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‘ Outline I

e Introduction
* Neutralino Dark Matter

* Review of mSUGRA

e Non-universal Gaugino Mass Models
+ Mixed Wino Dark Matter (MWDM): JHEP 0507 (2005) 065

*x Bino-Wino Co-Annihilation Scenario (BWCA): JHEP 0512 (2005) 011
« Low M3 Dark Matter (LM3DM): JHEP 0604 (2006) 041

x High M2 Dark Matter (HM2DM):
H. Baer, A. Mustafayev, H. Summy and X. Tata JHEP 0710 (2007) 088

e Direct/Indirect Detection of Dark Matter in NUGM Models: in progress

e (Collider Searches for Dark Matter in NUGM Models

e (Conclusions
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‘Neutralino Dark Matter I

e Dark Matter should be non-baryonic (no candidate in the SM),
non-relativistic (cold) stable matter

e Flat universes in the AC DM cosmological model are characterized by baryon
density, matter density, vacuum density, expansion rate(h)

e From the WMAP results, the cold dark matter density of the universe is
Qcparh? = 01117001 (upper bound is a tight constraint on SUSY models
containing DM candidates)

e In SUSY models with R-parity conservation
= the Lightest Supersymmetric Particle(LSP) is absolutely stable

= lightest neutralino Z, is the LSP in most of MSSM parameter space
— 7, is good candidate for Cold Dark Matter (CDM)

e number density is governed by Boltzmann equation,
dn/dt = —3Hn — (ov.)(n* — nd)
= requires evaluating many thousands Feynman diagrams

e [saReD program
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‘ WMAP allowed Regions in mSUGRA I

e Parameter Space :
mo, MmMy/2, A07 tan67 SZgn(M)
e WMAP allowed Regions :

(Green colored regions)

MSUGRA, A,=0, tanfi=45, u<0

Region 1. 7 co-annihilation region at low mg

Region 2. bulk region at low mg and my /o
— light sleptons (LEP2 excluded)
Region 3. A-funnel

— H, A resonance annihilation

] 1000 2000 3000 4000 5000

Region 4. FP/HB region at large mg, small  Pmycen
Dlpl=de” GeV cm™ s S e (S/B),,=0.01
e D01=10"" em? s @*)=40kmE yr! m =114.4 GeV
,LL e B (0140 e ! - T{Z,p)=10" pb
— mixed higgsino dark matter (MHDM) AR
e Limitation of mSUGRA : H. Baer et al., JCAP 0408 (2004) 005

In most of the parameter space of the mSUGRA model, a value of neutralino
relic density is beyond the WMAP bound Qcpah® = 0.11170011
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‘Non—Universal Gaugino Mass Models I

o M, My, M3 are gauginos of U(1), SU(2) and SU (3) respectively

e In mSUGRA : minimal gauge kinetic function fap
— equal gaugino masses at GUT scale : My = My = M3 = m; o
e NMotivation for non-universal gaugino mass models :

— non-minimal f4p in SUGRA models,
e.g. fap ©1,24,75,200 in SU(5) SUSY GUTs

— various string models, e.g. KKLT model

— extra-dim SUSY GUTs with gaugino mediated SUSY breaking,
e.g. Dermisek-Mafi SO(10) model

e Generally, the lightest neutralino mass eigenstate is determined by the
content of the LSP z; = U§1)¢h3 + vél)whg + i A5 + v Ao

Here, R = [v], Ry = [0{| and Ry = /|02 + [v{V[2 : W-ino, B-ino and
Higgsino
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‘Non—Universal Gaugino Mass Models I

e Several ways which can increase the annihilation rate of a LSP without

gaugino mass universality

— by increasing the wino content of the LSP by reducing the ratio Ms/M;
(MWDM) : — My # My = M3 = my 9 or My # M; = M3 = m; o
— parameter space : mq, my /2, Mi(or M), Ao, tans3, sign(u)

— by allowing co-annihilation between high bino-like and wino-like states
(BWCA scenario) : — M; and M> are of opposite sign
— parameter space : mq, my /2, Mi(or M), Ao, tans3, sign(u)

— by increasing the higgsino content of the LSP by decreasing the gluino

111aSS (LMSDM) . — M3 7& M1 — M2 — m1/2
— parameter space : mq, my /2, M3, Ag, tan3, sign(u)
— by allowing large Ms mass (HM2DM) : — My >> My = M3z = my s

— parameter space : mq, my /2, M2, Ao, tan3, sign(u)
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‘NUGM Models - MWDM, BWCA I

m, =300GeV, m

=300GeV, tan 3 =10, A0 =0, p >0, m, =178GeV
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‘NUGM Models - LM3DM I

m,=300 GeV, m ,=300 GeV, tanp=10, A =0, p>0, m=175 GeV
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m, =300GeV, my, =300GeV, tanp=10, AU =0, pu >0, m, =171.4GeV
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NUGM Models - HM2DM

