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1. Motivation and models

What do we know about the SUSY mass scale?

1. Coupling constant unification = Mg g5y =~ 1 TeV
2. LSP should be cold dark matter = Mg gy = 1 TeV

3. Indirect hints from existing data?

— Focus on CMSSM, NUHM, . ..
small number of free parameters

— hard constraint: LSP gives right amount of cold dark matter
CMSSM: only thin strips allowed in the mq /2=mg plane
NUHM: M ,—tan 3 planes possible

— Use existing data of My, sin?ferr, BR(b — s7v), (g — 2)u, M,
— 2 fit with these observables
= best fit values for masses, couplings, ...
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1. Motivation and models

What do we know about the SUSY mass scale?

1. Coupling constant unification = Mg gy =~ 1 TeV
2. LSP should be cold dark matter = Mg sy = 1 TeV

3. Indirect hints from existing data~?

— Focus on CMSSM, NUHM, ...
small number of free parameters

— hard constraint: LSP gives right amount of cold dark matter
CMSSM: only thin strips allowed in the mq 5—mg plane
NUHM: M ,—tan 3 planes possible

— Use existing data of My, sin?ferr, BR(b — 57v), (g9 —2)u, M,
new observables: Iy, BR(Bs — uTu~), BR(By — Tvr), AMp,
— 2 fit with all of these observables
= best fit values for masses, couplings, ...
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Precision Observables (POs):

Comparison of electro-weak precision observables with theory:

EW Precision data: T heory:
My, Sin? Oefs, ay — | SM, MSSM , ...

Y

Test of theory at quantum level: Sensitivity to loop corrections

Very high accuracy of measurements and theoretical predictions needed

e \Which model fits better?
e Does the prediction of a model contradict the experimental data?
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Example: Prediction for My, in the SM and the MSSM

[S.H., W. Hollik, D. Stockinger, A.M. Weber, G. Weiglein '07]
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Example: Prediction for My, in the SM and the MSSM :

[S.H., G. Weiglein '05]
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Example: Prediction for My, in the SM and the MSSM :

[S.H., G. Weiglein '06]
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Example: Prediction for My, in the SM and the MSSM :
[S.H., W. Hollik, D. Stockinger, A.M. Weber, G. Weiglein '07]

experimental errors 68% CL.:

80.70 -
: LEP2/Tevatron (today)
80.60
T 8050
Q —
=
=
80.40
80.30
SM e
MSSM
80.20 both models

Heinemeyer, Hollik, Stockinger, Weber, Weiglein '07 7

160 165 170 175
m, [GeV]

180

185

MSSM band:
scan over
SUSY masses

overlap:
SM is MSSM-like
MSSM is SM-like

SM band:
variation of MM

Sven Heinemeyer, LCWSO07, DESY, 02.06.2007



Example: Prediction for My, in the SM and the MSSM :
[S.H., W. Hollik, D. Stockinger, A.M. Weber, G. Weiglein '06]
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2. The SUSY models

1.) CMSSM (or mSUGRA):

= Scenario characterized by

mo, m]_/27 A07 tanﬁ) Sign,u

\

mo . universal scalar mass parameter

mq /5 @ universal gaugino mass parameter } gt the GUT scale

Ap :universal trilinear coupling

/

tan @ : ratio of Higgs vacuum expectation values

sign(u) : sign of supersymmetric Higgs parameter

= particle spectra from renormalization group running to weak scale

Lightest SUSY particle (LSP) is the lightest neutralino
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2. The SUSY models

1.) CMSSM (or mSU( 10
= Scenario charad
% 1000-
e
o
mo . universal scalar =
my 5 universal gaug 500- " B -Gy qle
' J m, = 178 GeV.
Ap  universal trilineg - B ™, =182 Gev
tan @ : ratio of Higgs '
-+ T r .- . r
Slgn(,u) . Sign Of sup 100 500 1000 1500 2000 2500
My, (GeV)

= particle spectra from renormalization group running to weak scale

Lightest SUSY particle (LSP) is the lightest neutralino
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2.) NUHM: (Non-universal Higgs mass model)

= besides the CMSSM parameters

My and p

Assumption:

no unification of scalar fermion and scalar Higgs parameters
at the GUT scale

= effectively M 4 and p free parameters at the EW scale

= particle spectra from renormalization group running to weak scale

Lightest SUSY particle (LSP) is the lightest neutralino

= possible: M4—tan 3 planes :-)
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Procedure:

