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Evaluating the expectation

® Constraints on
Supersymmetry already exist:

» Low energy (precision) data

m Flavour Physics (in particular B Physics),
g-2

» High energy (precision) data

m Precision electroweak observables (e.g.,
Mtop, MW)

» Cosmology/astrophysical data

m in particular: relic density
Qh? = 0.1099+0.0062 (exp)

arXiv:0803.0586 [astro-ph]

» Exploit it to set “expectation”

m within 2 SUSY model
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Evaluating the expectation (D fsiss

® Constraints on
. LEP/TEV EW WG — Summer 2010
Supersymmetry already exist: g =158 G

5) _
' AOLhad .
:  —0.02758+0.00035
i - 0.02749:0.00012

m Flavour Physics (in particular B Physics),
g-2

m Precision electroweak observables (e.g.,
mtop, MW)

Preliminary

m in particular: relic density
(Qh? = 0.1099+0.0062 (exp)

arXiv:0803.0586 [astro-ph]

A famous example of expectation:
Standard Model Higgs mass prediction

from LEP/TeV EW precision observables
m within a SUSY model
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Global fits

® How to exploit this information?

()

» a consistent set of experimental measurements

m including astrophysical measurements

» state-of-the-art theoretical predictions (“tools”)

m including astrophysical predictions...

» a “framework” to consistently combine predictions and measurements

. MAaSTERcope
® The MasterCode collaboration o>
» a collaboration between theory and experiment O. Buchmiller, R. Cavanaugh,

A. De Roeck, J. Ellis, H. Flacher,
S. Heinemeyer, G. Isidori, K. Olive,

m from High-energy and flavour Physics, and Cosmology S. Rogerson, F. Ronga, G. Weiglein

» an effort to combine and interpret today’s constraints
m other efforts exist (see R.Trotta’s talk this morning)
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The “framework’

® Consistency
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» SLHA interface

® Modularity

» Compare calculations

» Add/remove predictions

® State-of-the-art “tools”

Steering Code

» Directly from experts
® Flexibility

»Minuit fit

» Markov Chain MC

» input to external tool
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Building the X? .

2 N  (C;—P;)? M (fsm, —fsm
X" =2 SO Fa(P)? T 2y G(Jf'sl\ﬁj)2

® Multi-parameter X? variable

» Ci — experimental constraints

» Pi — predicted value for a given parameter set

® Fitting for all model parameters
» CMSSM: Mo, M, /2, Ao, tanB (sign(u)=1)

» NUHMI: CMSSM parameters + one free Higgs mass parameter (e.g., Ma)

® including relevant SM uncertainties

» Meop, Mz, [z, AXhad
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List of observables

Low energy observables Elec(goweak observables
R(b — s7) SuFla* micrOMEGAs Aa, " (m3) FeynWZ
R(B — 7v) SuFla mz FeynWZ
BR(K — Tv) SuFla Thad FeynWZ
R(B — Xt¢) SuFla Ri FeynWZ
R(K — mwvi) SuFla A (f) FeynWZ
BR(Bs — £F) SuFla micrOMEGAs Ae(Pr) FeynWZ
BR(Bd — Ifé') SuFla Ry FeynWZ
NUAY N SuFla R. FeynWZ
R(Ams)/R(Amy) SuFla A (b) FeynWZ
R(Amg) SuFla Ag () FeynWZ
R(Ao(K*v)) SuperIso Ap FeynWZ
Ag — 2) FeynHiggs Ac FeynWZ
Higgs sector observables A[:'(SITD) FeynWZ
m',ig'“ FeynHiggs sin’ 0. (Qp) FeynWZ
Cosmology observables my FeynWZ
Qh? DarkSUSY micrOMEGAs my FeynWZ
o> DarkSUSY micrOMEGAs

P * G. Isidori, P. Paradisi
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List of observables

Particle Physics
Low energy observables Electroweak observables
: (5) ¢, 2
R(b — s7) SuFla* micrOMEGAs Aca, 4(m3z) FeynWZ
R(B — 7v) SuFla mz FeynWZ
BR(K — 7v) SuFla op. FeynWZ
R(B — Xsfé’) SuFla R/ FeanZ
R(K — mvi) SuFla A () FeynWZ
BR(Bs — £¥) SuFla micrOMEGAs Ai(P-) FeynWZ
BR(By — £¢) SuFla R, FeynWZ
R(Am)  Compare calculations?’: FeynWZ
R(Amg)/R(Amg) Surla Aw(b) FeynWZ
R(Amg) SuFla / As(cC) FeynWZ
R(Ao(K*v)) SuperIgh Ap FeynWZ
A(g — 2) Feyn ggs Ac FeanZ
Higgs sector observabfes A¢(SLD)  FeynWZ
m',;ght - iggs sin® 0 (Qg) FeynWZ
Cosmology observable myy FeynWZ
<\’B my FeynWZ
o —DATESUSY" mlcrOMEGAs

* G. Isidori, P. Paradisi
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Fit methods & “data” samples @

® Fit methods

» Markov Chain Monte Carlo (MCMOQ)

m actually used as a mere sampling method (sampling density not used)

® success and failure of the steps are defined by the X?

