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Observables
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R

552V

-Iepton 2- 6j€
" i = .

—=ige

Observedv

T
—Observed -~ Expected
), 2210 (13 TeV) Ehe

(i
-15- p (M), 22167 (13 TeV)
1400 —SUS-15-004, 0- \ep (Razon) 2.1 fb" (13 Tev) B
(
(M,

= =8US-15-002, O-lep
. O-ley

- =SUS-15-004, 1-lep (Razon), 2.1 fo" {13 TeV)
12007 —SUS-15-007, 1ep (M), 2.1 b (13 TeV) B :
—SUS-15-008, 2-lep (SS), 2.2 b (13 TeV) !

1000 = ZS0S-14-010, 0+1+2+23. lep, 19.5 6™ (8 TeV) — 1

ross section (cm2)

=

at does this mean for SUSY?
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cMSSM Fit withFittino

Fittino 5-param. cMSSM t
Inputs:
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Fittino cMSSM results
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Table 7 Central values andsluncertainties of the free model param-
eters at the global and secondary minimum when using the Mediul
Observable Set

Parameter | global minimum | secondary minimum

Mo (Gev) | 3874735 89834" 23056
Mo (GeV) | 9182° 2% 27011° 3332
Ao(GeV) | 20028'§53, | 53190'1338
tanb 1777158 432'33
m (GeV) 1743+ 1721738
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First true p-value for cMSSM
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More p-values

Observable Set | x?/ n.d.f | naive p-value | toy p-value | stat. uncert.
Combined 17.5/13 17.7% 8.3% 0.8%
Small 27.1/16 4.0% 1.9% 0.4%
< Medium 30.4/22 10.8% 4.9% 0.7% —
Large 101.1/92 24.3% 41.6% 4.4%
Medium / g-2 18.1/21 64.1% 51% 3%
! D / ! 51
/ Di [ T 17
F D ! /
g | 2L = D)
NToy
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What is this p-value?
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So many (Higgs) results!
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Experiment, Channel observed observed my,
ATLAS, h — WW — (viv [80]  0.99703) -
ATLAS, h — ZZ — 47 [80] 1437040 (1243 1.1) GeV
ATLAS, h — 7780 1557933 (126.8+0.9) GeV
ATLAS, I — 77 [81] 1441031 -
6 69 6 ATLAS, Vi V(bb) [82] 0.17248% -
7' 7 CMS, i — WW — (vey [83] 0721432 -
CMS, h— 27 — 4( [84] 093503 (125.6+0.6) GeV
CMS, /1 — yy [85] 0775039 (1254£1.1) GeV
CMS. i — 17 [86] 0.781037 -
CMS, Vi — V (bb) [86] 100403 -

Medium observable setl0 Higgs observables
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E ects of individual measurements
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The p-value found for the cMSSM
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Calculating model predictions

e Fittino uses

e SPheno for the mass Spectrum

Superlso for the B-meson branching fractions

FeynHiggs for Higgs propertiesmy , Sin ¢ , (3 2)
micrOMEGAs for h?

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
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Beyond cMSSM: phenomenological MSSM

Standard particles

SUSY particles
d s b A
y. Vv, ¥V, ¥
£ ~ ~ A
e T

Figure courtesy of Jan Heisig

R-parity conserving Minimal Supersymmetric Standard Model

Reduce 119 free parameters to 19 by assuming:
@ No new source of CP violation

@ No avor-changing neutral currents

© First and second generation universality

interpretations: e.g. [Cahill-Rowley et al. (2012)], [Fittino
Jory.Sonneveld@desy.de (Uni Hamburg) Towards a pMSSM-11 t with Fittino

[Djouadi et. al. 1998]

(2009)], [ATLAS (2015)] , [CMS (2016)], [Barr, Liu (2016)]
4
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Parameter space considered in the pMSSM

pMSSM-11 [ Prior constraints |

1 tan 60 e mp 110 GeV;
100 GeV M, 2 TeV o My, M
-5 TeV 5TeV, 2[ 0:1;0:1] TeV Br(é o )
S - y
4TeV M; 4TeV Brib! s ),

0.1 TeV M, 4TeV

4TeV Mz 4TeV,M3z2[ 0:4;0:4] TeV Br(B! )
01TeV M;, 3TeV within 5 of
0.1TeV M, 4TeV experimental
0.3TeV Mg, 5TeV value.
0.1 TeV Mg, 5TeV
5TeV Ay 5TeV used only for LHC
still under discussion | searches preparation)

