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@ What do we know about Supersymmetry, and from where?
© Excluding Supersymmetric Models
© Interlude: Do we know what we have found?

@ Towards the Fit of the pMSSM11
@ Generating the Input

@ Towards a Solution only for the pMSSM11
@ Towards a more Generic Solution
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What do we know about Supersymmetry, and from where?

ﬂ What do we know about Supersymmetry, and from where?
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What do we know about Supersymmetry, and from where?

An Incomplete Overview of the Current Situation

@ We need Dark Matter, a stable Higgs mass and an explanation for
EWSB...
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What do we know about Supersymmetry, and from where?

An Incomplete Overview of the Current Situation

@ We need Dark Matter, a stable Higgs mass and an explanation for
EWSB...
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e.g. arXiv:0907.2589 [hep-ph]

@ There obviously is a problem.

o We always used (g — 2), as a motivation for SUSY at the TeV scale.
But can constrained models still accomodate this? '1
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What do we know about Supersymmetry, and from where?

The status of the CMSSM

healthy?
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What do we know about Supersymmetry, and from where?

The status of the CMSSM

healthy? | pretty dull?
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What do we know about Supersymmetry, and from where?

The status of the CMSSM

healthy? - pretty dull?

almost dead?
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What do we know about Supersymmetry, and from where?

The status of the CMSSM

healthy?

almost dead? buried?
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Excluding Supersymmetric Models

© Excluding Supersymmetric Models
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Excluding Supersymmetric Models

Measurements
Measurements
B(Bs — utp~) | (3.204+1.50+0.76) x 10~°
B(B* — 7*v) | (0.72+£0.27 £0.11 4+ 0.07) x 10~*
B(b—sy) | (3.434£0.21+£0.07 £0.23) x 10~*
Ams (17.719 4+ 0.043 + 4.200) ps—!
a, — aM (28.7+ 8.0 +£2.0) x 10710
Qh? 0.1187 4 0.0017
my 80.385 4+ 0.015 + 0.010
m; (173.18 4 0.94) GeV
sin2 O 0.23113 + 0.00021

+ all kinds of limits

+ Higgs mass and rate information
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Fits for the LHC 11.10.2016

u niversitétbonnl

7



Excluding Supersymmetric Models

Higgs, Searches and Astrophysics

Direct searches for sparticles and Higgs Bosons
@ Higgs limits via HiggsBounds
@ Higgs signals via HiggsSignals
o LEP chargino mass limit
o ATLAS MET + jets + O lepton search (20fb~1)

Astrophysical observables
o We require X9 to be the LSP

@ Dark matter relic density:
Qcpwvh? = 0.1187 4 0.0017 £ 0.0119 (Planck '13)

@ Direct detection limit LUX ('13)
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Excluding Supersymmetric Models

“Allowed” Parameter Range in the Fit

The following results from http://arxiv.org/abs/1508.05951
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http://arxiv.org/abs/1508.05951

Excluding Supersymmetric Models

Classifying the “Allowed” Regions

- 71 coannihilation:
-t coannihilation:
- X coannihilation:
- A/H funnel:

- focus point region:
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Excluding Su

persymmetric Models

Predicted Ranges of SUSY Particle Masses
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Excluding Supersymmetric Models

But is that stable on cosmological timescales?

@ Using VeVacious arXiv:1307.1477 [hep-ph]
@ All minima in stable or metastable (lifetime > age of the universe)

regions
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Excluding Supersymmetric Models

Sensitivity of Direct Detection Experiments
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Contributions from Direct Detection
No contributions from Indirect Detection
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Excluding Supersymmetric Models

Why are global fits of SUSY so CPU-consuming?

@ ... and impossible with naively employing Minuit?
@ This is an old result — just for education!

Looking at any correlations for all other allowed parameters:
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Excluding Supersymmetric Models

Why are global fits of SUSY so CPU-consuming?

@ ... and impossible with naively employing Minuit?
@ This is an old result — just for education!
Looking at any correlations for fixed other parameters:
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Looks Terrible
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Excluding Supersymmetric Models

Is that a problem of GUT-scale models only?
@ ... and impossible with naively employing Minuit?
@ This is a work-in-progress result

Testing the pMSSM11 for My and M5 only:
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Looks terrible
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Excluding Supersymmetric Models

Is that a problem of GUT-scale models only?

