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Motivation

e (Cross-validation between implementations of analyses in different tools
e —Contur uses manual separation into orthogonal pools by e.g. multiplicity

e TACO method: —SciPost Phys. 14, 077 (2023)
o Statistically combined multiple —MadAnalysis/—SModelS analyses
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https://hepcedar.gitlab.io/contur-webpage/
https://scipost.org/SciPostPhys.14.4.077
https://github.com/MadAnalysis/madanalysis5
https://smodels.github.io/
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Motivation

REI WG — plans and action items (2/2)

% Enhance visibility and recognition for auxiliary material provision

— RAMP seminars, ideally in active collaboration with the other WGs.  [organisers needed]

95% CONTUR exclusion and MA5 exclusion

%k Generally interact with other LPCC WGs, be as transversal a group as
possible, have joint sessions in addition to generic RElI workshops. 50
(frequency of meetings t.b.d.) Y SO &

400 4,4 \\ :,
3%k On the pheno side, provide active feedback to the experiments. 350 4 a
% 300 4
% Work on interoperability of tools. 7 ém_
—Sabine Kraml @ Mon (LHC BSM WG ) g I
150 ! 3
. X - 1001 Ag=4r=1 :'
» Run events against all searches/measurements implemented in | Limits a1 95% L 3
600 8('}0 10'00 12'00 1-1'00 l(;O(J lx'()(.l 2()'00 2200
» MadAnalysis5 v1.9.60 My [GeV]
> CheCkMATE V2 O 34 —— LHC searches (MADANALYSIS 5)
V. === LHC measurements (CONTUR)
» Rivet v3.1.5/Contur v2.2.1 .
—Clarisse Prat @ Tue

and calculate cross section og5 needed to exclude the events at 95% CL

—Manuel Kunkel @ Tue



https://indico.cern.ch/event/1466101/timetable/#20-exploring-a-composite-dark
https://indico.cern.ch/event/1466101/timetable/#20-exploring-a-composite-dark
https://indico.cern.ch/event/1466101/timetable/#19-constraining-composite-higg
https://indico.cern.ch/event/1466101/timetable/#19-constraining-composite-higg
https://indico.cern.ch/event/1484411/timetable/#9-reinterpretation-wg-overview
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Correlation/ Overlap

Hiilyersd = A

—MadAnalysis —Rivet



https://github.com/MadAnalysis/madanalysis5
https://rivet.hepforge.org/

The case
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How to find a suitable analysis for the study

¥ HEPData

@ about @ Submission Help [ File Formats #)Signin

Q analysis:Rivet AND analysis:MadAnalysis Search Reset search Advanced

IMaxresults~ | I Sortby~ Z Reverse order Showing 2 of 2 results

Date « . »

I I Search for supersymmetry in multijet events with missing transverse momentum in proton-proton collisions at 13 TeV
o] O

etal.

Adam, Wolfga

2016 2017
Collaboration R 32/hepdata.79412
ATLAS 1 A search for supersymmetry is presented based on multijet events with large missing transverse momentum produced in proton-proton collisions at a center-of-mass energy of sqrt(s) = 13 TeV. The data, toan of 35.9 inverse femtobarns, were collected
cMS 1 with the CMS detector at the CERN LHC in 2016. The analysis utilizes four-dimensional exclusive search regions defined in terms of the number of jets, the number of tagged bottom quark jets, the scalar sum of jet transverse momenta, and the magnitude of the vector sum of jet transverse.

Odatat tch ¢

Subject_areas

hep-ex 2

[C TRV VR (ETET U (S TEEREY Search for squarks and gluinos in final states with jets and missing transverse momentum at /s — 13 TeV with the ATLAS detector
Phrases The ATLAS collaboration Aaboud, Morad ; Aad, G Abbott, Brad ; et al.
Supersymmetry 2 Eur.Phys.J.C 76 (2016) 392, 2016.

