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Inflation

Accelerating expansion of the universe

Dark Energy
Accelerated Expansion
Afterglow Light
Pattern Dark Ages Development of
Galaxies, Planets, etc.
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Primordial gravitational wave!?
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Tension; needs more data

BICEP2: r~ 0.2;
dust?

Mortonson et al; Flauger et al.
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Motivation: Testing string theory

Future tensor mode confirmation = very high energy

Vie ~ (2.0 x 1016 Gev)4. [
inf ( ) (0.16)

AQEJ > Mp| Lyth bound

|

Inflaton: Ubiquitous heavy axion ¢



Summary

 Natural inflation: Large tensor mode generated

V(g) = /\4[1 — Cos (?)] : Under good control and f > M,

e String natural inflation: Many brane charges needed

— Large decay constant:

Nbrane
/ A

N, ... # of D-branes, A< 1:Alignment of winding/fluxes.

Mstring

— Severe tadpole condition?
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2. Observations and inflation

M, = 2.4 X 1018 GeV = 1 will be used.
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Why inflation?

Inflation = Accelerating expansion of the universe

 Generating density fluctuations in CMB

= seeds of galaxies

e Grativational wave

e Solutions for fine-tuning problems
— Flatness problem: Q_, . ature << 1

— Horizon problem : T ~2.7K in CMB



Inflation driven by an inflaton ¢

) E(.).M . V((b) Almost
¢ + 3H¢ + 6¢V =0 stay here
e Friedman Eq. \ j
e AN
¢

e Slow-roll conditions

T 1, 6<Ho = "1 %" <1
72 : — 6—5(7) <L, n=—-<

] Ht a(t): Scale factor
Inflation!! a X € H: Hubble parameter




CMB fluctuation generated by 6¢

—500 m— e 500 1K oy

o0 :inflaton fluctuation



Metric perturbation

 Metric perturbations:

ds? = —dt? + a(t)?e* D5 + hy;(t, 7)) da’da?

. H
(: Scalar perturbation ¢ <%

h: Tensor perturbation (Gravitational wave)
— B-mode polarization in CMB photon



Power spectrum and r

e Power spectrum (AT/T)? from inflation:

s—1
P, — Vinf k" P, — 2Vine [ K "
¢ 2472¢ \ kg ’ h 372 \ ko

ko = 0.002Mpc~1

 Tensor to scalar ratio:

P
?":—h2166.

P



Observations and potential shape

BICEP2;
Planck collaboration

TBICEP?2 = 16e ~ 0.2.

Vi
PC ~ Nt 25 x 10" °
DAr2¢

nsg >~ 1 — 6e+ 2n ~ 0.96.

ko = 0.002Mpc—t
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Tensor—to—Scalar Ratio (r)
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High scale and long excursion

e Energy/Hubble scale:

Viee ~ (2.0 x 1016 Gev)*. [
inf ( ) (0.16)

1/2
T
Hinf ~ (1.0 x 10'* GeV) - (0.16) 3H2: = Vips

e Distance during the inflation in field space  wth

AQb S r 1/2 Ne N.: e-folding number
M N7.1' 016 % . NBZ/Hdt’:/ dqﬁ.
Pl . \/%




3. Axion inflation:

(Multi-)natural inflation



Inflation with an axion ¢

Shift symmetry controls theory

o — ¢+ C

Almost flat potential over super-Planckian for ¢

b-space O c
Cf: Pion as PNG boson



Natural inflation: Large field inflation

Freese et al

/ '\\'. ! AT
/ \ oaxi0ff /
/ i "
.."'l 1 i /
. 4 ¢ |IIIIII I'-III 3o 10 : IIIII,I
Vhatural(¢) = A" |1 — cos A Vel |
v\ F
E :'«Ii-:'; f-"ll II"-.R\
IIIIIIIIIIIIII N .
230 —20 10 10 20 30 0

* Small shift-violation A << M,

— will always exist via a non-perturbative effect %(FWF’””>
¢

Mpi\°
e Slow roll forf>M,: €¢~n~ (T) < 1.



Natural inflation and observation

e Parameters: f > 5Mp;, A~ 10'°GeV (BICEP2)

. Plalnck+WP+Il_ensing+A(I:T+5PT | ‘\\ | | | L4 Pote ntia I :

= = Planck+WP+Lensing+BAO Y é/u
Q v €

2 . \\\‘\10(BICEP2) | V(6) = A4 !1 — COS (?)]

