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Simplified Models Results @ LHC

® There is a continuous effort from the experimental collaborations to
present/intrepret LHC results on BSM physics in terms of Simplified Models
(SMS):

ATLAS SUSY Searches* - 95% CL Lower Limits ATLAS Preliminary
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Simplified Models Results @ LHC

® BSM Interpretations (experimental result) are usually presented as..

Upper Limit (UL) maps: Efficiency maps:
9 g production, g— ITi?, m(t) >>m(@ CMS, |s = 8 TeV
& 1600 e P P e T e
3 ATLAS 1
é-a:‘ 4001 | | dt=203 10", \s=8 Tev ]

2 same-charge leptons/3 leptons + jets.
222 Observed limit (£105ucy)
=== Expected limit (+16,,,)
—— 0lepton, 7-10 jets, 1s=8 TeV, 20.3 fb™"
~—— 0lepton, >= 3 bjets, 1s=7 TeV, 4.7
Allimits at 95% CL
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SModelS: Overview

to full BSM models

ngfo\dMeIg is a tool/software for applying Simplified Model results (constraints)

SLHA or

E i tal
LHE input xperimental

Analyses

Decompose I ‘

Combine Compare
Topologies with
Upper Limits
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SModelS: Decomposition

How SModelS works. ..

® First Step: Decomposition (Mapping)
» Input: SLHA file (cross-sections, masses, BRs) or LHE file (parton level)

-
o XBR @
-— ”L -

.

—aXEy
SLHA or ~ ]
LHE input 0 X BR Shg”
—0 KBy
~ J
l 0 X BR Shgy
Decompose
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SModelS

The BSM model must have a Z, symmetry
(DM inspired) — R-Parity, KK-parity,. ..

For now we only consider pair production
of Z,-odd particles (no resonances,...)

The decomposition produces a set of
simplified model topologies (or elements)

Interpretation Workshop 5



SModelS: Decomposition

® Simplified Model Topology:

= [, [0 ] (+ 0 xBR)
([[M1,My,M3) [m1,ms]))
=[]

@® Each topology is described by:

> topology shape + final states
> BSM masses
> Weight (o x BR)

@® The mapping ignores spin, color, ... of
BSM states

@® Itis "model independent”
(no reference to original model)
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SModelS: Decomposition

® Simplified Model Topology:

= [*07]]

@® Each topology is described by:

> topology shape + final states
> BSM masses
> Weight (o x BR)

@® The mapping ignores spin, color, ... of
BSM states

@® Itis "model independent”
(no reference to original model)
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= [, [0 ] (+ 0 xBR)
([[My, M, M), [m1,ma]])

® Compressed spectra can be mapped to

SModelS

simpler topologies
M; M; —e M; —¢

;Pj P,»+: %}#2 ivs_, ;Pj {its

Invisible final states can be grouped as
effective LSPs

Py i+2 v Piv i+2
Mivi M2 — My
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SModelS: Theory Predictions

® Second Step: Compute Theory Predictions
» Which experimental analyses constrain the decomposed topologies?
» Compute efficiencies and effective signal o (theory prediction)
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SModelS: Theory Predictions

® Second Step: Compute Theory Predictions
» Which experimental analyses constrain the decomposed topologies?
» Compute efficiencies and effective signal o (theory prediction)

*Efficiency Map Result:

weight x e, +

(Theory Prediction)

Experimental Result (EM)

CMS, (5= 8 TeV

CMS, i = 8 ToV

m, (Gev)

P33t

1000

*Not included in the public version
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SModelS
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SModelS: Theory Predictions

® Second Step: Compute Theory Predictions

» Which experimental analyses constrain the decomposed topologies?

» Compute efficiencies and effective signal o (theory prediction)

® Upper Limit Map Result:

weight =+ 0
o
'.",.'
D ———
—_—
. . ERS
Experimental Result (UL) st
 production, § - 14, @ L2011, s-8TeV _
S 1400 - T T T =) .
8"°F amas i
T e o _
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5 ) < =
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P11 S REEL] ty
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Decomposition Elements:
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H e
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SModelS

(Theory Prediction)
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SModelS: Simplified Topologies vs Database

® Third (Trivial) Compare the theoretical predictions with upper limits

@® Upper Limit Results:

: » Theory Prediction = o X BR
(single topology)

> -
Experimental oy, from upper limit map
Analyses

® Efficiency Map Results:

> Theory Prediction = >> o X BR X €
BG
> oy from Nopserved @and Nexpectedi error

Sum Weights Compare
with
Upper Limits

® r = (Theory Prediction) /our
® The model is considered excluded if there is at least one analysis with r > 1

@® For UL results constraints are conservative
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SModelS: Output

[./runSModeIS f <s|haﬁ|e>]

Input status: 1

Decomposition output status: 1 #decomposition was successful
# Input File: inputFiles/slha/gluino_squarks.slha

# maxcond = 0.2

# minmassgap = 5.

# sigmacut = 0.03

# Database version: 1.0.91 Decomposition

#Analysis Sqrts Cond. Violation Theory Value(fb) Exp_limit(fb) r Analyses database

CMS-SUS-13-019 8.00E+00 0.0 1.773E+60 3.762E+60 4.714E-01 Constraints
Signal Region: (UL) L. .
Txnames: T2 Missing topologies
ATLAS-SUSY-2013-62 8.00E+00 0.0 6.617E+60 1.718E+01 3.851E-01

Signal Region: (UL)

Txnames: TeWw

ATLAS-SUSY-2013-62 8.00E+00  ©.0 5.525E-01 1.839E+00 3.005E-01

Signal Region: SR2jt

Txnames: T1, T2

Long cascade decays

Asymmetric branches

The highest r value is = 4.71E-01

Missing topologies with the highest cross-sections (up to 10):

Sqrts (TeV)  Weight (fb) Element description
8.0 5.958E+01 # [0IWIT, [IW1T]
8.0 1.567E+01 # [[[jet], [WI],[[jet,jet], (WI]]
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SModelS: Database

® The Database is a fundamental part of SModelS

® Whatis included in the SModelS Database?

Andre Lessa (UFABC - Sao Paulo) SModelS Interpretation Workshop 11



SModelS: Database

® The Database is a fundamental part of SModelS

® Whatis included in the SModelS Database?

~ 14 publications + 16 CONF notes ~ 13 publications + 5 PAS
A
NS 2
& =
s < W
Experimental Result Vs lumi data type
Experimental Result Vs lumi data type CMS-5US-12-024 8 19.4 efficiencyMap
ATLAS-CONF-2012-105 8 5.8 upperLimit CMS-SUS-12-024 8 19.4 upperLimit
ATLAS-CONF-2012-166 8 13.0 upperLimit CMS-SUS-12-028 8 11.7 upperLimit
ATLAS-CONF-2013-001 8 12.8 upperLimit CMS-SUS-13-002 8 19.5 upperLimit
ATLAS-CONF-2013-007 8 20.7 upperLimit CMS-SUS-13-004 8 19.3 upperLimit
cee e e e CMS-SUS-13-006 8 195 upperLimit
ATLAS-SUSY-2013-14 8 20.3 upperLimit CMS-SUS-13-007 8 19.3 efficiencyMap
ATLAS-SUSY-2013-15 8 20.3 efficiencyMap CMS-SUS-13-007 8 19.3 upperLimit
ATLAS-SUSY-2013-15 8 20.3 upperLimit CMS-SUS-13-011 8 19.5 efficiencyMap
ATLAS-SUSY-2013-16 8 20.1 efficiencyMap CMS-SUS-13-011 8 19.5 upperLimit
ATLAS-SUSY-2013-16 8 20.1 upperLimit CMS-SUS-13-012 8 19.5 efficiencyMap
ATLAS-SUSY-2013-18 8 20.1 efficiencyMap CMS-SUS-13-012 8 19.5 upperLimit
ATLAS-SUSY-2013-18 8 20.1 upperLimit CMS-SUS-13-015 8 19.4 efficiencyMap
ATLAS-SUSY-2013-19 8 203 upperLimit CMS-5US-13-015 8 19.4 upperLimit
ATLAS-SUSY-2013-23 8 20.3 upperLimit CMS-5US-13-019 8 19.5 upperLimit
ATLAS-SUSY-2014-03 8 20.3 efficiencyMap L. L. L.
ATLAS-SUSY-2015-09 13 3.2 upperLimit CMS-SUS-PAS-13-016 8 19.7 upperLimit
CMS-SUS-PAS-13-018 8 19.4 upperLimit
CMS-SUS-PAS-15-002 13 2.2 upperLimit

Lessa (UFABC - Sao Paulo) SModelS




SModelS: Additional Tools

® Cross-section calculator:

» for MSSM and SLHA input only

»> NNLO for strong cross-sections (NLLfast)

> LO for weak cross-sections (Pythia 6)

> writes the Les-Houches XSECTION block (pyslha-compatible)

