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DARK MATTER IN A NUTSHELL

Galaxy Rotation Curves:
A = Predicted B = Observed

Velocity

Distance
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DARK MATTER IN A NUTSHELL

e WMAP data: Qxh? =0.1123 + 0.0175
4.7% baryonic matter, 22% dark matter, 73% dark

energy

e Boltzmann equation
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DARK EXCESSES? (Acc. Exp., D.D )

CDF Collaboration lhepn-ex/1104.06991
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DARK EXCESSES? (Acc. Exp., D.D)

Many possibilities:
o Standard Model effect Sullivan-et-al,~hep-ph/1104.3790
e Stringy origin Anchordoqui et al, hep-ph/1104.2303
@ Technicolor Eichten et al, hep-ph/1104.0976

2-Higgs models Chen et al, hep-ph/1105.2870

@ etc hep-ph/11xx.xxx

Dark Matter interpretation  c.o. Buckley et al,
hep-ph/1104.3145

e ”dark” Z-boson
o x-nucleon scattering oy_, ~ 10~*%cm? (for m, ~ 10GeV)
o Hadrophilic coupling
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DARK EXCESSES? (AsTrO. EXp., D.D.)

WIMP-nucleon cross section oy [cm?]

. Fox et al, 1109.4398/hep-ph
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DARK EXCESSES? (AsTrO. EXp., D.D.)

Tension in XENON and DAMA results
e electrophilic DM Bernabei et al, astro-ph/0712.0562
DAMA sensible also to electron recoil
o leptophilic Fox et al, hep-ph/0811.0399
07.3159

e hadrophilic Kopp et al, hep-ph/09

X ki, N, p,

X, ky N, pu
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DARK EXCESSES? (AsTrRO. Exp. 1.D.)

e ~v-rays observed by Fermi
- inner parsecs unexplained
- leptophilic DM
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DARK EXCESSES? (AsTrRO. Exp. 1.D.)

e ¢"-flux, by PAMELA
- electrophilic, u—philic, 7—philic, ...
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MoTivATION (LEP vs. TEVATRON)
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MoTivATION (LEP vs. TEVATRON)
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MoTivATION (LEP vs. TEVATRON)
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MoTivATION (LEP vs. TEVATRON)

Couplings to leptons only
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MoTivATION (LEP vs. TEVATRON)

ZW

e Luminosity of 1 fb!
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MoTivATION (LEP vs. TEVATRON)
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MoTivATION (LEP vs. TEVATRON)

I |||||||| | !||||||| 1 |||||||| T TTTl
; ---- thermal relic

----------- PR SRR — LEP

<UU>n1ax

(ghad /glep )min

My

Bryan Zaldivar Montero SHEDDING LIGHT ON DM FROM ACCELERATOR PHYSICS



MoTivATION (LEP vs. TEVATRON)
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MoTivATION (LEP vs. TEVATRON)
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MoTivATION (LEP vs. TEVATRON)
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MoTivATION (LEP vs. TEVATRON)
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THE MODELS

91

1
o Effective scales: X s ATI

>\§
>

e Operators:
Ly =3,% L (P 1) (X)) + 3 2 s (q 1) (XVuX)

Lo =Y, @) (00 + 3, T(@d)(xx)
La =3 Ly ) xma™) + X &(@1"7°d) (x00°%)

ﬁtzzljp(ll W) 30, 9% (7X) (xq")

@ Models in lepton sector:
A) Electrophilic couplings: gf = gll mTV _
B) Charged lepton couplings: g;~ """ = g;, gll vi _

i=e,l,T,V;

C) Universal lepton couplings: g, =g

o Universality in hadronic couplings: 92 Hend S = gp.
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ANNIHILATION CROSS-SECTIONS
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IDEA AND EXAMPLE

Requiring
oy 4 g%y > 3 x 107 2%cm3s ~ 2.5.x710 ° GeV 2

assume e.g. m, ~5 GeV, in a model with only electronic
coupling and vector-like interaction:

@ (A¢)min ~ 480 GeV from LEP

@ My >> Mp, My

m2 mi m2 2
o i -9
° oYU A4+37rA;1l_ A4(1+3 e O 10
= I ~ 16 94% ann. rate to hadrons
g1
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NUMERICAL RESULTS

Br, (%)

o from LEP bounds:
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COMBINED ANALYSIS
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COMBINED ANALYSIS
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NUMERICAL RESULTS: UNIVERSAL-LEPTONIC,

VECTOR
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Vectorial coupling xywy fyu f

0 15
Mdm (GeV)

T T T
Vectorial coupling xyu x fyu f

‘WMAP + LEP + TEVATRON

0 5 10 15 20
Mdm (GeV)

Bryan Zaldivar Montero

gh/ge
100 T T T
Vectorial coupling xyux fyn f
10
‘WMAP + LEP
1
-
10
-2
10
-3
10
0 15 20
Mdm (GeV)
gh/ge
100 T T T
Vectorial coupling xywx fyu f
10 &
A
-1 WMAP + LEP + TEVATRON + XENON100

0 5 10 15 20
Mdm (GeV)

SHEDDING LIGHT ON DM FROM ACCELERATOR PHYSICS



NUMERICAL RESULTS: ELECTRONIC, SCALAR

‘WMAP + LEP

Scalar coupling  x x ff
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SCALAR DARK MATTER

L= K—;xxée

Madgraph analysis:

o same bckgr: ete™ — yui

o x2-analysis

e signal+bckgr sim.
Infer bounds for (o v):
0%V

2
%
S)
Result:

e o} ~10"%cm3/s

@ No constraints from LEP,

nor Tevatron
As > 5TeV

9e |(gv)~10-26 ™

LHC?
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LHC (Fox ET AL. PH/1109.4398)
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CONCLUSIONS

Nature of DM coupling is crucial to fit all present data
We computed the rate of hadronic/leptonic coupling to
respect:

@ LEP + Tevatron (mono-photon, mono-jet events)

@ WMAP + XENON100
A very light fermionic DM (< 10 GeV) mainly excluded
whatever the type of interaction
e Heavier candidates (2 10 GeV) should be largely
hadrophobic (vector int.) or even excluded (scalar int.)

e Models with electrophilic couplings (motivated by
INTEGRAL, or Synchrotron radiation data) are excluded
by LEP /Tevatron analysis

Escaping conclusions: DM candidate not coupled to electrons
(LEP bound not applicable) or hadronic coupling only to
bottom or charm (Tevatron bound not applicable)

o Nothing to say for the moment for scalar DM.
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merci beaucoup!
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BACK-UP. LIGHT-MEDIATORS
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BACK-UP. HIGH-ENERGY COMPLETIONS
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