. 2% (BICEP2)

0.20

0.15

* |nflaton mass:

0.05f v

/\2
m¢3 ~ — 1013 GeV
f

1403.5277: Freese et al mp) ~ 1.2 x 1012 GeV ~ 5Mp,.



Multi-Natural inflation

1401.5212 : Czerny, Takahashi

e Multi-corrections can exist:

V—fuo—/\lcos<¢) /\Qcos(f —|—9)_|_...
2

f1



Multi-Natural inflation

1401.5212 : Czerny, Takahashi

e Multi-corrections can exist:

V—fuo—/\lcos(cb) /\Qcos(}b —|—9)_|_...
2

J1
¢ @ ~
F,/F’“" (G ,/G"“"



Multi-Natural inflation

1401.5212 : Czerny, Takahashi

e Multi-corrections can exist:

V—fuo—/\lcos(qﬁ) /\Qcos(fﬂ-ke)_p...
2

f1

] Wide pa rameter Space: 1403.0410, 1403.5883 :

Czerny, TH, Takahashi

— Large field inflation with r ~0.1

. . . 1403.4589:
— Running n, with modulations Czerny, Kobayash, Takahash

— Also small field inflation with r << 0.1 for Planck.



ViA 4

1403.5883 : Czerny, TH, Takahashi

2.5 Lo =0.50f, 0=2w/3 0.45— [, =0.50f, 6=2m/3
Natural Inflation 70 A B N, =60 B=0.20 |
= Horizon crossing for /M S N, =50 — B=0.25
2.0r 0.35F —_ B=0.30 T
for N, = 60 0.30l — Natural Inflation |

0.25F
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Large decay constant for natural inflation

> Mp.



4. Multi-natural inflation
In supergravity

1403.0410, 1403.5883 :
Czerny, TH, Takahashi



Why supergravity?
The theory controlled:
1. Toy model: Embedding inflation into string theory
2. Study of Non-perturbative effects

3. Stable; no tachyons

Note: No relation to TeV scale SUSY!!



Scalar potential in SUGRA

V = e[| DW]? — 3|W|4].

DW|2 = K9(D;W)(D;W), DW = (0K)W + oW, K% = (8,0;K) 1
J J

K: Kahler potential, W: Superpotential



4d N=1 effective supergravity

* K: Symmetricunder & — & 4
2
K—f—(<1>+<bf)2 f<1

e W: Const. + gaugino condensations A3

W =Wy + Ae ?® 4+ Be

e Spontaneous SUSY-breaking:

AV = 3253 1w, 2.



4d N=1 effective supergravity

* K: Symmetricunder & — & 4
2
K = %(d>+<b*)2, fSL

Canonical normalization:

- ¢ — e
V2f vaf

b =0c+10;, o

P@0) + 2067 = ~(00)>+ 5(96)°.



4d N=1 effective supergravity
e W: Const. + gaugino condensations A3; N-vacua
W = Wy + Ae P 4 Be ®
a~b~10"2 A~B~10"6"7 1y~ 103

Exponent = (1/decay constant) after canonical normalization:

_4-a b
W D Wo+ Ae V2i® 4 Be 'V2i®,



4d N=1 effective supergravity

e Spontaneous SUSY-breaking:

AV = 3e2E/3 | 2.

* Heavier saxion 0: Viaxion(c) ~ |Wo|%c?; (o) = 0.
* SUSY-breaking in true vacuum: Wp ~ mg/».
e Fine-tuning of CC; other type possible KKLT



Axion potential = Multi-natural

e Axion potential foro =0

Vaxion (@) >~ 6 AW, [1 — COS (3)] + 6 BWj [1 — COS (ﬂ + 9)]
f1 f2

0 = Arg(1/B)
AWg ~ (dynamical scale)® x (SUSY breaking)

Large decay constant for small a or b:

fl_ﬁ- fz—ﬂ > f forat~b"1~ 102

(1



Saxion o decoupled from inflation

 Decoupling condition for successful inflation:

AW K Wg mm) Hf << mo

\_

~N

J

mg ~ Wo,  Hinf ~ m ~ /AW,



Saxion o decoupled from inflation
e Successful inflation

Heavy o

é—

Slow roll

Hinf < mg;, AL Wy



Saxion o decoupled from inflation

e Otherwise, no slow-roll inflation due to mixing

0]
o-d mixing

Fast roll



Two lessons

e Large decay constant =a << 1 in exponent

W ~ e—adD

1o o f.
a

e Moduli o should be much heavier

Liin = F2(04)?