Theoretical assumptions

° ‘1) is the Lightest (stable) Supersymmetric Particle (LSP);
@ NO taChyOI’lS. Other interpretations: [Mastercode (2015)]
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pMSSM-11 challenges in LHC searches

Beyond

event generation
@8TeV (CELECH

=L T ATLAS :
PMSSM-1 . and
{event generation } CMS

@13TeV analyses

7 Event generation take®(hours).

7 Scan 10 points in each parameter direction:'3@oints! scan runs
10° years!

3 I neural net

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 heckMATE

Validation of ATLAS EXOT-2015-03 search:

Validation of arxXiv:1604.07773
Towards a pMSSM-11 t with Fittino SUSY 2016, Melbourne 17/ 26
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Preparation for LHC searches: neural net with 11 input

Example

Train a neural net to predict a ? for a pMSSM-11 parameter point
Towards a pMSSM-11 t with Fittino SUSY 2016, Melbourne 18/ 26



Example: cMSSM-2

Preliminary

2 parameter cMSSM, cutted data 2 parameter cMSSM, after training

0, 1000, © 1500, 2000, ﬁn&

Actual 2 Predicted 2
'Cut: any 2 50 is set to 50.

Fixed cMSSM parameters: tan=10, Ag =0, =+1

Jan Schatte-Engel
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Performance for cMSSM-2

30000
Preliminary
E 20000 Errors on val data after last training epoch zoom
é 15000 4500,— Emriesms' 70000
z E H H M ~0,03096
: wPreliminary
{;i 10000 350&?
£ 3000,
5000 2500';
2000,;
0 20 40 60 80 100 120 140 160 1500, ;
epochs e
1000,
Training the neural net: o0
oF L | L _J\_L | | 1 1
-1, -08 -06 -04 -02 0. 0.2 0.4 0.6 0.8 1.
—  Nvaiidation ; 2 2 i 2 2
total = i J ipred i;actual) pred actual

after each training iteration.
Nvalidation = 10000, Niraining = 45000
Jan Schutte-Engel
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Reparametrization: physical parameters
New Parameters
o] ¥
< Njets >, Ojets
< ijets >, Ojets
1 SPheno < Ne >,0,

<Ny >,0,
< Nint,w >, Tint.w
[}
[ ]

Emin min
< Ljers >, Opmin

q 5

q .
min

T < Egjets > 0ppin,

i T < B o

< BT > 0ppn

[}
Take each Combination of I
two particles

Decay Them in all Recombine Everything

possible ways Using Cross Sections

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

feanne (200 Pacwa)? after each training iteration

Mean squared error after each training iteration

- * Validation Points

= Training Points

.
£ R | . .
w a
3 7o A
o & " o A A
%U U g i i
-] 1
©
[
3
Preliminary
(Nraining = 2=3n, n = 160000)
Training Iteration Tlm Keller
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Predicted exclusions from physical parameters at 8 Te\

Preliminary

Profile of R Values i 3 i
o~ Pull Distribution
[ Calculated L
Predicted Preliminary
2
§ il 5
g P 5
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S @ 20000 3
5o L : Z i
E s 3
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@ 15000 B
2 9
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i z
=
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Best Observed R Value across all Signal Reglons @ 8Tev s S — — 5
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th . UL;95%
Best Rops (Sprgg 1:96 siheo )=Sope Robs:pred  Robs;actual
We currently achieve an allow/exclude classi cation accwraxf 95%

Tim Keller
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(Higher Order) Markov Chain Monte Carlo
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Summary
[axvasososos ]

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

e World's rst true p-value for the cMSSM

o combined identical measurements for smallérdependence on # of
measurements

e with optimal observable set excluded cMSSM at 95% CL

e CMSSM pushed to a region where it cannot accomodage (2)

fractions
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Outlook

pPMSSM-11

e CheckMATIEor more LHC results
e Neural nets for fast interpolation of pMSSM-11

o Model independent parametrization in terms of physical nal state
parameters

e Higher order MCMC for smarter sampling

and: SModelSfor missing LHC simpli ed model results.

v
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Higher order MCMC
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Fittino cMSSM results

7
5 107g
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Fittino  inputs

Higgs boson properties and searches

¥ Higgs limits via HiggsBounds
¥ Higgs signals via HiggsSignals

Direct sparticle searches

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

Astrophysical observables

¥ We require ! 10 to be the LSP
¥ Y%cpwh? = 0.1187 + 0.0017 + 0.0119 theo ( Planck 013)
¥ Direct detection limit from LUX

