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Abstract: In this talk | will present evidence that accounting for the presence of hierarchies in string compactifications naturally leads to a UV
sensitivity of dark matter in contrast to what is usually assumed. In particular, we will see that the existence of cosmological moduli& nbsp;may lead
to anon-thermal history for the early universe and modifications in the primordial production of dark matter. If such a history were realized it would
not only require probing new regions in dark matter searches, but also imply that a detection of dark& nbsp;matter would provide a direct probe on
the early universe and the UV -- contrary to the thermal WIMP case. Regardless of the history of the early universe | will argue that if current string
constructions are representative of more general models then all weak-scale& nbsp;dark matter would indeed be UV sensitive and would be a new
prediction of string theory - falsifiable by experiment.
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What Microscopic Physics is Required?

() New symmetsies beyond Std. Medel

(2) Stable pasticle chargqed yndes -the
symmetcy  (Le. Deock Matter X)

(3) UO6+ab\€ Particle P which 18

(o) gmvi'\'dﬁoﬂﬂ“ﬂ couvplad M=c ﬁ:%
[6) Mass generoted ot DYy eq. P—=>-P+C

A

e B LA 2

(4) Hierarcmes
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Non -+he rmal His-l-orcj it
IoTeV< mep< 1o TeV
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- Dark matter from direct decay
- Entropy produced (dilute relic densities)
- Radiation dominated universe
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Non-the s mal mstory implies:
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Direct detection: Pure wino would give NO SIGNAL!
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Indirect Detection of Dark Matter

Dark Matter
Annihilates

Norsa Arw

Scutums Arms

Outer Ara Carina Ara

Perseus Aras

Sagittarius Aras

Pirsa: 12040057 Page 9/53



Pamela Positron Excess
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Pamela [Positron Excess
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Larger cross-section can address PAMELA excess
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with G. Kane and Ran Lu (Michigan)
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Pamela anti-protons

10" |—
= N
+
=
B
10°® _— """ wino signal(with dfh+background
[ - J wino signal+background
I o background
B —+— PAMELA
1 L1 ! l 1 1 1 1 1 L1 1 I 1 1 1 1 1 L1 1 I 1 1 1 1 1 L1 1
1 10 100 1000

Kinetic Energy (GeV)

with G. Kane and Ran Lu (Michigan)

Pirsa: 12040057 Page 14/53



Given non-thermal history:
Can the SUSY Neutralino account for the Pamela data”?

\/ Yes, but there is a tension with the data.

with G. Kane and R. Lu. arXiv:0906.4765
with P. Grajek, G. Kane, D. Phalen, A. Pierce. arXiv:0812.4555

with P. Grajek, G. Kane, D. Phalen, A. Pierce, arXiv:0807.1508
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FERMI Constraints and Dark Matter Spikes

with P. Sandick 1102.2897
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CMB: Last Scattering Surface and a Non-thermal History
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Collider Implications
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Non-thermal History

Enhanced interaction strength

3

Toki (_‘rr_x__.é )< 105 <

Phenomenological Implications
(Wino from MSSM + Singlet was a first example):
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Direct and Indirect Detection:

with P. Sandick ( arXiv:1102.2897, published in PRD)
with G. Kane and L. Ran ( arXiv:0906.4765, published in PLB)

m>
S

with G. Kane, A. Pierce, et. al. ( arXiv:0807.1508, arXiv: 0812.4555, published in PRD )

Collider implications:
with G. Kane ( arXiv:0807.2244, invited review for MPL )

Baryogenesis:

with G. Kane, J. Shao, and H. Yu ( arXiv:1108.5178, published in JCAP )

Lithium abundance (BBN):

(in progress)
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- w/ G. Kane, J. Shao, H. Yu 1108.5178
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-w/ G. Kane, J. Shao, H. Yu 1108.5178
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Other cosmic histories are possible.

Pirsa: 12040057

(non-thermal history is an example)

How is dark matter produced?

What are its microscopic properties?
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What Microscopic Physics is Required?