@ ... and impossible with naively employing Minuit?
@ This is a work-in-progress result

From which observable does that come?
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Measuring Qh? precisely makes fits harder '1
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Excluding Supersymmetric Models

Can we still fit the cMSSM?
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Excluding Supersymmetric Models

Can we still fit the cMSSM?
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@ Most observables are fitted fine in the CMSSM, but not (g —2),
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Excluding Supersymmetric Models

To which Higgs Maesurent Set do we Fit best?
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Excluding Supersymmetric Models

To which Higgs Maesurent Set do we Fit best?

[168% CL  —Bestfit value
95%CL -+ Data LSUSY
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Excluding Supersymmetric Models

To which Higgs Maesurent Set do we Fit best?

[168% CL  —Bestfit value !
95 % CL -e-Data

h—WW, ZZ

‘|+ h—yy

h—bb
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Fits for the LHC 11.10.2016
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Excluding Supersymmetric Models

So does the Higgs do
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@ This plot shows the variation of the x? contributions for all toy fits,

calculated with respect to the smeared

values

@ If the colored band is small: Observable has no effect on the fit

@ my, obviously has an effect, u's a bit.
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Excluding Supersymmetric Models

So does the Higgs do anything?
12 125 13 135 14 _m
iggsSignals: m t

] Full Range
- local 85% Interval
- local 68% Interval

® Original Best Fit Paint

BR(B —» tv)
BR(B, »uu)

BR(b »s7)
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Contribution to ¥?

@ This plot shows the variation of the x? contributions for all toy fits,

calculated with respect to the measured values
o If the colored band is small: Observable has no effect on the fit :
@ my obviously has an effect, u's a bit. univ&mimﬂ
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Excluding Supersymmetric Models

Effect of the Combination on the P-value

Measurements (zi,0:),i =1..N
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Excluding Supersymmetric Models

Effect of the Combination on the P-value
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Excluding Supersymmetric Models

What is the P-value of the CMSSM?

o 0141 T 1 T I T
2 C ]
g 0.12— ]
= C SUSY| 1
A= —
0 C CMSSM ]
C [JToy Fits 7
0.081 — %2 (NDF = 22) ]
C - - Best Fit point ]
0.06- 30.42 -
- MP=(49:07)%
0.04— -
0.02 -
0: /L ]

0 10 20 30 40 50

@ For the first time, it has conclusively been shown that the most
constrained popular SUSY model can be excluded
e Without (g —2),, the P-value with the given observable set is 51 +3 %
@ But the P-value without (g — 2), is meaningless. We only quoyte it
because some people suddenly don't like the result anymore. "
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Interlude: Do we know what we have found?

© Interlude: Do we know what we have found?
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Interlude: Do we know what we have found?

The cMSSM is kind of dead.
Conventional wisdom is that the
pMSSM is boring.
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Interlude: Do we know what we have found?

The cMSSM is kind of dead.
Conventional wisdom is that the
pMSSM is boring.

But is the MSSM Higgs Sector
really boring?

[P. Bechtle, H. Haber, S. Heinemeyer, O. Stal, T. Stefaniak, G. Weiglein,
L. Zeune, arXiv:1608.00638]
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Interlude: Do we know what we have found?

Obtaining a light Higgs with SM-like couplings

[J. Gunion, H. Haber, hep-ph/0207010]
Look at CP conserving 2HDM in the Higgs basis ((HY) — v//2, (HY) = 0):
V5 AZH )+ [BZ5(H] ) 4 Zo(HH)(H] o) + he ] + .

The CP-even neutral Higgs squared-mass matrix is

Zyv? Zv?
2_ (4 6
M= (Zg;v2 /\/If\—i—Z5v2) ’

with mixing angle cg_o = cos(8 — ).

e If Z; < Zs + M%/v? and Zs = 0, then c5_, = 0 and h is identical to SM
Higgs boson (alignment limit).

o If M3 > Z;v?, then m? ~ Z;v? and |cs_o| < 1 = h becomes SM-like
(decoupling limit).

u niversitétbonnl
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Interlude: Do we know what we have found?

