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CMB data from WMAP provides precise g

0.8

determination of relic Dark Matter density, B3
result further corroborated by data on 02
supernovas and galaxy clusters;

EGRET data from Compton Gamma Ray
Observatory show excess of y emission

In Inner Galaxy, which may be interpreted
as signal from DM annihilation;

Analysis of subtracted WMAP spectrum
at different frequencies shows excess
microwave emission interpretable as b
synchrotron emission from energetic
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e*e” pairs produced in DM annihilation P
near galactic center:

Data consistent with ~100 GeV particle
annihilation with <cv>=2 x 10 cm3s'|§
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.
Systematic study of ILC reach promoted by SUSY models analysis simplified
White Paper on ILC-Cosmo Connections within cMSSM: dimensionality of
(M.B., J.Feng, N.Graf, M.Peskin, M.Trodden Editors) parameter space reduced by one

(my, < my): four regions emerge:
Point | mg mpp tanf Ag | M(E) | M (x3})

Cosmologically interesting
LCC1| 100 250 10 -100] 178. | 96.1 ) :
Lccol3280 300 10 o | 175 | 1077 cMSSM Regions and Benchmark points

for the ILC-Cosmo White Paper

LCC3| 210 360 40 0 | 178. | 1425
LCC 4| 380 420 53 0 | 1is 169

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

Point | DarkSUSY 4.0 | MicroMEGAS 1.3

LCC 1 0.193 0.193
LCC 2 0.108 0.110
LCC 3 0.059 0.057

LCC 4 0.113 0.106




LHC Sensitivity LHC sensitivity almost saturates the
Inclusive SUSY Sensitivity in Jets + ET available phase space in the WMAP

miss

My compatible cMSSM region:

Higgs Bosons Sensitivity in M ,-tan 3
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X

modified from S. Abdullin m,, (GeV)

LHC reach limited towards high end of Focus Point Region where
strongly interacting superpartners become too heavy to be produced.




LHC Measurements

Availability of decay chains with multi-leptons, lepton+jets topologies
allows to determine masses from kinematical endpoints (but significant
correlations from sensitivity to mass differences):
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Predictions of DM relic density can be obtained,
In a model-dependent way, to good numerical
accuracy In some regions by reconstructing
cMSSM parameters from observed endpoints:

0.205 0.21 0.215 022

SPSla: 8Q/Q =0.025 (stat.) 300 fb?

Polesello, Tovey, hep-ph/0403047




Bulk Point LCC1

no other mechanisms contribute.
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Focus Point LCC2

In focus point DM density controlled by LSP
annihilation to WW and ZZ , large mass splitting
between gauginos and sfermions:

present ItS localization in
terms of m,, m,,, depends
crucially on m,,,
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ILC Measurements at LCC?2

Study of Focus Point at 0.5 TeV is based on five main reactions:
ete- = X 2 XA X025 A03X s

Determine mass differences from endpoint of |l and jj distributions
and use kinematics to fix masses:

Availability of polarised beams provides
additional observables for establishing
properties of gauginos;

value | 4(ILC)
M(3%1) 107.7 | +07
M(%2) — M%) 58.6 | -+ 0.4
M(x3) — M(x1) 82.3 5= i3
M(x7) — M(x1) 1430 | £ 03
ole e = x7x1) (-0.8/+0.6) + 7.7%
glee™ = x7Tx1) (+0.8/-0.6) + 10.5%
o(e"et = x5x3) (-0.8/+0.6) + 3.8%
ole”et = x9x3) (+0.8/-0.6) + 4.5%
M () 3270
M(q) 3300
M(A) 32422 | >220




co-Annihilation Point LCC3

DM density controlled by stau-LSP mass
splitting and p.: sensitivity to small AM
depends on yy background rejection:
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M(71)

M) 142 “E il
M(x3) — M(xY) |80.3 + 0.5
M(x3) — M(X9) + 2.0
M(%§) — M(x7) + 2.0
M(x+1), M(ug) | 274 + 0.7
M(&g), M(jip) 252 + 1.0
M(Eg) — M(Y) + 1.0
M(7) — M(%1) +1.1
M(A) M(A) > 450




ILC Measurements at LCC3
At 0.5 TeV production of t,t, and x,%,
resulting In tt E;ing fiNal state;

Important to reject yy bkg ee —eertr
by low angle electron tagging:

Yr—u - '
> ot 1
1

Events

Determine M(z,) - M(y,") from
distribution of M(JyJ,E issing)

fitting m,=210 “data’ with

Number of Events

Very Fwd. calorimetric

combined

coverage controls b C/m.df 70.18/98
PN, il N1 %) 16.4+ 16.6
minimum reachable AM: L N(%%) 764.8 + 30.6

N(SM) 378 (fixed)

AM accuracy at ILC = 10%

At LHC worst accuracy and feasibility b
critically depends on fake jet rate. ") [GeV]

-




A° Funnel Point LCC4

DM density controlled by M(A)2M(y), T(A)and -~
requires intensive program of measurements from =L 7
0.35TeVto 1.0 TeV:
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ILC Measurements at 0.5 TeV

Determine M(t,) and M(z,) - M(y,") from
stau threshold scan and stau decays;

Stau Threshold Scan

=

Estimate I'(A°%) from precise determination
of BR(h® —bb) at 0.35/0.5 TeV;

