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Global fits à la frequentist?
• Confronting a model to data

‣ combine measurements

‣ compare with predictions

‣ constrain the parameters

■ or exclude the model...

• Key ingredients

‣ consistent set of measurements

■ and their errors

‣ state-of-the-art predictions

■ and their errors

‣ and a combination of the two
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Global fits à la...: framework
• Consistency

‣ SLHA interface

• Modularity

‣Compare calculations

‣Add/remove predictions

• State-of-the-art “tools”

‣Directly from experts

• Flexibility

‣ Several uses
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■ χ2 ⇒ Minuit fit, MCMC

■ input to external tool
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Building the χ2

• Multi-parameter χ2 variable

‣Ci – experimental constraints

‣Pi – predicted value for a given CMSSM parameter set

• Fitting for all model parameters, e.g., CMSSM

‣M0, M1/2, A0, tanβ (sign(µ)=1)

• including relevant SM uncertainties 

‣mtop, mZ, ΓZ, Δαhad
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χ2 =
∑N

i
(Ci−Pi)

2

σ(Ci)2+σ(Pi)2
+

∑M
j

(fobs
SMj

−f fit
SMj

)2

σ(fSMj )2
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List of observables
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List of observables
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Compare calculations
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Fit methods & “data” samples
• Fit methods

‣Markov Chain Monte Carlo (MCMC)

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

• success and failure of the steps are defined by the χ2

‣ χ2 fit: Minuit minimisation

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

• Data samples for MCMCs

‣MasterCode

■ about 25 million points for each model (CMSSM & NUHM1)

‣Fittino

■about 20 million points (x2 different starting points)

■“toy” fits (uncertainty on fit parameters, model disambiguation)
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MasterCode
Best fit point:

M0=60 , M1/2=310, A0=130, tanβ=11

Fittino
Best fit point:

M0=76 , M1/2=332, A0=383, tanβ=13

Probing the parameter space
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MasterCode
CMSSM spectrum at best fit point

Fittino
CMSSM spectrum at best fit point

0 200 400 600 800 1000 1200 1400

]2mass [GeV/c
0 200 400 600 800 1000 1200 1400

0
1
!"

0
2
!"

0
3
!"

0
4
!"

±

1
!"

±

2
!"

0H
A
±H

Rl
~

Ll
~

1#
"

2#
"

R
q~

L
q~

1t
~

2t
~

1b~

2b~

g~

CMSSM

0h 0A 0H +H
1
0!

2
0!

3
0!

4
0! 1

+!
2
+!

Rl
~

Ll
~

1"
#

2"
#

R
q~

L
q~

1b~ 2b~ 1t
~

2t
~ g~

Pr
ed

ic
te

d 
Pa

rti
cl

e 
M

as
s 

[G
eV

]

0

200

400

600

800

1000

1200

1400

1600

Predicted Mass Spectrum of SUSY Particles LE mSUGRA

 Environment$1

 Environment$2

Best Fit Value

Predicted Mass Spectrum of SUSY Particles LE mSUGRA

The predicted spectrum

8

arXiv:0907.5568 [hep-ph] arXiv:0907.2589 [hep-ph]

http://www.arxiv.org/abs/0907.5568
http://www.arxiv.org/abs/0907.5568
http://www.arxiv.org/abs/0907.2589
http://www.arxiv.org/abs/0907.2589


F. Ronga (ETH Zurich) – Joint HEP-APP IOP meeting on SUSY – March 24, 2010

MasterCode
CMSSM spectrum at best fit point

Fittino
CMSSM spectrum at best fit point
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MasterCode
CMSSM spectrum at best fit point

Fittino
CMSSM spectrum at best fit point
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Predicting the Higgs mass
• Not including the LEP limit, what does the CMSSM predict

with today’s data?

10

arXiv: 0907.5568 [hep-ph]

CMSSM
Higgs mass at best fit point: 108 GeV
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Beyond CMSSM: NUHM1

11

• Non-Universal Higgs Mass: adding one parameter 
for the Higgs sector (not bound to M0 anymore)

CMSSM
Higgs mass at best fit point: 108 GeV

χ2 value at limit: 0.7
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• Non-Universal Higgs Mass: adding one parameter 
for the Higgs sector
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• Non-Universal Higgs Mass: adding one parameter 
for the Higgs sector
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http://www.arxiv.org/abs/0907.5568
http://www.arxiv.org/abs/0907.5568


F. Ronga (ETH Zurich) – Joint HEP-APP IOP meeting on SUSY – March 24, 2010

Beyond CMSSM: GMSB
• Gauge-mediated SUSY breaking

‣ fit parameters: tanβ, Λ, Mmess, Cgrav

■ discrete parameters: sign(µ), N5 (fixed) [no Ωh2]
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Global fits and astrophysics (I)
• With and without relic density

14
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Global fits and astrophysics (I)
• With and without relic density
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Global fits and astrophysics (II)
• Dark matter searches
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Global fits and astrophysics (II)
• Dark matter searches
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Where we stand today: 
CMS, ATLAS and the CMSSM
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Global fits and the LHC (II)
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Tomorrow?
CMS, ATLAS and the CMSSM
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Beyond CMSSM: pMSSM
• Removing assumptions on the SUSY breaking mechanism

‣ 18 parameters: today’s constraints not enough

‣ add 300/fb LHC scenario
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Beyond CMSSM: pMSSM
• Removing assumptions on the SUSY breaking mechanism
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‣ add 300/fb LHC scenario

18

0h 0A 0H +H 1
0! 2

0! 3
0! 4

0! 1
+! 2

+!
Rl

~
Ll

~
1"
#

2"
#

Rq~ Lq~ 1b~ 2b~ 1t
~

2t
~ g~

De
riv

ed
 P

ar
tic

le
 M

as
s 

[G
eV

]

0
100
200
300
400
500
600
700
800
900

1000
Derived Mass Spectrum of SUSY Particles LE+LHC300 MSSM18

 Environment$1

 Environment$2

Best Fit Value

Derived Mass Spectrum of SUSY Particles LE+LHC300 MSSM18

pMSSM mass spectrum @ SPS1a
(Higgs not directly accessible at LHC in this point)

A heroic effort!

