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*Introduction MasTERco0e

*What can we say about the allowed parameter space of
supersymmetric models?

* best exploited by combining as much experimental information as possible
* Famous example: Standard Model fit to electroweak precision data

*Equivalent framework for physics beyond the Standard Model, in
particular the Minimal SuperSymmetic Standard Model (MSSM)

*Necessary tools:
* state-of-the-art calculations of experimental observables
and

*a common framework that interfaces between the different calculations
and combines the obtained information

* Objectives/Outcome:
* Fit model parameters in some MSSM scenarios
* Explore sensitivity of different observables to parameter space

Henning Flaecher - SUSY 2014, Manchester 2 21/07/2014



*Global fit of SUSY

parameters

Experimental

constraints \
Mastercode

Nimeas ( Pi_,ui) =) compatibility
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~ | SUSY model .
— predictions

*Mastercode today il

* supergravity: CMSSM, NUHM1, NUHM?2
mo, MMy/2, A07 tanﬁ, (m%{u7 m%—ld)
* phenomenological: pMSSM10™"
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: MaS TEeRcope
*Overyiew @

*Scans of parameter spaces with multinest algorithm
*0(107) points per model

*Frequentist interpretation by calculating an overall y2 and
relative Ay?

*Construct 1-D or 2-D projections of multidimensional parameter
space for interpretation

*Study influence of individual experimental constraints

*Make predictions for favoured regions of unknown quantities
%e'g' my, BR(BS->|~‘I|J)) Gp'SI
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*Interplay of constraints

*Status of CMSSM in 2009, i.e.,
*before LHC
*before B,->pp observation
*before Higgs discovery

*before inclusion of direct DM searches
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*CMSSM - Interplay of constramts
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*CMSSM - Interplay of constramts
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*CMSSM - Dark Matter mechanism
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*Lifting degeneracy NUHM1
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*Lifting degeneracy further - NUHM2
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*(g-2), vs LHC exclusions

* Additional freedom in NUHM1 and NUHM2 opens up allowed
parameter space

*Tension between g-2 and LHC searches remains

*Explore models with more freedom, e.g. pMSSM10
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* Resalying tension between (g-2) and LHC

SM
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* Resolying tension between (g-2) and LHC

SM measurement
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* Resolying tension between (g-2) and LHC

SM measurement :
45 e . . Xi/ngos P
B preliminary value
40! s CMSSM (dotted) | CMSSM 35.1/23 5.1 %
e NUH2 (oo ||| NUHMT  32.7/22 6.6 %
35| " PMSSM10 (bladk) | NUHM2 ~ 32.5/21 5.2 %
PMSSM10  21.1/17 22 %
<
30! | | PMSSM10 resolves the
tension between (g-2) and
LHC constraints. This
25} 1 | significantly improves the
fit.
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*Future prospects for LHC in
2015 and beyond
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*Future prospects CMSSM
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*Praspects for LHC in 2015 & beyond

the other models.

The CMSSM, NUHM1 and NUHM2 give very comparable mass ranges. For the
squark mass, the two-modal structure is quite visible in the CMSSM, and less so in
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We currently apply 7TeV searches in the pMSSM10. The searches at 8TeV are work in

progress.
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*squark pair production
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*squark pair praduction
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A lot of the parameter space, including the current best fit point, lies
outside the reach of 8 TeV searches.
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*sluino pair production
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*sluino pair production

https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsSUS
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*sluino pair production

https: //twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsSUS
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*Direct dark matter detection:
spin-independent scattering
cross section
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*direct detection: past-present-future
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*dlrect detectlon CMSSH
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*direct detection: NUHM1
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*dlrect detection: pMSSM10
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*dlrect detection: pMSSM10
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*Conclusion & Outlook

* Comparison of our models

* CMSSM, NUHM1 and NUHM2 show tension between the searches at the
LHC and (g-2)

* pMSSM10 seems to resolve this tension and provides a significantly
better fit

*Discovery potential at the LHC

*In the pMSSM10 there is a huge parameter space “just around the corner”
at low neutralino masses. Early discovery?

*Direct detection experiments

* Future direct detection experiments will have access to a significant part
of the parameter space of the CMSSM, NUHM1 and NUHM2

*The pMSSM10 reveals a complimentary region with a large fraction below
the neutrino floor. An opportunity for colliders?