Mo ZH00GEY, My Z300GE, 1RG0 A, 20,120 M ALY m ) =300GeV, m,, =300GeV, tanB=10, A; =0, p >0, m, =171.4GeV

1000

=
[
S
@
8
g 800 M, |
o
©
o
[%]
[%]
g ——  mSUGRA
600 - E
----- HM2DM
400 - g
" |
My |
0 \ \ Y "l \ \ \ \ d 1ol \ \ \ d
3 5 7 9 11 13 15
10°  10° 10" 10° 107 1207 10

Q (Gev)

m, =300GeV, my, =300GeV, tanf=10, AO =0, p >0, m, =171.4GeV

mass parameters (GeV)

700 -

650 [

o
S
S
T
=
-
|

o
o
S
T
|

500 [ 3
450 - e

400 |- ]
: :

350 -

\\ \ \:
\ N\
\ \ N
E l\\\\\\\\\? Il Il ‘ Il Il Il Il ‘ Il Il V\\\\\\\\\\ \ \\\}\\ Il | Il ‘ Il Il Il Il ‘ Il Il Il L ‘ \}}\\\:
-3 2 1 0 1 2 3
r 1 e S
€09 £\ NN N
0.8 E\\ NN N
E NN \ \ N
e EN N \
£ ENN NN N
0.5 =\ NN N
0.4 E\\ NN AN
03 EN\ NN N
0.2 ?\&3\\ \ \\\:\\ \\s
0.1 EN\ NN N\
O E I \\\ 1 L ‘ L L L L ‘ L L \\ L L L ‘ L L L L ‘ L L L L ‘ \N\
-3 2 1 0 1 2 3

r,=M,/m,,
large Mo — reduced effect on
m%{u at weak scale — smaller u
= MHDM!
large L.-R splitting in squark and

slepton sector

Eun-Kyung Park

DM Detection tn SUSY models without Gaugino Mass Unwversality



DESY, Haomburg Dec. 5, 2007

| MSSM RGEs I

dm3 2 3 o
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dt 167T2< 51 7 gl 37 t)
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where t = log(Q), ft», are the t, b and 7 Yukawa couplings, and

X: = mQQ3 + mt%R + m?{u + A?

2 2 2 2
Xy = ULToN + mg o —|‘de + Ay
X = mi3 + miR + m?{d + Ai
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‘ Direct and Indirect Dark Matter Detection I

e Direct Detection

Spin independent Neutralino-Proton scattering Cross section
— Underground cryogenic or noble liquid detectors

— current best limit by XENON-10

— Projected reaches : SuperCDMS, LUX, XENON-1 ton

e Indirect Detection
— Detection of p : Neutrinos from the Sun - Antares, [ceCube
Z1Zy = WIW™,qq,... > (") = Uu(vy) — p= (1)
— Detection of antiparticles : Z1Z1 — WTW~,qq,ZZ, ... — jets
—Antiprotons (jets 5 p) : BESS, AMS-02, PAMELA

—Positrons (jets > e™) : HEAT, AMS-02, PAMELA
—Antideuterons (jets > D) : BESS, AMS-02, GAPS

— Detection of Gamma Rays from the galactic center - EGRET, GLAST
e IsaRES code and DarkSUSY
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‘Feynman Diagrams Contributing to Neutralino DM Detection I

e Direct Detection

Z, Z, Z, Z,
\/ 4 &
| q
'Hh N z
/\ q q
q q q q
e Indirect Detection
p,D
Zl f Zl W— q
Z———
r A z ’
I S NS A ~ q
| W1,2 et
- w
z1 f 21 i ——>——
Z; f
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‘Direct Detection Rates for NUGM Models I

Spin-independent Direct Detection

= T TTI

||||||||||||||||||||||||||||||||||||||||

o, (Pb)

| IIIIIII| | IIIIIII| | IIIILIlJ | IIIIIII|

e mMSUGRA:p > 0 MWDM1 HM2DM : M, > 0
e mMSUGRA:p <0 o MWDM2 ¢ HM2DM:M, <0
o NUHM1, BWCA2  —— XENON-10
o NUHM1, LMzDwe SarthMa2big
== LUX 300 kg
---- XENON-1 ton
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‘WTN Models with Projected Direct Detection Reaches I
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‘Indireet Detection Rates from neutrino telescopes I

Neutrino Detection
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‘Indirect Detection Rates from Halo Annihilations I

