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1. Introduction and motivation

Comparison of electro-weak precision observables with theory:

Precision data: Theory:

MW , sin2 θeff , aµ ↔ SM, MSSM , . . .

⇓
Test of theory at quantum level: Sensitivity to loop corrections, e.g. X

H

⇓
SM: limits on MX

Very high accuracy of measurements and theoretical predictions needed
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Precision observables: MW , sin2 θeff, Mh, (g − 2)µ, b physics, . . .

A) Theoretical prediction for MW in terms

of MZ, α, Gµ,∆r:

M2
W

(

1 − M2
W

M2
Z

)

=
π α√
2Gµ

(1 + ∆r)

m
loop corrections (SM, MSSM)

Evaluate ∆r from µ decay ⇒ MW

One-loop result for MW in the SM:

[A. Sirlin ’80] , [W. Marciano, A. Sirlin ’80]

∆r1−loop = ∆α − c2W
s2W

∆ρ + ∆rrem(MH)

∼ log
MZ
mf

∼ m2
t log(MH/MW)

∼ 6% ∼ 3.3% ∼ 1%
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Precision observables: MW , sin2 θeff, Mh, (g − 2)µ, b physics, . . .

A) Theoretical prediction for MW in terms

of MZ, α, Gµ,∆r:

M2
W

(

1 − M2
W

M2
Z

)

=
π α√
2Gµ

(1 + ∆r)

m
loop corrections (SM, MSSM)

B) Effective mixing angle:

sin2 θeff =
1

4 |Qf |



1 − Re g
f
V

Re g
f
A





Higher order contributions:

g
f
V → g

f
V + ∆g

f
V , g

f
A → g

f
A + ∆g

f
A (SM, MSSM)
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Example: Prediction for MW in the SM and the MSSM :

[S.H., W. Hollik, D. Stockinger, A. Weber, G. Weiglein ’07]
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2. SM Higgs mass predictions

Results for MH from other EWPO:

light Higgs preferred by:

MW , ALR
l (SLD)

heavier Higgs preferred by:

AFB
b (LEP)

⇒ keeps SM alive

MH   [GeV]

March 2009

*preliminary

ΓZΓZ

σhadσ0

RlR0

AfbA0,l

Al(Pτ)Al(Pτ)

RbR0

RcR0

AfbA0,b

AfbA0,c

AbAb

AcAc

Al(SLD)Al(SLD)

sin2θeffsin2θlept(Qfb)

mW*mW

ΓW*ΓW

QW(Cs)QW(Cs)

sin2θ−−(e−e−)sin2θMS

sin2θW(νN)sin2θW(νN)

gL(νN)g2

gR(νN)g2

10 10
2

10
3

[LEPEWWG ’09]⇒ light Higgs boson preferred
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Global fit to all SM data:

[LEPEWWG ’09]

⇒ MH = 90+36
−27 GeV

MH < 163 GeV, 95% C.L.

Assumption for the fit:

SM incl. Higgs boson

⇒ no confirmation of

Higgs mechanism 0

1

2

3

4

5

6

10030 300

mH [GeV]

∆χ
2

Excluded Preliminary

∆αhad =∆α(5)

0.02758±0.00035

0.02749±0.00012

incl. low Q2 data

Theory uncertainty
March 2009 mLimit = 163 GeV

⇒ Higgs boson seems to be light, MH <∼ 160 GeV
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Global fit to all SM data incl. direct searches:

[GFitter ’09]

⇒ MH = 116.4+18.3
−1.4 GeV

MH < 152 GeV, 95% C.L.

