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Most cited papers of 2008 and 2009
1,3,4) Five-Year Wilkinson Microwave Anisotropy Probe (WM AP) Observations:

Cosmological Interpretation. By WMAP Collaboration Cited 1208+518+348
2) Review of Particle Physics. By Particle Data Group (C. Amsler et al.). 1206

6) An anomalous positron abundance in cosmic rays with enerigs 1.5.100 GeV.
PAMELA 274

7) Improved Cosmological Constraints from New, Old and Combned Supernova

Datasets. By Supernova Cosmology Project196
8) An excess of cosmic ray electrons at energies of 300.800 GeATTIC
9) A Theory of Dark Matter Nima Arkani-Hamed et al., 174

10) Search for Weakly Interacting Massive Particles with the First Five-Tower Data
from the Cryogenic Dark Matter Search at the Soudan Undergraund Laboratory. By
CDMS Collaboration

12) Model-independent implications of the e+-, anti-proto n cosmic ray spectra on
properties of Dark Matter Cirelli, Kadastik, Raidal and Strumia 150
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LHC Dark Matter Connection
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LHC Dark Matter Connection: The new paradigm
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no mention of a connection, despite a T
SUSY WG

There is a mention of LSP to be sta-
ble/neutral because of cosmo reason, but

no attempt at identifying it or weighing

the universe at the LHC
LHC: Symmetry breaking and Higgs

New Paradigm, Dark Matter is New
Physics. Dark Matter is being looked for

everywhere

New Paradigm, Particle Physics to match
the precision of recent cosmological mea-

surements
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Plan |

Cosmology in the era of precision measurements T
Dark Matter is New Physics
Evidence for and Precision on the matter content of the univese
New Paradigm: can LHC/ILC match the precision of the upcoming

cosmo/astro experiments and indirectly probe the history o the early universe?

Indirect and direct detection
overview, uncertainties
PAMELA, ATTIC, Fermi-LAT, HESS, ...results

The new view: symmetry breaking, dark matter and missing enegy at LHC

Relic density and precision annihilation cross sections

micrOMEGAS
=

ray line and relic at one-loop Automatisation, modularity, GF, Gram's,
results and simulation, Sommerfeld enhancement
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Plan 1 (?)

Non conventional scenarios and history of the universe

Requirements on patrticle physics experiments to match upcming cosmological

measurements

summary

-
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3. 70-21.72
A 6X Year Old Problem

Fritz Zwicky
Helv. Phys. Acta, 6, N° 2, p 110, 1933

Die Rotverschiebung von extragalaktischen Nebeln

Um, wie beobachtet, einen mittleren Dopplereffekt von 1000

km/sek oder mehr zu_eghe igste also die mittlere Dichte
im Comasystem mindes "ﬂser sein als die auf Grund
von Beobachtungen gfi Temehien Materie abgeleitete'). Fallx

sich dies bewahrheifé irde sich also das iiberraschende
Resultat ergeben, ga o sehr viel grosserer Dighte

Peravitation ~ 400 P1yminous Dark Matter ?

-
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Cosmology in the era of precision measurement: from varmgraint:

-
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The new paradigm why? Cosmology in the era of precision. CMB

-

Earth
Temperatures

4 OE i
Centigrade
June 1992

Microwave Sky
Temperatures

AN04252° -2004250° -270.4248°
Centigrade
380,000 Years after Big Bang

observed temperature anisotropies
(related to the density fluctuations

at the time of emission) is

10 °
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Cosmology in the era of precision measurement 1.

Pre-WMAP and WMAP vs Pre-LEP and
| -
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Cosmology In the era of precision measurement 2.

- .
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Pre-WMAP and WMAP vs Pre-LEP and

|_o_é7p Wer spectrum of anisotropies, WMAP vs Pre-WMAP —‘
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Planck+SNAP will do even better (per-cent precision)

improvement like going from LEP to LHC+ILC
\_LHC, PLanck I 2007 ILC,SNAP I 2015
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Matter Budget and Precision 1.

