
A multi-step Fitting Approach to the CMSSM

Outline

Problems in CMSSM Constraints:Problems in CMSSM Constraints:

Exclusion plots of different groups differ
DM does NOT constrain SUSY masses, if one allows tanβ to be free →β
tanβ becomes large in large region of  parameter space

Tension with g-2, b→sγ, Bs→μμ: STRONG correlation between parameters

Fitting problems:

C CMCMC  likely to miss highly correlated regions, especially in pre-generated scans

χ2 minimization quickly stuck in local minima

Solution:

M lti t Fitti P d fit hi hl l t d t fi t
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Multistep Fitting Procedure: fit highly correlated parameters first



Stockholm 0910 3950v3 (genetic alg )

Different approaches → different results?
Stockholm_0910.3950v3 (genetic alg.)
Roszkowski_0809.3792 (MCMC )
Allanach_0807.4512v2 (Multinest)

Typical allowed regions

Multistep Fits
Green  = allowed

Typical allowed regions
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DM constraints

mA resonance: 2mχ∼mA

+ co-annihilation
e.g. τ+χ→τ∼
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Pseudoscalar Higgs Mass mA
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mA becomes ALWAYS 
small at large tanβ
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DM can be fitted for any SUSY spectrum

Yukawa couplings

Tuning tanβ→ change mA→
change funnel region

∼Yukawa Unification for
large tanβ with correct

t b t l
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change funnel region t,b,τ masses at  low energy



Fit first ONLY Ωh2

Values of mA and tanb for correct relic density, χ2 = 0

C.~Beskidt, WdB et al.
arXiv:1008.2150 

In co-annihilation regions: small tanβ to suppress mA annihilation 
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Why so strong correlation between m0 and tanβ?

Main contribution to DMA:

Co-annihilation
mA exchange

mA exchange
mA exchange

If co-annihilation important,
have to reduce mA-exchangenarrow have to reduce mA-exchange
lowering tanβ, thus increasing mA

narrow 
co-annihilation
region
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Tension between Ωh2 and Bs→μμ
(both very sensitive to tanβ )

d tdata

VERY strong correlation
between  A0 and tan β

VERY steep dependence
of Ωh2 and Bs→μμ on tan β
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0 βs μμ β



Bs→μμ and  A0

Main SYSY 
contribution

A0 only needed to suppress Bs→μμ at 
large tan β, when  SUSY particles light 
(
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(equalizes stop1 and stop2  masses



How to handle large correlations?

MCMC:

recommendation in cosmomc: 
The proposal density can use  a supplied covariance matrix:

use one if possible
It will make correlated steps in correlated variables,so
If m0 steps in one direction, then tanb in a correlated direction 
followed by A0 in a correlated direction. 
Very efficient, much less prior dependencey , p p
http://cosmologist.info/cosmomc/readme.html#Kosowsky).

Frequentist χ2 fitting:Frequentist χ2 fitting: 

Minimize in steps:  first fit  parameters with highest correlation first  
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Tension between b→sγ and g-2

data

data

g-2 requires μ>0, b→sγ prefers μ<0 Can only be compensated 
by large A0>0.  Fortunately  Bs→μμ needs A0>0 too!
And both need it for light SUSY masses
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And both need it for light SUSY masses



20 years ago…
WdB, M.~Huber, C. Sander and D.I Kazakov, 
A Global Fit To g-2 and bsgamma In The CMSSM,‚
PLB  515 (2001) 283. 

SM: 3.73.10-4

EXP: 2.96.10-4

2001:  b→sγ <SM, as expected
for μ>0 from g-2 and A0=0
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g-2 and  tanβ

g-2 prefers light masses, but long tail to large SUSY masses allowed
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mA masses and LHC sensitivity

Beskidt, dB et al.1008.2150, PLB 2011 

AmA→ττ

DM constraint yields relatively small mA and large mA cross section
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mA cross sections ∝ tanβ2
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Beskidt, dB et al.1008.2150, PLB 2011 



Constraints considered

Variables calculated with
MicrOMEGAs 2.4
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Why leaving out all LEP I data?

From Mastercode 96: WdB,Dabelstein, Hollik, Schwickerath, ZPC 75 (1997) 627

N i ifi t i t i b bilit if SM d MSSM
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No significant improvement in probability  if one compares SM and MSSM



Fitting Approach

Minimization:

Use either MCMC in multi-step approach or use

Minuit in  two steps: 

gradient search (SIMPLEX-option) to avoid derivatives and local min.
Precise minimum (MIGRAD-option) using derivatives 

Fit strongly correlated parameters (tanβ and A0) FIRST 
for given m0,m1/2. g 0, 1/2

Marginalize or profile nuisance parameters

Repeat for every m0,m1/2.

Very fast Complete scan in < 1 day
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Very fast. Complete scan in < 1 day



Excluded regions (95% C.L.)

CMS 35/pbCMS 35/pb
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Result: very flat chi2 for large masses

Green  = 
allowed
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Conclusion

Strong correlations between at least 3 of the 4 CMSSM 
parameters requires careful fitting strategies.

MCMC or other stepping techniques:
fi t b ild l ti t i b t th t

p q g g

first build a correlation matrix between the parameters

OR:  multi-step strategy, i.e. fits strongly correlated p gy g y
parameters first.
Works efficiently for all: Bayesian or frequentist (chi2)

d i i ffi i f ll iand improves scanning efficiency for all scanning 
techniques (MCMC, Multinest, Genetic Algorithm)
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