Supersymmetric Dark Matter
and SuperGUT Unification
Models
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How Much Dark Matter

WMAP 7 Komatsu etal

Precise bounds on matter content
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How Much Dark Matter

WMAP 7 Komatsu etal

Precise bounds on matter content

QmhZ =0.1334+ 00056 Qph2=0.0226 + 0.0006

QcdmhZ =0.1109 =+ 0.0056

or

Qcdm h2 =0.0997 - 0.1221 (2 o)

Tuesday, August 24, 2010



Staple DM candidate
1) Neutralines

Excludsael (unlesss zieclel L-vialtirie) trrris)

3) Orirjer:

AXNCS. Giravitinos, site

' P B
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The Constrained and Very
Constrained MSSM

x CMSSM - as a 4+ parameter theory
x V/CMSSM models =3+ parameter theory (nSUGRA)

x No-Scale models = 1+ parameter theory

x SuperGUT theories = unification at some input scale
Min > Maut = plus GUT parameters.
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SUSY Superpotential + Soft terms

h,HoQu" + hyHQa :

1 _ -
S M ATA = mi

—AuhuHQQUC — AdhdHlec — AeheHlLeC — B,[LHQHl - h.c.

['soft
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SUSY Superpotential + Soft terms

ho HaQu® 4+ hgH1Qa - .

1 _ -
S M ATA = mi

—AuhuHQQUC — AdhdHlec — AeheHlLeC — B,[LHQHl - h.c.

- (3) - (9)

['soft
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SUSY Superpotential + Soft terms

hy HyQuE + hyH; Qa
1 —
S MDA = ml 6 7
—AuhuHQQUC — AdhdHlec — AeheHlLec — B,[LHQHl - h.c.

- (3) - (9)

Lsoft

R-parity conservation assumed ...... (sorry Herbie)
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CMSSM Unification Conditions

Gaugino masses: M= mi/s
Scalar masses: m;=my predict w, B

Trilinear terms: A=Ay
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CMSSM Unification Conditions

Gaugino masses: M= mi/s
Scalar masses: m;=my predict w, B

Trilinear terms: A=Ay

MSUGRA Unification Conditions

Gravitino masses: ms/2 = mo

Bilinear term: Bg = Ag-my predict u, tan f3
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M1/2 = 110 planes
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MCMG Analysis
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Ay? map of mg - mip plane
Mastercode

500 1000 1500 2000 2500
m, [GeV/c?]

Buchmueller, Cavanaugh, De Roeck, Ellis, Flacher,
| C M SS M Heinemeyer, Isidori, Olive, Ronga, Weiglein
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x Mass spectrum of best
fit point Is relatively light
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Elastic cross section for

direct detection
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tan 6 = 10

Uncertainties due to 2.n
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Elastic cross section from
MCMC analysis

Mastercode
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Indirect Detection in the CMSSM
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Spin-lndependent contibution to

capture in the sun
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MSUGRA Moadels

tan 3 fixed by boundary conditions (By:= Ap - my)
“planes” determined by Ag/mj

Gravitino often the ESP (375 = my)

No Funnels

No Focus Point
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Minimal Supergravity Models

e.g. Barbieri, Ferrara, Savoy

Nilles, Srednicki, Wyler

G=qq*+2z2z5+1In W2 W=12)+ g

%8|, ms,, ‘ 1c.|+n

am 0’)¢ 3/2 /Y

39 for trilinear terms
29 for bilinear terms

For Polonyi models <z> = /3 -1, and

mo = m3/2 ; Ap = (3 - {8) mp; Bo = Ag - mg
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In the CMSSM, any choice
of B/tan f is allowed.