➠ How to reduce number 
of parameters?
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Conclusion
• Two independent global fits “à la frequentist”

‣ using the same substrate MasterCode and similar statistical treatment

■ but independent implementation

‣ leading to identical results

• Today’s data exploited ad nauseam

‣ in various models (CMSSM, NUHM1, GMSB)

‣ favour low mass SUSY

‣ show good prospects for astrophysics and LHC

‣ are still too weak to move away from SUSY breaking models

• Eagerly waiting for the LHC...
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Backup
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CMSSM Standard Model

Variable Measurement Fit  
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Constraints (I)
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Constraints (II)
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Philip Bechtle et al.: Constraining SUSY models with Fittino using measurements before, with and beyond the LHC 3

Table 1: Available measurements from B-factories, kaon experiments, LEP, SLC and the Tevatron, as well as the
measurement of (g − 2)µ and the cold dark matter relic density. Correlations amongst the electro-weak precision
observables as given in [46] are studied for the fit to the existing measurements. No effect of the correlations on the
allowed parameter regions is found.

Observable Experimental Uncertainty Exp. Reference
Value stat syst

B(B → sγ)/B(B → sγ)SM 1.117 0.076 0.096 [47]
B(Bs → µµ) < 4.7×10−8 [47]
B(Bd → "") < 2.3×10−8 [47]
B(B → τν)/B(B → τν)SM 1.15 0.40 [48]
B(Bs → Xs"")/B(Bs → Xs"")SM 0.99 0.32 [47]
∆mBs/∆mSM

Bs
1.11 0.01 0.32 [49]

∆mBs
/∆mSM

Bs

∆mBd
/∆mSM

Bd

1.09 0.01 0.16 [47,49]

∆εK/∆εSM
K 0.92 0.14 [49]

B(K → µν)/B(K → µν)SM 1.008 0.014 [50]
B(K → πνν̄)/B(K → πνν̄)SM < 4.5 [51]
aexp

µ − aSM
µ 30.2×10−10 8.8×10−10 2.0×10−10 [52,53]

sin2 θeff 0.2324 0.0012 [46]
ΓZ 2.4952 GeV 0.0023 GeV 0.001 GeV [46]
Rl 20.767 0.025 [46]
Rb 0.21629 0.00066 [46]
Rc 0.1721 0.003 [46]
Afb(b) 0.0992 0.0016 [46]
Afb(c) 0.0707 0.0035 [46]
Ab 0.923 0.020 [46]
Ac 0.670 0.027 [46]
Al 0.1513 0.0021 [46]
Aτ 0.1465 0.0032 [46]
Afb(l) 0.01714 0.00095 [46]
σhad 41.540 nb 0.037 nb [46]
mh > 114.4 GeV 3.0 GeV [54,55,56]
ΩCDMh2 0.1099 0.0062 0.012 [57]
1/αem 127.925 0.016 [58]
GF 1.16637×10−5GeV−2 0.00001×10−5GeV−2 [58]
αs 0.1176 0.0020 [58]
mZ 91.1875 GeV 0.0021 GeV [46]
mW 80.399 GeV 0.025 GeV 0.010 GeV [58]
mb 4.20 GeV 0.17 GeV [58]
mt 172.4 GeV 1.2 GeV [59]
mτ 1.77684 GeV 0.00017 GeV [58]
mc 1.27 GeV 0.11 GeV [46]

The reasons for that are two-fold: First, the flavour struc-
ture of the SM is remarkably exactly realised in Na-
ture [60]. The apparent absence of CP-violation or flavour
changing neutral currents beyond the SM severely con-
strains models of new physics with additional flavour mix-
ing. In this paper, we only study flavour-diagonal SUSY
models which by construction fulfil these constraints. Sec-
ond, the exact knowledge of branching fractions of rare
decays, which are helicity suppressed or occur only at loop
level with heavy particles in the loop, strongly constrains
also flavour-diagonal models of new physics.

While the observables used here can be precisely mea-
sured (within the statistical limitations of the experi-
ment), their prediction in the SM or in SUSY is often

accompanied with theoretical uncertainties. The assumed
systematical uncertainties on the theoretical predictions
are listed in Table 1. They are added in quadrature to the
experimental uncertainties. Amongst the most important
constraints are the recent measurements of Bs oscillations
at the Tevatron, the branching fraction B(B → τν) and
the inclusive branching fraction of radiative penguin de-
cays, B → sγ of the B meson.

2.1.2 Anomalous Magnetic Moment of the Muon

Although the anomalous magnetic moment of the elec-
tron (g − 2)e = 2ae is measured approximately a factor
of 200 more precisely than the anomalous magnetic mo-
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Mass spectra (I)
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Mass spectra (II)
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