latexit><latexit sha1_base64="ipLftnulizkmQ+fseaO4FJ/UWhA="></latexit><latexit sha1_base64="ipLftnulizkmQ+fseaO4FJ/UWhA="></latexit>

k4-der
L = 0

k4-der
R = ! !" c!

!
q" !

m
2

c"
"

(cL ! cR )4-der = 6 ! !" c!
!

q" !
m
2

c"
"

<latexit sha1_base64="zURMMSQw9VbV6uNETyRY/cN/JAA="></latexit><latexit sha1_base64="zURMMSQw9VbV6uNETyRY/cN/JAA="></latexit><latexit sha1_base64="zURMMSQw9VbV6uNETyRY/cN/JAA="></latexit><latexit sha1_base64="zURMMSQw9VbV6uNETyRY/cN/JAA="></latexit>

adding up twoÑ and fourÑderivative contributions

cclass
L = 3mC2 ! 3m2c1(B ) áC +

3
4

m3c1(B )2 + 12c1(B ) áC ! 6mc1(B )2,

cclass
R = 6kclass

R = 3mC2 ! 3m2c1(B ) áC +
3
4

m3c1(B )2 + 6c1(B ) áC ! 3mc1(B )2,

kclass
L =

1
2

mC2 !
1
2

m2 c1(B ) áC +
1
8

m3c1(B )2.
<latexit sha1_base64="RQxzVVRuVJvMVjqhdtnn7t7JTWM="></latexit><latexit sha1_base64="RQxzVVRuVJvMVjqhdtnn7t7JTWM="></latexit><latexit sha1_base64="RQxzVVRuVJvMVjqhdtnn7t7JTWM="></latexit><latexit sha1_base64="RQxzVVRuVJvMVjqhdtnn7t7JTWM="></latexit>



âCLASSICALÔ LEVELS & CENTRAL CHARGES33

reduce four-derivative supergravity action & collect ChernÑSimons terms

S4-der =
1

16!
" !" c!

!
q" !

1
2

mc"
" #$

#grav
CS + 4#CS(AR )

%

<latexit sha1_base64="ipLftnulizkmQ+fseaO4FJ/UWhA="></latexit><latexit sha1_base64="ipLftnulizkmQ+fseaO4FJ/UWhA="></latexit><latexit sha1_base64="ipLftnulizkmQ+fseaO4FJ/UWhA="></latexit><latexit sha1_base64="ipLftnulizkmQ+fseaO4FJ/UWhA="></latexit>

k4-der
L = 0

k4-der
R = ! !" c!

!
q" !

m
2

c"
"

(cL ! cR )4-der = 6 ! !" c!
!

q" !
m
2

c"
"

<latexit sha1_base64="zURMMSQw9VbV6uNETyRY/cN/JAA="></latexit><latexit sha1_base64="zURMMSQw9VbV6uNETyRY/cN/JAA="></latexit><latexit sha1_base64="zURMMSQw9VbV6uNETyRY/cN/JAA="></latexit><latexit sha1_base64="zURMMSQw9VbV6uNETyRY/cN/JAA="></latexit>

adding up twoÑ and fourÑderivative contributions

cclass
L = 3mC2 ! 3m2c1(B ) áC +

3
4

m3c1(B )2 + 12c1(B ) áC ! 6mc1(B )2,

cclass
R = 6kclass

R = 3mC2 ! 3m2c1(B ) áC +
3
4

m3c1(B )2 + 6c1(B ) áC ! 3mc1(B )2,

kclass
L =

1
2

mC2 !
1
2

m2 c1(B ) áC +
1
8

m3c1(B )2.
<latexit sha1_base64="RQxzVVRuVJvMVjqhdtnn7t7JTWM="></latexit><latexit sha1_base64="RQxzVVRuVJvMVjqhdtnn7t7JTWM="></latexit><latexit sha1_base64="RQxzVVRuVJvMVjqhdtnn7t7JTWM="></latexit><latexit sha1_base64="RQxzVVRuVJvMVjqhdtnn7t7JTWM="></latexit>

Do we recover the micro result?          Not even closeÉ   what did we miss?



(ii) ãquantumÒ contribution



One-loop Chern-Simons terms

fact:  Chern-Simons terms can be loop induced

34



One-loop Chern-Simons terms

fact:  Chern-Simons terms can be loop induced

spin 1/2, spin 3/2, chiral vectors

loop induced Chern-Simons terms give corrections to kL,R , cL ! cR
<latexit sha1_base64="3rIMU+mzU1mXneNLLQq2CAbJEHk="></latexit><latexit sha1_base64="3rIMU+mzU1mXneNLLQq2CAbJEHk="></latexit><latexit sha1_base64="3rIMU+mzU1mXneNLLQq2CAbJEHk="></latexit><latexit sha1_base64="3rIMU+mzU1mXneNLLQq2CAbJEHk="></latexit>
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One-loop Chern-Simons terms

fact:  Chern-Simons terms can be loop induced

spin 1/2, spin 3/2, chiral vectors

loop induced Chern-Simons terms give corrections to kL,R , cL ! cR
<latexit sha1_base64="3rIMU+mzU1mXneNLLQq2CAbJEHk="></latexit><latexit sha1_base64="3rIMU+mzU1mXneNLLQq2CAbJEHk="></latexit><latexit sha1_base64="3rIMU+mzU1mXneNLLQq2CAbJEHk="></latexit><latexit sha1_base64="3rIMU+mzU1mXneNLLQq2CAbJEHk="></latexit>