» X2 fit: Minuit minimisation

m used for “scans” or in conjunction with MCMCs to get the overall best minimum

® Data samples for MCMCs

» about 25 million points for each model (CMSSM & NUHMI)
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Probing the parameter space (D s

arXiv:0907.5568 [hep-ph]
0 200 400 600 800 1000 1200 1400

N
o
-
o

, [GeV/c?]

(\)Iz+ () () () ()

&

U
N i

D

IO
coe,

gt -~

'
—~ ST

.\‘

A
H* o
Ta
[

_n!‘_”

MasSTeRco

s

500 1000 1500 2000 2500
m, [GeV/c?]

O
o

O
=

1

~
-

N'-hl

}

CMSSM — Best fit point:
Mo=60 , M2=310,A0=130, tanB=11
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Probing the parameter space (D s

arXiv:0907.5568 [hep-ph]
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Probing the parameter space (D s
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Probing the parameter space (D s

arXiv:0907.5568 [hep-ph]
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The key players (CMSSM)

® Percent change of 95% C.L. contour area
as a function of relative uncertainty

MasTeRcoce)

CMSSM

0.7 x error
0.9 x error
— 1.0 x error

arXiv:0808.4128 [hep-ph]

1.1x error
1.2 x error

e 1.3 x error

F.Ronga (ETH Zurich) — Joint HEP-APP IOP meeting on SUSY — March 24,2010
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The key players (CMSSM)

® Percent change of 95% C.L. contour area
as a function of relative uncertainty
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Sensitivity to relic density () E

® 95% CL contours with and without relic density (CMSSM)

arXiv:0808.4128 [hep-ph]
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Sensitivity to relic density () F

® 95% CL contours with and without relic density (CMSSM)
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Predictions for relic density (D s

® Likelihood functions with and without relic density
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Predictions for relic density (D s

® Likelihood functions with and without relic density
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Predictions for LSP mass () B

® Likelihood functions (with and without LEP Higgs limit)
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Predictions for LSP mass () B

® Likelihood functions (with and without LEP Higgs limit)
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Predictions for cross-section (s

® Likelihood functions for spin-independent
WIMP scattering cross-section

ASTEeR co_oe/.;'
( o -)’

— S

1 0-48 1 0-47 1 0-46 1 45 1 0-44 1 0-43 1 0-42 1 0-41 1 0-40
o [em?]

10* 10% 10 10* » '44 10% 10%? 10% 107
oS! [em?]

CMSSM NUHMI

F. Ronga (ETH Zurich) —TeVPA 2010 — July 22,2010 | 4


http://www.arxiv.org/abs/0907.5568
http://www.arxiv.org/abs/0907.5568

arXiv:0907.5568 [hep-ph]

ETH Institute for

Predictions for cross-section (s

® Likelihood functions for spin-independent
WIMP scattering cross-section
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Putting it all together...

® “Expectation’ for dark matter searches

CDMS: 2004+2005 (reanalysis) +2008 Ge
XENON10 2007 (Net 136 kg-d)
SuperCDMS (Projected) 25kg (7-ST@Snolab)

http://dmtools.berkeley.edu/limitplots/
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Spin-independent cross-section vs. LSP mass
CMSSM
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Spin-independent cross-section vs. LSP mass
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® “Expectation’ for dark matter searches
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Spin-independent cross-section vs. LSP mass
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Global fits and the LHC ey e

® VWhere we stand now

tanf =10, A;=0, u>0

CMS preliminary
\s=7 TeV

Hadronic search, 95% C.L. curves

— L =1000/pb
= | =100/pb

CMS-NOTE-2010-008

full CMSSM
parameter space

Y 68% C.L. maTe Rcope,)
95% C.L. Q

NO EWSB
800 1000 1200 1400 1600 1800 2000
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Global fits and the LHC ey e

® VWhere we stand now

CMSSM
today’s data

I~ 1 68%C.L.
I~ 1 95%C.L.

® JTomorrow!
CMSSM
100/pb LHC data

[] 68%C.L.
95% C.L.

arXiv:0808.4128 [hep-ph]
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® L[HC-DM interplay!

F. Ronga (ETH Zurich) —TeVPA 2010 — July 22,2010 16



http://www.arxiv.org/abs/0808.4128
http://www.arxiv.org/abs/0808.4128

ETH Institute for
Particle Physics

()

Conclusions & Outlook

® Experimental constraints already exist

» powerful tool to set “expectation” in a given model

» expectation within CMSSM and NUHM|1| shown

m already strong constraints on LSP mass and scattering cross-section, in this context

m DM searches will be able to discover LSP (or exclude these models) soon

» more interplay to come with the rise of the LHC

m first glance at interplay here: how about expectation at LHC from DM searches!...

® Future plans

» other models: mSUGRA, VCMSSM (more sensitive to Qh?)
» more limits from DM related experiments in the fit
» more measurements!
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