Assumption for the fit:

SM incl. Higgs boson

⇒ no confirmation of

Higgs mechanism
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⇒ Higgs boson seems to be light, MH <∼ 150 GeV
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Implications for SM Higgs searches at the Tevatron:

1

10

100 110 120 130 140 150 160 170 180 190 200

1

10

mH(GeV/c2)

95
%

 C
L

 L
im

it
/S

M
Tevatron Run II Preliminary, L=0.9-4.2 fb-1

Expected
Observed
±1σ Expected
±2σ Expected

LEP Exclusion Tevatron
Exclusion

SM
March 5, 2009

⇒ most problematic region: MH = 115 . . .145 GeV
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Implications for SM Higgs searches at the LHC:

[ATLAS ’05]

S
ig

n
al

 S
ig

n
if

ic
an

ce

1

10

10
2

-1
 L dt=10 fb∫

σ5

 WW→VBF H
ττ →VBF H

 (inclusive + VBF)γγ→H
 4l (with K-factors)→ ZZ→H
 4l (no K-factors)→ ZZ→H

 bb→ttH,H
ν lν l→ WW→H

 llbb→ ZZ→H
 llqq→ ZZ→VBF H

Combined

(GeV)HM
100 200 300 400 500

⇒ most problematic case also at the LHC: MH = 115 . . .125 GeV
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3. Predictions in SUSY vs. SM

The Minimal Supersymmetric Standard Model (MSSM)

Superpartners for Standard Model particles
[

u, d, c, s, t, b
]

L,R

[

e, µ, τ
]

L,R

[

νe,µ,τ

]

L
Spin 1

2

[

ũ, d̃, c̃, s̃, t̃, b̃
]

L,R

[

ẽ, µ̃, τ̃
]

L,R

[

ν̃e,µ,τ

]

L
Spin 0

g W±, H±
︸ ︷︷ ︸

γ, Z, H0
1 , H0

2︸ ︷︷ ︸
Spin 1 / Spin 0

g̃ χ̃±
1,2 χ̃0

1,2,3,4 Spin
1

2

Enlarged Higgs sector: Two Higgs doublets

Problem in the MSSM: many scales
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Enlarged Higgs sector: Two Higgs doublets

H1 =




H1

1

H2
1



 =




v1 + (φ1 + iχ1)/

√
2

φ−
1





H2 =




H1

2

H2
2



 =




φ+
2

v2 + (φ2 + iχ2)/
√

2





V = m2
1H1H̄1 + m2

2H2H̄2 − m2
12(ǫabH

a
1Hb

2 + h.c.)

+
g′2 + g2

8︸ ︷︷ ︸

(H1H̄1 − H2H̄2)
2 +

g2

2︸︷︷︸
|H1H̄2|2

gauge couplings, in contrast to SM

physical states: h0, H0, A0, H±

Goldstone bosons: G0, G±

Input parameters: (to be determined experimentally)

tanβ =
v2

v1
, M2

A = −m2
12(tanβ + cotβ )
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Advantages of fits in the MSSM vs. SM

− (g − 2)µ can be used as a constraint

− Cold Dark Matter can be used as a constraint

− BR(Bs → µ+µ−) can be used as a constraint

− Mh can be predicted from other parameters

⇒ stronger constraints possible

Disdvantages of fits in the MSSM vs. SM

− many independent mass scales

− Mh can be predicted from other parameters

⇒ more difficult to disentangle effects
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Indirect constraints on SUSY from existing data?

• Electroweak precision observables (EWPO) ?

• B physics observables (BPO) ?

• Cold dark matter (CDM) ?

⇒ combination of EWPO, BPO, CDM ?
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Indirect constraints on SUSY from existing data?

• Electroweak precision observables (EWPO) ?

• B physics observables (BPO) ?

• Cold dark matter (CDM) ?

⇒ combination of EWPO, BPO, CDM ?

EWPO MW : information on mt̃, mb̃ or MA, tanβ or . . .

EWPO (g − 2)µ : information on tanβ and/or mχ̃0, mχ̃± and/or mµ̃, mν̃µ

BPO BR(b → sγ) : information on tanβ and/or MH± and/or mt̃, mχ̃±

CDM (LSP gives CDM) : information on mχ̃0
1

and mτ̃ or MA or . . .
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Indirect constraints on SUSY from existing data?

• Electroweak precision observables (EWPO) ?

• B physics observables (BPO) ?

• Cold dark matter (CDM) ?

