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Observables

What does this mean for SUSY?
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cMSSM Fit withFittino

Fittino 5-param. cMSSM �t
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[Bechtle, Camargo-Molina, Desch, Dreiner, Hamer, Kr•amer, O'Leary,
Porod, Sarrazin, Stefaniak, Uhlenbrock, WienemannarXiv:1508.05951]

Inputs:
br(Bs ! � + � � )
br(B � ! � � � )
br(b ! s
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� ms

a� � aSM
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mt

mW

sin2 � e�


 CDM h2

LUX results
Higgs results
LEP m� � limit
ATLAS-SUSY-
2013-02
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Fittino cMSSM results
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Table 7 Central values and 1s uncertainties of the free model param-
eters at the global and secondary minimum when using the Medium
Observable Set

Parameter global minimum secondary minimum

M0 (GeV) 387:4+ 481:7
� 151:2 8983:4+ 990:6

� 1039:6

M1=2 (GeV) 918:2+ 297:7
� 59:3 2701:1+ 582:6

� 560:5

A0 (GeV) � 2002:8+ 541:5
� 1992:9 5319:0+ 2339:8

� 1357:9

tanb 17:7+ 16:8
� 10:8 43:2+ 5:5

� 6:6

mt (GeV) 174:3+ 1:1
� 1:1 172:1+ 0:6

� 0:6 arXiv:1508.05951
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First true p-value for cMSSM
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More p-values
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What is this p-value?
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So many (Higgs) results!
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Medium observable set: 10 Higgs observables
Jory.Sonneveld@desy.de (Uni Hamburg) Towards a pMSSM-11 �t with Fittino SUSY 2016, Melbourne 9 / 26



E�ects of individual measurements
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The p-value found for the cMSSM
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Calculating model predictions

Fittino uses
SPheno for the mass Spectrum
SuperIso for the B-meson branching fractions
FeynHiggs for Higgs properties,mW , sin� e� , (g � 2)�

micrOMEGAs for 
 h2

DarkSUSY via AstroFit for direct detection cross section
MadGraph/Pythia/Delphes/NLLFast/Prospino/CheckMATE for
the emulation of LHC searches.
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Beyond cMSSM: phenomenological MSSM

Rizzo 
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Beyond cMSSM: phenomenological MSSM

Figure courtesy of Jan Heisig

R-parity conserving Minimal Supersymmetric Standard Model

Reduce 119 free parameters to 19 by assuming: [Djouadi et. al. 1998]

1 No new source of CP violation
2 No 
avor-changing neutral currents
3 First and second generation universality

interpretations: e.g. [Cahill-Rowley et al. (2012)], [Fittino (2009)], [ATLAS (2015)] , [CMS (2016)] , [Barr, Liu (2016)]
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Parameter space considered in the pMSSM

pMSSM-11
1 � tan � � 60

100 GeV� MA � 2 TeV
-5 TeV � � � 5 TeV, � =2 [� 0:1; 0:1] TeV

-4 TeV � M1 � 4 TeV
0.1 TeV � M2 � 4 TeV

� 4 TeV � M3 � 4 TeV, M3 =2 [� 0:4; 0:4] TeV
0.1 TeV � M~l1; 2

� 3 TeV
0.1 TeV � M~l3

� 4 TeV
0.3 TeV � M~q1; 2 � 5 TeV
0.1 TeV � M~q3 � 5 TeV
-5 TeV � A0 � 5 TeV
still under discussion

Prior constraints
mh � 110 GeV;

mW , � ms,
Br(Bs ! �� ),
Br(b ! s
 ),
Br(B ! � � )
within 5� of
experimental
value.

used only for LHC
searches preparation

Theoretical assumptions

� 0
1 is the Lightest (stable) Supersymmetric Particle (LSP);

no tachyons. Other interpretations: [Mastercode (2015)]
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pMSSM-11 challenges in LHC searches

SLHA
pMSSM-11

event generation
@13TeV

event generation
@8TeV

ATLAS
and
CMS

analyses

� 2

7 Event generation takesO(hours).

7 Scan 10 points in each parameter direction: 1011 points ! scan runs
106 years!

3 ! neural net

Beyond

Analyses at 8TeV: arXiv:1402.7029, arXiv:1403.5294, ATLAS-CONF-2013-036, arXiv:1308.2631, arXiv:1403.4853,
arXiv:1404.2500, arXiv:1405.7875, arXiv:1407.0583, arXiv:1407.0608, arXiv:1502.01518, arXiv:1503.03290