The pMSSM8 Parameter Scan

Light Higgs case

Heavy Higgs case

Parameter | Minimum Maximum | Minimum Maximum
Ma [GeV] 90 1000 90 200
tan 3 1 60 1 20
Mg, [GeV] 200 5000 200 1500
/\/IZ3 [GeV] 200 1000 200 1000
MZLQ [GeV] 200 1000 200 1000
p[GeV] | —3 Mg, 3 Mg, —5000 5000
Af [GeV] -3 M¢73 3 M<73 -3 M¢73 3 /\/1573
M, [GeV] 200 500 200 500

P. Bechtle: cMSSM Exclusion to pMSSM11 Fits

Fix Mg, , = 5TeV and leave M; free
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Interlude: Do we know what we have found?

External Constraints

‘ Observable | Experimental value SM value MSSM uncertainty ‘
BR(B — Xs7) (3.43£0.21£0.07) x 1074 [94]  (3.40£0.22) x 10~* +0.15 x 107*
BR(Bs — putu™) (2.8+£0.7) x 1079 [97,98] (3.5440.2) x 107° -
BR(B* — 7tv,) | (9.14+ 1.9+ 1.1) x 107 [100,101] (8.0940.7) x 107° -
Say (30.2 +9.0) x 10710 [117-119] - -
My (80.385 +0.015) GeV [111,112]  (80.358 £ 0.007) GeV + 0.003 GeV

Table 2: The experimental values and SM theory predictions for the low-energy observables (LEOs)
that are used in the pMSSM 8 scan. The last column lists additional uncertainties intrinsic to the
MSSM predictions.

Leave out Qh? and leave M free in turn
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Interlude: Do we know what we have found?

So can we fit the h and the H?

full fit fit without a, fit without all LEOs
Xlvooxi op | XX p | Xlv X p
SM | 83.7/91 0.92 0.69 | 72.4/90 0.80 0.91 | 70.2/86 0.82 0.89

h |685/84 0.82 0.89 | 68.2/83 0.82 0.88 | 67.9/79 0.86 0.81
H |73.7/8 0.87 0.80 | 71.9/84 0.86 0.82|70.0/80 0.88 0.78

‘ Case

Table 3: Global x? results with v degrees of freedom from the fits of the SM and the MSSM with
either h or H as the LHC signal, the reduced x2 = x?/v, and the corresponding p-values. The number
of degrees of freedom, v, are estimated by subtracting the number of free model parameters from the
number of observables.

u niversitétbonnl

P. Bechtle: cMSSM Exclusion to pMSSM11 Fits Fits for the LHC 11.10.2016 27



Interlude: Do we know what we have found?

Pulls and Best Fit Parameters

Light Higgs case Heavy Higgs case
Observable Prediction Pull Prediction Pull
Myu [GeV] 125.20 +0.034 124.15 —0.29

BR(B — X,y) | 3.55x 107%  +0.185 | 4.17x 107 +1.138
BR(B, — ptp7) | 3.03x 1079  40.247 | 3.48 x 10™° +0.731
BR(B* - 7tv) | 7.53 x 107 —0.424 | 7.38 x 107> —0.465

Say, 28.8 x 10710 —0.151 | 27.6 x 107 —0.289
My [GeV] 80.383  —0.080 | 80.373 —0.480

Table 4: Pull table for the best-fit (BF) points of the two MSSM Higgs interpretations.

My tanf 1 Ay M; M; MZI,Z M,

Case | (GeV) (GeV) (GeV) (GeV) (GeV) (GeV) (GeV)
h 929 21.0 7155 4138 2957 698 436 358
H 172 6.6 4503 -1 564 953 262 293

Table 5: MSSM parameters for the BF points found for the light Higgs (h) and heavy Higgs (H)

interpretation in the full fit.
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Interlude: Do we know what we have found?

Best-Fit (heavy Higgs case) — Higgs signal rates
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Interlude: Do we know what we have found?

Where are the other Higgs states?

10_2 1§ T T T T T

g 1o
-3 S E
10°8 -
- T 102
2107 £
T 10%F
5 = c
10 Q:10_4§_

10™ y'. (2%t *;w".}ﬁ( 10-5: 1 1 1 1

80 100 120 100 120 140 160 180 200
M, (GeV) MHp

e Light Higgs h with mass mj, ~ (60 — 100) GeV has extremely reduced
coupling to vector bosons = beyond LEP reach!
o LHC searches for gg — h — 7~y are also not (yet) sensitive.

e Charged Higgs H™ lies at kinematic threshold of t — HTb.
H* — 7v, decay rate suppressed by competing decay H* — hW= '1

universitatbonn
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Interlude: Do we know what we have found?

