Supersymmetric Dark Matter
post run | at the LHC




Which Supersymmetric Model?

MSSM with R-Parity (still more than 100 parameters)

x CMSSM

x MSUGRA

= NUHM

= (Mini) Split SUSY
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The CMSSM

Parameters: mi/2, Mo, Ao, tan 3, sgn(p) {Ma/o}
Electroweak Symmetry Breaking conditions:

iy — s tans B 5 Mz (1= tan® B) + AS)
tan® 3 — 1+ AELZ)

=

1 .
B = —i(m% Lms +2u7)sin 28 + Ap
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MSUGRA models

G:cpcp*+zz*+lnIWI2; W =1(z) + g(p)

Scalar Potential (N=1):

V= e(|z|2+l(p|2)
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For example,

Polonyi: f(z) =mg (z + B) ;

With <z>=v3-1 forf=2-3

mo=m3/2; Ag=(3-v3)mg; Bo=AQ-m(
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MSUGRA

Parameters: mis, Mas, Ag, Sgn(p)
Electroweak Symmetry Breaking conditions used to solve for tanf:

A iy — s tans B 5 Mz (1= tan® B) + AS)
a2 B 1 4 Ay

1 .
B = —§(m% Lms +2u7)sin 28 + Ap
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mSUGRA planes
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Elastic scaterring cross-section
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ATLAS Results from run |

MSUGRA/CMSSM: tan(p) = 30 A,) =-2m,, nu>0 Status: SUSY 2013
1 1 | 1 ] 1 | T 1] | 1 1 T I | 1 T 1 I | | ] 1 I 1 T T _J
95% CL limits u"' not included —
LsP ATLAS Preliminary - - Expected  (jepton, 2-6 jets .

' s Observed ATLAS-CONF-2013-047
fLm—.QDl 20710 ;18 =8 TeV Omackad
= = Expecied  O-lepton, 7-10 jets
= Observed arXiv 1308 1841

Expocied -1 lepton, 3 b-jets
Observed  ATLAS-CONF-2013-061

Expecied 1.|ept0n 4 jetS + MET
Observed ATLAS -CONF-2013.062

== Expecied 1.2 taus + jets + MET
wm— Observed ATLASCONF-2013-026

Expecied  2.5S-leptons, 0 - = 3 b-jets

Observed ATLAS-CONF-2013-007
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my;2 - mo planes incl. LHC
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my;2 - mo planes incl. LHC
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my;2 - mo planes incl. LHC
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The Higgs Search
The LHC @ ~20.7/fb

CMS (s=7TeV,L=51f"Vs=8TeV,L=5.310"
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Ax? map of mg - mip plane

Limits at ~5 fb!
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COMPARISON OF BEST FIT
POINTS PRE AND POST LHC

Model Data set Minimum | Prob- mo mi /o Ao tan 8
x?/d.o.f. | ability | (GeV) | (GeV) | (GeV)

CMSSM pre-LHC 21.5/20 B e 90 360 -400 15
LHC, /s, 3150/23 12% 1120 1870 1220 46
ATLAS;5 /¢, (low) 32.8/23 8.5% 300 910 1320 16
ATLAS; /41, (high) 33.0/23 8.0% 1070 1890 1020 45
NUHM1 pre-LHC 20.8/18 29 % 110 340 520 13
LHC /s, 28.9/22 15% 270 920 1730 2
ATLAS; /g1, (low) 3458722 9.1% 240 970 1860 16
ATLAS; /41, (high) 31.8/22 8.1% 1010 2810 2080 39

p-value of SM = 9% (32.7/23) - but note: does not include dark matter

Buchmueller, Cavanaugh, Citron, De Roeck, Dolan, Ellis,
Flacher, Heinemeyer, Isidori, Marrouche, Martinez Santos,
Nakach, Olive, Rogerson, Ronga, de Vries, Weiglein
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New Higgs Mass Calculations
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New Higgs Mass Calculations
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Something left?
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Ax? map of mg - mip plane
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Elastic cross sections
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May require more general models
which are concordant with LHGC MET;
Higgs; and Bs = ufus; and Dark -Matter
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May require more general models
which are concordant with LHGC MET;
Higgs; and Bs = ufus; and Dark -Matter

Other Possibllities

x NUHMT,2: mi2 = mae= # Mo?%, Mi2 £ Ma% % Mo?
® | and/or ma free
. subGUT models: Min < MguT

n Wwith or without mSUGRA
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Moving beyond the CMSSM-like models




Moving beyond the CMSSM-like models

Models with
Strongly Stabilized Moduli;
Pure Gravity Mediation (PGM)




Moving beyond the CMSSM-like models

Models with
Strongly Stabilized Moduli;
Pure Gravity Mediation (PGM)

= Usually ignored in phenomenological studies of the
MSSM

» [N general; many moduli;
x \/olume Modulus: destablilization

» Polonyi-like fields: cosmological entropy production;
gravitino production; LSP production....
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Consider a Polonyi-like modulus
but with a hon-minimal Kinetic term

BRI
K =7Z7Z ( 2)
A Ding et al,
and Polonyi superpotential Kitano
RAEE R S

Az 1
<Z>Min2%, (=10, u:ﬁ
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[PaEt @R PRAENOMENOIOC

- K/2
mgz/o = (e /
2
m A >
294 A2
SRIEISCAIAlTIaSSES:! m(Q) — m3
1

ANEN IS Ay ~ 57713/2A2 +

dU{IJONTIESSES anomalies
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[PaEt @R PRAENOMENOIOC

mgz/o = <6K/2

12m3

m & =>>

<y X A2

()()T S l lJ333:» m(2) . m3
1
ANEIS Ag =~ 57713/2A2 +

dU{IJONTIESSES anomalies

Massive scalar sector as in
susy, with anomaly mediation
A-terms and gaugino masses
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Pure Gravity Mediation

® [wo parameter model!
x Mo = Mape; tan

= gaugino masses (and A-terms) generated through

En LR

95

e TEas s
>
93
Mgre=3 :
: fGr2. 02

= = Push towards very large masses
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Pure Gravity Mediation

®x [he sfermion and gravitino have masses O(100) TeV.

= [he higgsino and the heavier Higgs boson also have
masses O(100) TeV.

® [he gaugino masses are in the range of hundreds to
thousands of GeV.

» [he LSP is the neutral wino which is nearly degenerate
with the charged wino.

» [he lightest Higgs boson mass Is consistent with the
observed Higgs-like boson, i.e. mn ~ 125 - 126 GeV.
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No Electroweak Symmetry Breaking
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Somewhat more freecormswWith:
non-universal HiggsS masse
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Omenolodical AsSpe
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Dark Matter

eDark matter is something else {axion)

o| SPs from gravitino or moduli (£) decay
oMz ~ 650 TeV. and @h< =~ 0.1

T
O Wi n gd X i
& m3/2 i (TGV )( 1010G6V)
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@ther Phenomenological Aspe
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Summary

» | HC susy and Higgs searchs have pushed CMSSM-like
models to “corners”

= [hough many phenomenological solutions are still viable
= Models with strong moduli-stabilization:

= easier for inflation,

= NO cosmological problems

= interesting phenomenology

x Heavy scalar spectrum with anomaly mediated gaugino
Masses

»x Challenge lies in detection strategies
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