Three-step plan to success

(1)  determine (relevant) Kaluza-Klein spectrum on S3/ Zm
<latexit sha1_base64="04UXhfgOXFoWur6AbvfQyDAZ01I="></latexit><latexit sha1_base64="04UXhfgOXFoWur6AbvfQyDAZ01I="></latexit><latexit sha1_base64="04UXhfgOXFoWur6AbvfQyDAZ01I="></latexit><latexit sha1_base64="04UXhfgOXFoWur6AbvfQyDAZ01I="></latexit>

use known spectrum of N = (2 , 0)
<latexit sha1_base64="Pd3Y6Hplk45tPI9dTwq5UEStwR0="></latexit><latexit sha1_base64="Pd3Y6Hplk45tPI9dTwq5UEStwR0="></latexit><latexit sha1_base64="Pd3Y6Hplk45tPI9dTwq5UEStwR0="></latexit><latexit sha1_base64="Pd3Y6Hplk45tPI9dTwq5UEStwR0="></latexit>

on S3
<latexit sha1_base64="76+6jX/TqDP1cm6TE0qxIXwEh8A="></latexit><latexit sha1_base64="76+6jX/TqDP1cm6TE0qxIXwEh8A="></latexit><latexit sha1_base64="76+6jX/TqDP1cm6TE0qxIXwEh8A="></latexit><latexit sha1_base64="76+6jX/TqDP1cm6TE0qxIXwEh8A="></latexit> charged under SO(4) = SU(2)L ! SU(2)R

<latexit sha1_base64="Vo+AuSsUlXsAE3HWgZPHK/1enBg="></latexit><latexit sha1_base64="Vo+AuSsUlXsAE3HWgZPHK/1enBg="></latexit><latexit sha1_base64="Vo+AuSsUlXsAE3HWgZPHK/1enBg="></latexit><latexit sha1_base64="Vo+AuSsUlXsAE3HWgZPHK/1enBg="></latexit>

truncate to N = (1 , 0)
<latexit sha1_base64="I9ar+TEYjQdUO0s2E9C5xxD4zYk="></latexit><latexit sha1_base64="I9ar+TEYjQdUO0s2E9C5xxD4zYk="></latexit><latexit sha1_base64="I9ar+TEYjQdUO0s2E9C5xxD4zYk="></latexit><latexit sha1_base64="I9ar+TEYjQdUO0s2E9C5xxD4zYk="></latexit>

spectrum
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One-loop Chern-Simons terms

fact:  Chern-Simons terms can be loop induced

spin 1/2, spin 3/2, chiral vectors

loop induced Chern-Simons terms give corrections to kL,R , cL ! cR
<latexit sha1_base64="3rIMU+mzU1mXneNLLQq2CAbJEHk="></latexit><latexit sha1_base64="3rIMU+mzU1mXneNLLQq2CAbJEHk="></latexit><latexit sha1_base64="3rIMU+mzU1mXneNLLQq2CAbJEHk="></latexit><latexit sha1_base64="3rIMU+mzU1mXneNLLQq2CAbJEHk="></latexit>

Three-step plan to success

(1)  determine (relevant) Kaluza-Klein spectrum on S3/ Zm
<latexit sha1_base64="04UXhfgOXFoWur6AbvfQyDAZ01I="></latexit><latexit sha1_base64="04UXhfgOXFoWur6AbvfQyDAZ01I="></latexit><latexit sha1_base64="04UXhfgOXFoWur6AbvfQyDAZ01I="></latexit><latexit sha1_base64="04UXhfgOXFoWur6AbvfQyDAZ01I="></latexit>

use known spectrum of N = (2 , 0)
<latexit sha1_base64="Pd3Y6Hplk45tPI9dTwq5UEStwR0="></latexit><latexit sha1_base64="Pd3Y6Hplk45tPI9dTwq5UEStwR0="></latexit><latexit sha1_base64="Pd3Y6Hplk45tPI9dTwq5UEStwR0="></latexit><latexit sha1_base64="Pd3Y6Hplk45tPI9dTwq5UEStwR0="></latexit>

on S3
<latexit sha1_base64="76+6jX/TqDP1cm6TE0qxIXwEh8A="></latexit><latexit sha1_base64="76+6jX/TqDP1cm6TE0qxIXwEh8A="></latexit><latexit sha1_base64="76+6jX/TqDP1cm6TE0qxIXwEh8A="></latexit><latexit sha1_base64="76+6jX/TqDP1cm6TE0qxIXwEh8A="></latexit> charged under SO(4) = SU(2)L ! SU(2)R

<latexit sha1_base64="Vo+AuSsUlXsAE3HWgZPHK/1enBg="></latexit><latexit sha1_base64="Vo+AuSsUlXsAE3HWgZPHK/1enBg="></latexit><latexit sha1_base64="Vo+AuSsUlXsAE3HWgZPHK/1enBg="></latexit><latexit sha1_base64="Vo+AuSsUlXsAE3HWgZPHK/1enBg="></latexit>

truncate to N = (1 , 0)
<latexit sha1_base64="I9ar+TEYjQdUO0s2E9C5xxD4zYk="></latexit><latexit sha1_base64="I9ar+TEYjQdUO0s2E9C5xxD4zYk="></latexit><latexit sha1_base64="I9ar+TEYjQdUO0s2E9C5xxD4zYk="></latexit><latexit sha1_base64="I9ar+TEYjQdUO0s2E9C5xxD4zYk="></latexit>

spectrum

(2)  compute loop contribution to Chern-Simons terms for a single field
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spin 1/2, spin 3/2, chiral vectors
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<latexit sha1_base64="3rIMU+mzU1mXneNLLQq2CAbJEHk="></latexit><latexit sha1_base64="3rIMU+mzU1mXneNLLQq2CAbJEHk="></latexit><latexit sha1_base64="3rIMU+mzU1mXneNLLQq2CAbJEHk="></latexit><latexit sha1_base64="3rIMU+mzU1mXneNLLQq2CAbJEHk="></latexit>