⇒ combination of EWPO, BPO, CDM ?

EWPO MW : information on mt̃, mb̃ or MA, tanβ or . . .

EWPO (g − 2)µ : information on tanβ and/or mχ̃0, mχ̃± and/or mµ̃, mν̃µ

BPO BR(b → sγ) : information on tanβ and/or MH± and/or mt̃, mχ̃±

CDM (LSP gives CDM) : information on mχ̃0
1

and mτ̃ or MA or . . .

⇒ combination makes only sense if all parameters are connected!

⇒ GUT based models, . . .
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Existing analyses for GUT based models: (involving precision observables)

CMSSM/mSUGRA:

[J. Ellis, S.H., K. Olive, G. Weiglein ’04, ’06, ’07 ] [J. Ellis, S.H., K. Olive, A. Weber, G. Weiglein ’07]

[E. Baltz, P. Gondolo ’04 ]

[R. de Austri, R. Trotta and L. Roszkowski ’06, ’07 ]

[B. Allanach, C. Lester and A. Weber ’06, ’07 ]

[O. Buchmueller et al. ’07 ] [O. Buchmueller et al. ’08 ]

NUHM (Non-Universal Higgs Mass model):

[J. Ellis, S.H., K. Olive, G. Weiglein ’06 ] [J. Ellis, S.H., K. Olive, A. Weber, G. Weiglein ’07]

[J. Ellis, T. Hahn, S.H., K. Olive, G. Weiglein ’07 ]

[L. Roszkowski, R. de Austri, R. Trotta, Y. Tsai, T. Varley ’09 ]

VCMSSM (Very Constrained MSSM):

[J. Ellis, S.H., K. Olive, G. Weiglein ’06 ]

mSUGRA (GDM) (Gravitino Dark Matter):

[J. Ellis, S.H., K. Olive, G. Weiglein ’06 ]

CMSSM, mGMSB, mAMSB:

[S.H., X. Miao, S. Su, G. Weiglein ’08 ]

Finite Unified Theories:

[S.H., M. Mondragón, G. Zoupanos ’07 ]
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Different methods:

1.) Scanning:

− 3-dim scans (possibly with CDM fixing one dimension)

[J. Ellis, T. Hahn, SH, K. Olive, A. Weber, G. Weiglein ’04, ’06, ’07 ]

− multi-dim scans

[O. Buchmueller et al. ’07 ] [S.H., X. Miao, S. Su, G. Weiglein ’08 ]

− multi-dim scans (with Markov Chain Monte Carlo technique)

[E. Baltz, P. Gondolo ’04 ] [R. de Austri, R. Trotta and L. Roszkowski ’06, ’07 ]

[B. Allanach, C. Lester and A. Weber ’06, ’07 ] [O. Buchmueller et al. ’08 ]

⇒ here: results using last one

2.) Fitting:

− Frequentist

[J. Ellis, T. Hahn, SH, K. Olive, A. Weber, G. Weiglein ’04, ’06, ’07 ]

[O. Buchmueller et al. ’07, ’08 ] [S.H., X. Miao, S. Su, G. Weiglein ’08 ]

− Bayesian

[R. de Austri, R. Trotta and L. Roszkowski ’06, ’07 ]

[B. Allanach, C. Lester and A. Weber ’06, ’07 ]

⇒ focus on Frequentist here

3.) Priors . . . (none)
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The models: 1.) CMSSM (or mSUGRA):

⇒ Scenario characterized by

m0, m1/2, A0, tanβ, signµ

m0 : universal scalar mass parameter

m1/2 : universal gaugino mass parameter

A0 : universal trilinear coupling







at the GUT scale

tanβ : ratio of Higgs vacuum expectation values

sign(µ) : sign of supersymmetric Higgs parameter

⇒ particle spectra from renormalization group running to weak scale
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The models: 2.) NUHM1: (Non-universal Higgs mass model)