Analyses at 13TeV: ATLAS-CONF-2015-076, arXiv:1602.09058, ATLAS-CONF-2015-062, ATLAS-CONF-2015-082,
ATLAS-CONF-2015-076, arXiv:1604.07773, CMS-PAS-SUS-15-011, ATLAS-CONF-2016-013, ATLAS-CONF-2015-067
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Validation of an LHC search inCheckMATE

Validation of ATLAS EXOT-2015-03 search:
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Validation of arXiv:1604.07773

Jory.Sonneveld@desy.de (Uni Hamburg) Towards a pMSSM-11 �t with Fittino SUSY 2016, Melbourne 17 / 26

http://arxiv.org/abs/1604.07773


Preparation for LHC searches: neural net with 11 inputs

Example

Train a neural net to predict a� 2 for a pMSSM-11 parameter point
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Example: cMSSM-2

Preliminary

Actual � 2 Predicted� 2

'Cut': any � 2 � 50 is set to 50.

Fixed cMSSM parameters: tan� = 10, A0 = 0, � = +1

Jan Sch•utte-Engel
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Performance for cMSSM-2

Training the neural net:

total = � nvalidation
i j� 2

i ;pred � � 2
i ;actual j

after each training iteration.
nvalidation = 10000, ntraining = 45000

� 2
pred � � 2

actual

Jan Sch•utte-Engel

Preliminary

Preliminary
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Reparametrization: physical parameters

� 	

SLHA File

Particle 1

Particle 2

Take each Combination of 
two particles

Decay Them in all 
possible ways

New Parameters

Model Parameter

Recombine Everything
Using Cross Sections

SPheno

hOi =
� i (� Br) i Oi

� i (� Br) i
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Performance in the pMSSM-11 at 8TeV

� ntraining
i (� 2

i ;pred � � 2
i ;actual )

2 after each training iteration

Tim Keller

Preliminary

(ntraining = 2 =3n, n = 160000)
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Predicted exclusions from physical parameters at 8 TeV

Preliminary

Best Robs � (stheo
pred � 1:96� stheo

pred
)=sUL;95%

obs Robs;pred � Robs;actual

We currently achieve an allow/exclude classi�cation accuracy of 95%

Tim Keller

Preliminary
Preliminary
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(Higher Order) Markov Chain Monte Carlo
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Summary

arXiv:1508.05951

Fittino combines low and high energy observables
B branching ratios
direct searches
Higgs observables
cosmology and astrophysics results

World's �rst true p-value for the cMSSM :
combined identical measurements for smaller� 2 dependence on # of
measurements
with optimal observable set excluded cMSSM at 95% CL
cMSSM pushed to a region where it cannot accomodate (g � 2)�
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Outlook

pMSSM-11
CheckMATEfor more LHC results

Neural nets for fast interpolation of pMSSM-11

Model independent parametrization in terms of physical �nal state
parameters

Higher order MCMC for smarter sampling

and: SModelSfor missing LHC simpli�ed model results.
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Backup
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Higher order MCMC
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Fittino cMSSM results
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LUX
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LLL SUSYSUSYSUSY
FITTINO

- t̃ 1 coannihilation: mt̃ 1=mc̃ 0
1

� 1 < 0:15

- t̃1 coannihilation: mt̃1=mc̃ 0
1

� 1 < 0:2

- c̃ �
1 coannihilation:mc̃ �

1
=mc̃ 0

1
� 1 < 0:1

- A=H funnel: jmA=2mc̃ 0
1

� 1j < 0:2

- focus point region:jm=mc̃ 0
1

� 1j < 0:4
With these de�nitions each parameter point of the pre-

arXiv:1508.05951
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Fittino inputs

Higgs boson properties and searches

¥ Higgs limits via  HiggsBounds  
¥ Higgs signals via  HiggsSignals

Direct sparticle searches

Astrophysical observables

¥ LEP chargino mass limit 
¥ ATLAS MET + jets + 0 lepton search ( 20fb -1 ) 

¥ We require ! 10 to be the LSP 

¥ %CDMh2 = 0.1187 ± 0.0017 ± 0.0119 theo ( Planck Õ13 ) 

¥ Direct detection limit from LUX

8
From Bj•orn Sarrazin: ICHEP, SUSY14; arXiv:1508.05951
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Fittino inputs