Hinf < Mo



5. String theory/Supergravity



Axion inflation in string theory

Dark Enargy
Accelerated Expansion
Afterglow Light
Pattern  Dark Ages Development of
400,000 yrs. ! Galaxies, Planets, etc.

about 400 million yrs.

Big Bang Expansion

13.7 billan years




Motivation for string axion inflation

1. Unified theory; SU(N) on N X D-branes

_—] EX G'dim.
\.\_\.\ N ‘ |
Gauge Matter ,Lv\ : Ymatter

)? o

Gravity

esm—

L/
D-brane

(Dirichlet)



Motivation for string axion inflation

1. Unified theory; SU(N) on N X D-branes

2. Extra dimension = Hidden sector:
Multiple axions from gauge field of branes/strings

Vi
i

a(x) =/C',,I§R, b(x) =/B2NS.

EX: b= Bsgg.

Axion shift symmetry
= remnant of gauge symmetry



Motivation for string axion inflation

1. Unified theory; SU(N) on N X D-branes

2. Extra dimension = Hidden sector:
Multiple axions from gauge field of branes/strings

N N

qb(m):/CfR or [CQRR.

Axion shift symmetry
= remnant of gauge symmetry



Motivation for string axion inflation

1. Unified theory; SU(N) on N X D-branes

2. Extra dimension = Hidden sector:
Multiple axions from gauge field of branes/strings

p(z) = /CER or /CER.
3. Large decay constant

f > MP' . Cf: IVIPI > IVlstring



Moduli stabilization = Scales fixed

—t Fixing
a size of
extra dimension

Scales of inflation, EW, SUSY, ...



Moduli stabilization = Scales fixed

D-branes

Quantized flux

Scales of inflation, EW, SUSY, ...



lIB Effective action for volume-axion T

4 )
K = -2log(V), W =Wg+)» Ape” 2 onily.
\ n Y

e No-scale Kihler potential K = —3log(T +T"); no T —TT !
e W,: Flux stabilized heavy moduli /<F§R> £0, [<H§S> £0.
* exp[—aT]: Gaugino condensations on D-branes

D-branes

Quantized flux




lIB Effective action for volume-axion T

-

\_

K = —=2log(V), W =Wp+ ZAne_

\

n /\ y
e No-scale Kahler potential K = -3 |og(}4= TN na T =/ \\

* W, Flux stabilized heavy moduli  [(#

* exp[—aT]: Gaugino condensations on [

W

Decay constant:

Expliad]: f~ 1/a

)

Quantized flux



4D Gauge coupling = “Volume”

e Dynamical scale of SU(N) on N X D7-branes:

W ~ e__T

T'= volume — 1 Cy.
D7

"." Gauge coupling on D7-brane having 4 Ex-dim:

4
/d4a:/ dry(Fyn)? —g = volume.

=

CuAFoAF Y [ .
LD./y 4 2 2 or  Jp7 ?



4D Gauge coupling = “Volume”

e Dynamical scale of SU(N) on N X D7-branes:
|

Decay const.:

_2_7T foc N
WNG N ] y,

p
T = volume — z/ ()'4] Inflaton

Dr candidate
"." Gauge coupling on D7-brane having 4 Ex-dim:

4
/d4a:/ dry(Fyn)? —g = volume.

=

CuAFoAF Y [ .
LD./y 4 2 2 21 pr *



Wrapping branes

e Asingle stack of N X D7-branes (N=1: Instanton)

W~ e—W(w1T1+’tU2T2+ )

T = w117 + woI> 4+ ---

Extra
dimension

Wi_1, X Wrapping

T.: Volume of S,
(Real part)

h1%(wsS:)= h%%(wS.)=0




Wrapping branes

e Asingle stack of N X D7-branes (N=1: Instanton)

W ~ e—@@H-I-@E-I--" )

T = w117 + woI> 4+ ---

Extra
dimension

Wi_1, X Wrapping

T.: Volume of S,
(Real part)

h1%(wsS:)= h%%(wS.)=0




Flux corrections to gauge coupling

e Corrections in the presence of gauge flux F

4
5(—";) =FG
Ih

G: Two cycle (Kahler) moduli

G=(e?- z'c('?R)/BQNS + z[/ CQRRJ

Inflaton candidate

1 v
F=_ diyPdy®Fer € Z
27w JD7 Yy ay 156




Magnetized branes

e A stack of N X D7-branes (N=1: Instanton)