Assumption: no unification of scalar fermion and scalar Higgs parameter

at the GUT scale

⇒ effectively MA or µ as free parameters at the EW scale

⇒ besides the CMSSM parameters

MA or µ

Further extension: NUHM2:

Assumption: no unification of the Higgs parameters at the GUT scale

⇒ effectively MA and µ as free parameters at the EW scale

⇒ besides the CMSSM parameters

MA and µ

Sven Heinemeyer, DIS 09, 28.04.2009 17



4.) SUSY Higgs mass determination

⇒ Prediction of Mh in the CMSSM

[Buchmüller, Cavanaugh, de Roeck, S.H., Isidori, Paradisi, Ronga, Weber, Weiglein ’07]

General idea:

Take the most simple MSSM version: CMSSM/mSUGRA

→ just three GUT scale parameters + tanβ
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4.) SUSY Higgs mass determination

⇒ Prediction of Mh in the CMSSM

[Buchmüller, Cavanaugh, de Roeck, S.H., Isidori, Paradisi, Ronga, Weber, Weiglein ’07]

General idea:

Take the most simple MSSM version: CMSSM/mSUGRA

→ just three GUT scale parameters + tanβ

− combine all electroweak precision data as in the SM

− combine with B physics observables

− combine with CDM and (g − 2)µ

− include SM parameters with their errors: mt, . . .

− scan over the full CMSSM parameter space
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4.) SUSY Higgs mass determination

⇒ Prediction of Mh in the CMSSM

[Buchmüller, Cavanaugh, de Roeck, S.H., Isidori, Paradisi, Ronga, Weber, Weiglein ’07]

General idea:

Take the most simple MSSM version: CMSSM/mSUGRA

→ just three GUT scale parameters + tanβ

− combine all electroweak precision data as in the SM

− combine with B physics observables

− combine with CDM and (g − 2)µ

− include SM parameters with their errors: mt, . . .

− scan over the full CMSSM parameter space

⇒ preferred Mh values
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Pull distributions: (mt = 170.9 GeV)

[Buchmüller, Cavanaugh, de Roeck, S.H., Isidori, Paradisi, Ronga, Weber, G. Weiglein ’07]

CMSSM SM

Variable Measurement Fit  

measσ|/fit-Omeas|O
0 1 2 3

)
Z

(mhad
(5)α∆ 0.027740.02758 ± 0.00035

 [GeV]Zm 91.187391.1875 ± 0.0021

 [GeV]ZΓ 2.49522.4952± 0.0023

 [nb]had
0σ 41.48641.540± 0.037

lR 20.74420.767± 0.025
0,l
fbA 0.016410.01714 ± 0.00095

)τ(PlA 0.14790.1465± 0.0032

bR 0.216130.21629 ± 0.00066

cR 0.17220.1721± 0.0030
0,b
fbA 0.10370.0992± 0.0016
0,c
fbA 0.07410.0707± 0.0035

bA 0.9350.923± 0.020

cA 0.6680.670 ± 0.027

(SLD)lA 0.14790.1513± 0.0021

) 
fb

(Q
lept
effθ2sin 0.23140.2324± 0.0012

 [GeV]Wm 80.38280.398± 0.025

 [GeV]tm 170.8170.9 ± 1.8

)γs→R(b 1.121.13± 0.12

]-810× [µµ→sB 0.33< 8.00  N/A (upper limit)

]-910× [µa∆ 2.952.95± 0.87
2hΩ 0.1130.113± 0.009

Variable Measurement Fit  

measσ|/fit-Omeas|O
0 1 2 3

)
Z

(mhad
(5)α∆ 0.02758 ± 0.00035 0.02768

 [GeV]Zm 91.1875 ± 0.0021 91.1875

 [GeV]ZΓ 2.4952± 0.0023 2.4957

 [nb]had
0σ 41.540± 0.037 41.477

lR 20.767± 0.025 20.744
0,l
fbA 0.01714 ± 0.00095 0.01645

)τ(PlA 0.1465± 0.0032 0.1481

bR 0.21629 ± 0.00066 0.21586

cR 0.1721± 0.0030 0.1722
0,b
fbA 0.0992± 0.0016 0.1038
0,c
fbA 0.0707± 0.0035 0.0742