1 -

) R 0 % DOI 10.17182/hepdata.74253
Proton-Proton Scattering 1 -

Asearch for squarks and gluinos in final states containing hadronic jets, missing transverse momentum but no electrons or muons is presented. The data were recorded in 2015 by the ATLAS experiment in /3 = 13 TeV proton--proton collisions at the Large Hadron Collider. No excess above
SUSY ! the Standard Model background expectation was observed in 3.2 fb~ ! of analyzed data. Results are interpreted within simplified models that assume R-parity is conserved and the neutralino is the lightest supersymmetric particle. An exclusion limit at the 95% confidence level on the mas...
hadronic 1

Next5 Show?7

Reactions . . » o»
PP —>GLUINO GLUINO X 1

—Query link


https://www.hepdata.net/search/?q=analysis%3ARivet+AND+analysis%3AMadAnalysis
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How to find a suitable analysis for the study

@ HEPData @About @ Submission Help [ File Formats )

Q analysis:Rivet AND analysis:MadAnalysis Reset search Advanced

IMaxresults~ | I Sortby~ Z Reverse order Showing 2 of 2 results q u e ry

Date « . > o»

I I [Ca TRV VEIEEY IZ T ETTUEIEEY (S TEEREY Search for supersymmetry in multijet events with missing transverse momentum in proton-proton collisions at 13 TeV
e] o] < s
2016 2017 The CMS collaboration Siru 1, Albert M ; Tuma dam, Wolfga etal.
Phys.Rev.D 96 (2017) 032003, 2017
Collaboration 10.17182/hepdata.79412
ATLAS 1 A search for supersymmetry is presented based on multijet events with large missing transverse momentum produced in proton-proton collisions at a center-of-mass energy of sqrt(s) = 13 TeV. The data, ct toan of 35.9 inverse femtobarns, were collected
cMs 1 with the CMS detector at the CERN LHC in 2016. The analysis utilizes four-dimensional exclusive search regions defined in terms of the number of jets, the number of tagged bottom quark jets, the scalar sum of jet transverse momenta, and the magnitude of the vector sum of jet transverse...

analysis used in the following

Subject_areas

hep-ex 2
|2 MadAnalysis Search for squarks and gluinos in final states with jets and missing transverse momentum at 's = 13 TeV with the ATLAS detector

Phrases The ATLAS collaboration Aaboud, Morad ; G Abbott, Brad ; et al.

Supersymmetry 2 Eur.Phys.J.C 76 (2016) 392, 2016.

Incle 1 q Q

i

0 % DOI 10.17182/hepdata.74253

Proton-Proton Scattering 1 s
Asearch for squarks and gluinos in final states containing hadronic jets, missing transverse momentum but no electrons or muons is presented. The data were recorded in 2015 by the ATLAS experiment in /5 = 13 TeV proton--proton collisions at the Large Hadron Collider. No excess above

SuSsy
SHSE ¢ the Standard Model background expectation was observed in 3.2 fb ™" of analyzed data. Results are interpreted within simplified models that assume R-parity is conserved and the neutralino is the lightest supersymmetric particle. An exclusion limit at the 95% confidence level on the mas..
hadronic 1

Next5 Show?7
Reactions . . N
PP —>GLUINO GLUINO X 1

—Query link


https://www.hepdata.net/search/?q=analysis%3ARivet+AND+analysis%3AMadAnalysis

The studied case
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Search for squarks and gluinos in final states with jets and missing
transverse momentum at vs=13 TeV with the ATLAS detector

e —Webpage:SUSY-2015-06, L=3.2 fb™

k%] C T T T T T 7]
T O Data 2015 —
4 i e ?-TL:: Vv, 321" é iaan - )
. s=13TeV, 3. +jets
. Selects events Wlth P 1025_ %tzf(fEtW)&singletop 3
. = +jets 5
1 q o0 C Dib: -
o ES > 200 GeV >4~ o e mEE
Te~o =0
O q i’ X1 10 K —
p E - i 3
E / (.
. . . - vz
e Signal regions based (a.0.) on - i
inclusive jet multiplicity y e — . E
o . — —
E jeE I — E
e W
- 3 I A
e Published results on G :
02E .
. 0 2jl 2jm 2t 4jt 5j 6jm 6jt
e Provided cutflow Signal Region
\\
Selections gluino pair m(gluino,N1)=(1600, 0) GeV gluino pair m(gluino,N1)=(1100, 700) GeV squark pair m(squark,N1)=(1000, 400) GeV
Nigsi 10000 30000 20000
Pre-selection, ERISS>200 GeV, prp(jet])>200 GeV 9018 17314 16956
Jet multiplicity 9018 17298 16704
min(A¢(ERISS jet)) cut 5497 12359 13211
PT (jetg) cut 5426 6399 9851
BESS/ JHT cut 2919 2203 6361
mgr(incl.) cut 2913 1636 5761