Three-step plan to success

(1)  determine (relevant) Kaluza-Klein spectrum on S3/ Zm
<latexit sha1_base64="04UXhfgOXFoWur6AbvfQyDAZ01I="></latexit><latexit sha1_base64="04UXhfgOXFoWur6AbvfQyDAZ01I="></latexit><latexit sha1_base64="04UXhfgOXFoWur6AbvfQyDAZ01I="></latexit><latexit sha1_base64="04UXhfgOXFoWur6AbvfQyDAZ01I="></latexit>

use known spectrum of N = (2 , 0)
<latexit sha1_base64="Pd3Y6Hplk45tPI9dTwq5UEStwR0="></latexit><latexit sha1_base64="Pd3Y6Hplk45tPI9dTwq5UEStwR0="></latexit><latexit sha1_base64="Pd3Y6Hplk45tPI9dTwq5UEStwR0="></latexit><latexit sha1_base64="Pd3Y6Hplk45tPI9dTwq5UEStwR0="></latexit>

on S3
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truncate to N = (1 , 0)
<latexit sha1_base64="I9ar+TEYjQdUO0s2E9C5xxD4zYk="></latexit><latexit sha1_base64="I9ar+TEYjQdUO0s2E9C5xxD4zYk="></latexit><latexit sha1_base64="I9ar+TEYjQdUO0s2E9C5xxD4zYk="></latexit><latexit sha1_base64="I9ar+TEYjQdUO0s2E9C5xxD4zYk="></latexit>

spectrum

Zm
<latexit sha1_base64="10uRXvPFcLP/yHriquLUc4Uh1hc="></latexit><latexit sha1_base64="10uRXvPFcLP/yHriquLUc4Uh1hc="></latexit><latexit sha1_base64="10uRXvPFcLP/yHriquLUc4Uh1hc="></latexit><latexit sha1_base64="10uRXvPFcLP/yHriquLUc4Uh1hc="></latexit>

(2)  compute loop contribution to Chern-Simons terms for a single field

(3)  sum over Kaluza-Klein tower projected on         — invariant states  (   - function reg. )         )!
<latexit sha1_base64="mlqP45dC5SCEdWwDve68bYCr4bw="></latexit><latexit sha1_base64="mlqP45dC5SCEdWwDve68bYCr4bw="></latexit><latexit sha1_base64="mlqP45dC5SCEdWwDve68bYCr4bw="></latexit><latexit sha1_base64="mlqP45dC5SCEdWwDve68bYCr4bw="></latexit>
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(1)  Kaluza-Klein spectrum

Kaluza-Klein spectrum of (2,0) theory worked out by [Deger, Kaya, Sezgin, Sundell `98; de Boer `98]

Kaluza-Klein tower transforms under SO(4) = SU(2)L ! SU(2)R
<latexit sha1_base64="Vo+AuSsUlXsAE3HWgZPHK/1enBg="></latexit><latexit sha1_base64="Vo+AuSsUlXsAE3HWgZPHK/1enBg="></latexit><latexit sha1_base64="Vo+AuSsUlXsAE3HWgZPHK/1enBg="></latexit><latexit sha1_base64="Vo+AuSsUlXsAE3HWgZPHK/1enBg="></latexit>

j L
<latexit sha1_base64="b8atELkc016EIxPwocz61VUvolc="></latexit><latexit sha1_base64="b8atELkc016EIxPwocz61VUvolc="></latexit><latexit sha1_base64="b8atELkc016EIxPwocz61VUvolc="></latexit><latexit sha1_base64="b8atELkc016EIxPwocz61VUvolc="></latexit>

j R
<latexit sha1_base64="zjwDt3ltBiD3REgmjAZWCCffmX0="></latexit><latexit sha1_base64="zjwDt3ltBiD3REgmjAZWCCffmX0="></latexit><latexit sha1_base64="zjwDt3ltBiD3REgmjAZWCCffmX0="></latexit><latexit sha1_base64="zjwDt3ltBiD3REgmjAZWCCffmX0="></latexit>
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(1)  Kaluza-Klein spectrum

Kaluza-Klein spectrum of (2,0) theory worked out by [Deger, Kaya, Sezgin, Sundell `98; de Boer `98]