bA 0.923± 0.020 0.935

cA 0.670 ± 0.027 0.668

(SLD)lA 0.1513± 0.0021 0.1481

)
fb

(Q
lept
effθ2sin 0.2324± 0.0012 0.2314

 [GeV]Wm 80.398± 0.025 80.374

 [GeV]tm 170.9 ± 1.8 171.3
 [GeV]WΓ 2.140 ± 0.060 2.091

⇒ note the new observables: BR(b → sγ), (g − 2)µ, CDM
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Pull distributions: (mt = 170.9 GeV)

[Buchmüller, Cavanaugh, de Roeck, S.H., Isidori, Paradisi, Ronga, Weber, G. Weiglein ’07]

CMSSM SM

Variable Measurement Fit  

measσ|/fit-Omeas|O
0 1 2 3

)
Z

(mhad
(5)α∆ 0.027740.02758 ± 0.00035

 [GeV]Zm 91.187391.1875 ± 0.0021

 [GeV]ZΓ 2.49522.4952± 0.0023

 [nb]had
0σ 41.48641.540± 0.037

lR 20.74420.767± 0.025
0,l
fbA 0.016410.01714 ± 0.00095

)τ(PlA 0.14790.1465± 0.0032

bR 0.216130.21629 ± 0.00066

cR 0.17220.1721± 0.0030
0,b
fbA 0.10370.0992± 0.0016
0,c
fbA 0.07410.0707± 0.0035

bA 0.9350.923± 0.020

cA 0.6680.670 ± 0.027

(SLD)lA 0.14790.1513± 0.0021

) 
fb

(Q
lept
effθ2sin 0.23140.2324± 0.0012

 [GeV]Wm 80.38280.398± 0.025

 [GeV]tm 170.8170.9 ± 1.8

)γs→R(b 1.121.13± 0.12

]-810× [µµ→sB 0.33< 8.00  N/A (upper limit)

]-910× [µa∆ 2.952.95± 0.87
2hΩ 0.1130.113± 0.009

Variable Measurement Fit  

measσ|/fit-Omeas|O
0 1 2 3

)
Z

(mhad
(5)α∆ 0.02758 ± 0.00035 0.02768

 [GeV]Zm 91.1875 ± 0.0021 91.1875

 [GeV]ZΓ 2.4952± 0.0023 2.4957

 [nb]had
0σ 41.540± 0.037 41.477

lR 20.767± 0.025 20.744
0,l
fbA 0.01714 ± 0.00095 0.01645

)τ(PlA 0.1465± 0.0032 0.1481

bR 0.21629 ± 0.00066 0.21586

cR 0.1721± 0.0030 0.1722
0,b
fbA 0.0992± 0.0016 0.1038
0,c
fbA 0.0707± 0.0035 0.0742

bA 0.923± 0.020 0.935

cA 0.670 ± 0.027 0.668

(SLD)lA 0.1513± 0.0021 0.1481

)
fb

(Q
lept
effθ2sin 0.2324± 0.0012 0.2314

 [GeV]Wm 80.398± 0.025 80.374

 [GeV]tm 170.9 ± 1.8 171.3
 [GeV]WΓ 2.140 ± 0.060 2.091

Probabilities: 24% / 20% 15% / 15% (incl. / excl. Mh)
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Red band plot: (mt = 170.9 GeV)

[Buchmüller, Cavanaugh, de Roeck, S.H., Isidori, Paradisi, Ronga, Weber, Weiglein ’07]
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Mh = 110+8
−10 (exp) ± 3(theo) GeV
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Blue/Red band plot: (mt = 170.9 GeV)

[Buchmüller, Cavanaugh, de Roeck, S.H., Isidori, Paradisi, Ronga, Weber, Weiglein ’07]

