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;Is String Theory Science?

Of course it is.



EFTs via String Theory

From https://physics.aps.org/articles/v12/115




;Is String Theory Science?

The way of science is paved

with discarded theories
which were once declared
self-evident
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;Is String Theory Science?

Q1: Is string theory verifiable?

A1l: On the right track; successes include:

e Long distance limit: GR + QM

e Many contributions to quantum gravity

e Motivated BSM scenarios

e Many QFT insights (esp. at strong coupling)
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QQO1: So what should experimentalists look for?

AA1: Perhaps too early to say, but...

e string-motivated pheno scenarios



;Is String Theory Science?

(Q2: Is string theory falsifiable?

The way of science is paved

with discarded theories
which were once declared
self-evident




;Is String Theory Science?

(Q2: Is string theory falsifiable?

AA2: Perhaps too early to say, but...
e pheno scenarios which can’t be realized
e A.. > 0 (somewhat controversial)

e ;.. Concrete collider scenarios???



;Is String Theory Science?

(Q2: Is string theory falsifiable?

AA2: Perhaps too early to say, but...
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e A.. > 0 (somewhat controversial)



A String-Killer Scenario
Take the Standard Model and add ONE new field:
Lesym = Lsm + %Y(M”D” — M)x
x = x% in real n > 5-dim rep of SU(2)r

Not realized in ANY string scenario?!?!
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e Strings N “just n-plet” = {} (very likely)
e Pheno of the “just n-plet” scenario

e Iixperimental Limits

e Summary / Future
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Strings N “just n-plet” = {}



Stringy Routes to Matter

_— D

Open Strings Closed Strings

e 777

Strongly Coupled
Bound States



Stringy Routes to Matter

‘w‘

Open Strings



Standard Model

Gauge Group: SU(3)c x SU(2)r, x U(1)y /T

Matter in small reps:

SU(3),. SU(2), U(1l),
L 1 2 —1/2
€R 1 1 —1
Q 3 2 1/6
Up 3 1 2/3
dp 3 1 —1/3




Standard Model

Gauge Group: SU(3)c x SU(2)r, x U(1)y /T

Matter in small reps:

L] 1 O -1/2
ER 1 1 —1
Q| DO O 1/
Up D 1 2/3




Min. Quiver Standard Model

Berenstein Pinansky ’06; many stringy quiver SMs

SUG), SU@), U0,
L 1 0O 12
ER 1 1 —1
olm o e
Up D 1 2/3
dp | O 1 -1/3




Strings & Quivers




One- & Two-Index Reps

Gauge Groups: SU(N),SO(N), Sp(N)
Representations: [ [ E Ox0
5-plet of SU(2)??7 [III]

(Note: SO(3) # SU(2)...)
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Stringy Routes to Matter

Closed Strings

R~ 779

Strongly Coupled
Bound States




Stringy Routes to Matter

-

Closed Strings



Heterotic Strings

A Common Model Building Route: Es Vector Bundles

Approach of Candelas Horowitz Strominger Witten ’85

Es D SUB)gur x SU(B) D SUB) x SU(2) x U(1)/Zg X ...

248 — (24,1) + (1,24) + (5,10) + (5,10) + (10, 5) + (10, 5)

D H

: Low index reps again! =



Aldazabal Font Ibanez Uranga '94; Dienes Faraggi March-Russell ’95;
Dienes March-Russell '96; Dienes '96; ...

Free Fermion Models
An Older Route: Higher Kac-Moody Levels?!
SU2)g :c= k3—4'f2
Spin—j primary: h; = %

Massless: h = 1; Tachyon: h < 1

Dressing: O = O Oextra



Success?

Spin—j primary: h; = %

j=2k=4=h; =1



No Success

L 1o A
Spin—j primary: h; = jka
j=2k=4=h; =1!

But...

| <37 = h; < hj. What about Spin-/ states???

Very hard to remove these!!l! (proof?)



Stringy Routes to Matter

Closed Strings

R~ 779

Strongly Coupled
Bound States




Stringy Routes to Matter

R 977

O
Strongly Coupled

Bound States



Can Strong Coupling Help?

n-plet as a composite object?

Xm ~ A111/2 wnwnwn %

new




Example

SU(2);.

SU(N)extra



Example

=0
SU(2)p, J SU(N )extra

weakly gauged)



Example

=0
SU(2)p, J SU(N )extra

weakly gauged) <Conﬁning



Example

SU(2)L w SU(N)extra

. gN
(,X’LlZN ~ 891 77& ?



(Generic Issue: Pions!

20O
SU(Q)L QZ SU(N)extra

(,X”l,lfl,N ™~ 591...9N¢ ng?