( < 0:01)
4O/(Baryons

Dark Energy

to = 13:7 0:2 Gyr (1:5%)
ot = 1:02 0:02 (2%)
ov = 0:23 0:04 (17%)

o -
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Matter Budget and Precision 2.

2 (< 001)
4O/(Baryons

Dark Energy

to = 13:7 0:2 Gyr (1:5%) 1= 10ty(10 %)
or = 1:02  0:02(2%) = o 0:1%)
om = 0:23  0:04(17%) |sin® « = pu(0:08%)

o -
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Matter Budget and Precision 2.
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Symmetry breaking and DM: The new view

The SM Higgs naturalness problem has been behind the constmtion of many models
of New Physics: at LHC not enough to see the Higgs need to addres electroweak

symmetry breaking and naturalness

DM is New Physics, most probable that the New Physics of EWSB povides DM

candidate, especially that

All models of NP can be made to have quite easily and naturallya conserved
guantum number, ZZ parity such that all the NP particles have ZZ = 1 (odd)

and the SM part. have it even

Then the lightest New Physics particle is stable. If it is electrically neutral then can be

a candidate for DM

This conserved quantum number is not imposed just to have a DMcandidate it has

been imposed for the model to survive

-
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New Physics provides DM Symmetry breaking and DM

- .

» Survival
evade proton decay

indirect precision measurements (LEP legacy)

» Examples:
R-parity and LSP in SUSY (majorana fermion)

KK parity and the and LKP in UED (gauge boson)
T-parity in Little Higgs with the LTP (gauge boson)
LZP (warped GUTS) (actually it's a Zg here) (Dirac fermion)

even modern technicolour has a DM candidate

® so New Physics even if not cosmological DM has an "invisible"signature at the

colliders

o -
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Matter Budget and Precision 3. Testing the cosmology/Askygsics

-

Present measurement at (6%0)

future (SNAP+Planck)! < 1%

Particle Physics Cosmology through

holly
But will LHC, ILC see the \same" New Physics?
New paradigm and new precision: change in perception abouthis connection
| used to: constrain new physics (choice of LHC susy points, b@echmarks)
Now: if New Physics is found, what precision do we require oncolliders and theory to
constrain cosmology? (Allanach, Belanger, FB, Pukhov JHEP 2004)
strategy/requirements on theory and collider measuremens to match the present/future

precision on! and gives clue on the distribution of DM

o -
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Direct and Indirect Searches

p; € ;; ;i

CDMS; Edelweiss; DAMA: Genuis; ::

o -
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Indirect Detection

-
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Indirect Detection

Cour{esy P. Salati
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Indirect Detection

Cour{esy P. Salati

. ~F
P; € , donot\scan" the same amount of space

-
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Annihilation into photons: Particle Physics and Astro

e —

Physique des Particules AStro

OSZ Point to the source, independent of propagation model(s) q*
continuum spectrum from ~9~9 1 ff;:::, hadronisa- §88
tion/fragmentation (! ©! ) done through isajet/herwig
Loop induced mono energetic photons, , / nal states
~0 P ACT:  HESS,
)( 7/ Magic, VERITAS,
W"' Cangoroo, ...
~0 Space-based

L )( }- 7/ AMS, J
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indirect detection: DM density distributions, pro les
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and there might be clumps!....boost factors

-

F. BOUDJEMA, Dark Matter and the LHC, Wirzburg, Jul 09 — p. 25/1



indirect detection: modelling propagation 1

-

F. BOUDJEMA, Dark Matter and the LHC, Wirzburg, Jul 09 — p. 26/1



indirect detection: modelling propagation 2

-
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PAMELA controversy

1 TeVWIMP Cc® VV*W) y
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o

HEAT — — Background
AMS 98 —— Background + Signa|
PAMELA 08
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PAMELA controversy
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DM annihilationto W* W with M = 150 GeV, Strumia et al., pre FermiLAT/HESS

- .

o -
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DM annihilationto W* W with M = 150 GeV, Strumia et al., with FermiLAT/HESS

- .

o -
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DM annihilationto W*W with M =1 TeV

-
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DM annihilationto W* W with M = 10 TeV
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PAMELA, \just a pulsar?"