Heavy Higgs case: Charged Higgs Decays

1€ 1€
< 107'E §10'15—
- -
T I + [
: :
0 102F o 102F
10~ M R BN B BRI B 10—3|I|||I|||I|||..I'|.'|‘a'¢."||:
100 120 140 160 180 200 100 120 140 160 180 200

" M,
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Towards the Fit of the pMSSM11

@ Towards the Fit of the pMSSM11
@ Generating the Input
@ Towards a Solution only for the pMSSM11
@ Towards a more Generic Solution

P. Bechtle: cMSSM Exclusion to pMSSM11 Fits Fits for the LHC 11.10.2016
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Towards the Fit of the pMSSM11

Options for the LHC Parametrization

T . r T
= 105 arias \s=13TeV,32f6"  -eData2015
S 10* 7} m@e1500 Gov, mz1300cev [y

o - @-1500 Gov, mi)-100Gev (Y + i

S 1 03 [Je—y mis-ID
L 2 Bwrr

c 10 Ozw

G>> AAstat.

w

Data/SM

O -
0 100 200 300 400 500
ET [GeV]

@ For the cMSSM it was rather easy to parametrize the LHC results. We
had only 4 dimensions, and for the largest part of the parameter space,
only Mj 5 and My were relevant :

Y 1/2 universitétﬂ
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Towards the Fit of the pMSSM11

Building up a neural network

Recurrent neural networks not

considered Example of pMSSM-11 network

@ A lot free parameters in net — hyperparameter optimization
@ neural network: highly nonlinear interpolator
@ All neural nets implemented with TensorFlow

u niversitétbonnl
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Towards the Fit of the pMSSM11 Generating the Input

Generating Events at Random Parameter Points

Event generation @ 8TeV

- produce strong interacting SUSY

particles with Pythia Checkmate

~ Droduce w ntciacting SUSY - Tuned Delphes Detector
particles with Madgraph 5 and simulaon for ATIAS
bythia 6.0

- ey M ana s Preselection criteria:
+ NLO xsection from NLL-Fast)/”

SPheno @ No tachyons in spectrum.

- Number of signal

produce | . events in all SR's

- Number of M

if preselection] events in all SR's

e ™ - Number of measured
events in all SR's

@ ¥ is the LSP

@ Both Higgses (h°, HO)
ettt b have mass above 110 GeV

jon for ATLAS

Event generation @ 13TeV
- produce strong interacting SUSY

particles with Madgraph 5 and
Pythia 6.4

NLO xsection from NLL-Fast

- 13 TeV ATLAS and CMS
analyses

@ m_: >103.5 GeV ( from LEP)
X1

@ For my, Ams, B(Bs — pp), B(b—sy), B(B, — Tv)
require

5 X \/ 02 periment T Ttheory > [theory value- experimental value).

u niversitétbonnl
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Towards the Fit of the pMSSM11 Generating the Input

Generating Events at Random Parameter Points

PMSSM11 Parameter Range

M1 (Bino mass) +0 — 4000 GeV
M2 (Wino mass) 100 — 4000 GeV
M3 (gluino Mass) +400 — 4000 GeV
Mgq1 (1st and 2nd gen. scalar squark mass) 300 — 5000 GeV
Mgq3 (3rd gen. scalar squark mass) 100 — 5000 GeV
M1 (1st and 2nd gen. scalar slepton mass) 100 — 3000 GeV
M3 (3rd gen. scalar slepton mass) 100 — 4000 GeV
M, (Pseudoscalar Higgs pole mass) 0 — 4000 GeV

A (Third generation trilinear coupling) +0 — 5000 GeV

w (Higgsino mass parameter) £100 — 5000 GeV
tan(B) (Higgs doublet vacuum expectation value) | 1 — 60 GeV
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Towards the Fit of the pMSSM11 Generating the Input

pMSSM11 Parameter PDF used for Training

0.2 04 0.6 08 1.0

o If we used a flat pdf, almost all points would be on the edge

u niversitétbonnl
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Towards the Fit of the pMSSM11 Generating the Input