 [GeV]Hm
40 50 60 70 80 90100 200

2 χ∆

0

0.5

1

1.5

2

2.5

3

3.5

4

excluded
LEP

 [GeV]Hm
40 50 60 70 80 90100 200

2 χ∆

0

0.5

1

1.5

2

2.5

3

3.5

4

arXiv:0707.3447

CMSSM (despite its simplicity) is better than the SM
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Outlook [MasterCode ’09 PRELIMINARY]

NUHM1:

⇒ Mh > 114.4 GeV appears naturally
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5. SUSY particle mass determination

− combine all electroweak precision data as in the SM

− combine with B physics observables

− combine with CDM and (g − 2)µ

− include SM parameters with their errors: mt, MZ, ∆αhad

⇒ χ2 function

→ scan over the full CMSSM/NUHM1 parameter space

∼ 2.5 107 points samples with MCMC

(comparison: L.R. et al.: 0.04 107 points)

statistical measure: χ2 function (Frequentist, no priors)

→ final minimum: Minuit

∆χ2: 68, 95% C.L. contours

⇒ preferred CMSSM/NUHM1 parameters

⇒ LHC/ILC reach
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Best-fit points:

CMSSM:

m1/2 = 310 GeV, m0 = 60 GeV, A0 = 240 GeV,

tanβ = 11, µ = 380 GeV, MA = 410 GeV

χ2/Ndof = 20.4/19 (37.3 % probability)

⇒ very similar to SPS 1a :-)

NUHM1:

m1/2 = 240 GeV, m0 = 100 GeV, A0 = −930 GeV,

tanβ = 7, µ = 870 GeV, MA = 300 GeV

(39 % probability)
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LHC (CMS) reach with 1 fb−1:

[MasterCode ’08] [CMS ’07]

⇒ excellent prospects in various channels!
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LHC (CMS):

[MasterCode ’08] [CMS ’07]

⇒ excellent prospects even with lower luminosity!
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LHC (CMS) reach with 1 fb−1: NUHM1 analysis

[MasterCode ’08] [CMS ’07]

⇒ excellent prospects in various channels!
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LHC (CMS): NUHM1 analysis

[MasterCode ’08] [CMS ’07]

⇒ excellent prospects even with lower luminosity!
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Masses for best-fit points:

CMSSM NUHM1
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⇒ largely accessible spectrum for LHC and ILC
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6. Conclusinos

• Precision observables

− can give valuable information about the “true” Lagrangian

− can provide bounds on SUSY parameter space

• SM: Blue band plot: ⇒ MSM
H = 90+36

−27 GeV (too light for LEP bounds?)

• MSSM: investigated model: CMSSM, NUHM1

• Mh determination (without LEP bound): (mt = 170.9 GeV)

CMSSM/mSUGRA: Red band plot: ⇒ MCMSSM
h = 110 ± 8 ± 3 GeV

• LHC reach in the CMSSM, NUHM1:

− excellent prospects with 1 fb−1: nearly full 95% C.L. covered

− good prospects for 100 pb−1 at 10 GeV: nearly 68 % C.L. covered

⇒ early LHC data could be very conclusive!
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Back-up
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Prediction for sin2 θeff in the SM and the MSSM :

[S.H., W. Hollik, A. Weber, G. Weiglein ’07]

160 165 170 175 180 185
mt [GeV]

0.2300

0.2305
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n2 θ ef
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H  = 114 GeV

M
H  = 400 GeV

SM

light SUSY

heavy SUSY

MSSM

SM
MSSM
both models

Heinemeyer, Hollik, Weber, Weiglein ’09

experimental errors 68% CL:

LEP2/Tevatron (today)

Tevatron/LHC

ILC/GigaZ

MSSM band:

scan over

SUSY masses

overlap:

SM is MSSM-like

MSSM is SM-like

SM band:

variation of MSM
H
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Prediction for MW and sin2 θeff in the SM and the MSSM :