-
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Direct detection

ingredients: dark matter density and modulation, velocity distribution

Nuclear form factors,.....(uncertainties....)

o -
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Underground direct detection

within WMAP T
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New Physics or DM Physics andEt miss

|...Easy to shed light on DM at LHC? l

o -
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New Physics or DM Physics andEt miss

Is it necessarily DM candidate?
stable at the scale of LHC detectors, 1ms, not age of the

L Universe.... J
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in 1998 we were told to expect an early SUSY discovery

-
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But fake miss Et: Not even SM physics!

Miss Et pointing along jets

All machine garbage ends up in Et miss trigger

o -
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ATLAS TDR (same with CMS)

ATLAS TDR 98
(MSUGRA point, PreWMAP)

-
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ATLAS TDR (same with CMS)

ATLAS TDR 98

(MSUGRA point, PreWMAP) ATLAS 2006

-
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ATLAS TDR (same with CMS)

ATLAS TDR 98

(MSUGRA point, PreWMAP) ATLAS 2006

What happened? Real Et miss from neutrinos
Complex multi-body nal states: can not rely on MC alone. dNee
data and MC. Improve NLO multilegs, matching,... J
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Next step: Properties of DM, example SPIN?? Couplings

-
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Synergy Collider-Cosmology-Astrophysics

-

What does it take to prove it is a DM candidate
the right relic density
has to con rm the rate of Dark Matter Direct Detection
has to con rm Indirect Detection rates: annihilations into anti-matter, photons,

neutrinos

But all three items carry substantial assumptions or drastc di erences in the

modelling of astrophysics
one is assuming detection is assured in DD and Ind. Detection

Important to extract as precise as possible the microscopigoroperties of DM,

interaction

constrain the cosmological models

may even use some hints from astrophysics to input at collides
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Collider Inputs

l

SUSY Parameters

/N

F FAnnihilation M Interaction

N

Relic Density  Indirect Detection  Direct Detection

N T/

Astrophysical and Cosmological Inputs

-
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Constraining Power of the relic density

108
105
104
103
10=

= - A-osam T .. LT T

-3 S A O TR - -
]_ O I .-_ = b - : _: ::_?_..-H-':'l-_.
RN
s #r =

La

10—9 | | | |||||| | | | |||||| | | |
10 107 103 104
m, [GeV]

Orders of magnitude, DM cross sections orders of
magnitude also (same for direct and indirect detection)
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formation of DM: Very basics of decoupling

At first all particles in thermal equilibrium, frequent

collisions and particles are trapped in the cosmic soup

universe cools and expands: interaction rate too small or

not efficient to maintain Equil.

(stable) particles can not find each other: freeze out and
get free and leave the soup, their number density is

locked giving the observed relic density

or Equilbrium: = nv>H

freeze ou/decouplingoccursatT = Tp ; _ J
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Relic Density: Boltzman transport equation
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Thermal average

must calculate all annihilation, co-annihilation processes. Each annihilation can consist of

tens of cross sections...

0 0 _
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P R P__ p_
gi g ds’ sK1(" s=T)
I (Mmj + mj)?2

<v> = = 5 :
;7 2T gim2Ko(m;=T) "
/ [
/7 |
pij is the momentum of g1é incoming particles in their center-of-rhass frame.
|
/
// . /
b L L (s (mixm)A(s (mi m)?) E
J -_— H
A2 s /
// /
~ /
s /
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All In all...

order of magnitude of LHC cross sections

< ov>=  ?=m?
1

oh?  (m=TeV)2! m Gg'~° 300GeV

but with the precision on the relic that we have now (60/() and the many possibilities from
the particle physics perspectives, need more than just an ater of magnitude calculation.
need to e ciently calculate within many models of NP

As we saw need to calculate relic, direct, indirect and collder observables

at the heart is the microscopic properties of DM and the New Physics (with good control of

background)
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Recap: Collider,Relic, Indirect, Direct

K For indirect need ~gv forv 10 3 O
for ~(1)h2 oV forv=0:1 0:3
with oV =a + bv2 if a dominant usually measures indirect.