Updated measurements

BR( B ( 2.90 ± 0.70 ± 0.76 CMS + LHCb Ô13

" R( B ( 1.14 ± 0.22 ± 0.07 PDG Ô13

" R( bÑ>s # ) ( 3.43 ±0.21± 0.07± 0.48 HFAG

$m ( 17.719 ±0.036 PDG Ô13

a ( 28.7 ± 8.0 Muon g-2, Davier et al

m ( 173.34 ± 0.27 ± 0.71 ) GeV world average Ô14

m ( 80.385 CDF + D0 Ô12

sin 0.2311 ± 0.00021 ± 0.00012t LEP + SLD Ô06

Low energy observables

From Bj•orn Sarrazin: ICHEP, SUSY14; [Bechtle et al. arXiv:1508.05951]
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Fittino inputs

Table 1 Precision observables used in the �t.

am� aSM
m (28:7� 8:0) � 10� 10 [82,83]

sin2 qeff 0:23113� 0:00021 [84]
mt (173:34� 0:27� 0:71) GeV [85]
mW (80:385� 0:015) GeV [86]
Dms (17:719� 0:036� 0:023) ps� 1 [87]
B (Bs ! mm) (2:90� 0:70) � 10� 9 [88]
B (b ! sg) (3:43� 0:21� 0:07) � 10� 4 [89]
B (B ! tn ) (1:05� 0:25) � 10� 4 [87]

Table 2 Standard Model parameters that have been �xed. Please note
thatmb andmc areMS masses at their respective mass scale, while for
all other particles on-shell masses are used.

1=aem 128:952 [83]
GF (1:1663787� 10� 5) GeV� 2 [87]
as 0:1184 [87]
mZ 91:1876 GeV [87]
mb 4:18 GeV [87]
mt 1:77682 GeV [87]
mc 1:275 GeV [87]

Table 6 Theoretical uncertainties of the precision observables used in
the �t.

am� aSM
m 7%

sin2 qeff 0:05%
mt 1 GeV
mW 0:01%
Dms 24%
B (Bs ! mm) 26%
B (b ! sg) 14%
B (B ! tn ) 20%

arXiv:1508.05951
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Fitting Supersymmetric Models

� 2 contributions

At each parameter point~P calculate:

� 2 =
�

~Omeas � ~Opred( ~P)
� T

cov� 1
�

~Omeas � ~Opred( ~P)
�

+ � 2
limits

An example for a limit: The ATLAS 0-lepton generic SUSY search

P. Bechtle: Excluding the cMSSM SFB 676 Kolloquium Hamburg 16.12.2015 17
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ATLAS-SUSY-2013-02 cMSSM exclusion

ATLAS-SUSY-2013-02
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First true p-value for cMSSM
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Table 3 Higgs boson mass and rate observables ofSet 2(Medium Ob-
servable Set).

Experiment, Channel observedm observedmh

ATLAS, h ! WW! `n`n [100] 0:99+ 0:31
� 0:28 -

ATLAS, h ! ZZ ! 4` [100] 1:43+ 0:40
� 0:35 (124:3� 1:1) GeV

ATLAS, h ! gg[100] 1:55+ 0:33
� 0:28 (126:8� 0:9) GeV

ATLAS, h ! tt [103] 1:44+ 0:51
� 0:43 -

ATLAS, Vh! V(bb) [104] 0:17+ 0:67
� 0:63 -

CMS,h ! WW! `n`n [105] 0:72+ 0:20
� 0:18 -

CMS,h ! ZZ ! 4` [101] 0:93+ 0:29
� 0:25 (125:6� 0:6) GeV

CMS,h ! gg[102] 0:77+ 0:30
� 0:27 (125:4� 1:1) GeV

CMS,h ! tt [106] 0:78+ 0:27
� 0:27 -

CMS,Vh! V(bb) [106] 1:00+ 0:50
� 0:50 -

Table 5 Higgs boson mass and rate observables ofSet 4(Combined
Observable Set).

Experiment, Channel observedm observedmh

ATLAS+CMS, h ! WW;ZZ 0:94+ 0:17
� 0:16 (125:73� 0:45) GeV

ATLAS+CMS, h ! gg 1:16+ 0:22
� 0:20

ATLAS+CMS, h ! tt 1:11+ 0:24
� 0:23 -

ATLAS+CMS,Vh;tth ! bb 0:69+ 0:37
� 0:37 -

arXiv:1508.05951
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Large Higgs observable set
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But is the cMSSM still in agreement with the data?

Why are global �ts of SUSY so CPU-consuming?

. . . and impossible withnaivelyemploying Minuit?

This is an old result { just for education!

Looking at any correlations for �xed other parameters:

Looks Terrible

P. Bechtle: Excluding the cMSSM SFB 676 Kolloquium Hamburg 16.12.2015 21
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A neuron
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The neural network
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The neural network
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