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2015-06

Common approach of a physics analysis e e

detector
simulation

o

D

— —
[} D
o calculation of construction & detector ol
o observables kinematic cuts smearing o
£ model inclusive detector detector N
S parameters final state +— level — signals o
) correction for reconstruction & 8
8 detector effects kinematic cuts —
o 5_.
)

measurement search =

preserved analysis &
compare data and prediction

input

level of representation

steps for theory

—P steps for experiment
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Technical setup

e Sample: »Sherpav3.0.0

e Tools:
o —MadAnalysis v2.0.4_beta
m Uses Delphes for estimation of detector effects
m Achieved "particle level" representation by using smearing (SFS
card) with perfect efficiencies if within detector acceptance
o —Rivetv4.0.0
m Uses smearing for estimation of detector effects

e Correlations estimated with -TACO

e All code available —here


https://sherpa-team.gitlab.io/#
https://github.com/MadAnalysis/madanalysis5
https://rivet.hepforge.org/
https://gitlab.com/t-a-c-o/taco_code
https://gitlab.cern.ch/mhabedan/taco-rif-results

Particle Level
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Cutflow challenge - particle level, buggy 13

e On particle level, without overlap removal
e Some in first cuts

105] 100000 —— MadAnalysis
—— Rivet (buggy)
104_

103 a

24
10 83

101_

Number of events
E
‘CU

100 4

1.05 A

1.00 T S -

0.95 41

Ratio to MadAnalysis

pre-sel & EPSS &pryy Dminli, EF's9) PT.2 Emiss\JHy migg’
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Cutflow challenge - particle level, buggy T {

e On particle level, without overlap removal

] .
105 4 alysis |
buggy)
1044 w O 3
, 1/\ I

103 a

102 Experiments should avoid
grouping different cuts in cutflow
tables into one step.

Number of events

101_

100 4

1.05 (—not a new insight)

1.00 ~

0.95 41

Ratio to MadAnalysis

pre-sel & EFisS &prpy Drin, EF=) PT.2 Emissy\Hy mige!


https://scipost.org/10.21468/SciPostPhys.9.2.022
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Cutflow challenge - particle level, buggy, ext.

e On particle level, without overlap removal,

° (mostly) from
105 | 100000 99268 — MadAnalySiS
—— Rivet (buggy)

7)) 104' 3
)
|
= ok
3 10%3
Y ) 254
o) 168
b 02 .
QO
=
2 10! L8

100_
o . ,
i particle level, 2jl
= t t }
T 105
<
8 100 Co—=====
S
£ 0951
o : s ! : i . . : ;
© Efiss ne=0 =0 pr.jt M DPminG, EP™) PTR2 pmiss [ mig!
o



Cutflow challenge - particle level, buggy, ext. """ &

16

e On particle level, without overlap removal, extended first cutflow cut
e Disagreement (mostly) from jet multiplicity

Jet definition in Rivet implementation:
x: Was - include prompt muons (JetMuons::ALL)
v : Should be - include only muons from decay (JetMuons::DECAY)

e Cutflow didn't include muon multiplicity (=0) cut
e Cutflow samples were for signal only (=0 leptons)

Scloctions Zluino pair m(zluino,N1)=(1600, 0) GeV _ gluino pair m(gluino,N1)=(1100, 700) GeV __ squark
Niaii 10000 30000
/ jet])>200 GeV 2018

9018
5497
5426
2919
2913

pair m(squark,N1)=(1000, 400) GeV
20000

17314 16956

17298

12359
6399
2203
1636

16704

13211
9851
6361
5761




Cutflow challenge - particle level, buggy, ext. "™

Experiments should include all
cuts in cutflows.

