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Why Supersymmetry?

= Gauge Hierarchy Problem




Gauge Hierarchy Problem
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Gauge Hierarchy Problem
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Scalar masses corrected by loops
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Set it and Forget 1t!
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Why Supersymmetry?

= Gauge Hierarchy Problem

x  Gauge Coupling Unification
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Why Supersymmetry?

= (Gauge Hierarchy Problem
= Gauge Goupling Unification

x  Dark Matter
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(Supe Symmetric fic) Dark Matter
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The Standard Model
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What 1s Q|Boson) = |Fermion)
supersymmetry? Q|Fermion) = |Boson)

‘ . scalar — spin 0
Chiral multiplet

e fermion — spin 1/2

) fermion — spin 1/2
Vector multiplet ! bin 1/

Y vector — spin 1

(also gravitational multiplet with

gravitino (spin 3/2) and graviton (spin 2).
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SUSY Dark Matter

MSSM and R-Parity >
Stable DM candidate
1) Neutralinos

Xi = a; B + @:W + ’Yz‘ﬁ1 + 5iﬁ2

2) Sneutrino
Excluded (unless add L-violating terms)

3) Other:

Axinos, Gravitinos, etc
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Why Supersymmetry?

= (Gauge Hierarchy Problem
»x  Gauge Coupling Unification

x  Dark Matter

» |mprovement in low energy phenomenology
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Which Supersymmetric Model?

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




What 1s the MSSM

1) Add minimal number of new particles:
Partners for all SM particles + 1 extra Higgs
EW doublet.

2) Add minimal number of new interactions:

Impose R-parity to eliminate many
UNWANTED interactions.

R = (_1)3B+L+ZS
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SUSY Superpotential + Soft terms

hu .ﬁ..’ d o/ U =

1 —
Looty = _§Ma>\a>‘a_m?j¢z ¢J

_AuhquQuC — AdhdHlec - AeheﬂlLec — BILLHQHl e h.c.
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SUSY Superpotential + Soft terms

ho HayQu® + hqH1Qa : )
1 . -
Looty = _§Ma>\a>‘a — m?j¢z ¢J

—AuhquQ’U,c — AdhdHlec - AeheﬂlLec — BILLHQHl e h.c.

Thursday, July 7, 2011



SUSY Superpotential + Soft terms

1 —
Looty = _§Ma>\a>‘a_m?j¢z ¢J

—AuhquQ’U,c — AdhdHlec - AeheﬂlLec — B/,LHQHl e h.c.

R-parity conservation assumed
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Which Supersymmetric Model?




Which Supersymmetric Model?

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




Which Supersymmetric Model?

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

= (Gaugino mass Unification
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Which Supersymmetric Model?

= MSSM with R-Parity (still more than 100 parameters)
= (Gaugino mass Unification

»x A-term Unification
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Which Supersymmetric Model?

= MSSM with R-Parity (still more than 100 parameters)
= (Gaugino mass Unification
= A-term Unification

x Scalar mass unification
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Which Supersymmetric Model?

= MSSM with R-Parity (still more than 100 parameters)
= (Gaugino mass Unification
= A-term Unification

x Scalar mass unification

® Bo=Ao-mMo(VCMSSM)
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Which Supersymmetric Model?

= MSSM with R-Parity (still more than 100 parameters)
= (Gaugino mass Unification

= A-term Unification

= Scalar mass unification

®x By = Ao - mo(VCMSSM)

x Mo = Mae (MSUGRA)
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The Constrained and Very
Constrained MSSM

x CMSSM - as a 4+ parameter theory
x NUHMT1T - as a 5+ parameter theory
x  VCMSSM models - 3+ parameter theory ImSUGRA)

x  No-Scale models - 1+ parameter theory
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The CMSSM

Parameters: mi/z, Mo, Ao, tan B, sgn(p)
Electroweak Symmetry Breaking conditions:

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

1 .
B = —i(m% Lms +2u7)sin 28 + Ap
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CMSSM Spectra
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The Relic Density

At high temperatures T >>my ;
¥’s in equilibrium I'>H ny~ny
[' ~nov~Tov; HM ~ Vp ~ T2
As T < my ; annihilations drop ny
ny ~ €™/ ny
Until freeze-out, I' < H Nyy/Ny ~ constant

B B
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Position of 1st peak
= Q=1

I(1+1)Cy/2r (uK2)
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Position of 1st peak
= Q=1

Q,h? = 0.1334 + 0.0056
Qph?2 = 0.0226 + 0.0006

Qcdmh? = 0.1109 + 0.0056
or
Qcdm h? =0.0997 - 0.1221 (2 o)
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Typical Regions
No EWSB

Focus point

™ Funnel

stau co-ann.