[he condition
Bo = AQ - mQ restricts

- tan 3 to a specific value.
o tree level
/ l 1 -loop
_100/ _
—150- LR L B [ L I B [T T Tt |"':
5 10 20 30 40 50 55
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M1/2 - Mo Planes
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Elastic cross section for
direct detection
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- VCMSSM (mSUGRA)

Tuesday, August 24, 2010




K
G o= i
K = -3Miln
i
V = b 3
1
m,\:

Giraviiino rrneass sai
inclependeantly frorr
M2 anc o

Tuesday, August 24, 2010



mi; - mo planes with Agp = Bo =0
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Super GUT Models

Ellis, Mustafayev, Olive
also: Polonsky + Pomerol;
Calibbl, Mambrini, Vempati;
Carquin, Ellis, Gomez, Lola,
Rodriguez-Quintero

= \What if the input scale for supersymmetry breaking, Min, IS
> Maurt?

x Additional RGE running (between Min and Mgur) implies
more splitting between sparticle masses

x co-annihilation region squeezed to lower mi2 - (due to
increased splitting at high Min)

x focus point region shifts to higher mo - (due to increased
running of soft Higgs masses at high Min)

x funnel region persist to low me and may remain
consistent with g-2
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GU T Superpotential

e, couplings: A and A’

A aiieCiS running of soft Higgs masses,
adjoinandyakawas A" affects only. the
clelfeinie *
NEWISEIRIESSESIENENINENTIS
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GU T Superpotential

New . couplings: A and A’

AIECIS running of soft Higgs masses,
A@|eIEaneYUkawas SIA" affects only the
cleljeinis
NEVWISEIIMIIASSESIANE@NINENTIS

Model Specified by 7+ parameters
o, m1/27 A07 Mina )‘7 )\/7 tanﬁ? Sgn(:u)

mgy, = Mio,1 = My = Mio = My — My, = My
Az = Ao = A, = Ay
Ms

[T
=
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Evolution of mass parameters near coanninilation region
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Evolution of mass parameters near focus point
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[R1/2 = Mo p\anes
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[R1/2 = [T p\anes
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M1/2 - Mo Planes
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- SuperGUT CMSSM Ellis, Mustafayev, Olive
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No-Scale Supergravity. Models

x Phenomenologically viable only: if-the input scale for
supersymmetry breaking, Min, 1S > Mcut

x co-anninilation region responsible for relic density
x focus point no longer defined (mo = 0)
x funnel region not present with neutralino LSP

® (Gravitino mass not determined
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Same GUIT

Superpotential
TrY? + %X e T HS Aﬂlai’%ﬂg

Ao A NS .
10)7:j€a575§¢?6¢} Hg T (hg)z’j%aﬂ(bjaHlﬁ

No-Scale mModelS reqUIrEITIEAGERSTEN0

E= Mg = My, =My, =My = my =70,
A = A1 =A\=Ay = Ayg=0,
Bsx. =By = By=0,

Ms = mq .

d by 4+ parameters
ina )‘7 >‘/7 Sgn(:u)
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Same GU T

Superpotential

N Ty 3 E ,uHﬂmﬂg i >\7:l1a53g7:f§
O
3oc SV HS + (hg) it dja Mg

No-Scale models require Mot =I1=o a0

Mio = MHy = My, =My = TNy = O,
Ag:Al():A)\:AX = A():O,
BZ = BH = BO — O,
But really, Ms = mp .

)eC 1eC by 3+ parame’tefs
/25 Mi’n7 )\/)\,7 Sgn(,u)
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As in MSUGRA models, tanp determlned (new.from
Blop=N0)

But Bo = 0/1s a.condition appliedativiiz
VISSIVI Bl parameterrmustnewioeimatchec NoNE Ui
P2AlEMELENS

UL

BZ) BH

O
B = BH Iu)\’ [(BZ o A)\/)(QBZ — AA/) + m%}

Borzumati + Takahashi
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M1/2 - Min planes

(Mo = Ao = Bo




ik
DN |

>
)
S
=
=
o0
=)
-

Log (M;, (GeV))

1000 1000

m1/2 (GeV) m1/2 (GeV)

- No-Scale Supergravity Ellis, Mustafayev, Olive

Tuesday, August 24, 2010




M1/2 - Min planes
(Mo = Ao = Bo= 0)
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M1/2 - Min planes
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M1/2 - Min planes
(Mo = Ao = Bo= 0)
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Detection prospects
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Summary

x CMSSM-mSUGRA - different theories
x focus point/funnels absent in MSUGRA
x Gravitino often the LSP in mSUGRA

x No real reason for:Min = Maur

x Min > Mecur can restore the phenomenological
viability of No-Scale Supergravity models

x Differentiating between these will be a challenge
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