At collider process not necessarily inverse of DM DM annihilation

No need underlying parameters.

-
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Tools from particle physics

-
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micrOMEGAs: Tools for DM/ Collider Physics/ Flavour for a ge neral NP

- .

o -
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micrOMEGASs
given any set of parameters it can identify LSP, NLSP, generée and calculate !

Model de ned in Lanhep (more later)

Fed into CalcHEP ....tree-level, someSOOOprocesses could be needed.

E ective Lagrangian also includes important RC (Higgs couplings, my e ects,..)
Interfaced with Isajet, Suspect, SOftSUSY parameters at high scale run down to the ew scale

(g 2) ,b! s  Bg! oL

NMSSM (with C. Hugonie), CP violation (with S. Kraml), UED, D irac, host of others
\open source": procedure to de ne your own model, soon

powerful generalised direct detection module

indirect detection cross sections, interface with propagdion, polarisation completed J

SLHA compliant, MCMC interface (Ritesh)

F. BOUDJEMA, Dark Matter and the LHC, Wirzburg, Jul 09 — p. 54/1



-

Higgs funnel with and without Higgs higher order e ective couplings

taking WMAP for example, for heavy A only loop result makes model survives

200

400 000 800 1000
M,(GeV)

0.5

\\\‘\\\__1.-[‘\\\\‘\\\\

1—Ioop._.-":

1600

‘ I N ‘ I I
1700 1800 1900

M, GeV)
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-

D

LOOP

N

Need for an automatic tool for susy calculations

N. Baro, FB, G. Chalons, S. Hao, A. Semenov, (D. Temes)

-

handles large numbers of diagrams both for tree-level

and loop level

v=0

ability to check results: UV and IR niteness but also gauge parameter independence

for example

ability to include di erent models easily and switch between di erent renormalisation

schemes

Used for SM one-loop multi-leg: new powerful loop libraries(with Ninh Le Duc)

-
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SloopS

F. BOUDJEMA, Dark Matter and the LHC, Wirzburg, Jul 09 — p. 57/1



Non-linear gauge implementation

| .

1
Lee = —j(@ ie~A igow “Z )W * + Wg(v+~hh+~HH+i~ 3) *J2
W

1 1
@2+ 2o (vt h+ i H) 9)? (@A
z Cw 2

quite a handful of gauge parameters, but with ; = 1, no \unphysical threshold"
more important: no need for higher (than the minimal set)for higher rank tensors and

tedious algebraic manipulations

L -
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vector

A/A: (photon, gauge),

Z/Z:('Z boson', mass MZ = 91.1875, gauge),

'W+'/'W-": (‘W boson', mass MW = MZ*CW, gauge).
scalar H/H:(Higgs, mass MH = 115).

transform A->A*(1+dZAA/2)+dZAZ*Z/2, Z->Z*(1+dZZZ/2)+d ZZA*A/2,
W->"W+*(1+dZW/2),'W-'->"W-"*(1+d ZW/2).

transform H->H*(1+dZH/2), 'Z.f'->'Z.f*(1+dZZf/2),
"W F->'WH.f*(L+dZWF/2),'W-.f->"W-.f*(1+d ZWF/2)

let pp = { -i*W+.f,
PP=anti(pp).

(vev(2*MW/EE*SW)+H+i*'Z.f)/Sqrt2 }

Ilterm -2*lambda*(pp*anti(pp)-v**2/2)**2
where
lambda=(EE*MH/MW/SW)**2/16, v=2*MW*SW/EE .

let Dppmu”a = (deriv"mu+i*g1/2*BO0"mu)*pp”a +
i*g/2*taupm”ab c*WW A mu” c*pp”b.

let DPP mu”a = (deriv®mu-i*g1/2*BO0"mu)*PP"a
-i*g/2*taupm”a~bAc*{'W-""mu, W3 mu, W+ "mu}*c*PP"b.

Iterm DPP*Dpp.

Gauge xing and BRS transformation

let G_Z = deriv*Z+(MW/CW+EE/SW/CW/2*nle*H)*Z.f'.
lterm -G_A**2/2 - G_Wp*G_Wm - G_Z**2/2.