W~ e_W(T+]:G)

T —T+ FG
Extra
T.: Volume of S, 7'_E O
(Real part)
Zero modes stabilized by flux F. N X D-branes

(Extra adjoint fileds)




Magnetized branes

e A stack of N X D7-branes (N=1: Instanton)

T —T+ FG
Extra
T.: Volume of S, 7'_E O
(Real part)
Zero modes stabilized by flux F. N X D-branes

(Extra adjoint fileds)




Large decay constant for v(¢) ~ cos (jf)

e N ™
brane
f fa
Y,

- A(F,w)

N, ... # of D-branes from Gaugino condensation Yonekura;
Harigaya, Ibe: U(1) charge N;
A Alignment of w or F with multiple axions Cim-Nilles-Peloso

f,: Decay constant in (0¢)*: M., My and M ging -



Natural inflation models



No decompactification problem

Inflation does not disturb moduli stabilization

[ Hint S Mmoduli ~ M3/2 J

Our case: due to axion shift symmetry Cf: Kallosh et al.

for mmoduli > m3/2

Otherwise runaway volume: ]

Sensible 4D lost.



1. Model with O(10-100) D7-branes

e Effective action on CY with two holes:
K = —2log(td? =22 —¢2?). t;=(T;+T!) fori=0,1,2,
W = Wy— CeFD — De=F@+T) | ge~m ™2 | Beng 12,
Flux compactification

n, X D-branes

@ n, X D-branes

M X D-branes

N X D-branes



1. Model with O(10-100) D7-branes

Inflaton

potential
K = —2log(td? — /% — tw): ti = (1; + 1 SQfor i = 0.1, 2.

e Effective action on CY wit

W = [IIU — Ce®T — De~ T1+T2>] [Ae—nl + Be ——Tﬁ]

Flux compactification

n, X D-branes

N

Heavier moduli: m ~ m;,, ~ W,

a la KKLT Wo < 1. n, X D-branes

where nqy = O(10 — 100).

N ~ M > 2nq = 2no, M X D-branes

N X D-branes



1. Low energy action: Multi-natural

* Effective action for axion multiplet ® =-T, + T,

4 N
f2 2
Ky~ (®+ o)
Td L —TP
WL ~ ms3/o + Ae "1 -l— Be "2
q / y
2= k 1 mzip~Wo, B<ALman<K1

—~

Here A ~ (m3/2)M/2“1, B ~ (m3/2)M/2'”’2, M > 2nq1 2 2no, and n; = O(10 — 100).



1. Low energy action: Multi-natural

* Effective action for axion multiplet @ =-T, + T,

f~ Mg~ M

V ~ Re(T,>?); t = Re(T+T,)

string

—~

Here A ~ (m3/2)M/2n1, B ~ (m3/2)M/2'”'2, M > 2nq1 2 2no, and n; = O(10 — 100).



1. Large decay constant = Many branes

* Axion potential for Re(®) = 0: ¢ ox Im(—T1 + T%)

Vaxion(#) =~ 6Amz 5 [1 — COS (fl)] + 6Bmg /o [1 — COS (;i + 9)]

Large decay constant &< N, . .:

[ f1=n1@, f2=n2@; f1 ~50f fornlzloo.]

7 7

‘ f1 ~ 5M|:>| for f ~ 0.1M|:>|.

6 = Arg(1/B)



2. Alignment mechanism with axions

hep-ph/0409138: Kim-Nilles-Peloso

e Two axion: Large decay constant for ¢

P2 — 21 fo

o1, P2
1 T f2

Vmcos(

b, b2,
)-I— COS(f1 1+f2 2)

nif

in1 — nol

»oo for n2—>n1.J

T L Figure from
¢1 — 27 f1 1404.6209



2. Alignment mechanism with axions

hep-ph/0409138: Kim-Nilles-Peloso

e Two axion: Large decay constant for ¢

P1 , P2 1 03,
V o~ € In “Zn
03 (fl + f2) +ecos (f1 1+ f2 2)

¢=¢)1—¢2:[f¢~ nf — oo for ?’LQ—>?’L1.J

D-brane wrapping/flux;

¢ — 27 fo

A= (n;-n,)/n,

A=0.1for n; =10, n, =9 from
sy 1404.6209




2. Model with wrapping branes

e Effective action on CY with 2 holes:
3/2 3/2 . i
K =-2log(tg — 3/ —3/?)  t=@+1))
W = Wy — Ce~ N10 — Be= 3 (T1+10T2) 4 4, —15(T1+11T2)
Flux compactification

10 X D-branes

M X D-branes

N X D-branes



2. Model with wrapping branes

e Effective action on CY with 2 holesLLLLELE)

potential

K = —2log(ty — t5/% — 3/?)

