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Evidence for Dark Matter in the Universe




Evidence for Dark Matter in the Universe
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What is
the identity of
Dark Matter?
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Supersymmetric Dark Matter Candiates
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\'| LSP Dark Matter: Production, Constraints, Experiments
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\| LSP Dark Matter: Production, Constraints, Experiments
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\| LSP Dark Matter: Production, Constraints, Experiments

LSP imteraction production constraints
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production

constraints

LSP Interaction
X1 g. g WIMNP - cold

weak

fr+w-jt-tallf

( Qo = Qp is posﬁiljle!!!)

Pirsa: 08050056

i S

2ch? = mw Y5 5(Ty) 2 /p

1II'-- 1 \L 1
tan 8 =10, A = 0, i > |
2000 | S '-J:ﬂ?;. h* =0 105" ;:__,J E
1000 - .
500 | o
3 g
O 200 | s
g 100 -
50 1 -, LSP
. : i
=4 ¥ =y
- i =
W = I =
4 ! =
10 & : - h
100 200 500 1000 2000 D000
\_ My/3 [GeV]
Page 11/121




\| LSP Dark Matter: Production, Constraints, Experiments

LSP interaction production constraints  experiments
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Supersymmetric Dark Matter Candiates
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The Supergrawty Lagranglan (N-I d=4)
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LSP Dark Matter: Production, Constraints, Experiments
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Upper Limits on the Reheating Temperature
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LSP Dark Matter: Production, Constraints, Experiments

LSP interaction production constraints  expermments
X1 g. g WIMP — cold indirect detection EGRET. GLAST
weak freeze ot direct detection (cres=T EDELWEISS
Vg =~ LU0 Ced pr d. Qcolliders (revarron. Lue. 1L
4
( ( L—) therm. prod. — cold o 2
extremelyv weak (_\'L.‘*[’ decavs — 11';11119
Ll N:S Eev NLSP"‘I._SP"'"SM
- T <10 GeV
" : _ N
NLSP Candidates | = lightest neutralino \
: NLSP _» 1
o lighter stau Niais Giik
ITI.« T' = 20
o lighter stop
Pirsa: 08050056 * |ig‘htESt sneutrino 4 -

Fdayt 1orlzl

i




LSP Dark Matter: Production, Constraints, Experiments
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LSP Dark Matter: Production, Constraints, Experiments
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[FDS. '06]

Constraints from Observ./Simul. of Cosmic Structures

Probe/ Observable AN DA [ r';_x,:l'ﬁ"'sz:{';":_u Ref.
Dwart spheroidal galaxies 0.7 keV .06 km /s

Lvman-a forest at = ~ 3 (.75 keV 0.05 km /s

Lvman-a forest at =z ~ (2 —3) .55 keV 0.08 km /s

Supermassive black hole at = ~ 3.5 0.5 keV (.09 km/s

Cosmological reionization bv z ~ 5.8  (0.75 keV (.05 km/s

(Cosmological relonization at = ~ 17 10 keV 0.002 km/s )

Collisionless CDM  ——  Too Much Power on Small Seales (Z 1 Mpe)

® ¢xcess in the mmumnber of low mass halos

e overdensity of halo cores
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Free Streaming of Gravitinos from Thermal Production
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LSP Dark Matter: Production, Constraints, Experiments
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LSP Dark Matter: Production, Constraints, Experiments

LSP interaction production constraints  experiments
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Signatures of Gravitinos in Experiments

Direct Detection of G

Direct Production of ¢
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Signatures of Gravitinos in Experiments

Direct Detection of G [Drees, Tata, ‘88, Nisati, Petrarca, Salvini, '97,

Ambrosanio, Kribs, Martin, '97. Feng, Moroi. 98,

Direct Production of G Martin.Wells, '99. Ambrosanio et al., 01, ...]
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[from Gershtein’s Talk, SUSY2007]
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The Large Hadron Collider




“Stable” Charged Massive Particle @ LHC
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For comparison ...
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Neutralino Dark Matter Production @ CMS
= Ermissing=360 GeV

E+(1)=330 GeV

T o
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Neutralino LSP Pair
[from M. Tytgats Talk. SUSY 2007]




Neutralino DM Production at the LHC
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Signatures of Gravitinos in Experiments

Direct Detection of GG

[)i!'t‘f'f ['1':}| lllt'FiHIL lli- (1:

* “stable” charged sparticles

2009
LHC particle detector

\

- The signal:
jets + leptons

+ 2 “stable”
charged particles

procon

¥

proton




[ long-lived NLSP J(—

5 10 20 ) Lo 200 A TOOK

Pirsa: 08050056 Page 38/121



Big-Bang Nucleosynthesis

Barvon densin !.lﬂf':r—h
IS i iz 04

= |
-

_'_ . 4 3 4] j - +

Barvon-to-photon ratio 1) < 1D

[Particle Data Book 2006]
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Big-Bang Nucleosynthesis

Barvon densin !..lﬂf:r—h
IS il in: AL

£ B

....1!!"]!1‘1
-

[.... Reno, Seckel, '88, Dimopoulos et al., '88 & '89, ... Ellis et al., 04,
Jedamzik, '04, Kawasaki, Kohri, Moroi, ‘05, Feng, Su, Takayama, '04,
Roszkowski et al., ‘05, Cerdeno et al., ‘06, FDS '06, Jedamzik, ‘06, ...]
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Big-Bang Nucleosynthesis
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Big-Bang Nucleosynthesis
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Barvon-to-photon ratio 1 < 107"

[Particle Data Book 2006]
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[FDS, '06]
Cosmological Constraints — Qpn & BBN
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ms [TeV]

irsa.