Ilterm -'Z.C*brst(G_2Z).

RenConst] dMHsq | = ReTilde[SelfEnergy[prt['H] -> pr[*  H'], MH]]
RenConst[ dZH ] := -ReTilde[DSelfEnergy[prt['H'] -> prt"  H'], MH]]
RenConst[ dZZf | := -ReTilde[DSelfEnergylprt['Zf] -> pr - {21,
MZ]] RenConst] dZWf ] := -ReTilde[DSelfEnergy[prt[' W+f* ] ->

pri[" W+, MW]]

Output of Feynman Rules
with Counterterms !l

M$CouplingMatrices = {

(*------ H H - =)
C[ s3], sIB] 1 == -1~
{
{ O, dzH },
{ 0O, MH~2 dZH + dMHsq }
}
(G W+ W-.f - *)
C[ s[z2], -s[2] 1 == - I ~
{
{ 0, dZWfF 1},
{0, 01}
b (o A2 )
C[ V[1]. V[2] 1 == 1/2 | / CW"2 MW~"2 *
{0, 0}
{ 0, dzzA },
{0, 01}
Y
(G H H H - *)
C[ S[3], SI3], SI[3]1 1 == -3/4 | EE / MW / SW *
{2 MH”2 , 3 MH”"2 dZH -2 MH"2 / SW dSW - MH”"2 / MW"2
}
(G H W+ f W-f -———— *)
C[ S[3]. S[2], -S[2] ] == -1/4 | EE / MW / SW *
{2 MH*2 , MH?2 dZH + 2 MH”"2 dZWf -2 MH”"2 / SW dSWw -
}
G W-.C A.c W+ - *)
C[ -U[3], U[1], VI[3]1 ] == - | EE *
{
{1}
{ - nla }
}
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SloopS for SUSY at tree-level

-
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Lo}

05

Gram determinant for small velocity

291

12 |

005 |

05

0.2 |

Lo}
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All annihilations and co-annihilations: 1-loop EW and QCD, Baro+FB (PL 2008)

- .

o -
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SloopS, bino co-annihilation

-
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SloopS, bino annihilation

-
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SloopS, wino co-annihilation

-
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SloopS, wino co-annihilation

-
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Application fo ~(])_ ~2 ! ' Z » 99 (FB, A. Semenov, D. Temes ,hep-ph/0507127, PRD...)

A A ° A

A
Z
AQ .
A9
AQ z
291 Z= Z -
Z = i —) — =1
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Sommerfeld Enhancement and matching

~ ~0
70 X » X 7 4
W+ or o 00
~0 ~0 70
= /4 X /4
X 1234 n1n
(v=0)
—~ 24 N
»n 10 = h
o g ¥
—25[ i
\gm = 0
> 26 P
b 10 = ,,' \“
—27F .
10 ? - - R
_o8f )
10 Em
_seF |
10 | |
1 10
MX(Te\/)
m-= ma =100 TeV, M, =2M; =50 TeV, tan =10; A=0, M =0:1 GeV
400 500 J
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Relic Density: Loopholes and Assumptions

At early times Universe is radiation dominated: H (T) / T2 J

Expansion rate can be enhanced by some scalar eld (kinatioly extra dimension
H2 = 8 G=3 (1 + = 5), anisotropic cosmology,...

Entropy conservation (entropy increase will reduce the rek abundance

Wimps (super Wimps) can be produced non thermally, or in addtion produced in

decays of some eld (in aton,....)

-
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Almost Wimps: Swimps, Feng et al;

SuperWIMP

Assuming that each WIMP
decay produces one sWimp,
the inherited density is simply

_ Mswimp
sWimp — ————  Wimp
Wimp

beware though: If couplings
very weak, decays may be very
late and would directly impact
on BBN, CMB, diuse ux
(energy released in visible de-
cay products serious stopper!)

