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Outline

This is so 2010!

Yeah, | think Iit’s time to move
to another model.

|. How the CMSSM came into such troubles

I|. The one more thing which still has to be done
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Using the C++ program Fittino we combine a wide range of
measurements sensitive to supersymmetry:

e ndirect constraints from low energy measurements

e Higgs boson properties

* direct searches for sparticles and BSM Higgs bosons
e astrophysical olbservations

Fittino uses

e public codes to calculate model predictions
e a X2 function to compare measurements and predictions
e an auto-adaptive Markov Chain to sample the parameter space

e frequentist interpretation
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Fittino Timeline

arXiv:1102.4693

some tension building up
between low energy
observables and LHC

arXiv:1204.4199
iIncreasing tension

direct and indirect
astrophysical detection
experiments

not yet sensitive to
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arXiv:1310.3045

SM like Higgs well described by CMSSM

x?/ndf decreases when the numerous Higgs
measurements are taken into account
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Updated measurements

Low energy observables
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Higgs boson properties and searches

* Higgs limits via HiggsBounds
* Higgs signals via HiggsSignals

Direct sparticle searches

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

Astrophysical observables

 We require x1° to be the LSP
e Qcpmh2 =0.1187 £ 0.0017 + 0.01191eo ( Planck ’13))

e Direct detection limit from LUX



Model Predictions

To evaluate the corresponding model predictions we use:

e SPheno for spectrum calculation

* FeynHIgQgs for Higgs properties, ay - a,SM, sin? Besr, mw

e Superlso for BR( Bs —>

* Prospino, Herwig++,

U+u-),BR( B+=—>T1*v ),BR( b—>sYy )

Delphes for direct sparticle searches

e MicrOMEGAS for dark matter relic density

e DarkSUSY via AstroFit for direct detection cross section



Impact of new Higgs mass calculation

 Of course there are also improvements on the theory side

 The new Higgs mass calculation contained in FeynHiggs 2.10.0
makes it significantly easier to reach high Higgs masses
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Predicted mass spectrum

L]

PRELIMINARY

- I Environmant
- éo Environment

— Best Ft Va ue

12000

10000

Particle Mass {GeV)
— )] Co
O - O
() () ()
(- O (-

2000

O—III
h°A°H°H//////||‘f1fzfi666“f?§

squark and gluino masses at best fit point about 2 TeV
But now also masses of 10 TeV allowed at 1 sigma

12



Summary of part |

* Inthe CMSSM there is some tension between low energy
observables and exclusions from LHC

 The CMSSM is in agreement with astrophysical
measurements but on the other hand no convincing
direct or indirect detection hints are found

A SM like Higgs is well described by the CMSSM with
large particle masses but no BSM Higgs sector is found

What do we do with the CMSSM now?

There’s at least one more thing to do!
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How well does the CMSSM
describe the data quantitatively?

P-Value

If the best fit
point is realised in nature

doing a global fit to the
measurement

how probable is it to get

a minimal chi2 at least as
bad as the one observed?
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Difficulties

* |f our x2 - function would be x2 - distributed
we could just look up the integral

/2 P (x)dx
X

* Unfortunately this is not necessarily true because of:
 Non - linear dependence of observables on parameters
* Non - gaussian uncertainties

* Thus also x2/ndf isn’t the appropriate goodness-of-fit measure
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How well does the CMSSM
describe the data quantitatively?

P-Value Toy fits

If the best fit Smearing observables around
point is realised in nature the best fit prediction

fitting the model to the and fitting the model to each
measurements of these toy measurements
how probable is it to get j how often do you get

a minimal chi2 at least as

bad as the one observed?

* Very common in HEP
 Hasn't been done in global SUSY fits ( extremely CPU intensive )
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Fractions
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Fractions
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CMSSM parameter values
at the best fit points
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World’s first V€'Y prelimingyy,
p-value for the CMSSM
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Dependence on the input and its parametrization?

p-Value describes agreement with given selected data

e. g. we selected
these Higgs rate

measurements,
adding 6 ndf
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Dependence on the input and its parametrization?
p-Value describes agreement W|th gwen selected data

H = WW = tviv (0/1 jet) [8 TeV] | ATLAS ——r cMs p-o-{ {8 TeV] H < WW - 2020 (0/1 jet)
H— WW = tvly (2 jet) |8 TeV] | r—— e Ji8TeV] H — WW = 2020 (VBF)
VH - VIV 8 TeV L )