W — [Wo _ Ce—QWWTo _ Be_%(T1+1OT2)]+[A8_%(T1+1]-TQ) ]

Flux compactification

N 10 X D-branes

Heavier moduli: m ~ m;,, ~ W,

ala KKLT Wp <« 1.

M X D-branes

N ~ M > 20.
e —

N X D-branes



10

) 4 A~ 15T+ |

Flux compactification

10 X D-branes

M X D-branes

N X D-branes



2. Many times wrapping branes

* Natural inflation: ¢ oc Im(—10Ty + T5)

Vaxion(¢) = 6AA"’”3/2 [1 — CO5 (ﬂ)]

J1
4 N
Nprane 10
fr ~227f ~ PR F L SE
_ 10 J
‘ f1 ~ S5Mp for f ~ 0.02Mp,.
f ~ #a AA ~/ Ae—%(T) < m3/2.

3/2

V~ity, T =11+ 101



3. Model with two cycle Kahler moduli

1404.7852: Long, McAllister, McGuirk

 2volumesT,, + 2 two-cycle moduli G, ,:

K = —2log [t2/? — (t1 + g2 4+ 393/4)3/2| =n+1l u=itch

W D W + Ao~ 55 (T1+4G1-9G2) i Be—35(T14+5G1-5G2)

Swiss cheese CY with
2 two-cycle on a four-cycle

Fa#0

2 stacks of (35 + 40) magnetized Fp#0
(+ 1 stack of unmagnetized branes;
also D-terms stabilizing T,, T,)



3. Model with two cycle Kahler moduli

1404.7852: Long, McAllister, McGuirk

* Low energy model after volume T, , decoupled

3
K = f2(G1+ G2 + 2 ,(Ga+ GL)?,

( )

Wy = Wo H Ae™ SE(G1-3G2) || .~ H(G1—$5G2)

\. J
1/2 Swiss cheese CY with
f 3 ~ ]\42md ~ M String- 2 two-cycle on a four-cycle
= (tg/> —7/%)/6. FA#O
2 stacks of (35 + 40) magnetized Fp#0

(+ 1 stack of unmagnetized branes;
also D-terms stabilizing T,, T,)



3. Model with two cycle Kahler moduli

1404.7852: Long, McAllister, McGuirk

* Low energy model after volume T, , decoupled

3
K = f2(G1+ G2 + 2 ,(Ga+ GL)?,

(

t
2 __Ql1 a2 2
f — 37 — ]wwind ~ Mstring'

\.

1/2

v = @22y,

|

N

f1~ %f ~ %f ~100f: Aligned gauge flux

|




3. Model with two cycle Kahler moduli

1404.7852: Long, McAllister, McGuirk

e Multi-natural inflation: ¢ ~Im(G1 — 2.5G5).

V~C — /\4_cos (i) + 0.1 - cos (3)
i f1 2/

C ~ A"~ 107°, f1 ~100Mp, fo ~ Mpy.

Volume : tg =49, t1=0.



Anomaly/Tadpole condition

 Might be possible condition

Y Nprw = Q°7 = 0(10).

16 for toroidal cases

Y  F=o.

brane4brane’

C'Y,
Np3 + Nfjux = X(244) = 0(10 — 10%)

16 for toroidal cases




Anomaly/Tadpole condition

 Might be possible condition
Model 1: Ny, = O(10-100) : Too many branes?

o
— Q°7 = 0(10).

16 for toroidal cases

Y  F=o.

brane4brane’

C'Y,
Np3 + Nfjux = X(244) = 0(10 — 10%)

16 for toroidal cases




Anomaly/Tadpole condition

 Might be possible condition

Model 2: N, = O(10); w = O(10): Too many charge?