Kaluza-Klein tower transforms under SO(4) = SU(2)L ! SU(2)R
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additional information: sign of the mass matrix eigenvalue sgn(M )
<latexit sha1_base64="XrAMGDQM+LP9IrjmZYC6jkhjaX8="></latexit><latexit sha1_base64="XrAMGDQM+LP9IrjmZYC6jkhjaX8="></latexit><latexit sha1_base64="XrAMGDQM+LP9IrjmZYC6jkhjaX8="></latexit><latexit sha1_base64="XrAMGDQM+LP9IrjmZYC6jkhjaX8="></latexit>

notation (j L , j R )sgn( M )
<latexit sha1_base64="NFpotuoY/v98qe1LX695XaIhaBE="></latexit><latexit sha1_base64="NFpotuoY/v98qe1LX695XaIhaBE="></latexit><latexit sha1_base64="NFpotuoY/v98qe1LX695XaIhaBE="></latexit><latexit sha1_base64="NFpotuoY/v98qe1LX695XaIhaBE="></latexit>
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notation (j L , j R )sgn( M )
<latexit sha1_base64="NFpotuoY/v98qe1LX695XaIhaBE="></latexit><latexit sha1_base64="NFpotuoY/v98qe1LX695XaIhaBE="></latexit><latexit sha1_base64="NFpotuoY/v98qe1LX695XaIhaBE="></latexit><latexit sha1_base64="NFpotuoY/v98qe1LX695XaIhaBE="></latexit>

truncation of N = (2 , 0)
<latexit sha1_base64="Pd3Y6Hplk45tPI9dTwq5UEStwR0="></latexit><latexit sha1_base64="Pd3Y6Hplk45tPI9dTwq5UEStwR0="></latexit><latexit sha1_base64="Pd3Y6Hplk45tPI9dTwq5UEStwR0="></latexit><latexit sha1_base64="Pd3Y6Hplk45tPI9dTwq5UEStwR0="></latexit>

N = (1 , 0)
<latexit sha1_base64="MPskgUVqPwC3KOKsSKwoo/nipsw="></latexit><latexit sha1_base64="MPskgUVqPwC3KOKsSKwoo/nipsw="></latexit><latexit sha1_base64="MPskgUVqPwC3KOKsSKwoo/nipsw="></latexit><latexit sha1_base64="I3qzNHs0O153gIiFHHCMQ4HedNo="></latexit><latexit sha1_base64="eEEY2K8S7O928PyIpu6fbzMJ3y0="></latexit><latexit sha1_base64="eEEY2K8S7O928PyIpu6fbzMJ3y0="></latexit><latexit sha1_base64="IoSAm2FqB+USY87fkP4ErUMSTgY="></latexit><latexit sha1_base64="MPskgUVqPwC3KOKsSKwoo/nipsw="></latexit><latexit sha1_base64="MPskgUVqPwC3KOKsSKwoo/nipsw="></latexit><latexit sha1_base64="MPskgUVqPwC3KOKsSKwoo/nipsw="></latexit><latexit sha1_base64="MPskgUVqPwC3KOKsSKwoo/nipsw="></latexit><latexit sha1_base64="MPskgUVqPwC3KOKsSKwoo/nipsw="></latexit><latexit sha1_base64="MPskgUVqPwC3KOKsSKwoo/nipsw="></latexit>

spectrum to

spin 3/2 2
!!

j L = 1
2 , 3

2 ,...

"
j L , j L ± 1

2

#"

<latexit sha1_base64="9JaTiPSbpBme1pj+3VO7QcZs0rU="></latexit><latexit sha1_base64="9JaTiPSbpBme1pj+3VO7QcZs0rU="></latexit><latexit sha1_base64="9JaTiPSbpBme1pj+3VO7QcZs0rU="></latexit><latexit sha1_base64="9JaTiPSbpBme1pj+3VO7QcZs0rU="></latexit>

35



(1)  Kaluza-Klein spectrum

Kaluza-Klein spectrum of (2,0) theory worked out by [Deger, Kaya, Sezgin, Sundell `98; de Boer `98]

Kaluza-Klein tower transforms under SO(4) = SU(2)L ! SU(2)R
<latexit sha1_base64="Vo+AuSsUlXsAE3HWgZPHK/1enBg="></latexit><latexit sha1_base64="Vo+AuSsUlXsAE3HWgZPHK/1enBg="></latexit><latexit sha1_base64="Vo+AuSsUlXsAE3HWgZPHK/1enBg="></latexit><latexit sha1_base64="Vo+AuSsUlXsAE3HWgZPHK/1enBg="></latexit>

j L
<latexit sha1_base64="b8atELkc016EIxPwocz61VUvolc="></latexit><latexit sha1_base64="b8atELkc016EIxPwocz61VUvolc="></latexit><latexit sha1_base64="b8atELkc016EIxPwocz61VUvolc="></latexit><latexit sha1_base64="b8atELkc016EIxPwocz61VUvolc="></latexit>

j R
<latexit sha1_base64="zjwDt3ltBiD3REgmjAZWCCffmX0="></latexit><latexit sha1_base64="zjwDt3ltBiD3REgmjAZWCCffmX0="></latexit><latexit sha1_base64="zjwDt3ltBiD3REgmjAZWCCffmX0="></latexit><latexit sha1_base64="zjwDt3ltBiD3REgmjAZWCCffmX0="></latexit>

additional information: sign of the mass matrix eigenvalue sgn(M )
<latexit sha1_base64="XrAMGDQM+LP9IrjmZYC6jkhjaX8="></latexit><latexit sha1_base64="XrAMGDQM+LP9IrjmZYC6jkhjaX8="></latexit><latexit sha1_base64="XrAMGDQM+LP9IrjmZYC6jkhjaX8="></latexit><latexit sha1_base64="XrAMGDQM+LP9IrjmZYC6jkhjaX8="></latexit>

notation (j L , j R )sgn( M )
<latexit sha1_base64="NFpotuoY/v98qe1LX695XaIhaBE="></latexit><latexit sha1_base64="NFpotuoY/v98qe1LX695XaIhaBE="></latexit><latexit sha1_base64="NFpotuoY/v98qe1LX695XaIhaBE="></latexit><latexit sha1_base64="NFpotuoY/v98qe1LX695XaIhaBE="></latexit>
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<latexit sha1_base64="9JaTiPSbpBme1pj+3VO7QcZs0rU="></latexit><latexit sha1_base64="9JaTiPSbpBme1pj+3VO7QcZs0rU="></latexit><latexit sha1_base64="9JaTiPSbpBme1pj+3VO7QcZs0rU="></latexit><latexit sha1_base64="9JaTiPSbpBme1pj+3VO7QcZs0rU="></latexit>
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!!
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2 ,...
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j L , j L ± 3
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!!
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j L , j L ± 1