['(A%) = BR(R8) I'(h°) x tan® 3

~ BR(AY—bb)

o
400 450 500 550 600 650 700 750 800

M(jlszmissing)

E_, (GeV)

Entries/ 500 fo”

35 El

© A Width [GeV)



ILC Measurementsat 1 TeV

Determine M, from ¢te= — HYAY
reconstruction in 4-b jet events at 1 TeV;,

Apply 4C constraints and determine
M, and I', from 5-par fit to M;;
spectrum using BW & Gauss

signal + quadratic background term:

5-par Fit
M(A) (GeV) 418.9+0.8 | |[—
['(A) (GeV) 16.14+2.7 sytoof] — e s+ ok
M(H) — M(A) (GeV) | 1.4 (Fixed) | B

[<2]
o

Determine M(y3)-M(y,) from Z
energy distribution in y; =y, Z
decays In 5y, events to fix u value;

At LHC M(A) measurable to 2 GeV
but difficuly to control I'(A) and p. 5. hep- Mass (GeV)




Constraining tan fat 1 TeV

Points at large tan 3, such as LCC3
and LCC4 and EGRET compatible
region have large sensitivity on tan [3;

e+e- »H+H- —tbtv sensitive to tan 3
process produced with typical cross
section of ~ 2 fb at 1 TeV giving BRs

<]

W

%

BR(H* —tv) vs. tan 3




Flat Scans Parameter | LCC 1 | LCC 2 | LCC 3 | LCC 4
tan == Al f) S el A + 10
Perform model-independent MSSM A1, +30 |+£10 |£5 |+10
scans around each LCC point; M, e = ==
M, +30 |+10 |£5 |+ 5

Extract MSSM parameters from AR +150 | +£150 | £150 | £ 150

CMSSM inputs and vary MSSM Ay +150 | £150 | £150 |+ 150

parameters in uncorrelated way over -jfr igg Egg i}gg i igg

- - o KHOSECR O S E 1 1

ranges consistent vv_|th.> 3o from M 15 |10 |+ 4 | %5
ant|C|pated aCccuraciles, Mrl s + 10 e 1k
Compute DM relic density at each "”L? e | R
) Mr3 +15 |+10 |+ 4 |+ 5
MSSM point and constructed pdf M 10 210 210 | =10
by weighting by 11, eneC ) Mqd e It (R =t [ =
Mg3 L1 1210 |10 |10

Extract uncertainty on DM density {i{ 1115[?0 11553 jilf;i’ i 100
3 = - = i ] H [ H [ '4
prediction by width of resulting M,, 1 011 121 |31

pdf distribution.




Markov Chain Scans

Scan MSSM multi-parameter phase space using Markov Chain Monte Carlo
technique: given a point i advance to new point i+1 if 1) £(: + 1)/L£(7) or

ii) > rndm() where L defined by SUSY measurements and anticipated

aCCUI‘aCieS; (Berg, cond-mat/0410490 and Baltz, Gondolo hep-ph/0407039)

Markov Chain technigue Is more
effcient and has better statistical
weight of relevant regions; but

reaching into topologically |
disconnected regions may | Omega:ia
be problematic; ' s




Selected Parameter Regions at LHC and ILC

Flat Scan

i S s it T

Mu vs Misp LCCA

Markov Chain Scan

lu ha

ILC




Dark Matter Density LCC1 Constant 7.513+ 0.896
Mean  -0.04041:0.01093

Sigma 0.1117 £ 0.0077
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ILC Accuracy on Dark Matter

(Preliminary)
Dark Matter Density LCC1 Constant 1.549e+05 + 497
x10 _

Mean -0.0001384 £ 0.0000219

ts
-y
=
=

Sigma 0.01023 + 0.00002

MSSM Poin
o ]
(=] o=

-
=

20

-%.5 04 03 02 01 4 02 03 D4 0.5
80,19

“WMAP

Dark Matter Density LCC3 | Constant  1.4B7e+04 + 46

Mean  0.008643 + 0.000221
Sigma 0.07933+ 0.00014

%.5 04 03 02 01 0 01 02 03 D4 0.5

0
60 I “WMAP

il ia rrm

EEncELEY LAy

Dark Matter Density LCC2

MSSM Points

Constant 1.262e+05 + 308
Mean 0.003771+ 0.000064
Sigma 0.03152+ 0.00004

02 03 04 03

Constant 4.764e+04 £ 163
Mean 0.009099 + 0.000153
Sigma 0.0496 + 0.0001

Relatlve Accu racy SQ/Q

(Prellmlnarv)

Flat Scan

LCC1

0.009

LCC2_
- 0.035

  LCC3,

Lcca

Markov Chain Scan

LCC1
0.010

LCC2
0.032

LCC3
0.075

LCC4
0.049




0Q/Q ILC Accuracy within MSSM

on cMSSM plane (Preliminary)
1000

m (GeV

LCC4 0.05

g =
e
/
| Lcc3 0.07 /
G* 0.02 /

0.07
LCC1 0.01¢: 9,02 A‘ 0.03

O
100 1000
urces: T =
,IiﬁéaPéolLCC-%Sosmo Study (2005) 1/2 ( eV)

and Bambade et al. hep-ph/0406010
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