[ runTools.py xseccomputer -f <slhafile> -s <SQRTS> -e <NEVENTS> ]

XSECTION 8.00E+03 2212 2212 2 1000021 1000037 # Nevts: 10000 xsec unit: pb
0 0 06 6 06 0 4.00683855E-05 SModelS 0.99

XSECTION 8.00E+03 2212 2212 2 1000001 1000003  # Nevts: 10000 xsec unit: pb
0 2 0 6 06 0 2.49305494E-04 SModelS 0.99

XSECTION 8.00E+03 2212 2212 2 -1000002 2000002 # Nevts: 10000 xsec unit: pb
0 2 0 6 06 0 1.16052469E-03 SModelS 0.99

® Input file checks
» for SLHA and LHE formats

Andre Lessa (UFABC - Sao Paulo) SModelS Interpretation Workshop 12



SModelS: Additional Tools

® Database browser:

> Easy to extract general info and upper limits,. ..
> Example:
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SModelS: Additional Tools

® Database browser:

> Easy to extract general info and upper limits,. ..
> Example:

In [2]: import sys

sys.path.append(’ /home/lessa/smodels’)

from smodels.tools import databaseBrowser

from smodels.tools.physicsUnits import GeV

browser = databaseBrowser.Browser(’/home/lessa/smodels-database’)
In [3]: print browser.getValuesFor(attribute=’dataType’)

[’efficiencyMap’, ’upperLimit’]

In [7]: browser.selectExpResultsWith(txName = ’TSlepSlep’)
print len(browser),’results constrain slepton pair production\n’
for exp in browser:
print exp.getValuesFor(’id’),exp.getValuesFor(’dataType’)

5 results constrain slepton pair production

[’ ATLAS-CONF-2013-049°] [’upperLimit’]
[’ ATLAS-SUSY-2013-11"] [’upperLimit’]

[’ ATLAS-SUSY-2013-11"] [’efficiencyMap’]
[’CMS-SUS-13-006] [’upperLimit’]

[’ CMS-SUS-PAS-12-022°] [’upperLimit’]

In [6]: mslep = 300.*GeV
mlsp = 100.*GeV
print ’UL=’ ,browser.getULFor(expid=’ATLAS—SUSY—2013—11 ’, txname=’TSlepSlep’,
massarray = [[mslep,mlsp], [mslep,mlsp]l])

UL= 2.49E-03 [pb]
re Lessa (UFABC - Sao Paulo) SModelS Interpretation Workshop 13




SModelS: Validation

® How do we know it works?
> Input — Simplified Model
> Obtain excluded region
» Compare with official (experimental) exclusion curve

Andre Lessa (UFABC - Sao Paulo) SModelS Interpretation Workshop 14



SModelS: Validation

® How do we know it works?
> Input — Simplified Model
» Obtain excluded region
» Compare with official (experimental) exclusion curve

T nz“’ === SModelS

SUS-13-008, 8 TeV, NLL

— = SModelS :
SUS-13-011, 8 TeV, NLL

= Official Exclusion = Official Exclusion 10

g - £
3 s =
£ 3 g
a3 )
5 4 o)
& £ &
=} 107 2

8007650 700 750 800 850 900 950 1000 1050 1100 300 10

m; (GeV) m; (GeV)
— T 7
SModel§ (AP - SModels
. ATLAS-CONF-2013-049, 8 TeV, LO*1.2 10(’
—— Official Exclusion — Official Exclusion

2 - )
23" z
£ 10" E
10° 5 % 150) =
= & Mo
g 2 100 8
55w 5

10°

10

200 250 300 350 400
m (GeV)

,
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SModelS: Validation

® Validation fails for some results:

» Poor data grid

> Inconsistent grid values
> 77

[ ATLAS-CONF-2013-047 (8.0 TeV, 20.3fb7) | [ ATLAS-SUSY-2013-19 (8.0 TeV, 203 fb?) |

a4 -Xa : TR0 E Wk
Officia Exclusion .