2
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!!

j L = 1
2 , 3

2 ,...
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j L , j L ± 1
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#±

<latexit sha1_base64="7KHXaKvT1KltC6RXzYQ7JSlOQQQ="></latexit><latexit sha1_base64="7KHXaKvT1KltC6RXzYQ7JSlOQQQ="></latexit><latexit sha1_base64="7KHXaKvT1KltC6RXzYQ7JSlOQQQ="></latexit><latexit sha1_base64="7KHXaKvT1KltC6RXzYQ7JSlOQQQ="></latexit>
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(3)  Sum over invariant states
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<latexit sha1_base64="76+6jX/TqDP1cm6TE0qxIXwEh8A="></latexit><latexit sha1_base64="76+6jX/TqDP1cm6TE0qxIXwEh8A="></latexit><latexit sha1_base64="76+6jX/TqDP1cm6TE0qxIXwEh8A="></latexit><latexit sha1_base64="76+6jX/TqDP1cm6TE0qxIXwEh8A="></latexit>

group theory exerciseÉ

quotient is generated by Zm ! U(1)L ! SU(2)L
<latexit sha1_base64="DAtBXywczHC4RwfUknzzTGHizto="></latexit><latexit sha1_base64="DAtBXywczHC4RwfUknzzTGHizto="></latexit><latexit sha1_base64="DAtBXywczHC4RwfUknzzTGHizto="></latexit><latexit sha1_base64="DAtBXywczHC4RwfUknzzTGHizto="></latexit>

 Ñ dimensional irrep of SU(2)L
<latexit sha1_base64="EQ5CbmzicB2PgH7xDugG2Lu1PYA="></latexit><latexit sha1_base64="EQ5CbmzicB2PgH7xDugG2Lu1PYA="></latexit><latexit sha1_base64="EQ5CbmzicB2PgH7xDugG2Lu1PYA="></latexit><latexit sha1_base64="EQ5CbmzicB2PgH7xDugG2Lu1PYA="></latexit>

(2j L + 1)
<latexit sha1_base64="f2cWC3S+dCYouelBKhTgmRlNmps="></latexit><latexit sha1_base64="f2cWC3S+dCYouelBKhTgmRlNmps="></latexit><latexit sha1_base64="f2cWC3S+dCYouelBKhTgmRlNmps="></latexit><latexit sha1_base64="f2cWC3S+dCYouelBKhTgmRlNmps="></latexit>

2j L
<latexit sha1_base64="qPix1vvwS6n4AkOfnc4+Og9QQoc="></latexit><latexit sha1_base64="qPix1vvwS6n4AkOfnc4+Og9QQoc="></latexit><latexit sha1_base64="qPix1vvwS6n4AkOfnc4+Og9QQoc="></latexit><latexit sha1_base64="qPix1vvwS6n4AkOfnc4+Og9QQoc="></latexit>

Ñ fold sym. tensor product of 2
<latexit sha1_base64="eG4KPoK1nSWuVS+9a2lqgdEnKlM="></latexit><latexit sha1_base64="eG4KPoK1nSWuVS+9a2lqgdEnKlM="></latexit><latexit sha1_base64="eG4KPoK1nSWuVS+9a2lqgdEnKlM="></latexit><latexit sha1_base64="eG4KPoK1nSWuVS+9a2lqgdEnKlM="></latexit>

acts onZm
<latexit sha1_base64="8tHBiMGGtNrI/StNcq200+ea1uU="></latexit><latexit sha1_base64="8tHBiMGGtNrI/StNcq200+ea1uU="></latexit><latexit sha1_base64="8tHBiMGGtNrI/StNcq200+ea1uU="></latexit><latexit sha1_base64="8tHBiMGGtNrI/StNcq200+ea1uU="></latexit>

2
<latexit sha1_base64="eG4KPoK1nSWuVS+9a2lqgdEnKlM="></latexit><latexit sha1_base64="eG4KPoK1nSWuVS+9a2lqgdEnKlM="></latexit><latexit sha1_base64="eG4KPoK1nSWuVS+9a2lqgdEnKlM="></latexit><latexit sha1_base64="eG4KPoK1nSWuVS+9a2lqgdEnKlM="></latexit>

as

!
z1

z2

"
!