-
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History of the Universe,

WIMP density depends on the history of the Universe before BBN (0.8MeV)
(abundance of light elements), large time scale between freze-out and BBN

for BBN to hold it is enough that the earliest and highest temp erature during the
radiation era Try > 4MeV

Try IS to be understood as the temp. which after a period of rapid n ationary

expansion the Universe reheats (defrosts) and the expando plasma reaches full

thermal equilibrium
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History of the Universe, TRy >

Density may be decreased by reducing rate of thermal produdon, possibility to have

tiny TRH < Tf:o or by production of radiation after freeze-out
increased by injecting Wimps from decays or/and increasingthe expansion rate

Open up more possibilities,

-
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Non Standard Cosmo

Prototype: A scalar eld decaying not long before BBN (Giudice, Kolb; Gelmini and
Gondolo, ....)
d = 3H
dt
dn b
— = 3Hn h vi(n? nZ,)+ —
dt Vi ( eq) m
ds 3Hs +
dt
wherem , ,and are respectively the mass, the decay width and the energy density of

the scalar eld, and bis the average number of neutralinos produced per decay. Notice
that band m enter into these equations only through the ratio b=m ( = b(100TeV=m )
and not separately. Finally, the Hubble parameter, H, receives contributions from the scalar
eld, Standard Model particles, and supersymmetric partic les,

8
H2 - 3M2( * sm T ):
P

Try = 10MeV (m =100TeV)***(Mp =) m3= 2
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Y=nC/s

Non Standard Cosmo, Figs Gelmini and Gondolo

1e'02 |IIIIII T T TTTTT T T T TTTTT 1771 T TTTTT T T T |IIIIII T T
—— Standard

le-04 Equlibrium |

. Ty =10 MeV
1le-06 — — T,,7100 MeV| |
16.08 — - TpiflGev ||

e- —. T,F10GeV
le-10 |
B

NN
le-12— St —
SO
le-14— N — — —
N
N ‘.

le-16— NS —
le-18— = —
le-20— —
le-22— —

1e_24 |IIIIII | | |IIIIII | | |IIIIII | | |IIIIII | | |IIIII.I..I...I

100 10 1 0.1 0.01 0.001
Temperature (GeV)
M- = mp =600GeV,Ap=0,tan =10,and > O,
l m =246GeV ! Ti, =10GeV. qh?' 36
=0

MSUGRA parameters

-
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Non Standard Cosmo

nC/s

Y_

— Standard
: —— Equlibrium
T h=0
. RH . —. h=1e-8
: — - h=le-6
-—- h=le4
: — .+ h=le-2
|IIIIII | | iIIIIII | | |IIIIII | | |IIIIII | |
10 1 0.1 0.01 0.001

Temperature (GeV)
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Non Standard Cosmo

o .

100\~ /‘/./‘/‘/'/‘ _
1 _
§0.01— /‘/,_/-"/’/ N _
0.0001— _
1e-06— I l l | =
0.001 0.01 0.1 1 10 10

O . .
Reheating Temperature (GeV) Note that di erent cosmological

models may look standard!

o -
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Important Message

The bulk region can be correct, good news for parameter extration at LHC

Large Wino cross sections that are good for Indirect Detecton not ruled out

o -
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reconstruct Properties of DM

-

measure masses and all important
relevant couplings (bino/wino/
components,....., mixing) that enter the

relic calculation

Most often this is also what enters the
indirect detection, for s-wave if no

Sommerfeld enhancement

strive to measure the coupling of the
Higgs to the DM, often enters in the di-

rect detection calc.

-
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Case studies, the mSUGRA inspired regions, requirementsdm colliders

| .

Bulk region: bino LSP, [ exchange,

tanb=10,m<0
. ] (smallmg; M ;1-5)
' My, = 114 GeV ~ co-annihilation: NLSP thermally

5_, accessible, ratio of the two populations
: exp(  M=T¢) small mg,

M -5 : 350 900GeV
Higgs Funnel: Largetan
S99 A bb( ),

M-, : 250 1100GeV,
mo : 450 1000GeV

A

¢1=A co-annihilation strip

200

D) 2
Q !
100 l/‘/MAP (bl!\\( /

0 |

Focus region: small M1,

important higgsino component,

requires very large TeVmy
900 1000

100 200 300 400 500 600 700 800
derived accuracies refer to obtainin
wie myp (GeV) 0
10% precision o0 n WMAP
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’| co-annihilation region: The Spectrum

- .

