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If DM due to WIMPs manifesti ng New Physics beyond-SM,
next generation of hadron (LHC,-SLHC) and lepton collider (ILC, CLIC)
expected to dlscover d| rect S|gnal .prhls NP and perform detalled studies;

(W

- & . il I - ! -
- l. L C B g
. . ‘!‘,_ \ W
" F s LIS By : ' v
2 - i = g -‘ .

Collider data will combine with dlre&searoh@ ead satellite experiments
to understand DM prdpenties_ frpm MICroscopic to macroscopic scales,
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Supersymmegtry offers attractive framework to study opportumtles at
colliders experiments;
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LHC: From SUSY Signals ... cereend] B
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...to SUSY Particle M asses ... . Y

LHC discovery reach independent Avallability of decay chains with

of details of the model: E,M'sN9+ multi-leptons, lepton+jets topologies
jets and/or isolated leptons sufficient  allows to determine masses from

to ensure detection; Kinematical endpoints:
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...to DM Densities. coreer?] B
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Perform tests first within context of specific model (cMSSM) and then
reconstruct full decay chain enabling model-independent mass measurements;

x’fnd’r 2828 f 25
Constant T8.07

Consistency with DM requires a - =
significant number of measurements Siqre]
which may not be available in generic
SUSY scenarios;
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Stu@yin’é NP at C ﬁﬁi“dﬂ@s\beyond LHC

e =

Electrons

Undulator

able centre-of-mass energies,
£ species and pol arization states;

Ider may further push energy
upto3—-5TeV.
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|LC Energy :m

Accelerating Gradient vs. RF Frequency: [ILC05 1OTeV]
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‘BERKELEY LABM

|LC has potential to cover widest energy range of any accelerator;
Physics program spans from high-precision EW tests of SM to search
of new phenomena up to and above the scale accessed by LHC and
detalled study of productl on and decay propertles of new partlcles

Thisrelies on efficient identification of fermion flavours, accurate
reconstruction of multi-partons and availability of different beam

particles, energy and polarization configurations.
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Momentum End Points s .1\.'

In two body decay m Esquark = E, ., if pair produced,
¥ escapes unobserved and energy of only particle left (g) can

be related to mass difference (ratio) between squark particle

and alowsto
determine slepton mass once
v known or determine relation
between masses and get LSP
mass if slepton can be
Independently measured;

Accuracy limited by T T TR
beamstrahlung’ not Sp/p lepton energy E; [GeV]
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Thresnold Scan corcerd]

Determine signal cross section at threshold as function of centre-of-mass
energy, fit data to extract mass and width of pair-produced particles,;

Accuracy on particle massm SRel —> uari
C
S-wave process = f3 rise of cross section

ém ~ AE(1 + 0.36/VN)/\/18N Lo,

P-wave process = [3° rise of cross sectio

om ~ AEN~Y4(1+40.38/VN)/\/2.6N Lo,

Weak dependence of om accuracy on _
nb. of scan points N, optimal scan with =T

1 | d i 1 i 1
264 266 268 270 272 274

luminosity concentrated at 2 or 3 points Fone [GeV]
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M odel Independent WIM P Detection at | L C Ry ;

Irreducible SM CEECEEEEE A7
removed by using polarised beams

Analysis performed with full G4
simulation and reconstruction;

P, =0.8,P. = 0.6:
M, = 180.5 = 0.6 GeV
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Solving the SUSY I nver se Problem cecees?]
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Resolve the degeneracies arising by T -. T ————
reconstructing fundamental parameters TR o Gl
from LHC experimental observables; L™ "

Arkani-Hamed, Kane, Thaler, Wang,
hep-ph/051 2190 - E(jetpair)-chargino
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Study LHC-degenerate models at ¢
0.5TeVand1TeV ILC, started mawes Right 1125 [Sred‘ 33224 (hlue)

J )

model comparison: 3 Hewett, T Rizzo
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Systematic study of ILC reach promoted by

White Paper on |IL C-Cosmo Connections
(MB, JFeng, N Graf, M Peskin, M Trodden Eds.)

Cosmologically interesting
cM SSM Regions and Benchmark points
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LCC 4

My
100
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my, tanf Ay
250 10 -100
300 10 0
360 40 0
420 53 0

M)
178.
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178.
178.