Number of Parameter Points

scanned points:

\/s | scanned points
8 TeV 700000
13 TeV 140000

Disjoint signal regions:

NG disjoint SRs
8 TeV 47
13 TeV 65

u niversitétbonnl
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Towards the Fit of the pMSSM11

hyperparameter

Towards a Solution only for the pMSSM11

LHC \? for 8 TeV

scanned values

number of hidden layers 23,45
number neurons in hidden layers 50, 150, 450
cost function quadratic,cross
exponential damping on / of
batch size 80,500, 3000 CEEe.
A 0.001 , 0.0001, 0.00001,0.000001

learning rate

0.1, 0.01, 0.001, 0.0001

dropout probability 1

0.9,0.95, 1.0

dropout probability 2

0.9,0.95, 1.0

activation in last layer

tanh / linear

best found hyperparameter configurations:

# h. layer #£neurons cost damp. batch size A learn. rate dropout 1/2 activation
4 150 quadratic 1.0 500 10— 0.001 1.0/1.0 tanh
4 150 quadratic 0.0 500 107 0.001 1.0/1.0 tanh
4 50 quadratic 1.0 500 10~° 0.001 1.0/1.0 tanh
5 450 quadratic 0.0 80 10— 0.0001 1.0/1.0 tanh
4 50 quadratic 0.0 500 10— 7% 0.001 1.0/1.0 tanh
universitétbonnl
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Towards the Fit of the pMSSM11 Towards a Solution only for the pMSSM11

LHC \? for 8 TeV:

, 10°
[mmmNearestNDInterpolator  WEE Neural Net| =
. 30 ]
g c
g s
£ K]
] 2 102
s 2
5 ]
g -E NearestNDInterpolator
z 3 Neural Net
é 15 f 0,001 < * <=31.0
5 g 10°
2 ©
g 10 ‘: 34.0 < * <= 120.0
Z g 120.0 < x* <= 200.0001
3 S 100
5 =
N s
10 20 30 40 50 60 70 80 90 ‘5
epochs I
S
&
k]
< 101
0 10 20 30 40 50 60 70 80 90
epochs
0<x?2<200 | 0<x®<31 [ 31<x2<34 | 34 < x2<120 | 120 < x2 < 200
3.4 (0.05) | 6.3 (0.21) | 0.77 (0.024) | 81(0.14) | 9.1 (0.055)

u niversitétbonnl

P. Bechtle: cMSSM Exclusion to pMSSM11 Fits Fits for the LHC 11.10.2016 40



Towards the Fit of the pMSSM11 Towards a Solution only for the pMSSM11

LHC \? for 8 TeV:

103
8
5
]
Number of points (full set) in chi2 ranges g'
s
F z
ms? 2
E 2
10° E T % NearestNDInterpolator
F W ] Neural Net
b e z -0.001 < * <=31.0
£ e k]
F e ]
whk ° 34.0 <y <= 1200
C S 120.0 < y* <= 200.0001
ol g )
E g
= s
E [ | | | | | | o
20 40 60 80 100 120 140 160 180 200 N g
b
B
2]
“ 107
0 10 20 30 40 50 60 70 80 90
epochs
0<x?2<200 | 0<x®<31 [ 31<x2<34 | 34 < x2<120 | 120 < x2 < 200
3.4 (0.05) | 6.3 (0.21) | 0.77 (0.024) | 81(0.14) | 9.1 (0.055)
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Towards the Fit of the pMSSM11 Towards a Solution only for the pMSSM11

LHC \? for 8 TeV:

103
2
<
]
Number of points (full set) in chi2 ranges 2‘
9o
F Entries 442344 2
Mean 5637 k]
o Rare target rang 2
a8 are target ranges e arer =
E S
r 3
10 = -, 8
= e S
| — =
ok — 5
F e g gl
[ — T
°
10 c
E S
F &
tof- 3
E ®
£
'k (] I i | | | | 5
" a0 leo e’ o 20 o te0 i 200 s
X 5
E]
2

101

[ 0 20 30 40 50 60 70 80 90
epochs

<31 | 31<x2<34 | 34<x2<120 | 120 < x2 < 200

NearestNDInterpolator
Neural Net

-0.001 < y* <=31.0
31.0 < * <= 34.0
34.0 < * <= 120.0

120.0 < y* <= 200.0001

2
21) [ 077 (0.024) | 8.1(0.14) | 9.1 (0.055)