Experiments should provide
cutflows for multiple different
MC samples (e.g. incl.
backgrounds).



https://scipost.org/10.21468/SciPostPhys.9.2.022
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Cutflow challenge - particle level, fixed, ext. e

e On particle level, without overlap removal, extended first cutflow cut

e Fixed jet definition in Rivet — !
100000 99308 H
U T —— MadAnalysis
-------- Rivet (buggy)

n 1047 —— Rivet (fixed)
|
= ok
3 10%1 N
Y— 280 254
(@) e e |
5 1024 ] "
9 -
=
S 107 2

100_
" . :
i particle level, 2jl
> : ; S ——
T 105
<
B s s s el
L1
8 gEEL: 0 e
o) . , . . ; . . . .
© Efiss ne=0 =0 pr.jt M DPminG, EP™) PTR2 pmiss [ mig!
o
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Cutflow challenge - particle level, fixed, ext. 5 \

e On particle level, without overlap removal, extended first cutflow cut
e Fixed jet defin

a——
10
et (buggy)
g1 AWE et (fixed)
: :
3 107 NN A
1 10 MadAnalysis and Rivet give
QO
E exactly the same results on
=

particle level.

10

.................

1.05 A

1.00 +--

0.95 A

Ratio to MadAnalysis

Epss me=0  mu=0 P M Al EPS) PTR gpissyEr  mif



Correlation - particle level, fixed

Martin Habedank
20

On particle level, without overlap removal, extended first cutflow cut

Rivet
A

ysis

A

MadAnal

all regions

2jl 4
-l
Sl
4jt -
5j -
6jm - *

6jt -

> I O
n Bl K
x-S .

4jt -
5§ -

om- K * * *

6jt -

I I I I I I I 1 1 I 1 I 1 I

2jl 2jm 2jt 4jt 5j 6jm 6jt 2jl 2jm 2jt 4jt 5] 6jm 6jt
all regions

N J J

Y Y .
Rivet MadAnalysis

1.00

0.50

0.25

0.00

-0.25

-0.50

-0.75

—1.00

correlation

* no events passed event selection
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Correlation - particle level, fixed 21

e On particle level, without overlap removal, extended first cutflow cut

o
e 1.00
0.75
I
>< 0.50
[a' s
- 0.25
") c
S °
~ o —000 ©
o “ e
= o
© ‘ O
w * .k -0.25
n
By N
g< —-0.50
3
S x x n —o75
- 1 1 1 1 1 1 -1.00

I I I I I I I I
2jl 2jm 2jt 4jt 5j 6jm 6jt 2jl 2jm 2jt 4jt 5] 6jm 6jt
all regions
N J J

Y Y .
Rivet MadAnalysis * no events passed event selection
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Correlation - particle level, fixed 2

e On particle level, without overlap removal, extended first cutflow cut

° looks but
N
-
- 1.00
et I 1.00
CEE B,
M
5- iinis 0.33
\ 0.50
a -
o > 3
9 at- o+ * * * o gjt- o+ * * * ~000 B
= < g
'c —_
(© o]
Z )
5/- % * * * * 5- % * * * * —0.25
—0.50
6jm- * * * * * * 6jm -  * * * * * *
-0.75
6jt- * * * * * * * 6t - * * * * * * *
1 1 1 1 1 1 1 1 1 1 1 1 1 1 —1.00
2jl 2jm 2jt ajt 5j 6jm 6jt 2jl 2jm 2jt ajt 5j 6jm 6jt
Rivet MadAnalysis

* no events passed event selection



Correlation - particle level, fixed e

e On particle level, without overlap removal, extended first cutflow cut
o are between MadAnalysis and Rivet

1.00
0.75

ilnis 0.33 1.00 0).23) * * * *
2 0.50
an -
. _
. 2jt - 0.23 1.00 * * * * | oas
6t - i C
- . o = 2
o m 2 4jt- * * * * * * * -000
' 3 £
,,,,,,,,,,, = ]
5i- % * * * * * * —0.25
—-0.50
6jm- % * * * * * *
-0.75
6jt- * * * * * * *
1 1 1 1 1 1 1 -1.00
2jl 2jm 2jt 4jt 5j 6jm 6jt
Rivet

* no events passed event selection



Correlation - particle level, fixed art Habedant

e On particle level, without overlap removal, extended first cutflow cut
o nalysis and Rivet

1.00

H# M

*
Treating regions as uncorrelated 5
across different tools based on a * "o 3
correlation can work! . s O

—-0.50

*
-0.75
6jt - * * * * * * *
I 1 ! | I 1 l —-1.00
2jl 2jm 2jt 4jt 5j 6jm 6jt

* no events passed event selection



Detector Level



Cutflow challenge - detector level, fixed, ext.

