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Problems in CMSSM Constraints:

Exclusion plots of different groups differ
DM does NOT constrain SUSY masses, if one allows tanp to be free —»

tanP becomes large in large region of parameter space

Tension with g-2, b—sy, Bs—>uu: STRONG correlation between parameters

Fitting problems:

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

2 minimization quickly stuck in local minima

Solution:

Multistep Fitting Procedure: fit highly correlated parameters first

Wim de Boer, A multi-step Fitting Approach to the CMSSM,
Loz 2 Workshop on Glabal BSM Fits and LHC Data, CERN, Feb. 2011 .




Different approaches — different results? ﬂ(".
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DM constraints ﬂ("'
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MA resonance: 2Zmy~mA
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Pseudoscalar Higgs Mass m, AT

Institut far Technologie
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DM can be fitted for any SUSY spectrum ﬂ("’
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Fit first ONLY Qh?
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of m, and tanb for correct relic density, x2=0
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Why so strong correlation between m, and tanf3? ﬂ(IT
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Minuit Scan including all constraints and m, , = 500 GeV
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Main contribution to DMA:

l Co-annihilation
jl MA exchange

i If co-annihilation important,

have to reduce mA-exchange

H lowering tanf, thus increasing mA
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Tension between Qh? and B,—uu

(both very sensitive to tanp ) ﬂ(IT
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VERY steep dependence VERY strong correlation

of Qh? and B,—uu on tan 8 between A,and tan f3
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Bs—uu and A, AT

Karlsruher Institut far Technologie

Minuit including Qh® and B, — " i o *
t W
1000 1000 I—
- s w H
3 800 500 B 3 w
> t e
® 600
O, 0 £ . B u
N <
g 40 Main SYSY
. i contribution  «
200 500
[ _HaA
0L L 111 - :
0 500 1000 1500 2000 < 7 ’ ‘L "
my [GeV]
A, only n%eded to suppress B,—pp at GFO[V ( tan® §\ (‘mym, myp\ sin26; .mtgl log % mil g %
large tan B, when SUSY particles light o'\ Tt |\ IR |9 P R S
(equalizes stopl and stop2 masses i e A e My

Wim de Boer, A multi-step Fitting Approach to the CMSSM,
Workshop on Glabal BSM Fits and LHC Data, CERN, Feb. 2011

10.02.2011




How to handle large correlations? ﬂ(IT
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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 mO steps in one direction, then tanb in a correlated direction
followed by AO in a correlated direction.

Very efficient, much less prior dependence
http://cosmologist.info/cosmomc/readme.html#Kosowsky).

Frequentist 2 fitting:

Minimize in steps: first fit parameters with highest correlation first

Wim de Boer, A multi-step Fitting Approach to the CMSSM,
Loz 2 Workshop on Glabal BSM Fits and LHC Data, CERN, Feb. 2011
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Tension between b—syand g-2 AT
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running tanfs for g-2
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g-2 requires u>0, b—sy prefers u<0 Can only be compensated

by large A0>0. Fortunately Bs—pup needs A,>0 too!
And both need it for light SUSY masses

Wim de Boer, A multi-step Fitting Approach to the CMSSM,
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20 years ago... Q(IT
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A Global Fit To g-2 and bsgamma In The CMSSM,,

theoretical calculation one should use the running
PLB 515(2001) 283. c-quark mass i the ratio m,/mj;, which reduces
this ratio from 0.29 to 0.22 [14]. The SM wvalue
for b — X,y increases from (3.35 £+ 0.30) x 104
to (3.73 £ 0.30) x 10~ in this case. This value is
1.7¢ above the most recent world average of (2.96
0.46) x 107*, which is the average from CLEO
((2.85 £ 0.35sa & 0.225y5) x 10~%) [15], ALEPH
((3.11 £ 0.804¢at £ 0.725y) x 107*) [16] and BELLE

BR(bh — X,y) = (2.96 + 0.46) x 10~* [15-17] and
Aay, = (43 £+ 16) x 107! [1], which shows once

2 QTTEW

Bris —Xg) =107

SM: 3.73.10%
EXP: 2.96.10%

2001: b—sy<SM, as expected
for >0 from g-2 and A,=0

Wim de Boer, A multi-step Fitting Approach to the CMSSM,
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g-2 and tanB ﬂ(IT
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Minuit Scan including Qn° and g-2
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g-2 prefers light masses, but long tail to large SUSY masses allowed
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MA masses and LHC sensitivity ﬂ(IT
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Beskidt, dB et al.1008.2150, PLB 2011

%1@5 10m% %50P|C|DF|+|D[|:' ||1||||;|l"|[|] LI LI LI |l-|
gmnz_ g LU 95%C
Egmf_ & 40
700F 30
600F
500 - 2 b
400
400
300 mh max
MA—TT 4-200 GeV
200
10 .
100|J1|||L||||||ll||l|||l||1||||l||1|||1 0 IIlllllllllllllllllllll!llllllllllllIl
20 40 %9 N0 1000 1230 1400 1600 100 2000 00 200 300 400 500 600 700 800
My [GeV] m, [GeV

DM constraint yields relatively small mA and large mA cross section
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. N ,
mA cross sections o« tanf AT
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Constraints considered ﬂ("'

® Find consistent points by minimizing X* function -
: . : X — X,
® 2 function in general defined as  y?=| e " ep
: . a
® . function includes exp
® Relic Density Qh°
® Higgs mass m,
® Muon g-2
B hosy Variables calculated with
) MicrOMEGASs 2.4
@ B-pup
® B—-T1v
® Exclusion from the direct dark matter experiment (DDM)

Wim de Boer, A multi-step Fitting Approach to the CMSSM,
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Why leaving out all LEP | data? ﬂ("'
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From Mastercode 96: WdB,Dabelstein, Hollik, Schwickerath, ZPC 75 (1997) 627
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Fitting Approach AT

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 (tanf and A,) FIRST
for given mgy,my,.

Marginalize or profile nuisance parameters

Repeat for every mg,m,,.

Very fast. Complete scan in <1 day

Wim de Boer, A multi-step Fitting Approach to the CMSSM,

Loz 2 Workshop on Glabal BSM Fits and LHC Data, CERN, Feb. 2011
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Result: very flat chi2 for large masses
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Conclusion Q(IT

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

MCMC or other stepping techniques:
first build a correlation matrix between the parameters

OR: multi-step strategy, i.e. fits strongly correlated
parameters first.

Works efficiently for all: Bayesian or frequentist (chi2)
and improves scanning efficiency for all scanning
techniques (MCMC, Multinest, Genetic Algorithm)

Wim de Boer, A multi-step Fitting Approach to the CMSSM,
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