M(x})
96.1

107.7

1425
169

Compute RGESs with Isajet 7.69 and
estimate dark matter density from
|sgjet spectrum and couplings with
MicrOMEGAS 1.3 and DarkSUSY 4.0

DarkSUSY 4.0 | MicroMEGAS 1.3

\ 00
LCC3 CO/N\r\'\Y\\\a“O

Point

LCC 1
LCC 2
LCC 3
LCC 4

0.193
0.108
0.059
0.113

0.193
0.110
0.057
0.106

J Ellis. K Olive. MB. M Peskin....




SUSY Bulk Region

BERKELEY LAB

rapid annihilation

my, b—sy funnel

co—annihilation region

Benchmark

| e

LCCT1 spscirum
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A Comparison of DM density accuracy .
at LHC and ILC in Bulk Region s |
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LCC1
Benchmark LHC +

ILC 500
I1L.C 1000

LHC +
1L.C 500

Baltz,MB,PesEih,Wizanski,
PRD74 (2006)
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Stop co-Annihilation /\l /\
In Baryogenesis motivated Scenarios

Light scalar top, nearly degenerate
with neutralino, provides efficient
co-annihilation and evades
Tevatron searches due to small E;

Baryogenesi s constraints pusn
towards heavy scalar and
Introduces CP-violating phase in L.

Scenario shares several features
characteristic of FP region but
requires analysis of real Z° and light stops. Carena, Freytas. hep-ph/0608255
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SUSY A° Funnel Region

BERKELEY LAB

co—annihilation region

Charped LSP
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A° Funnel Region at ILC 1 TeV ey i)
9

Determine M(t,) and M(t,) - M (%9 5-par Fit
from stau threshold scan and decays, M(A) (GeV) 418.9+0.8
__Jl__,,r (GeV) 161 =27

Determi r}g,..--NT;;{fT‘Gm e*re? -/ /HOA" M(H) — M(A) (GeV) | 1.4 (Fixed)

1 Te\,/ TRl Wil

SIMDET Parametric Simulation

G4 + Full MARLIN Reco




Further DM Constraintsat | LL.C
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DM density accuracy from |ILC —
in A° Funnel Region and WM AP cecee) i

BERKELEY LAB

=
-
o

Masses and xSec LHC+ILC

o
-
S

+ iBR{A— bb)BR = 0.10

+|A | <250 GeV
tau

=
-

LT
O
=B
N
c
O
k2
3
¢ 0.12
=
N
N
=

0 0.02 004 006 008 01 012 4 016 0.18 2
MB. B Hooberman. N Kelley E_l h2

LAWRENCE BERKELEY NATIONAL LABORATORY




-

Collider Experimentson Dark Matter corcerd) :.\.|

o,h

Baltz. MB. Peskin, Wiszanski. PRD74 (2006)
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0Q/Q | L C Accuracy
within MSSM on cM SSM plan
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|LC and DM Direct Searches . S
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Collider Experimentson Dark Matter cericed)

| Lo | T T
- Lols

Spin-1ndependent Neutralino Proton Cross Section

o.(x+p) (pb) o.(ctp) (p5)
Baltz. MB. Peskin, Wiszanski. PRD74 (2006)
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ILC and DM Satellite Experiments corcerd) :.\.‘
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Hooper. Finkbeiner. Dobler
arXiv:0703.3655 |astro-ph]
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Collider Experimentson Dark Matter s p
Annihilation Cross Section

Baltz. MB. Peskin, Wiszanski. PRD74 (2006)
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Towards Detailled Analyses e
i i

Essential to validate anticipated results with /
analyses based on full G4 ssmulation and
reconstruction;

L C program of New Physics studies
offers significant challenges to detector
design and machine-detector interface
to preserye the signature e clean

event rec
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Concluson 7 ouinyy

Dark I\/Iatterli&yéy(beﬂrstsgnaﬁﬂew Ph

Current and future collider expet Hment-programs at Tevatr , LHC and
|LC to better define moddl conﬁ’ral nts, drsc;over sighature of hevv

phenomena beyond, SM and meéﬁre them with enough accurify to test
their compatibility W|th bdth CM rvw,eg;?\d ground-based

] e LY e

DM searches

If results ouId agree, maor tr|" b @\bot Cosmology and Particle
Physics, d alled data on DM pe parte: m 1able precise studlesof

tha maxtmum centre-of-mass energy
IS key to obtain accelerator experi rﬁent data with accuracy n to match
that of satellite experiments and emphasisithe importance of the ILC program

complementing the LHC and other experiments. 7
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