*Outlook

* Finish implementation of LHC searches for coloured and electroweak
sparticles at 8 TeV for pMSSM10 and update our results
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*backup
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*Mastercode: global fits of SUSY

*Models
* supergravity: CMSSM, NUHM1, NUHM?2 NEW
“phenomenological: pMSSM10  NEW
*Experimental constraints
* cosmology: Dark Matter density, direct detection

*indirect searches: Flavour and Electroweak Precision observables
* direct searches: Higgs, coloured sparticles, electroweakinos
*Predictor codes

*public: SoftSUSY, FeynHiggs, Micromegas, Superlso

* private: SuFla, FeynWZ, SSARD
*Sampling algorithm

* Multinest

The implementation of the
experimental constraints follows
arxXiv:1312.5250. Some details can be
found in the backup slides
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*parameter ranges
O W R R

(0, 6000) GeV (0, 4000) GeV (-1000, 4000) GeV
m2H - (-5x107, 5x107)
GeV?
m?,, - - (-5x107, 5x107)
GeV?
m?,, - - (-5x107, 5x107)
GeV?
m; (0,4000) GeV (0,4000) GeV (0,4000) GeV
A, (-5000, 5000) GeV  (-5000, 5000) GeV  (-8000, 8000) GeV
tanB (2, 68) (2, 68) (2, 68)
sign(H) 1 1 1

Note: these parameter ranges were chosen to examine relevant parameter
space for the LHC. As we will see, the 16 and 26 contours do not always
close for this choice of ranges. This should be kept in mind when interpreting
the results.
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*PMSSM10: parameter ranges
B S T

msq12 4000 2
msq3 0 4000 2
msl 0 4000 2
M1 -4000 4000 4
M2 0 4000 2
M3 -4000 4000 4
MA 0 4000 2
A -5000 5000 1
mu -5000 5000 1
tanb 1 60 1

This set of parameters is chosen to allow uncorrelated neutralino, gluino, stop and
squark masses, whilst keeping the number of fit parameters low.
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*LHC limits on coloured production

challenge: establish level of 100 | ; 1 —
° ° — [ A ]
exclusion for 0(108) po-lnts % 90 N — | —
PSR o] S SN S S — R
if one had infinite CPU time, one could § 80; ~ Sombination | L]
run for each point in parameter space 2 70f- - Single Lepton (L) ... S — B
5 @ Same Sign dilépton 5 5 , ]
O - Opposite Sign dilepton ]
generate detector < 60F- Opposite S| GNANOPION v e e S
events simulation 7] SR S NS N O R
=2 F L]
P 405_ ......................................................................... __:
O - .
emulation calculate T | RN NSRS NS AN SHSRSTRSSSINS SSSY fmm— - -
of analyses Tull . .
y limit 20:_ ................................................................. _:
but NOT computationally feasible i .
(6 years on 1000 cores) LA O I S S N E
ob—1 1 | L

0 1 2 3 4
an alternative is to combine all SMS models NS spectrum

but o In our approach we make use of the finding by
1. not all relevant SMS limits are OB and JM in 1304.2185 that if one combines

available (problem) sufficiently inclusive searches, then the

2. would need to evaluate for each point exclusion is mainly driven by the masses of 1)
in parameter space (NOT neutralino; 2) gluino; 3) 15t and 2"d generation
computationally feasible) squark; 4) 3rd generation squark
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*LHC limits on coloured production

How to do the hard work: Our Analysis Framework

SLHA file
‘1' Guarantees full coverage by
PYTHIA v6 definition of the generator
‘l, i.e. no need to make SMS
DELPHES assumptions or de_pend on
‘l' coverage of experiments

Our Framework

Analysis
7 / Backgrounds from

CMS analysis
Limit Code

\ Data observation

¢ from CMS analysis

Results

JM OB, MasterCode meeting 07-02-14

we generate a 4-d grid using
inclusive searches for

* 0 leptons + MET

* 1 leptons + MET

« 2 leptons (OS & SS) + MET

« >=3 leptons + MET

we linearly interpolate based on this
grid

llclllllllg T TACCTIICT SUIT &V TT, WMUINiGiTtGCotela

note: we have implemented and
validated the 7 TeV searches. The 8
TeV searches are work in progress.

preliminary

1000 points from
PMSSM sample

2

X

2

(pmssm)—x~ (interp)
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