, with overlap removal, fixed jet definition

e More events passing due to lepton efficiency
of unclear origin

e On
[
1054
]
)
c
Q
>
Q 104-
Y
(@)
| -
Q
Q
5
3

Ratio to Rivet
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—— Rivet

100000 96820 3
85382 —— MadAnalysis
21666 21421 19699
- 4
3397
1574

detector level, 2jl

1038 996

E~Y
L

1 1
E_?wiss ne=0

nu=0 pT.j1 nj APminU, E?’iss) PT.j2 E{—”isslv':H_T mler}lE

€§E



Martin Habedank

Cutflow challenge - detector level, fixed, ext. 7

e On , with overlap removal, fixed jet definition
e Testing different” Delphes cards — would

105] 100000  oeszo — Rivet
, 65362 —— MadAnalysis (nom.)
4 MadAnalysis (oth. Delphes)
c 21666 21421 19699
)
>
Q 104_
Yo
(@)
— 3397
Q ==
= 1574
g 3] - 1038 996 |
> 10 =
detector level, 2jl
- . . ,
> 61
4
2" ]
o
= 2
(U R ey B B Oy —y——y—y—y — y— U S S
m 1 1 1 1 1 1 1 1 1
Bpes  me=0 sl o W Dol EFS) PTR - ppissypr mig!

* all delphes cards used by MadAnalysis that are more recent than the card used nominally for the analysis



Common approach of a physics analysis e

detector
simulation

o

0]

— —~
[} D
O calculation of construction & detector a
o observables kinematic cuts smearing o
S model inclusive —_— detector detector n
S parameters final state level signals 2o
) correction for reconstruction & 8
8 detector effects kinematic cuts —
N 5_.
)

measurement search -

preserved analysis &
compare data and prediction

input

level of representation

steps for theory or experiment

——{»> needed from experiment



Common approach of a physics analysis o e

detector
simulation

— o
E s N #6 :
S model  HWRY detector -
% parameters “ /\ o cion s signals g
= ematic cuts —
= Experiments need to provide either o
a) Results on particle level or B

b) Results on detector level + method

to obtain det. level from part. level”

for meaningful interpretation.
input

level of i o0 o
evel of representation (—>not a new insi ht)

steps for theory or experiment

* it doesn't really matter whether smearing functions, delphes cards,
——» needed from experiment efficiency maps, folding matrices, ... as long as there is something


https://scipost.org/10.21468/SciPostPhys.9.2.022
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Correlation - detector level, fixed S &

e On detector level, with overlap removal, fixed jet definition

o
- 1.00
2 1l
2jm _.. 0.75
» 2 -
>< 4t - 0.50
o
5§ -
6jm— - 0.25
v c
S 6t s
-— = B
~ o -000 B
(L 2- £
= o
@© . O
w 2jm - -0.25
n it -
= At
g< 4jt - -0.50
< )
- S
= 6jm - =Dt3
6t L]
- 1 1 1 1 1 1 1 1 1 1 1 1 1 1 —-1.00
2jl 2jm 2jt 4jt 5j 6m 6jt 2jl 2jm 2jt 4jt 5j 6m 6jt
all regions
N\ J U J

Y Y .
Rivet MadAnalysis * no events passed event selection



Correlation - detector level, fixed artin Habedans

e On detector level, with overlap removal, fixed jet definition
o looks

I 1.00

1.00
Il 1.00
£ ‘1 0.75
iyl 0.61 1.00 ] N\ -
- [ | 2jm -EOKk 1.00
) _! 0.50
2jt _ 0.73 0.43 1.00 2jl 2jm 2jt 4jt 5j Elmauﬁ‘r‘egfgn:‘m 2jt 4jt 5) 6jm 6jt
2jt -IOAS] 0.54 1.00

4jt- 0.20 0.12 0.17

Rivet

4jt - 0.15 0.09 0.08 1.00 - 0.00

MadAnalysis
correlation

5j- 0.12 0.09 0.03

6m- 0.11 0.08 0.05

6jt - 0.19 0.02 0.14 -0.75

6jt- 0.08 ' -0.14 -0.04

55- 0.18 0.01 0.0 . —0.25
-0.50
6jm- 0.13 -0.07 0.0
2jl 2jm 2jt ' -1.00

1
2jl 2jm 2]t 4Jt 6]t
MadAnaIyS|s
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Correlation - detector level, fixed

e On detector level, with overlap removal, fixed jet definition
e Selected events have , between MA/ Rivet