4 f ~ 1! Jg (generically lighter!)
(c.f. QCD inequalities)

Weingarten ’83; Vafa Witten '84; + many



Stringy Routes to Matter




20



;Just n-plet Scenario?

e Not in known string landscape
e Very difficult to build contrived models
e Sharp No-Go Theorem for all possibilities?

e Scenario is bad news for strings



;Just n-plet Scenario?

e Scenario is bad news for strings



Plan of the Talk

e Strings N “just n-plet” = {} (very likely)

: @ Pheno of the “just n-plet” scenario &

e Iixperimental Limits

e Summary / Future



Pheno of “just n-plet”



Just n-plet Scenario

Take the Standard Model and add ONE new field:
EBSM — ESM + %X(M”DM — M)X

x = x° in real n > 5-dim rep of SU(2)r



Pheno Motivation

e Falsifying String Theory?!
e Minimal Dark Matter (n = 5)
e Dark Matter Scenarios with n > 5

¢ Why not?
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Ahbstract

A few multiplets that can be added to the SM contain a lightest neu-
tral component which is automatically stable and provides allowed
DM candidates with a non-standard phenomenology. Thanks to coan-
nihilations, a successful thermal abundance is obtained for well defined
DM masses. The best candidate seems to be a SU(2), fermion quintu-
plet with mass 4.4 TeV, accompanied by a charged partner 166 MeV
heavier with life-time 1.8 cm, that manifests at colliders as charged
tracks disappearing in 7% with 97.7% branching ratio. The cross sec-
tion for usual NC direct DM detection is og; = f21.0-10~* cm? where
f ~1is a nucleon matrix element. We study prospects for CC direct
detection and for indirect detection.

1 Introduction

The Dark Matter (DM) problem calls for new physics beyond the Standard Model (SM). Its
simplest interpretation consists in assuming that DM is the thermal relic of a new stable
neutral particle with mass M ~ T[:ﬂ(}ﬁl'hl ~ TeV where T}, ~ 3K is the present temperature
of the nniverse and ¢y 1s the Newton constant. Attempts to address the Hiees mass hierarchy
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-

Thermal rehcs = 13 6 TeV

Mitridate Redi Smirnov Strumia ’17
Bottaro Buttazzo Costa Franceschini Panci Redigolo Vittorio 22
Baumgart Rodd Slatyer Vaidya ’23

is

simplest interpretation consists in assuming that DM is the thermal relic of a new stable
1/2 ~—1/4 . R

neutral particle with mass M ~ T,'°G """ ~ TeV where T}, ~ 3K is the present temperature

of the nniverse and ¢y 1s the Newton constant. Attempts to address the Hires mass hierarchy



Focus: n =95,7,9

Main Requirement: a; ' still perturbative

dag ' 19/6 1 (n+1)!

dlogp ~— 27 21 (n—1)!3!

Require Atandau = M = n <9



Enter the n-plet

x transforms in Sym” ™" (fund)

Electric Charge: U(1), C SU(2)y,

XQmaX7 ) X_|_7 X()? X_7 ) X_Qmax

QmaX — nT_l



Enter the 5-plet

x transforms in Sym* (fund)

Electric Charge: U(1), C SU(2)y,

++ L+ 40 =

X 7X 7X 7X_7X_

Qmax = 2



Mass Splittings

Mo — Mg ~ (Q% — Q%) x 166 MeV

XQLXQ

X(O) is the lightest state!



Decays

X
T
XQ\K
X9t

MQ — MQ/ ~ (Q2 — Q’Z) X 166 MeV

M_+ ~ 140 MeV

44 cm
n?—1

T(xT = 7 ") ~ ~1—3cm



Example Process

Jet X




Muon Chambers Electromagnetic Calorimeters
Solenoid

End Cap Toroid
Forward Calorimeters

Hadronic Calorimeters

Barrel Toroid Inner Detector



Muon Chambers Electromagnetic Calorimeters
Solenoid

End Cap Toroid
Forward Calorimeters

Barrel Toroid Inner Detector Hadronic Calorime

' End-cap semiconductor tracker




Disappearing Tracks (ATLAS)

n SCT
0
X |
N 71'—'_

Pixel

_I_

X

*SCT = Semiconductor Tracker



e ¥ ob (projected)

9-plet

136 b

7-plet
5-plet

1 1 1 | 1 | 1 1 1 1
0 100 200 300 400 500 600 700 800 900
ATLAS 3-plet limit
660 GeV

Baumgart Christeas JJH Hicks 24 Mass (GeV)



Improved Searches

Higher Luminosity LHC won’t help that much...
Direct / Indirect DM Detection

“Precision” oy Measurements?

Muon Collider / FCC?



FUTURE LIMITS

10 10
9 ILC250 (0.2%sys.). 9
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6 (a) Fitting based search (b) MC based search
4k
o ] 1711.05499: S. Matsumoto, S. Shirai, M. Takeuchi
! LHC +100 TeV
01 02 05 10 20 50 100 Stringent future constraints from modified Drell-Yan
M [TeV]
5-plet = Ab, = 10 =
2107.09688:S. Bottaro et al.
1410.6810: D. Alves, ). Galloway, -collier — i
J. Ruderman, |. Walsh — |
| 9 M, reach [TeV] i M, I’l'I]:lTl‘VI .

(Courtesy of M. Baumgart)




Summary / Future



What Was This Talk About?

e Strings N “just n-plet” = {} (very likely)

e Recast wino limits for n =5,7,9

e No-go theorem for perturbative strings?

e Other “string-killer” scenarios?
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