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A comprehensive approach for Monte Carlo simulations

Implementing models into Monte Carlo event generators

From events to Lagrangian: reinterpretation of the results of the LHC

Summary
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Towards the characterisation of new physics
* About the nature of an observation

—> Fitting and (re)interpreting deviations
—> Prospective collider studies of varied signals Goal of all lectures at
this school

* Final words on the nature of any potential BSM
—> Accurate measurements
—> Precise predictions mandatory
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Towards the characterisation of new physics
* About the nature of an observation

—> Fitting and (re)interpreting deviations
—> Prospective collider studies of varied signals Goal of all lectures at
this school

* Final words on the nature of any potential BSM
—> Accurate measurements
—> Precise predictions mandatory

New physics simulations standard today
e 20 — 25 years of developments => LO simulations = bread and butter

 Simulations at NLO (QCD) easily achieved

|dea Simulated Event
Lagrangian

collisions analysis

Chain of Other
tools tools

L = Lsm
+ Tr[D,ATD'A]
—YAL- AL+ H.e.
- Vr(“pa A)

Any model Easy validation
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[ A SHERPA artist ]

Proton
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[ A SHERPA artist ]

Proton

|

|

- Hard process

* Depends on the model (SM/BSM)
e Perturbative QCD
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Proton

- Hard process *
|
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| Hadronisation
* Model-based, universal 1
- Underlying event J‘
* Model-based, non-universal |

(_—’vv;_fg—_- e ——— B —— — — — _— = —

| Detector simulation
|

Benjamin Fuks - 01.03.2023 - 4



|

\
|

\

[ A SHERPA artist ] ™~

Proton

—> factorisation
—> onhe tool / step
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SM simulations under good control
* Relevant LHC processes: known with a very good precision

* Further improvements expected in the next few years
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SM simulations under good control
* Relevant LHC processes: known with a very good precision

* Further improvements expected in the next few years

Different challenges for new physics
* No sign of new physics
e SM-like measurements
—> no leading candidate theory

e Plethora of models to consider
=—> many implementations in tools

Despite of this, hew
physics is standard today

QCD Axions

[ Tait ]

MSSM

Axion-like Particles

Littlest Higgs

Supersymmetry

Little Higgs

Benjamin Fuks - 01.03.2023 - 5
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[ Christensen, de Aquino, Degrande, Duhr, BF, Herquet, Maltoni & Schumann (EPJC’I1) ]

* Model building

Idea / Lagrangian * Hard scattering

) * Feynman diagram and amplitude generation
* Monte Carlo integration
* Event generation

FEYNRULES / SARAH / LANHEP / UFO

—

e QCD environment
* Parton showering
* Hadronisation

4 1 "4 * Underlying event

Elements Hadronisation Reconstruction

Simulated collisions . .
e Detector simulation

) * Simulation of the detector response
Analysis * Object reconstruction

* Event analysis
* Signal/background analysis
* LHC recasting
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[ Christensen, de Aquino, Degrande, Duhr, BF, Herquet, Maltoni & Schumann (EPJC’I1) ]

FEYNRULES, LANHEP, SARAH
* Model building ———”

UFO
Idea / Lagrangian * Hard scattering
X} * Feynman diagram and amplitude generation
* Monte Carlo integration :
FEYNRULES / SARAH / LANHEP / UFO « Event generationg \\ CALCHEP, HERWIG++, MG5_AMC,

/ SHERPA, WHIZARD, ...

e QCD environment

claments > "Hearonnouon — Retonsiseion * Parton showering
* Hadronisation HERWIG, PYTHIA, SHERPA
N ) "4 * Underlying event
Simulated collisions e Detector simulation DELPHES
v * Simulation of the detector response — % RIVET / MADANALYSIS 5 = SFS
Analysis * Object reconstruction

* Event analysis
* Signal/background analysis — RIVET / MADANALYSIS 5

* LHC recasting
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A comprehensive approach for Monte Carlo simulations

Implementing models into Monte Carlo event generators

From events to Lagrangian: reinterpretation of the results of the LHC

Summary

New physics simulations — From Lagrangians to events and back Benjamin Fuks - 01.03.2023 - 7



Implementation of a new physics model in an MC programme

* Definition: particles, parameters and vertices (= Lagrangian)
—> translated in some programming language

* Tedious, time-consuming, error prone
e Beware of restrictions/conventions

Y- 3 fw FN
T % ‘5())('5?5#«

v s Dol -V(¢)

- ey : .