1.00

2jl- 0.21 -0.06 0.17 -0.14 -0.06 -0.09

2jm- 0.09 | -0.17 0.13 -0.09 -0.13 -0.03 -0.02

m 0.50
o -
. , -
, n 2it NOR200 -0.08 [l -0.15 [EONNE .
| 1] 2 1 £
u_EEE g 8
o e . 2 4t- 010 011 006 0.07 0.07 -0.06 -0.01 -000 2
m 3 =
| | © o
......... EEEN = v
e 51- 0.15 = 0.22 0.04 0.08 0.06 -0.03 -0.04 —0.25

-0.50

6jm- -0.03 0.10 -0.10 0.12 0.04 0.04 -0.02

-0.75

6jt- -0.01 0.07 0.02 0.12 -0.04 0.05 0.06

1 1 1 1 1 | 1 -1.00
2jl 2jm 2jt 4jt 5j 6jm 6jt
Rivet



Correlation - detector level, fixed HernREEE

e On detector le
e Selected even

MA/ Rivet

1.00

-0.09

-0.02
;W‘l=. . . 0.50
1y Treating regions as uncorrelated 017
jog E across different tools based on a s
o= mmm correlation can work! 001 -0 8

-0.04 ~0.25

But:
Need caution at detector level. 0.02
Correlation thresholds across tools on
detector level should at least be 0.06
< 0.04. 6it



Summary
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Summary

Key take-aways:

1. Experiments should

a.
b. in cutflows.

c. provide cutflows for

d. provide either
. or

i. method to

in cutflow tables into one step.

2. MadAnalysis and Rivet give
a. exactly the same results on particle level.

b. very different results on detector level.

3. Treating events

a.
b. Needs caution at detector level, corr. thresholds should not exceed 0.04.



Backup



Detailed event selection for SUSY-2015-06
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Signal Region

Requirement
2j1 | 2jm | 2jt 4jt 5j 6jm | 6jt
Emiss [GeV] > 200
pr(J1) [GeV] > 200 | 300 200
pr(j2) [GeV] > 200 50 200 100
pr(j3) [GeV] > - 100
p1(ja) [GeV] > - 100
pr(js) [GeV] > 50
pT(js) [GeV] > —
Ag(jety o (3y, BRIS)in > | 0.8 | 04 | 0.8 0.4
Ag(jet;sz, ERISS)min > - 0.2
Emiss /\/Hr [GeV/?] > 15 20 =
Aplanarity > — 0.04
EF™ [ (Nj) > - 0.2 0.25 0.2
meg (incl.) [GeV] > 1200 | 1600 | 2000 | 2200 | 1600 | 1600 | 2000




The studied case: theoretical setup

W+jets sample

100k (cutflows) or 950k (correlation) events
Enhanced for high transverse momentum
Run card:

BEAMS: 2212
BEAM_ENERGIES: 6500

MI_HANDLER: None
FRAGMENTATION: None

PROCESSES:
- 9393 ->9091 93§1%:
CKKW: 20
2->2:
Enhance_Function: VAR{(PPerp2(p[2])/10000)*(PPerp2(p[3]1)/10000)3
2->3:
Enhance_Function: VAR§(PPerp2(p[21)/10000)*(PPerp2(pl[31)/10000)*(PPerp2(p[4])/10000)}

HARD_DECAYS:
Enabled: true

Decay_Tau: true

SELECTORS:
- [PTmis, 200, E_CMS]

EVENT _OUTPUT:
- HepMC3[events.hepmc]
HEPMC3_IO_TYPE: 2
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Available statistics for correlation e

Particle level

2jl 2jm 2jt 4jt 5j 6jm 6jt
MadAnalysis 15 20 1 0 0 0 0
Rivet 15 20 1 0 0 0 0

Detector level

2j| 2jm 2jt 4jt 5 6jm 6jt
MadAnalysis 9352 17363 5154 427 373 144 151
Rivet 6165 12863 3171 229 170 56 70

each of 950k events