: Q7 = 0(10).
¢ 16 for toroidal cases
S F=o.
brane—+brane’

C'Y,
Np3 + Nfjux = X(244) = 0(10 — 10%)

16 for toroidal cases




Anomaly/Tadpole condition

 Might be possible condition

Model 3: N, = O(10); F = O(10): Marginally possible?

/
— %7 = 0(10).

16 for toroidal cases

> /(Fxo

brane4brane’

Nps +‘_ X(OY“) — 0(10 — 10%)

16 for toroidal cases




6. Conclusion



Summary

 Natural inflation: Large tensor mode generated

_ A4 ¢
V(¢) =A [1 —Cos (})] : Under good control and f > M,

e String natural inflation: Many brane charges needed

— Large decay constant:

Nbrane
/ A

Mstring

N, ... # of D-branes, A< 1:Alignment of winding/fluxes.

— Two cycle axion = inflaton via severe tadpole condition?



Two form axion = inflation?

o) = [ CER =



Discussion

e Explicit model?

— Non-perturbative effects, flux, The SM, consistency,...

e Light Axion mass protected by shift symmetry
&

Stability of our brane universe (RR-charge)
protected by gauge symmetry?



Wait for Planck polarization data
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Figures



Moduli and parameters



Heavy moduli: Flux potential in IIB

* Mass term for dilaton and complex structure:

. Q:holomorphic 3-form
Weux = /(F3 —1SH3) A Q2

= fo + f1U + foU? + f3U> + S(hg + h1U + hoU? + h3SU3)

e Constant term in W at low scales via DW =0




Kahler potential = No scale

e Single modulus case:

K = —2log(V) = —3log(T + T1),

* Moduli : Free volume deformation = No-potential

K=-3log(T+T", W=W,

mem) V =0



Moduli stabilization in model 1



Model with O(100) D7-branes

e Moduli stabilization with Vyp = ée*573; & = O(W3),

2T 2T
T';Tg ~ \_}T ~ log [lug(l/ﬂb)/ﬂb] > 1, Re[®] =0.

T=T]_—|—T2, ¢=—T1—|—T2=O'—|-’iq§.

* Moduli masses: W, ~ gravitino mass m;,

mr, =~ mp =~ log(ﬂ[pl/-r;rzg,g)-m.?ﬁ, [-;»an _ {.{_..-}]/VT]
3/2
Mg = \/5'?.”3/27 Y = TSKQ — L

7



Saxion o decoupled from inflation

 Decoupling condition for successful inflation:

AW K Wg mm) Hf << mo

\_

~N

J

mg ~ Wo,  Hinf ~ m ~ AWp;

VAW,
J1

Mg ~ S Hing < mo.



No decompactification

Moduli decoupled from inflation:

(

L

Hinf ~ mg o - (m3/2)(]\/[_2?7'1)/4”1 K mg)o.

~

J

Hinf Mmoduli 2 ™M3/2
’ mMoaull ~ .
J1 /

mqu

for M > 2nq 2 2no, where n; = O(10 — 100).



KNP with many axions



f >> 1 with multiple-axions alighment

1404.6923: TH, Takahashi

e Many axions supporting a large decay constant

Nzource J"""I-;L:-ciun i NaXion - Nsource
Vig)= Y AMlcos| S a2 +0,| +V -
Pi) = A4 CO: 9 i 0 a;. Random integers
i=1 j=l with |a;| = 2
P(feﬁ'/fi > 103:)
L Probablity to obtain f > f.
05F
10
0.1L P N fi
005 | 103’_“—"’### | P(fet/ fi) ~ Naxion (E)
o01f _--"" - #
0005} I
10% .-~
e See also 1404.6209: Choi et al
R ' ' Naxion

15 20 30 50 70 100 150 200 300



Reheating



Reheating via axion coupling to A |

e Reheating temperature estimated:

] My 3/2 fa/c !
Th ~ 4 x 1010 GeV . ( ¢ ) a |
R 0B Gev 1017 GeV

,Cz — Cfgpuyﬁuy

a

Leptonegesis possible if my > 2Mg,,,



Dark matter?

* No light neutralino: H, < m,, for decompactification
(depends on uplifting (SUSY-breaking))

e Mirror dark matter: “DM-genesis” via mirror RHV’

1302.2516 and in preparation:
TH, Jeong, Takahashi

The SM-branes

¢

The SM’-branes Reheating/.
_ DM sector Leptogenesis/
(homologous to SM brane?) DM-genesis
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