- s MITT AT 1ttt lo st - - \Tt\]H—'HH—»luI\Hl
H— ZZ — A0 (VBF/VH like) 8 TeV| } : - \ _ , S8TeV|VH — VWW (hadr. V)
H — ZZ — 46 (ggH like) |8 TeV - ' ' - ‘

: | - i 418 TeV } WH -WIWW 3i(3v
B h 'f — ' \h\] » ZZ = 4 (0/1 jet)
ut what If we Sl — Jismov) S 22 S e
b - —— \ TeV| H — +~ (untagged 0)
would have ——p | I S ToV] vy (untageed 1)
—_— — 4 \ TeV } » v~ (untageed 2)
: - I——— g \ l(\ J > VY I‘ll]ltil‘,"f_"l'il 3:‘
selected these T —— BTV]H 7 (2t oo
" ~ [ S — \T. ]H—»“I’jvt.li;’,ht)
L ' b - 8 TeV] H < 4+ (ETmiss)
80 instead ? i . a0
} _ b - { . A\Tc JI[—““I[IZ'
H =+~ (ETmiss) STeV | ; . ] [7 TeV] H — 4 (untagged 0)
H — 3y (conv.cntr. high pre) [TTeVIE™ P {17 TeV] H = 4~ (untagged 1)
H — ~~ (conv.cutr. low py) |7 TeV] “L= | : {7 TeV] H = v (untagged 2)
H — ~~ (conv.rest high pre) | L Tt\] d it
A 1 b i  47TTeV] H — 4+ (untagged 3)
H — 59 (conv.rest low py) [T TeV] } k - 6.34 — -
H = ~~ (unconv.entr. high pre) [TTeV] L " i = ‘T‘ T H =47 (2 jet)
II—»-— (unconv.cntr. low pry) .T‘\J ! ; o b - \T' JH o
H - ~~ (unconv.rest high pyy) . l«\] 10.44 = ——— 4 \ TeVI H < 77 (0 jet)
H — ~~ (unconv.rest low ;r“) TTeV L —_—— o \T. ] H — 7 (1 jet)
H = ~~ (conv.trans, ) [4 ](\ - PR \Tc ] H — v (VBF)
H — 41 chtlaTt\l- b - b - " q\Tc TWVH = rr
H - 7 (boosted, hadhad) [8 TeV]} b . o] 8 TeV] VH — Vbb
H — 77 (boosted. lephad) \T'\J e T — \Tt\ | ttH — 2{ (same sign)
H — 77 (boosted. leplep) [8 l(\ L d \T
e - - eV| ttH — 3¢
H — rr (VBF, hadhad) |8 TeV| | R +— —4.8 ‘ 8 TeV) ¢ "
H — 77 (VBF. lephad) [8 TeV D — L ) eV ttH — ,
H <= 7 (VBF, leplep) [\ TeV L | - : - - 48 TeV } ttH —» tt(bh)
\ll—olu,mu\T.\] [T SN - ! {8 TeV] ttH — tt(++)
VH — Vbb (14) 8TeV| L b . - STeV|ttH — tt(rr)
\-Ifﬂ\erl)',l.\Tt\JP - $ 4 4 $ $
t t $ t $ ; - : {H - WWwW
H - WWwiDZ b - - fiiimd [T
4.2 —
H — 4~ F - - H 77
l! A - I— D — . “l! — ‘-h()
H — bb k- b - CDF 0}.40_—0 1tH — 1hh
A A ' A A A '

T



Summary of part Il and outlook

e For the first time a p-value for a SUSY model has
been calculated using global toy fits

e This gives an appropriate measure for the agreement
between the model and the selected data

Possible dependance of p-value on (Higgs-) observable
parametrisation will be studied

* \We applied the procedure to the CMSSM

Applying it to more general models which decouple
the Higgs, electroweak and strong sector will finally
quantify how much better they perform
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X2 contributions

At each parameter point P calculate:

— — —

2 SN P ) D 2
X = (Omeas — Opred(P)) cov (Omeas — Opred(P)) T Xlimits

18
16
14
< 12
:? il
@ e, . b
S 10 Q
2 600 RN 8 4
= \ ; 6
500 JLdt:ED.EHh,E:ETE‘J - ' 4
sooff © T :
' B O

I RN SRR R T N TR SR ST T NN S R R
500 1000 1500 2000 2500
M, (GeV)