Rare Target Learning Problem (RTLP):
solution strategies:

@ sample in the rare target areas
@ artificial extension
@ sequence learning

P. Bechtle: cMSSM Exclusion to pMSSM11 Fits Fits for the LHC 11.10.2016
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Towards the Fit of the pMSSM11

Second hyperparameterscan:

LHC \? for 8 TeV

Towards a Solution only for the pMSSM11

hyperparameter scanned values
use data sampled in rare target areas yes/no
extend data artificially yes/no
use sequence learning yes/no
multiply number of neurons in first hidden layer by (x1) 1.0, 15, 2.0
multiply number of neurons in hidden layer 2,3,4 by (x) 1.0, 1.5, 2.0
multiply batch size by (x3) 10,15
best hyperparameters:
extra sampling artificial extension seq. learning X1 X X3
yes no yes 2.0 2.0 1.5
yes no yes 2.0 1.0 1.0
Results:
0 < x? < 200 0<x®<3L 31 < x2< 34 34 < x2 <120 120 < x2 < 200
3.25 (0.049) 5.7 (0.18) 0.81 (0.024) 7.04 (0.13) 8.57 (0.052)
3.4 (0.05) 6.3 (0.21) 0.77 (0.024) 8.1 (0.14) 9.1 (0.055)

P. Bechtle: cMSSM Exclusion to pMSSM11 Fits
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Towards a Solution only for the pMSSM11

LHC 2 for 13 TeV

Towards the Fit of the pMSSM11

Errors on val data after last training epoch zoom log components

Errors on val data after last training epoch

Legend Entries 10000 [caracteristics:
Mean 0.2767
| et e o
10 neural net
£ 107
L I HILLL
10? -

i u

‘ﬂHMH L

wmmﬁmﬁ ‘
.l

3

i

‘ |
2 4 6 8 10

-100 -80 -60 40 20 0 20

40 60 80 1
outputted x? - desired x?

outputted X* - desired X*

| 46.5 < x2 <49 | 49 < x2 <120 | 120 < x2 < 200

0<x?2<200 | 0<®<
4.9 (0.046) [ 1.53 (0.033

46.5
)

| 155 (0.032)

| 5.87 (0.075)

| 4.94 (0.029)
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Towards the Fit of the pMSSM11

Towards a Solution only for the pMSSM11

LHC 2 for 13 TeV

Number of points (full set) in chi2 ranges

Errors on val data after last training epoch zoom log components

10°E Entries 138812 caacorics
E Mean 1346 N
C RMS 64.83
r T
[ f L
00 iy I
10° — E g7 L:ULLL
F el
§ i “*LFJ‘IP L
i S ‘JI\J‘ hr;f o ‘m} i
I ‘“% ol AT 9,
10° £ h 1
; ‘ T i WJ RISIRIK
Py P
RO 0 oo | L
20 40 60 80 100 120 140 160 180 200 =1 0 2 4 6 8 10
X outputted x? - desired X2
0<x?<200 | 0<x?<465 | 465 < x2<49 | 49 < x2<120 | 120 < x2 < 200
7.9 (0.046) | 153 (0.033) | 1.55 (0.032) | 5.87 (0.075) | 4.94 (0.029)
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Towards the Fit of the pMSSM11 Towards a Solution only for the pMSSM11

Low energy Higgs observables

precision observables

O(seconds)

Cosmological
observations

X2 = (Omeas - Opred)TCOV_l(Omeas - Opred) + Xﬁmitsa

u niversitétbonnl
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Towards the Fit of the pMSSM11 Towards a Solution only for the pMSSM11

Best fit point

Total scanned 2.6 million points. Only 1.4 million points have XEO < 1000.

My ‘ Mo ‘ Ms et ‘ e} ‘ MLy ‘ iy ‘ M40 ‘ Ao ‘ s ‘tanﬁ
196 | 3730 | 2306 | 2512 | 5083 | 361 | 709 | 3145 | 275 | -4163 | 15.4

Table: an quantities are given in GeV (except tan 3).

Preliminary!