!
e

2! i
m 0
0 e! 2! i

m

" !
z1

z2

"

<latexit sha1_base64="wunfYoBfajcsMsfR9xm8E/6zye8="></latexit><latexit sha1_base64="wunfYoBfajcsMsfR9xm8E/6zye8="></latexit><latexit sha1_base64="wunfYoBfajcsMsfR9xm8E/6zye8="></latexit><latexit sha1_base64="wunfYoBfajcsMsfR9xm8E/6zye8="></latexit>

induces action on symmetric tensor representation
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projection condition can be easily calculated 

j (3)
L =

1
2

mk , k ! Z
<latexit sha1_base64="C7Hx5pY5G9rbdFWhTK4HiXn5rIo="></latexit><latexit sha1_base64="C7Hx5pY5G9rbdFWhTK4HiXn5rIo="></latexit><latexit sha1_base64="C7Hx5pY5G9rbdFWhTK4HiXn5rIo="></latexit><latexit sha1_base64="C7Hx5pY5G9rbdFWhTK4HiXn5rIo="></latexit>



Summary

spin 3/2 2
!!

j L = 1
2 , 3

2 ,...

"
j L , j L ± 1

2

#"

<latexit sha1_base64="9JaTiPSbpBme1pj+3VO7QcZs0rU="></latexit><latexit sha1_base64="9JaTiPSbpBme1pj+3VO7QcZs0rU="></latexit><latexit sha1_base64="9JaTiPSbpBme1pj+3VO7QcZs0rU="></latexit><latexit sha1_base64="9JaTiPSbpBme1pj+3VO7QcZs0rU="></latexit>

spin 1/2 2
!!

j L = 3
2 , 5

2 ,...

"
j L , j L ± 3

2

#"
! 2

!!

j L =1 ,2,...

"
j L , j L ± 1

2

#±
! 2(nT + nH )

!!

j L = 1
2 , 3

2 ,...

"
j L , j L ± 1

2

#±

<latexit sha1_base64="7KHXaKvT1KltC6RXzYQ7JSlOQQQ="></latexit><latexit sha1_base64="7KHXaKvT1KltC6RXzYQ7JSlOQQQ="></latexit><latexit sha1_base64="7KHXaKvT1KltC6RXzYQ7JSlOQQQ="></latexit><latexit sha1_base64="7KHXaKvT1KltC6RXzYQ7JSlOQQQ="></latexit>

vectors

!!

j L =1 ,2,...

"
j L , j L ± 1

#"
! nT

!!

j L =1 ,2,...

"
j L , j L ± 1

#±

<latexit sha1_base64="2AvqXvKInxxdSr0LmZSp4X39b9o="></latexit><latexit sha1_base64="2AvqXvKInxxdSr0LmZSp4X39b9o="></latexit><latexit sha1_base64="2AvqXvKInxxdSr0LmZSp4X39b9o="></latexit><latexit sha1_base64="2AvqXvKInxxdSr0LmZSp4X39b9o="></latexit>

spin 1/2 spin 3/2 vectors
kL sgn(M )( j (3)

L )2(2j R + 1) 3sgn(M )( j (3)
L )2(2j R + 1) ! 2(j (3)

L )2(2j R + 1)

kR ! 1
3 sgn(M )j R (j R + 1)(2 j R + 1) ! sgn(M )j R (j R + 1)(2 j R + 1) 2

3 sgn(M )j R (j R + 1)(2 j R + 1)

cL ! cR
1
2 sgn(M )(2j R + 1) ! 21

2 sgn(M )(2j R + 1) 2(2j R + 1)
<latexit sha1_base64="xkq60b/sfgo0R1jy1pd54+I0BvQ="></latexit><latexit sha1_base64="xkq60b/sfgo0R1jy1pd54+I0BvQ="></latexit><latexit sha1_base64="xkq60b/sfgo0R1jy1pd54+I0BvQ="></latexit><latexit sha1_base64="xkq60b/sfgo0R1jy1pd54+I0BvQ="></latexit>

j (3)
L =

1
2

mk k ! Z
<latexit sha1_base64="d26lX+OgSgvFWEbyXOD+7jVgVvQ="></latexit><latexit sha1_base64="d26lX+OgSgvFWEbyXOD+7jVgVvQ="></latexit><latexit sha1_base64="d26lX+OgSgvFWEbyXOD+7jVgVvQ="></latexit><latexit sha1_base64="d26lX+OgSgvFWEbyXOD+7jVgVvQ="></latexit>

Kaluza-Klein spectrum

Loop corrections

Projection condition
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ksugra
L =

1
2

mC áC !
1
2

m2c1(B2) áC +
1
8

m3c1(B2) ác1(B2)
<latexit sha1_base64="EXwhDwFNrtTYu5h34hiQK4L9WaI="></latexit><latexit sha1_base64="EXwhDwFNrtTYu5h34hiQK4L9WaI="></latexit><latexit sha1_base64="EXwhDwFNrtTYu5h34hiQK4L9WaI="></latexit><latexit sha1_base64="EXwhDwFNrtTYu5h34hiQK4L9WaI="></latexit>

kquantum
L = !