1. Scan over parameter space:

— CMSSM: for fixed tan 3 = 10,50
— NUHM: certain parameter planes,
corresponding to CMSSM best fit points

2. Perform 2 fit

3. Find preferred values for masses
= collider reach

= most details for CMSSM
NUHM shows the same qualitative behavior
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3. The observables

1./2./3.) My, sin?0g, T 7
1.) Theoretical prediction for My, in terms

Of MZ, , G,LL) AT’

Higher order contributions:
gxf/ — g‘f/ + Agé, gff; — gffl + Agﬁ
3.) Total Z width:

Fry=>) Nz — XX)
X
including higher-order corrections
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Prediction for sin? 6. in the SM and the MSSM :
[S.H., W. Hollik, A.M. Weber, G. Weiglein '07]
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Prediction for My, and sin? 64 in the SM and the MSSM
[S.H., W. Hollik, A.M. Weber, G. Weiglein '07]
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For x2 fit:

exp theo
2_<CE _R:c
Xx_

2
x = My, Sin® Oerr, T 7
Ox

RSP experimental value
RIN€O: theory prediction
o2: (exp. error)?2 + (param. error)2 + (intr. error)?

experimental error
parametric error: from uncertainty in input parameters

intrinsic error: from unknown higher-order corrections

= use most up to date calculations and error estimates
[S.H., W. Hollik, G. Weiglein '04]
[S.H., W. Hollik, D. Stéckinger, A.M. Weber, G. Weiglein '06/'07]
[LEPEWWG '06/’07]
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4.) anomalous magnetic moment of the muon: (g —2),

Overview about the current experimental and SM (theory) result:
[g-2 Collaboration, hep-ex/0401008]

230 :

m

220 E_ ........ “ R Avg .....................................................................

210 - T OO SO
[1]

0] Al O % ............

190 :_ .............................................................................................. [ ee] .....................................

180 :_ ................................................................................................... + ..........................................

170

x 10%° - 11659000

a

1602‘ """"" Experiment Theory

150

— "“Isospin breaking effects” in = data problematic
[Ghozzi, Jegerlehner '03; Jegerlehner '07]

ete™ data: good agreement between new SND, CMD2, KLOE data

aﬁxp — aLheO’SM ~ (27.5+8.4) x 1010
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Example: Investigation of mMSUGRA with cold dark matter constraint
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For x2 fit:

exp theo
2_< x _RCL’
Xx —
Ox

2
) r=(g9—-2)u

R*P: experimental value = (a&*P — ¢}'¢>>M)

REN€O- theory prediction = af,,heo’SUSY

o2 (exp. error)? + (param. error)? + (intr. error)?

experimental error
parametric error: from uncertainty in input parameters

intrinsic error: from unknown higher-order corrections

= use most up to date calculations and error estimates
[S.H., W. Hollik, G. Weiglein '04]
[S.H., D. Stockinger, G. Weiglein '03, ' 04]
[g-2 Collaboration, hep-ex/0401008]
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5.) the lightest MSSM Higgs boson mass: M,

Contrary to the SM: M;, is not a free parameter

MSSM tree-level bound: M; < My, excluded by LEP Higgs searches

LLarge radiative corrections:
Dominant one-loop corrections:
™maz. 1Ny
£ 1%
AM? ~ Gymylog <#>

2
my

The MSSM Higgs sector is connected to all
other sector via loop corrections
(especially to the scalar top sector) f

Measurement of Mj;, Higgs couplings = test of the theory

LHC: AM,;, ~ 0.2 GeV
ILC: AM,; ~ 0.05 GeV

= Mj, will be (the best?) electroweak precision observable

Sven Heinemeyer, LCWSO07, DESY, 02.06.2007
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In CMSSM, NUHM:
SM bound of Mgy search can be used [LEP Higgs Working Group '03]

w1 —
3
10 .15__ LEP CLs can be
: used/transformed
-2
10} into 2 values
10"k = Uhsirvel = additional (unobserved)
: T parameter
4l
0
: SMINY ~ 3 GeV
10 '5;
: We use FeynHiggs
6| wl
10 | | | Lt

112 114 116 118 120

m,(GeV/ (:2)

A (st BN 6 O Y S T A R AT
100 102 104 106 108 110
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6.) b— sv

BR(b -> sy)
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7.) Bs = ptp”

BR(Bs — ,u+,u_) CMSSM
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8.) By — TUr
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9.) AMp,
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For x2 fit:

exp theo
2_<$ _Rx
Xx —

2
> a:=b—>3’y,Bs—>,u+,u_,Bu—>TV7-,AMBS
Ox
RSP experimental value
REN€O- theory prediction
o2 (exp. error)? + (param. error)? 4 (intr. error)?

experimental error
parametric error: from uncertainty in input parameters

intrinsic error: from unknown higher-order corrections

= uUsSe up to date calculations and error estimates
[BaBar, Belle '04 - '07]
[HFAG '07]
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4. Implications for the ILC

What do we know about the SUSY mass scale?