1400 T T T T T T

—
0
1200 f e Cq
0
........... C4
1000 ....... :
S R
(0] @&\
S %o ' > O;tan =10;A0 =10
0 &s’“
T G0l Mo = 5:84615+0:176374V 1, +1:97802 10 °M2Z_,
400 |
200 |

100 150 200 250 300 350 400 450
Mctl)(GeV)
At ILC will produce (71, "R, Er),
0

500GeV, a window for € and "% ~.

-
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’| co-annihilation region: The Landscape

- .

70 10 | 1
60 | 9 0.99
8 0.98
. 50 7 '
XL :
S — ol 0.97
S 40 % 0 : &
T Q 5% 0.96 @
= 30¢+ S 5 o
= o 4 0.95
cU i 3
20 5 0.94
2 |
10 | :
1| 0.93
0 0t 0.92
100 150 200 250 300 350 400 100 150 200 250 300 350 400 450
m- (GeV) m- (GeV)

Di erent co-annihilation channels are important

M = m -, m -9 from 10GeV to 1GeV. ~1 mixing angle small.

o -
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~1 co-annihilation region: accuracy within mSUGRA

0.16 180
a(Myp)
0.14 | a(mg) e
DA o 1160
0.121 a(tanb)
0.1 1140 o _
ol 2 accuracy onmg; M -, demanding:
0.08 | 120 € :
' ‘o 3% : 1% may be achievable at LHC
<
0.06 f . o L0 ©
0.04 1 for tgb require 10percent.
0.02 ‘\ 180
O T 60
100 150 200 250 300 350 400 450
m- (GeV)

since spectrum has decay chain similar to bulk (unless mas:
di erence too small), LHC might match WMAP

But more study is needed. LHC/LC obviously helps

-
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o

Dcos2y, required, a(M)

DWhY Wh?

’| co-annihilation region: Model Independent

0.4 — 13
Dcosay, requ-”ed ............
035} dreauied —— 112
03} {11 ¢
Q
e
0-25 I | 1 .
o
0.2} {09 2
o
0-15 I | 0.8 %
0.1 B | 0'7
100 150 200 250 300 350 400 450
mt~(GeV)
0.05 I
°r / ............................. N
-0.05 » ‘‘‘‘ ]
Dtanb=10
-0.1 | N an:m‘ ................
100 200 3200 400 =00

-

M must be measured to less than 1GeV

mixing angle accuracy should be feasible at ILC

other slepton masses need also be measured

in terms of physical parameters residual tan

accuracies not demanding

Preliminary studies indicate these accuracies will

be met for the lowest m -0

d (DM)

3
2 L L L L L L
150 200 250 300 350 400 450

mo (GeV)
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annihilation (%)

Focus: The Landscape,mg;m.. > 1TeV,tan

=50

1000
100 ——rrreee———— L —— Mo
-------------- coannihilation 900 | s cg
80 | | 800 V ............. c3
_ — 700F
tt > E
60 r /\ T " @ 600 |
0| | g 500%
---- Zh,hh 400 |
20 ¢ = 300 |
S " 200 |
O L PP LA - - L - - == 100 r 1 ) ) ) )
150 200 250 300 350 400 450 150 200 250 300 350 400 450
Mo (GeV) M0 (GeV)

~9-971 71 tt important

A exchange small Mo > 1TeV), here it's Goldstone dominance

Higgsino component impliesWW; ZZ channel
co-annihilation not the most important within WMAP.