From Bprn Sarrazin: ICHEP, SUSY14; arXiv:1508.05951
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Fittino  inputs

Updated measurements

Low energy observables

BR(Bs —> p+y-)

(2.90 £ 0.70 = 0.76theo ) X 10°°

CMS + LHCb *13

BR( B+—>T*v ) (1.14 £ 0.22 £ 0.07iheo ) X 104 PDG ‘13
BR(b—>sy) (3.43 +0.21% 0.07+ 0.481ne0 ) x 104 HFAG
Ams (17.719 £0.036 + 0.023 + 4.2001eo ) PS-! PDG ‘13
ay- a,sM (28.7 £ 8.0 + 2.0theo ) x 1010 Muon g-2, Davier et al
mt (173.34 +0.27 £ 0.71) GeV world average ‘14
mw (80.385 + 0.015 + 0.010me0 ) GeV CDF + D0 ‘12
SN2 Beft 0.2311 + 0.00021 + 0.00012theo LEP + SLD ‘06

From Bprn Sarrazin: ICHEP, SUSY14; [Bechtle et al. arXiv:1508.05951]
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Fittino

Inputs

Table 1 Precision observables used in the t.

an ag (287 80) 101 [82,83]
SirP et 0:23113 0:00021 [84]
m (17334 027 0:71) GeV [85]
my (80:385 0:015 GeV [86]
Dms (17:719 0:036 0:023ps !  [87]
B(Bs! mm (290 070 10 ° [88]
B(b! s (343 021 007) 104 [89]
B(B! tn) (L05 025 10% [87]

Table 2 Standard Model parameters that have been xed. Please no
thatm, andm, areMS masses at their respective mass scale, while fo
all other particles on-shell masses are used.

1=aem 128952 [83]
(e (1:1663787 10 %) GeVv 2 [87]
as 0:1184 (87
m 91:1876 GeV [87]
my 4:18 GeV 87]
m 1:77682 GeV [87]
m 1:275 GeV [87]

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

an_ag” 7%
SirP gegy 0:05%
m 1GeV
my 0:01%
Dmg 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 poinP calculate:

.
2= Omeas Opred(P)  cov 1 Omeas Opred(P) + ﬁmits

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

18
16
14
< 12
=> I
) =
U} 1064
2600 5
JLdI:2D.3!Ib,E=BTeV
= Atlas median expected limit
Ailas observed limit
— Fillino implemeniation ) |
500 1000 1500 2000 2500 -
M, (GeV) universitétbonnl

SFB 676 Kolloquium Hamburg 16.12.2015 17

P. Bechtle: Excluding the cMSSM
SUSY 2016, Melbourne 7117
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ATLAS-SUSY-2013-02 cMSSM exclusion

ATLAS-SUSY-2013-02
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First true p-value for cMSSM

o 0.14r T T ] o 0.2F T T
c [ pen c ] Y
S L a8 FITTINO B o TTINC
g 012 W 5 TINO
E L —/ SUSY | 1 = =t/ SUSY
0.1— —
C cMSSM ] cMSSM
0.08- O Toy Fits | Otoy fits
T —c? (NDF =22) B — c? (NDF = 13)
C - - best it point ] 0. - - best fit point
0.06[— 30.42 | 17.5
E MEp=(49 £07)% - MEp=(83£08)%
0.04— |
0.02]- 3
0 o)
0 10 20 30 40 50 0 5 10 15 20 25 30 35 40
c? c?
Table 3 Higgs boson mass and rate observableSatf2(Medium Ob-
servable Set).
Experiment, Channel observed  observedm,
ATLAS,h! WW! “n'n[100] 09933} -
ATLAS, h! ZZ! 4 [100] 143040 (1243 11)Gev
ATLAS, h! gg[100] 15583 (1268 0:9)GeV Table 5 Higgs boson mass and rate observableSet 4(Combined
ATLAS, h! tt [103] 144785} - Observable Set).
ATLAS, Vh! V(bb) [104] 01738l -
Experiment, Channel observed  observedm,
CMS,h! WW! “n’n [105] 07283 - o
CMS,h! zz! 4 [101] 09392 (1256 0:6)GeV ATLASTCMS ! WWZZ 094616 (15573 0.5 Gev
cMs,h! gg[102] 07788 (1254 11)Gev ATLAS+CMS,h! gg 1:15:%3
CMS,h! tt [106] 078337 - ATLAS+CMS, h! u‘ 1:11 83
CMS.Vh! (bt [106] 100838 ) ATLAS+CMS,Viitth! bb  0:69" 33
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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 witaivelyemploying 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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