[FDS. '06]
Cosmological Constraints — Qpn & BBN
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Catalyzed BBN [Pospelov, '06]

Recent Result: [Hamaguchi et al.,'07]

[Cyburt et al.,’06; FDS, '06; Pradler, FDS, '07;
Kawasaki, Kohri, Moroi, '07; Takayama, '07; Jedamzik, '07;
Pradler, FDS, arXiv:0710.2213 & arXiv:0710.4548; ...]
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'07: Pradler, FDS, arXiv:0710.221 3]

Catalyzed Big Bang Nucleosynthesis (CBBN)

(*HeX )+ D — °Li+ X

[Pospelov, '06]
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Comparison of [Pradler. FDS. arXiv:0710.2213] With [Jedamzik. arXiv:0710.5153]
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Cosmological Constraints — Qpn & BBN
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Gravitino DM @ LHC <«<—— Stau NLSP
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Signatures of Gravitinos in Experiments

Direct Detection of ¢

Direct Production of ¢

-~

% “stable” charged sparticies % long-lived charged sparticles
2009 2017 particle detector
LHC particle detector / stau ILC = ravitino
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Gravitino DM @ LHC «<—— Stau NLSP
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Signatures of Gravitinos in Experiments

Direct Detection of ¢

Direct Production of ¢
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(; LSP — Planck Scale Mp; & Gravitino Mass m
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(; LSP  — Planck Scale Mp; & Gravitino Mass m -
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[Pradler, FDS. '06]

Probing the Viability of Chermal Leptogenesat Colliders
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Can one identify

the gravitino LSP

experimentally?
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Can one identify

the gravitino LSP

experimentally?

MP| Measurement
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... requires Emé > 0.1ma [.... Martyn, 06, ...]
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Gravitino DM with a GeV scale mass
(as obtained in gravity med. SUSY breaking)
could be very difficult to probe at the LHC

[Cyburt et al.. astro-ph/0608562. Pradler, FDS, hep-ph/0612291 & arXiv:0710.4548]
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Gravitino DM with a GeV scale mass
(as obtained in gravity med. SUSY breaking)
could be very difficult to probe at the LHC

[Cyburt et al.. astro-ph/0608562, Pradler, FDS, hep-ph/06 12291 & arXiv:0710.4548]
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Warning:

Standard
Cosmological
History
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Late-Time Entropy Production
[Pradler. FDS, hep-ph/06 12291, Hamaguchi et al., hep-ph/0702274]
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LSP Dark Matter: Production, Constraints, Experiments

LSP interaction production constraints  experiments

X1 g g WIMP — cold indirect detection EGRET GLAST
wf.;ik g‘n-pz.a o1t 1“]1-{'! :iwh'i‘linu CCRESEST. EDELWEISS
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& (—) therm. prod. — cold r prod. at colliders
extremely weak NLSP decavs — warm — 7 collection
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Supersymmetric Dark Matter Candiates

P 1D miass imteraction
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r‘" N\
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« strong C'P the axion model extremelv weak
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LSP Dark Matter: Production, Constraints, Experiments

LSP interaction production constraints  experiments
r-_' g, o WIMNP — cold indirect detection screT. GLAST
weak freeze out direct detection crRe=<T. EDELWELssS
Vg ~ 100 GeV prod. Geolliders | Tevatron. LHC. 1L

e ; Fi

& ( T] therm. prod. — cold T prod. at colliders (Luc. 1
extremelyv weak NLSP decavs — warm — 7 collection
Mpy = 214 < 1uls Guy BBN — 7 decav analvsis: m~. Mpy (7)

( (—‘—) therm. prod. — cold r prod. at colliders (Lus
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1o Gay BBN +~ 7 decav analvsis: ma. [,
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Thermal a Production
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LSP Dark Matter: Production, Constraints, Experiments

LSy interaction production constraints  experiments
X1 o, g WIMNP — cold indirect detection ecreT. Grast
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Can one distinguish between

@& LSP and G LSP

experimentally?
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('ovi. Hamaenuchi. R

B

Can one distinguish between the r}f.f(? LSP Scenarios?

e Lifetime of the NLSP

i = L5P

‘__;_.: LSpP _ m=.m 15_” meg. .f”

O(0.01 sec) < r4LSP < O(10 h)

-

fu ~ 10" GeV fa ~ 10 GeV
= S
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2017 particle detector
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3-Body Decays
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I'he 3-Body Decays

0 Xy

tau photon

axino/gravitino

i = LSP: 7g

n’-:l..’;“ « T 7 (7 )

F

dr- dcos#
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Axino LSP Scenario Gravitino LSP Scenario
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I'he 3-Body Decays
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Axino LSP Scenario
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Drandenbure. ('ovi. Hamaeuachl. RRoszkowsk:, FDS, ()

a LSP — Peccei—Quinn Scale f, & Axino Mass m;

A hadronic (KSVZ) axion model i
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Drandenbure. ('ovi Hamaeuchl. Roszkowsk:, FDS

a LSP — Peccei—Quinn Scale f, & Axino Mass m;

= hadronic (KSVZ) axion model b
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Bounds on the Peccei-Quinn Scale
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Bounds on the Peccei-Quinn Scale
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Supersymmetric Dark Matter Candidates

LS Interaction production constraints  experiments
\1 g. g WIMP — cold indirect detection EGRET. GrLasT
weak freeze out direct detection  ¢RESST. EDELWELSS
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