1
8

m3c1(B2) ác1(B2)
<latexit sha1_base64="9FHHDxCHqExYU388rCLzjGIhVNA="></latexit><latexit sha1_base64="9FHHDxCHqExYU388rCLzjGIhVNA="></latexit><latexit sha1_base64="9FHHDxCHqExYU388rCLzjGIhVNA="></latexit><latexit sha1_base64="9FHHDxCHqExYU388rCLzjGIhVNA="></latexit>

ktotal
L =

1
2

mC áC !
1
2

m2c1(B2) áC = kmicro
L

<latexit sha1_base64="TXOo7qA6PszrTLTL3q6O2KYn+HE="></latexit><latexit sha1_base64="TXOo7qA6PszrTLTL3q6O2KYn+HE="></latexit><latexit sha1_base64="TXOo7qA6PszrTLTL3q6O2KYn+HE="></latexit><latexit sha1_base64="TXOo7qA6PszrTLTL3q6O2KYn+HE="></latexit>

left level k L

right level k R

ksugra
R =

1
2

mC áC !
1
2

m2c1(B2) áC +
1
8

m3c1(B2)2 + c1(B2) áC !
1
2

mc1(B2)2

<latexit sha1_base64="KEMXNMG+1d50pS3Ee3O6OKuc9l8="></latexit><latexit sha1_base64="KEMXNMG+1d50pS3Ee3O6OKuc9l8="></latexit><latexit sha1_base64="KEMXNMG+1d50pS3Ee3O6OKuc9l8="></latexit><latexit sha1_base64="KEMXNMG+1d50pS3Ee3O6OKuc9l8="></latexit>

kquantum
R =

m3

24
c1(B2)2 +

m
3

c1(B2)2 + m
<latexit sha1_base64="/uHag4NkX91kXD/q974sTpZBi4g="></latexit><latexit sha1_base64="/uHag4NkX91kXD/q974sTpZBi4g="></latexit><latexit sha1_base64="/uHag4NkX91kXD/q974sTpZBi4g="></latexit><latexit sha1_base64="/uHag4NkX91kXD/q974sTpZBi4g="></latexit>

ctotal
R = 6ktotal

R = 3mC áC ! 3m2c1(B2) áC + m3c1(B2)2

+ 6c1(B2) áC + 6m ! mc1(B2)2
<latexit sha1_base64="xqmrJ1hfVsHZyORrn9SFaXhp9tw="></latexit><latexit sha1_base64="xqmrJ1hfVsHZyORrn9SFaXhp9tw="></latexit><latexit sha1_base64="xqmrJ1hfVsHZyORrn9SFaXhp9tw="></latexit><latexit sha1_base64="xqmrJ1hfVsHZyORrn9SFaXhp9tw="></latexit>
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gravitational Chern-Simons level c L Ñ cR

(cL ! cR )quantum = 6m + 2mc1(B2) ác1(B2)
<latexit sha1_base64="4apUDMSgdzh7XFSeqrt6QZN7ELM="></latexit><latexit sha1_base64="4apUDMSgdzh7XFSeqrt6QZN7ELM="></latexit><latexit sha1_base64="4apUDMSgdzh7XFSeqrt6QZN7ELM="></latexit><latexit sha1_base64="4apUDMSgdzh7XFSeqrt6QZN7ELM="></latexit>

ctotal
L = ctotal

R + ( cL ! cR )total

= 3mC áC ! 3m2c1(B2) áC + m3c1(B2)2 + 12c1(B2) áC + 12m ! 2mc1(B2)2
<latexit sha1_base64="sQQieau0NVbDqBosGq3fxziq2aY="></latexit><latexit sha1_base64="sQQieau0NVbDqBosGq3fxziq2aY="></latexit><latexit sha1_base64="sQQieau0NVbDqBosGq3fxziq2aY="></latexit><latexit sha1_base64="sQQieau0NVbDqBosGq3fxziq2aY="></latexit>

cL = 3mC áC ! 3m2c1(B2) áC + m3c1(B2)2 + 12c1(B2) áC + 12m ! 2mc1(B2)2

cR = 6kR = 3mC áC ! 3m2c1(B2) áC + m3c1(B2)2 + 6c1(B2) áC + 6m ! mc1(B2)2

kL =
1
2

mC áC !
1
2

m2c1(B2) áC
<latexit sha1_base64="wv0NmvdkYwOaFZNRqEswMLxBPdk="></latexit><latexit sha1_base64="wv0NmvdkYwOaFZNRqEswMLxBPdk="></latexit><latexit sha1_base64="wv0NmvdkYwOaFZNRqEswMLxBPdk="></latexit><latexit sha1_base64="wv0NmvdkYwOaFZNRqEswMLxBPdk="></latexit>

Þnal result

matches microscopic prediction!

(cL ! cR )sugra = 6c1(B2) áC ! 3mc1(B2) ác1(B2)
<latexit sha1_base64="kDnnuW7CBLdKT15XRBzzojKcPI4="></latexit><latexit sha1_base64="kDnnuW7CBLdKT15XRBzzojKcPI4="></latexit><latexit sha1_base64="kDnnuW7CBLdKT15XRBzzojKcPI4="></latexit><latexit sha1_base64="kDnnuW7CBLdKT15XRBzzojKcPI4="></latexit>
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up to now restricted to Taub-NUT space C2/ Zm
<latexit sha1_base64="XTuJAZH+D+Mv+iU6YGJEsWohBhA="></latexit><latexit sha1_base64="XTuJAZH+D+Mv+iU6YGJEsWohBhA="></latexit><latexit sha1_base64="XTuJAZH+D+Mv+iU6YGJEsWohBhA="></latexit><latexit sha1_base64="XTuJAZH+D+Mv+iU6YGJEsWohBhA="></latexit>

singularity close to center

recall: F-theory AdS3
<latexit sha1_base64="+uFoscdMTbbWIaWTjNaP6zuFafs="></latexit><latexit sha1_base64="+uFoscdMTbbWIaWTjNaP6zuFafs="></latexit><latexit sha1_base64="+uFoscdMTbbWIaWTjNaP6zuFafs="></latexit><latexit sha1_base64="+uFoscdMTbbWIaWTjNaP6zuFafs="></latexit>

solutions preserving N = (0 , 4)
<latexit sha1_base64="Jif4DtgZBzVEpTYjSs/RLEhpWNk="></latexit><latexit sha1_base64="Jif4DtgZBzVEpTYjSs/RLEhpWNk="></latexit><latexit sha1_base64="Jif4DtgZBzVEpTYjSs/RLEhpWNk="></latexit><latexit sha1_base64="Jif4DtgZBzVEpTYjSs/RLEhpWNk="></latexit>