1. Coupling constant unification = Mg gy =~ 1 TeV
2. LSP should be cold dark matter = Mg sy = 1 TeV

3. Indirect hints from existing data?

— Focus on CMSSM and NUHM
small number of free parameters

— hard constraint: LSP gives right amount of cold dark matter
CMSSM: only thin strips allowed in the mq /2=mg plane
NUHM: M ,—tan 3 planes possible

— Use existing data of My, sin?fOefr, Iz, (9 — 2)u, M,

BR(b — s7), BR(Bs — uTu~), BR(By — 1v7), AMp,

— 2 fit with these observables
= best fit values for masses, couplings, ...
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Results: CMSSM: EWPO alone
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= preference for relatively small my /o
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Results: CMSSM: BPO alone
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Results: CMSSM: everything combined

tang =10 tan g =50
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= preference for somewhat smallish m4 ,, — but with a little tension
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Results: CMSSM: prediction for My,

tan 3 =10 tan 3 =50
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= preference for My ~ 115 GeV (LEP ...)

= ILC implications obvious
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Results: CMSSM: “blue band” for M, (without LEP results)
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= much “better’” than in the SM
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Results: CMSSM: prediction for m-g &~ m -+
X2 X1
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tan 3 = 10 = accessible at ILC(500)
tan 8 = 50 = accessible at ILC(1000), possibly eTe™ — ¥9%3
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Results: CMSSM: prediction for mz,

tang =10 tan 3 = 50
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Results: CMSSM: prediction for M4

tang =10 tan 3 =50
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tan 3 = 10 = possibly too heavy
tan 8 = 50 = possibly too heavy = check single production!
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Results: CMSSM: prediction for mg,

tang =10 tan g =50
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tan 8 = 10 = possibly too heavy
tan 8 = 50 = definitively too heavy
= other colored particles even heavier = LHC/ILC complementarity!
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Results: NUHM

M q—tan 3 planes in agreement with CDM
= 4 planes; with mq,, or p varied to get CDM right

(interesting as benchmark scenarios?)

What about other constraints? — see the X2
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Results: NUHM: planes 2,3
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Results: NUHM: planes 4,5
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Results: NUHM

M q—tan 3 planes in agreement with CDM
= 4 planes; with mq,, or p varied to get CDM right

(interesting as benchmark scenarios?)

What about other constraints? — see the X2

Phenomenology on these planes?

so far only the lightest Higgs has been investigated
= M, < 125 GeV, SM-like couplings
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5. Conclusinos

e Precision observables
— can give valuable information about the “true” Lagrangian
— can provide bounds on SUSY parameter space

e Most important electroweak precision observables:
My, sin?0efr, Tz, My, (9 —2)u

Most important B physics observables:

BR(b — s7), BR(Bs — puTu~), BR(By — Tv7), AMp,
e Mmodels under consideration: CMSSM, NUHM
e Current 2 fit: low values, O (4) reached

e Evaluation of SUSY spectrum = ILC reach
similar results in all scenarios:
tan 3 = 10: sleptons, charginos, neutralinos (partially) in reach
possibly some chance for light stops
tan 3 = 50: some sleptons, charginos, neutralinos (partially) in reach
hardly any chance for light stops or other colored particles
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5. Conclusinos

Precision observables
— can give valuable information about the “true” Lagrangian
— can provide bounds on SUSY parameter space

Most important electroweak precision observables:
My, sin?0esr, Tz, My, (9—2)pu

Most important B physics observables:

BR(b — s7), BR(Bs — puTu~), BR(By — Tv7), AMp,
models under consideration: CMSSM, NUHM
Current x? fit: low values, O (4) reached

Evaluation of SUSY spectrum = I[LC reach
similar results in all scenarios:
tan 3 = 10: sleptons, charginos, neutralinos (partially) in reach

possibly some chance for light stops
tan 3 = 50: some sleptons, charginos, neutralinos (partially) in reach

hardly any chance for light stops or other colored particles

The prospects for the ILC(500/100) to see SUSY are very good
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