Gamma-ray Detection : Ad. Contr, NO3 HM

-5
10 % T LI B B B T T T T T T T T T %
-8 4 7
e =
o 10 b _;
8 10w’ L é
3 -8 = .
~ 10 ) . =
= aF R, . B2 «GLAST: E,>1GeV]
- TR DL it SRR USSR OSSN s s SR -
e b . E
IU-?Z 1 Il | 1 1 1 | 1 .\ | 1 1 1 | 1 1 | 1 1 1 | Il 1 1 E
200 400 &0 500 1000 1200 1400
m_(GeV)
o
Positron Detection : Ad. Contr. N03 HM
_— -7
.h 14 T T T T LI L B B | T T T T T E
QR . Pamela : ~20GeV ]
~ =palel - el S "“'“""“'“'“'“'“'“'“'“""“""“'E
& 3
~
e -
3 3
5 r 1
-73 i E
N E
Y Io-f" ] 1 L | 1 1 1 | 1 L | 1 1 1 | 1 1 | 1 1 1 | L 1 1 B
% 200 400 &6 860 1000 1200 1400
m_{(GeV)
o
¢ mMSUGRA:n > 0 MWDM1 HM2DM : M, > O
e mMSUGRA:n < 0 MWDM2 s HM2DM:M, < 0
® NUHM1 BWCAZ
% NUHM1 LM3DM

A% dEAO (GeV em s sr )

dDP/ dEAQ (GeV " em 5 sr ™)

Anti-proton Detection : Ad, Contr. NO3 HM

-5
10 % LA B T T T LA B T T T T %
0k 3
ey Pamela : E ~ 20 GeV 3
)‘O E A B =
E s 3
-0 [ 5 - » B
19 e . a E
e I A i ]
1] E - =
az | 3
g E_ —E
10-13 1 1 1 | 1 Il | 1 1 1 | Il 1 | 1 1 1 | Il 1 | 1 1 1 B
200 460 &00 864 10080 1208 1400
m_{GeV)
Anti-deuteron Detection : Ad. Contr. N03 HM
-8
10 L — T T T T T T T T 3
I v 3
"o E
A ) 3
L GAPS T-=0.1-0.25GeVs
10-12 :_-l e TRal Y _E
sl N 3
L 3 E
i g 3
19 . =
215 i 3
10 E —§
’O-fg E 1 1 1 | 1 L | 1 ] 1 | L 1 | 1 1 1 | L 1 | 1 1 1 g
260 4060 &850 les] 1660 1200 1450
m_ {GeV)
® mSUGRA : p = MWDM1 HM2DM : M, = 0
s mMSUGRA:n < MWDM2 s HM2DM: M <0
® NUHM1 BWCA2
@ NUHMA1 LM3DM

Eun-Kyung Park

DM Detection tn SUSY models without Gaugino Mass Unwversality

17



DESY, Haomburg Dec. 5, 2007

‘Some Halo Density Profiles I
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‘ Dark Matter at Colliders I

e CERN LHC and Fermilab Tevatron

— If Zy — 1, Il — Z1ll or Zs — 7411 are open (I = e or u)
— good prospects for measuring the Z> - Z; mass gap at the CERN LHC and
possibly at the Fermilab Tevatron

— In the mSUGRA case, most of the parameter space has mz —mz > 90 GeV,
— Zg — Zl Z9 or Zlh “spoiler” decays dominant

— When the mass gap is much smaller

x spoiler decays are closed, 3-body decays are open

% (] mass edge always visible at LHC
o Linear e"e™ collider(ILC)

— Mg, , My, and myz can be inferred from V~V1+V~V1_ — Z‘WZ + chZl
(dijet events)

— W Wy, Z1Zs, ZsZs production cross sections can be measured as a function of
beam polarization: Pr(e” ) = fr — fr

(fr.r : fraction of left(right) polarized electron in the beam)
e ISAJET program
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‘Dilepton Distribution at LHC I
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Cross Section for W; W, and ZLZ] Production at ILC
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‘ Conclusions I

e Most of mSUGRA parameter space is excluded by WMAP bound

e New perspectives open with gaugino mass non-universalities in SUGRA

e If DM in nature is indeed composed of SUSY models with non-universal gaugino
masses (MWDM(Ml ~ MQ), BWCA DM(Ml ~ —MQ), LMSDM(|M3| <L M; ~ M2>
or HM2DM (|Mz| > Mi ~ Ms3))

Zy — Zy and W1 — Z; mass gaps are reduced compared to the case with gaugino

mass universality
Direct and Indirect detection experiments may discriminate these scenarios

CERN LHC should be able to measure mgz and m; — mjz mass gap from

dilepton distribution from Zy — 174 decay (spoiler 2-body decay closed)

At ILC, V~V1+ Wl_, Z1Z, ZoZo production cross sections as a function of beam

polarization should be able to measurable.

e Where the neutralino composition is adjusted to give the WMAP value,

neutralino is typically of the mixed bino-wino or mixed bino-higgsino states

enhanced neutralino annihilation rates — direct and indirect detection rates

enhanced
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