[S.H., W. Hollik, A. Weber, G. Weiglein ’07]
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experimental errors 68% CL:
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variation of MSM
H
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Experimental errors of the precision observables:

today Tev./LHC ILC GigaZ

δ sin2 θeff(×105) 16 16 – 1.3

δMW [MeV] 25 15 10 7

δmt [GeV] 1.2 1-2 0.2 0.1

Relevant SM parametric errors: δ(∆αhad) = 5 × 10−5, δMZ = 2.1 MeV

δmt = 2 δmt = 1 δmt = 0.1 δ(∆αhad) δMZ

δ sin2 θeff [10−5] 6 3 0.3 1.8 1.4

∆MW [MeV] 12 6 1 1 2.5
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Improvement in the Blue Band plot:

[GFitter ’09]
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Current status of (g − 2)µ:

Experiment:

− 2001 - 2006: very stable development

− final error: 6 × 10−10 , still statistically dominated

Theory:

− the light-by-light contribution:

µ

γ

µ

2002: sign error discovered; since then stabilized

− the hadronic vacuum contribution:

µ

γ

µ
q

q̄

problems with the τ data ⇒ hardly used anymore (+ new development!)

new ’direct’ e+e− data from CMD-II and SND

⇒ agrees well (also with old e+e− data)

new radiative return data from KLOE and B-factories

⇒ agrees well with e+e− data
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new SM evaluations, based on new exp data for ahad
µ :

aµ(Exp-SM) =







[HMNT ’06] 28(8)

[DEHZ ’06] 28(8)

[FJ ’07] 29(9)

[MRR ’07] 29(9)







× 10−10

better agreement between evaluations, more precise,

larger deviation from exp than ever before

⇓
3σ deviation has now been definitely established
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SUSY can easily explain the deviation:

Feynman diagrams for MSSM 1L corrections:

µ

γ

µ
χ̃i

ν̃µ

χ̃i

µ

γ

µ
µ̃a

χ̃0
j

µ̃b

− Diagrams with chargino/sneutrino exchange

− Diagrams with neutralino/smuon exchange

Enhancement factor as compared to SM:

µ − χ̃±
i − ν̃µ : ∼ mµ tanβ

µ − χ̃0
j − µ̃a : ∼ mµ tanβ

SM, EW 1L: α
π

m2
µ

M2
W

MSSM, 1L: α
π

m2
µ

M2
SUSY

× tanβ
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SUSY corrections at 1L:

aSUSY,1L
µ ≈ 13 × 10−10

(

100 GeV

MSUSY

)2

tanβ sign(µ)

MSUSY(= mµ̃ = mν̃ = mχ̃): generic SUSY mass scale

aSUSY,1L
µ = (−100 . . . + 100) × 10−10

aexp
µ − atheo,SM

µ ≈ (28 ± 8) × 10−10

⇒ SUSY could easily explain the “discrepancy”

⇒ aµ can provide bounds on SUSY parameter space

(by requiring agreement at the 95% C.L.)
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Example: Scan over SUSY parameter space
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Scan over

µ, M2, mµ̃, Aµ

LOSP = lightest observable

SUSY particle

LOSP = µ̃ or χ̃

[D. Stöckinger ’06]

SUSY could easily explain

discrepancy

Sven Heinemeyer, DIS 09, 28.04.2009 41



Alternatives to SUSY?

[D. Stöckinger ’06]

Generic BSM physics at MNP :

aNP
µ ∼ 1 × 10−10

(

300 GeV

MNP

)2

⇒ much too small!

Two advantages of SUSY:

− tanβ-enhancement

− low SUSY masses possible
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Impact of B physics observables (CMSSM): [MasterCode ’08]
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⇒ strong impact of BR(b → sγ)

⇒ moderate impact of BR(Bu → τντ)

(but more potential for improvement?)
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Impact of B physics observables (CMSSM): [MasterCode ’08]
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⇒ strong impact of BR(b → sγ)

⇒ moderate impact of BR(Bu → τντ)

(but more potential for improvement?)
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LHC (CMS) reach with 1 fb−1:

[MasterCode ’08] [CMS ’07] including leptonic edge measurements

⇒ excellent prospects from early leptonic edge measurements!
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