Higgsino component implies measurement

-
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Focus: Accuracies in relevant parameterdv 1 ;

0.25 |

0.15

0.05

0 I - ‘.“‘. IS RS RIS U R S RS S
150 200 250 300 350 400 450
M c? (GeV)

Here a(my) 10%

accuracies oan(m~g); (m~g) 1%

-
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LHC+ILC

50 fit LCC2 LHC+ILC—1000 -
2 1200 (e e T s T e T .
£ i Constant 745.9+ 9.335| 7
g - (@) | mean 0.1921+  0.3741E-04] .
|_|>j [ Sigma 0.5305E-02& 0.3928E-04| I N
o 1000 |- = w40 I B
= s ISASUGRA v. 7.69- o2 -
= I 1 g LHC+ILC—500 ]
800 | il > 1
- 1 ‘w30 —
C L ]

[ B )]
L i O —
600 |- 4 2 I ]
I | o 20H .

O
L i 0 r N
e |
400 j i a -
I ] 10 =
200 |- - I l
07”‘ ol b b b by I \\\\‘\\\\7 O ‘ .

0.170.1750.18 0.1850.19 0.195 0.2 0.2050.21 0.215 0.22 0 0.05 0.1 0.15 0.2
W.h?
c Qxhz
Polesello+Tovey, LHC, bulk Baltz,Battaglia, Peskin and Wisansky
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Highlights on accuracies and reconstruction

-

Within mSUGRA accuracies on(mg; M -,) 1% sometimes less, given enough
energy LHC+LC should do the job

Within mSUGRA need to control RGE codes

some focus scenarios are too tough. May not be able to match WMAP and PLANCK

Need to extend studies to lessaccidental scenarios (non gaugino uni cation)
what about a study with non standard cosmology?

important study to be done beyond tree-level !!!

-
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learning and feeding into Direct and Indirect Searches

p; € ;

CDMS; Edelweiss; DAMA: Genuis; ::

o -
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Annihilation into photons

OSZ Point to the source, independent of propagation model(s)

continuum spectrum from ~9~9 ' ff;:::, hadronisa-
tion/fragmentation (! ©! ) done through isajet/herwig
Loop induced mono energetic photons, , / nal states

X Y

ACT: HESS,
Magic, VERITAS,
Cangoroo, ...
Space-based
AMS,

-
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Pr i nI
charged | opag I

[ and
Suspect || m PYTHIA Halo mode' Cosmic Ray Fluxes
9
m,=151 GeV

oy
06
<0
Ji o)
>
(V)]

T

W 6 - 5 C
2 10°F - B
P N >
[ - ) L
° 0
- i »107 =
w107 = U E
N (09 -
L ol
. iy Z ‘ ! -
10%E tr i ’ ¢ 10°E
5 Sl -
C by ! - N
1 1 Lol 1 1 11 |E:':V=Ii"fv".": A 1 1 E |l 1
1 10 107 1 10 . 10
Eg with AMS energy resolution [ GeV ] E, with a typical ACT energy resolution [ GeV ]

Parameterising the halo pro le:

(;; )=(:;3;1),a=25kpc. (core radius), ro = 8 kpc (distance to galactic centre),
0 = 0:3GeV=cm® (DM density), opening angle cone 1°

SUSY parameterisation

mo =113GeV, my-, =375 GeVA=0;tan =20; > O

F. BOUDJEMA, Dark Matter and the LHC, Wirzburg, Jul 09 — p. 91/1




Annihilation intoe* ;p;D

OSZ Model of propagation and background

Halo Pro le modeling, clumps, cusps,..boost factors,.. ACT: HESS

Magic, VERITAS,

If particle Physics xed, constrain astrophysics Cangoroo, ...

Space-based
AMS,
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Summary

-

Cosmology has entered the era of precision measurements. R&cle Physics
component of DM must be extracted unambiguously. If large ckean and understood

signals of Etmiss at LHC there is most probably a link with DM

Strive for as much as possible for a model independent recomsiction of the

important relevant parameters of DM
One may be lucky to be a good region of the New physics parametespace

Other hints and constraint can come from observables not neessarily with Etmiss,

the rest of the NP spectrum even Higgs

In a rst stage one can t to constrained models

in the most lucky situation an extraordinary synergy between collider physics,

astrophysics and cosmology, a glimpse on the history of the Wiverse, remnants of the

Planck scale???
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Summary, continued

- .

Improve tools both for the NP and the SM

Open our ...horizons

o -
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