Bulk

my,, My, = 04 mjy/n
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mi/ - Mo planes
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Foliation in tan [3
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Effective four-fermion Lagrangian

L= XV“V5XQ_@'%(0417; A 0427;75)%' + 3 X X4,
R el i
T O XY XY G T O X XY Qi T Qe XY XG4

The terms proportional to o1, &4, o5, X,
lead to velocity-dependent cross sections

Remaining terms:

x2: Spin-dependent cross section
o3: Spin-independent cross section
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Elastic cross section for

direct adetection
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Miasteiricols - MCMIC

Long list of observables to
constrain CMSSM parameter space

.~ MCMC technigue to sample efficiently the 2 = i J(C(“C; - 1:'();)2
SUSY parameter space, and thereby i ‘

construct the x2 probability function + X" (M) + x*(BR(B, — p))

+ x*(SUSY search limits)

« Combines SoftSusy, FeynHiggs, SuperFla, M (fobs _ pe )2

SM;  JSM;

Buchmueller, Cavanaugh, Colling, De Roeck, Dolan, Ellis,
Flacher, Heinemeyer, Olive, Rogerson, Ronga, Weiglein
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LHC REACH VS CM
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Ax? map of mg - mip plane
Mastercode
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Neutralino mass and Relic
Density from MCMGC analysis
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Elastic cross section from

MCMC analysis
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Effect of Early Results from LHC

CMS preliminary L =36pb’,\s=7 TeV
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my;2 - mo planes incl. LHC
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COMPARISON OF BEST FIT
POINTS PRE AND POST LHC

Model Minimum | Probability my /o mo Ap tan 8 || My, (GeV)

x?/dof (GeV) (GeV) (GeV) (no LEP)
CMSSM pre-LHC || 22.5/19 o BT L i Bty i o SRR T TS T T
post-2010-LHC 26.1/19 13% Al g (e el T S el 115.7
post-Xenon (50 £ 14) || 26.2/20 16% SOt B (AN RS T s S D 1157
NUHM1 pre-LHC 20.5/17 25% 240E50% | 100 SE e gl e AT 119.4
post-2010-LHC 24.1/18 15% B30 2207 | TR OB e e I & SO Bl
post-Xenon (50 + 14) || 24.2/19 19% B0 20t = LI to= 5 i DL el e 117.9
VCMSSM pre-LHC || 22.6/20 31% 300 =60l By 8%3 110.0
post-2010-LHC 27.9/20 11% (R S e AR DT LS P S 115.0
post-Xenon (50 + 14) || 28.1/21 14% L e T S e T B e 115.0
mSUGRA pre-LHC | 29.4/19 6.0% S SO AP () e SRS edes MSIRE 107.8
post-2010-LHC 30.2/20 6.7% G50 = DA 2 e 5 SO S S 122.2
post-Xenon (50 & 14) || 30.3/21 8.6% GO0 S o B e e e aB (e R 122.2

Buchmueller, Cavanaugh, Colling, De Roeck, Dolan, Ellis,

Flacher, Heinemeyer, Isidori, Olive, Rogerson, Ronga, Weiglein
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Most recent result from Xenon100
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Most recent result from Xenon100
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my;2 - mo planes incl. LHC
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my;2 - mo planes incl. LHC
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Indirect Detection

o \eu ' ’
Annihilations in the Sun

e Gamma-rays from Annihilations
in the Galactic Halo
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Indirect Detection in the CMSSM

muon flux (/km?/yr)
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Annihilations in the Hal
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Annihilations 1n the Halo
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Summary

x Frequentist method (no priors) shows strong preference for
relatively light neutralinos, low tan- B, and co-annihilation
region

x| HC beginning to make in significant inroads
= XENON100 also-making inroads (cf. value of 2N )

» |ndirect Detection more difficult - typically sensitive to focus
point region where cross sections are higher
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