@ Need to scan more points

@ pMSSM-11 parameters for neural nets defined at 1 TeV, but all other
pMSSM-11 parameters are defined at 1.5 TeV.
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Towards the Fit of the pMSSM11 Towards a Solution only for the pMSSM11

SUSY spectrum at best fit point

mass in GeV particle
2557 dp mass in GeV particle
2559 dg mass in GeV particle 126 iy
2556 iy 217 & — 3145 HO
2560 iR 358 B — 3145 .y
SR 278 -0
2556 Z 359 iR 31793?3 X
2560 er 203 DL Xz
5105 by 569 7 4202 X
5142 b, 748 72 4207 Xa
5135 [ 637 2N 3738 X1
5164 & 4207 e
2587 z
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Towards the Fit of the pMSSM11 Towards a Solution only for the pMSSM11

LHC \? in the global fit

I
4000 6000
M_3 [GeV]

FI !
2000 4000 6000
M_3 [GeV]

. E | =
1990900 2000~ -2000

Profile plots of all scanned points.
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Towards the Fit of the pMSSM11 Towards a Solution only for the pMSSM11

pMSSM-11 neural network to predict pMSSM-19 y?

m@L,lz + Mig 15 + ng,12
m A =
Q12 3

ms — MG s + Mig 5 + M3
Q 3
i T M
2
mi, , + M,

2 0-81 81-83 83-90 90-230 230-250
\* range

mp, =

total error on validation data/ Number validation points

mz3 =

At Ap+ A,

A
0 3
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Towards the Fit of the pMSSM11 Towards a more Generic Solution

Finding more generic Pseudo-Observables

Average weighted with Average weighted with
cross section branching ratio

take final states of every ,decay“ them in
possible 2 to 2 process all possible ways

universitétbon!
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Towards the Fit of the pMSSM11 Towards a more Generic Solution

Finding more generic Pseudo-Observables

<< Nx >p>p (9 total)

< O'(Nx)D >p (9 total)

e << Ngr >p>p (5 total) w

°« < a(NR)D >p (5 total) {(f

o << >N mam(EX ) >p>p (9 total)

o <o(S, wmaz(Ex,)p >p (9 total) X1

o << X, xmax(Er,) >p>p (5 total) W

o < o(3,; ye-maz(Er,))p >p (5 total)

X=jets, b-jets, e™, ,ui . any E1L,.. particle

R=Intermediate t,W,Z

D=Average over decay chains

P=Average over production processes _‘
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Towards the Fit of the pMSSM11

Towards a more Generic Solution

The Present Performance on the pMSSM11

mean absolute error(mean % error)

pheno. parameters

PMSSM11 parameters

8 TeV 2.68(1.75 %) 2.89(2.0 %)
13 TeV 4.54(3.0 %) 5.70(3.5 %)
8 TeV 13 Tev
A A Phenomenological Parameters A A Phenomenological Parameters
A A PMSSM11 Parameters 15 A A PMSSM11 Parameters
20
4 'y
L 15 _10
ERY E
2 A 2
3 £
£ 4 A £ :
0 A 4 :
0
-5
0-87 87-90 0-81 81-83

90-150 150-230 230-250
2
X
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83-90 90230 230-250

X 31
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Towards the Fit of the pMSSM11

The Performance on the

Chi2 Calculated

2 (GeV)

m1

mo (GeV)

P. Bechtle: cMSSM Exclusion to pMSSM11 Fits

m12 (GeV)

Chi2 Predicted

Fits for the LHC 11.10.2016

m12 (GeV)

deviation

mo (GeV)

Towards a more Generic Solution

cMSSM

% Error
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Towards the Fit of the pMSSM11 Towards a more Generic Solution

Conclusions

@ We sold SUSY to the world using (g — 2),, — so we cannot drop
(g — 2), now that we don't like the exact same result anymore.

@ We now established that the combination of mj, SUSY limits at the
LHC and (g — 2),, kills the cMSSM

@ We want to be able to play those games also for more complex models,
but this requires to understand the LHC limit for them

@ NN regressions are a promising tool to parametrize them

@ Need to strongly improve on the rare details learning problem

o Restrict the parametrized x2 range even further

o Generate many more points using a narrow pdf around the RDLP points
and iterate
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Towards the Fit of the pMSSM11 Towards a more Generic Solution

Backup Slides
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