——— Official Exclusion
200 400 600 800 1000 1200 1400 °

ms (GeV)

-l
100 120 140 160 180 200 220 240 260 280
m; (GeV) mg; (GeV)

— SModelS does not use non-validated results
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SModelS: Validation

® Validation fails for some results:
» Poor data grid

> Inconsistent grid values
> 77

[ ATLAS-CONF-2013-047 (8.0 TeV, 20.3fb7) |

[ ATLAS-SUSY-2013-19 (8.0 TeV, 203 fb?) |

TT-Rn R W

—— Officia Exclusion

G533 -X
Official Exclusion

ms (GeV)

200 400 600 800 1000 1200 1400 °
mE(GeV)

==l
100 120 140 160 180 200 220 240 260 280
mg (GeV)

— SModelS does not use non-validated results

@® Other data-related issues:

» Insufficient data for interpolation

>H , — See discussion session on Thursday
» Digitized data not available

>
Andre Lessa (UFABC - Sao Paulo)
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SModelS: Physics Results

What can SModelS provide physics-wise? (See U. Laa Talk on Friday)
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SModelS: Physics Results

What can SModelS provide physics-wise? (See U. Laa Talk on Friday)
@ |t can identify the most constraining analysis in each region of parameter space
@® Helps choosing which analyses to implement for Top-Down simulations

[ ATLAS £
£ B0 WL ZE) 2501
250~ v,(gwmxmlw) F
< 200f > 20
v F o
g I )
150~ gx'lso;
E [ cMS
F 100~ B W t’m(e )
100[~ [
o : s0F
500 1000
m_ (GeV)
:
500
400
>
v
8 o
&
200
T(~W z“)zf(~ )
n
100
4
500 1000 1500 2000 2500 3000 500
m; (GeV) m; (GeV)
re Lessa (UFABC - Sao Paulo) SModelS
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SModelS: Physics Results

® |t can be used to recast results:
» Application to NMSSM, 7—MSSM,. ..
» Application to non-SUSY models (IDM)

® NMSSM constraints: ® 2HDM/IDM constraints:
1400 T T - :
Region 1A
1200 B
1000 Lo
%‘ .
S 800 ]
&

400 Not Excluded 4
ATLAS-SUSY-2013-11
CMS-SUS-13-011
2000 ) ) ATIAS-8USY-2013-19 N. Fonseca, R. Funchal, AL and L. Lopez-Honorez, JHEP 1506 (2015) 154
20 400 600 800 1000 1200
mg, [GeV]

D. Barducci, G. Bélanger, C. Hugonie and A. Pukhov, JHEP 1601 (2016) 050
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Conclusions

® SModelS: fast python-based tool for confronting "generic” BSM models with the SMS constraints

can identify the most constraining analyses

and the topologies "missed” by the experimentalists,

provides an "outsider’s look” at the experimental interpration results
recently linked to micrOMEGAS (D. Barducci et al, arXiv:1606.03834)

vyvyVvyy
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Conclusions

® SModelS: fast python-based tool for confronting "generic” BSM models with the SMS constraints

can identify the most constraining analyses

and the topologies "missed” by the experimentalists,

provides an "outsider’s look” at the experimental interpration results
recently linked to micrOMEGAS (D. Barducci et al, arXiv:1606.03834)

vyvyVvyy

® SModelS limitations:

"Zero-order” kinematics: ignores spin, production mode,. . .

Limited to short cascade decays (full simulation/topology compression)

Limited to topologies/data provided by the collaborations (theory-produced results)
Currently only deals with MET final states (See J. Heisig talk on Thursday)

vvyyvyy
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Conclusions

® SModelS: fast python-based tool for confronting "generic” BSM models with the SMS constraints

can identify the most constraining analyses

and the topologies "missed” by the experimentalists,

provides an "outsider’s look” at the experimental interpration results
recently linked to micrOMEGAS (D. Barducci et al, arXiv:1606.03834)

vyvyVvyy

® SModelS limitations:

"Zero-order” kinematics: ignores spin, production mode,. . .

Limited to short cascade decays (full simulation/topology compression)

Limited to topologies/data provided by the collaborations (theory-produced results)
Currently only deals with MET final states (See J. Heisig talk on Thursday)

vvyyvyy

® A new public version of SModelS is in preparation:
» Inclusion of efficiency maps
» Speed improvement
» Inclusion of new experimental results
» Additional tools: xml printer, database browser
>
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Conclusions

® SModelS: fast python-based tool for confronting "generic” BSM models with the SMS constraints

can identify the most constraining analyses

and the topologies "missed” by the experimentalists,

provides an "outsider’s look” at the experimental interpration results
recently linked to micrOMEGAS (D. Barducci et al, arXiv:1606.03834)

vyvyVvyy

® SModelS limitations:

"Zero-order” kinematics: ignores spin, production mode,. . .