(1) New symmetsies beyond Std. Medel

(2) Stable pasticle charqed yndes -the
symmetcy  (ie. Deck Matier X)

(3) UO6+ab€Paf+ic‘e P which 18

(a) gmvi'\'dﬁoﬂﬁ“ﬁ couvplad M=c mﬂ:‘\%
[6) Mass genercted ot Dy eq. P—=>-PxC

~dale gkt
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(4) Hierarcnes
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Guidance from Fundamental Theory | fj

[ L LY e,

[Ny (SE—

G2 Compactification of M-theory

New fields are a generic prediction of physics
beyond the standard model

e Some have a geometric interpretation (e.g. extra dimensions),
others are scalar partners of standard model fermions (SUSY)

e _Low energy parameters become dynamical fields in early universe
(h) — h(t,T) m,g — m(h), g(h)

* Many of these fields pass through cosmological phases where
they have no forces acting on them -- “moduli”
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Guidance from Fungamental Theory

G2 Compactification of M-theory
New fields are a generic prediction of physics

beyond tpe standard model

* Some have a geometric interpretation (e.g. extra dimensions),
others are scalar partners of standard model fermions (SUSY)

* Low energy parameters become dynamical fields in early universe
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(Do ccmd?.ﬂ%?% natus C!"lj ‘Form?. l

What masses should we expect®
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In all studied eLampbs +hat lead 4o Pet-{-urba’('.\:e

theocies n HD alwatjs one l\gh‘\' scalat Temons.

u_/ S.Crewmonin  +a .,O@OIO%?_

Geresic Coﬂ&gﬂe*ce of Hierarchies and Moduls
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In all studied e!uamples +hat lead 4o Pet-’rurbc:‘t'wc
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Naturol when P participates in SUSY <E?># O
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SurP\"\:‘ﬂS 'Cfom T\,Pe IEB Flux Compoc-\-'--c ications
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Surpr'\‘:'ﬂs 'Cfom T~">e IEB Flux Compoc-\-'a'(-‘ ications
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SurPr'\:'ﬂS 'Cfom T~":>e I[B Flux Compoc-\-'-'C ications
~? doesn' nece.SSc:f'ul'j Contribvie <F_{,)=o

Ste Uplft +o aS
y
*Aq— << 1
Mp

D=4 SusYt 4% D (KeLt), Chicol Motter (Nelles,etal.)
V@)

My, ,—\0oP M, AowS¥

o

irsa: 12040057 Page 41/53



50&‘?“.\525 Lrom Type B Flox Compoc-\-'rc \cations

<2 deesn+t ﬂECE’,SScf'Illj Contribute (EP):o

S‘iep Thres okl tn o

.

<

mr |

DEIESYSIESS DR (Kett), Chicol Motier [lles,

@)

m"lz = 0P M, n\law-‘-'\":‘

?

irsa: 12040057 Page 42/53



Su&‘?v'\seﬁ {rom Type B Flux Compoc-\-'rc \cationS
3 dOQSn"h ﬂECG.SScxf]ltj Con‘{'r':bui'e <F~p>=0

S‘I’ep T[‘n‘gﬁ, Iolds £ d
q

M

()

&< 1

D=4 Sust 4S5 D2 (kur), Chicol Matter
@)

My, 10D Hinkowsh

o

irsa: 12040057 Page 43/53



\E)
\/\‘myz _~10D H'm\’»c“""\t:‘

o>~ log G‘-n'—;g ‘m,,. 2o ms;zﬁ |00 TeV

S'i'eDlInreQ. ol o aS <‘ LQOS{'
_A:_ | undes steod
<

irsa: 12040057

Page 44/53
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Note: e lost Yhe nice result:

3 —oX
N=mse

G2 monifolds—> Geometric modul,
Stab: lized w/ouf flux
W= 0 + mp (c. ¢ Pe®fic, e”’f)
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Note: [Ue lost the njce resoli:
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Many more eXamples| where hierarchies = —,.l% <|
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Motivation from Fundamental Theory

In known consistent Supergravity constructions:

A non-thermal history naturally results when
accounting for the presence of hierarchies in nature

®
Electroweak Scale -16
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Vacuum Energy Today -120
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- p g Mk ‘

aSt ONne modulus that i

Page 49/53
Pirsa: 12040057 g



Non-thermal Hlstory from MICI’OSCOplC Theory

( ﬂ Nw sgmme:h-e.s bejond Std. Medel

(2) Siable pachicle Chck‘qed ondet +he
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(2) Dostable particle P which is:
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Non-thermal History from Microscopic Theory

() New s\jmme:h'.e_s bejoncl S+td. Medel

(2) S+able poasticle charqed undes -the
symmetery  (lg. Dock Matier X)

(3) Dnstable pasticle P which is:

(a) gfc\l;’fd";omuu ce up\ﬁcl r‘=' Cc ‘—1\‘;‘\%

[6) Mass Qeneroted ot Syt My =c, M3/

(4) Hierarcmes
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matter produced?

What are its microscopic properties?

ver reqdires combining:
t an d indirect detection, and cosmological probes,
idance fro n fundamental theory

Indings suggest new possibilities for the cosmic histon

BBN, which are mouvatcd by fundﬁmemal theory, and
> scrutinized by current and near term observations
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CMB: Last Scattering |Surface and a Non-thermal History
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