SUSY have ADE classiÞcation

AdS3 ! S3/ ! ADE ! (CY 3 " B2)
<latexit sha1_base64="qgGJo/E/GyKIVNpdtzIiwcX+TGw="></latexit><latexit sha1_base64="qgGJo/E/GyKIVNpdtzIiwcX+TGw="></latexit><latexit sha1_base64="qgGJo/E/GyKIVNpdtzIiwcX+TGw="></latexit><latexit sha1_base64="qgGJo/E/GyKIVNpdtzIiwcX+TGw="></latexit>

! A = Zm ! SU(2)
<latexit sha1_base64="u/dRJ6+C5sfhcO/gA0JyvYSSLn8="></latexit><latexit sha1_base64="u/dRJ6+C5sfhcO/gA0JyvYSSLn8="></latexit><latexit sha1_base64="u/dRJ6+C5sfhcO/gA0JyvYSSLn8="></latexit><latexit sha1_base64="u/dRJ6+C5sfhcO/gA0JyvYSSLn8="></latexit>

cyclic group

! D = D!
m ! SU(2)

<latexit sha1_base64="rC0SsfXfdLpGKth7W2p6kWWvhPo="></latexit><latexit sha1_base64="rC0SsfXfdLpGKth7W2p6kWWvhPo="></latexit><latexit sha1_base64="rC0SsfXfdLpGKth7W2p6kWWvhPo="></latexit><latexit sha1_base64="rC0SsfXfdLpGKth7W2p6kWWvhPo="></latexit>

bin. dihedral group

! E = T! , O! , I ! ! SU(2)
<latexit sha1_base64="6ZV0KN7pfKG3hADA2B/4g29XWLo="></latexit><latexit sha1_base64="6ZV0KN7pfKG3hADA2B/4g29XWLo="></latexit><latexit sha1_base64="6ZV0KN7pfKG3hADA2B/4g29XWLo="></latexit><latexit sha1_base64="6ZV0KN7pfKG3hADA2B/4g29XWLo="></latexit>

microscopic interpretation: D3-brane with transverse ALF space

hyperkŠhler manifold with C2/ ! ADE
<latexit sha1_base64="wZzt5k8+DqaauMrEsxW1vGxZ3qI="></latexit><latexit sha1_base64="wZzt5k8+DqaauMrEsxW1vGxZ3qI="></latexit><latexit sha1_base64="wZzt5k8+DqaauMrEsxW1vGxZ3qI="></latexit><latexit sha1_base64="wZzt5k8+DqaauMrEsxW1vGxZ3qI="></latexit>

singularity

no (straightforward) dual M5-brane picture in M-theory

MSW techniques for micro donÕt apply

However: macroscopic computation can be done!
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studied IR CFT of wrapped D3-branes in F-theory

computed central  charges and levels of 2d N=(0,4) IR SCFT

determine entropy

obtained matching of micro  and macro result (for a fairly involved expression)

cL,R   and  kL,R   are determined by geometric/topological data  in the setup

Þrst Pontryagin number of Taub-NUT space m
<latexit sha1_base64="CM72YiQazm9cBK5RHNo5eqm2Qg4="></latexit><latexit sha1_base64="CM72YiQazm9cBK5RHNo5eqm2Qg4="></latexit><latexit sha1_base64="CM72YiQazm9cBK5RHNo5eqm2Qg4="></latexit><latexit sha1_base64="CM72YiQazm9cBK5RHNo5eqm2Qg4="></latexit>

Þrst Chern class of the base of the Þbration c1(B2)
<latexit sha1_base64="fb+TyJxt1Ya9rvkyVjyXWp+toPE="></latexit><latexit sha1_base64="fb+TyJxt1Ya9rvkyVjyXWp+toPE="></latexit><latexit sha1_base64="fb+TyJxt1Ya9rvkyVjyXWp+toPE="></latexit><latexit sha1_base64="fb+TyJxt1Ya9rvkyVjyXWp+toPE="></latexit>

(co-)homology class of the curve wrapped by the D3 C
<latexit sha1_base64="OlaxYZd6SxYogIDG8Nw2uHdF1JE="></latexit><latexit sha1_base64="OlaxYZd6SxYogIDG8Nw2uHdF1JE="></latexit><latexit sha1_base64="OlaxYZd6SxYogIDG8Nw2uHdF1JE="></latexit><latexit sha1_base64="OlaxYZd6SxYogIDG8Nw2uHdF1JE="></latexit>

oneÑloop ChernÑSimons terms crucial  for the matching 
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study the remaining possible quotients in the A DE classiÞcation

macro computation done micro difÞcult

generalization of top. duality twist?

look at D3-branes in Type IIB on K3 x T2  with ADE quotients

does not  follow by  c 1(B2 = K3) = 0

both macroscopics and microscopics under good control, yet non-trivial

wrapped D3-branes probing 
singularities in F-theory