Limited to short cascade decays (full simulation/topology compression)

Limited to topologies/data provided by the collaborations (theory-produced results)
Currently only deals with MET final states (See J. Heisig talk on Thursday)

vvyyvyy

® A new public version of SModelS is in preparation:
» Inclusion of efficiency maps
» Speed improvement
» Inclusion of new experimental results
» Additional tools: xml printer, database browser
>

More info: http://smodels.hephy.at/ J
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Backup: Database

FOLDER STRUCTURE

‘{ EATLAS

| bExperimental Result (UL Type)
(E.g. ATLAS-CONF-2013-047)

oy Experimental Restlt EM Type)

(E.g. ATLAS-CONF-2013-047-eff)

&n

Bcms

o Experimenta Restt (UL Type)
(Eg. CMS-5US-12-024)

[ globainfo.txt
[ datainfo.txt
i Dataset B z‘ﬂ,’;‘;vm
E TxName2.txt
(Eg. T2ttxt)
B.
globalinfo.txt
B datainfo.txt
o Dataset1 B gzﬂ;"sg})":,
(Eg datcutt) —
(g Tame2at
(Eg. Tatttx)
B.
B datainfo.oxt
TxName1.txt
(Eg. T2bb.txt)
TxName2.txt
(Eg. T1bbbb.ox)
globalinfo.txt
[B datainfo.oet
TxName .t
DataSet El (g 7200)
(Eg. data) -
g PNome2axt
(Eg. T2tttxt)
B-
B globalinfo.txt
B datainfo.oxt
TxName1.txt
Dataset]
B . T1bbbb.txy
Deg meraprinny -~ 2
1 TxName2.txt
(Eg. Thtettt.txt)
B datainfo.txt

5 Experimental Result (EM Type)
(E.g. CMS-5US-12-024-¢ff)

TxNome?.t
B

Dataset2 v
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Backup: 13 TeV Results

® How smodels handle 8 TeV and 13 TeV constraints:

weight (8 TeV) 4 0 + 0= ogx BR
‘ (Theory Prediction
ot

Experimental Result (UL) VIt

@ prodcton -+ mx m@ >>m@

3
L"-zoun' saTevt

4

Numoers give 96% CL upper Qs onTHs cross section (o]
weight — weight x1

weight — weight x0
weight — weight x0

0
~
=
[+
iy

m@) (Gev)
Decomposition Elements:

I 1 mx g sm

*as long as both cross-sections are provided
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Backup: Database Browser (GUI)

Activities _(jgPython (v2.7) -

lessa@lessa-xpsi;

lessa@lessa-xpsi;

browserGUI. py

colorPicker.py dg .
Properties

andiv
axes
boError
checked
comment
condition
conditionDescription
constraint
contact
Distributed under datald
[ dataType
dataUrl

Selected:

ATLAS-CONF-2013-062
ATLAS-CONF-2013-065
ATLAS-CONF-2013-089
ATLAS-CONF-2013-093
ATLAS-CONF-2013-093
ATLAS-SUSY-2013-02
ATLAS-SUSY-2013-02
ATLAS-SUSY-2013-04

expectedUpperLimit
expectedUpperLimits
figureUrl
id
implementedBy
lastUpdate
lumi
observedN
path
prettyName

Select

Clear Selection

Andre Lessa (UFABC - Sao Paulo)

ATLAS-SU! 13-04
ATLAS-SUSY-2013-05
ATLAS-SUSY-2013-08
ATLAS-SUSY-2013-09
ATLAS-SUSY-2013-09

ATLAS-SUSY-2013-11

ATLAS-SUSY-2013-11
ATLAS-SUSY-2013-12
ATLAS-SUSY-2013-14
ATLAS-SUSY-2013-15
ATLAS-SUSY-2013-15

Tue 16:10

databaseBrowserGUI

Experimental Result Info:

anxiv . 403.5294
comment : TChiWW being investigated
contact -7

id : ATLASSUSY-201311

implementedBy : Wolfgang Waltenberger
lastUpdate : 67

lumi : 2.036+01 [1/f6]

path : /home/lessa/sm.Y-2013-11/globallnfo.txt
prettyName : ATLAS dilepton

private : Faise

publication

sqrts : 8.00E+00 [TeV]

supersedes : ATLAS-CONF-2013.049

url : https://atlas w S/SUSY

Data Sets:

None

SModelS

Data Set Info:
datald : None

dataType : upperLimit
path : /home/less...11/data/datalnfo txt

TxNames:
TChiww.
TChiwz
TChipChimSlepSnu

[ rowse |

UL for TSlepSlep :

GetUL UL = 2.49E-03 [pb]
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