- auJaauqa qsfalraﬂgagbch q'.’falrfackgbgcgdqe_T_
zgz((}"“*“q")g“ + GOEPGE + g, fa'fa,(ﬂcb o - 3 Wia,Wr
112“ +” > BUZOGVZO —rUQZOZO 0;;”1»3;4 v oauHapH_
—m,lH” 0 ¢t 0.0~ 11’°o ¢ — 8,‘@06,@0 2z M — Gy} ;{ +
2LH + 5(H? + ¢°¢" + 20t ¢7)] + °—;—§-ah zgcu[a ZO(II,}HI‘
W, *n-) = ZyWia,We = Wra W + ZW oW —~
WraW,)] - U,u[é 4,,(!? Wy = W) = A(WEOW
W, ault+)+ 1,‘(n+a,,n-—n aulﬁ)]—lfum n+n-
-g?n FWSW +n-+92 (ZOH - ZOW s — zozﬁn W) +
P2 (AW AN — A ATVIWE) + Pouenl A 2OV 1T
WiW -) 24,,20n W] = golHB + HePd® + 2He+ 6] -
8(}-0;‘[1{‘4—( )’+4((D o~ )2 +4(0 )20*0 +4H?*¢* ¢~ +2(¢" )2 H?] -
gMW W, H—igTzﬂz%r LigWH (PBu0™ — ¢=8,0°) —
Wi (@°0.0" - "9uP)]+ Lol (H&«b'—@'&ﬂ)-‘*P}T(Hc‘)u(.b* -
¢ OuH)+392(Z N HOud" — "0, H) —-eTg%;\IZﬁ(II‘;} ¢ —Wroh)+
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Implementation of a new physics model in an MC programme

* Definition: particles, parameters and vertices (= Lagrangian)
—> translated in some programming language

* Tedious, time-consuming, error prone

e Beware of restrictions/conventions

* Highly redundant (each tool, each model)

* No-brainer tasks (from Feynman rules to codes)
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Implementation of a new physics model in an MC programme

e Definition: particles, parameters and vertices (= Lagrangian)
—> translated in some programming language

* Tedious, time-consuming, error prone

* Highly redundant (each tool, each model)

* No-brainer tasks (from Feynman rules to codes) a4
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The FEYNRULES platform (since 2009)

* Working environment: MATHEMATICA
* Flexibility, symbolic manipulations, easy implementation
of new methods, etc.
* Many plugins (superspace, spectrum, decays, NLO, etc.)

* Interfaces to many MC tools

* Dedicated interfaces (CALCHEP, FEYNARTS)

* Generic interface: UFOs
(MG5_AMC, HERWIG, SHERPA, WHIZARD, ...)

* Very few limitations on models

* Higher-dimensional operators supported
* Spins (up to 2); colour structures (I, 3, 6, 8)

[ Christensen & Duhr (CPC ’09) ]
[ Alloul, Christensen, Degrande, Duhr & BF (CPC’14) ]

New physics simulations — From Lagrangians to events and back Benjamin Fuks - 01.03.2023 - 9
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The FEYNRULES platform (since 2009) LANHEP (since 1997)

* Working environment: MATHEMATICA * Working environment: C

* Flexibility, symbolic manipulations, easy implementation
of new methods, etc.

* Many plugins (superspace, spectrum, decays, NLO, etc.) * Later interfaced to FEYNARTS/UFOs

[ Semenov (CPC’98); Semenov (CPC’16) ]

* Initially restricted to CALCHEP/COMPHEP

* Interfaces to many MC tools
* Dedicated interfaces (CALCHEP, FEYNARTS)

* Generic interface: UFOs The SARAH package (since 2010)
(MG5_AMC, HERWIG, SHERPA, WHIZARD, ...) * Working environment: MATHEMATICA
* Very few limitations on models e Spectrum generator, indirect constraints

* Higher-dimensional operators supported e Interfaced to many tools

* Spins (up to 2); colour structures (I, 3, 6, 8) (CALCHEP, FEYNARTS, UFO,WHIZARD)

[ Christensen & Duhr (CPC ’09) ]

Alloul, Christ D de, Duhr & BF (CPC’14
[ Alloul, Christensen, Degrande, Duhr & BF (CPC’14) ] [ Staub (CPC’10); Staub (CPC’14) ]

New physics simulations — From Lagrangians to events and back Benjamin Fuks - 01.03.2023 -
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How to link a Lagrangian to a given MC tool?
* Model Feynman rules (vertices, particle content, etc.)

* Removal of vertices not compliant with the tool
—> Colour structures
—> Lorentz structures

* Translation to a specific format and programming language

= not efficient
=—> too many translators

Benjamin Fuks - 01.03.2023 - 10
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How to link a Lagrangian to a given MC tool?
* Model Feynman rules (vertices, particle content, etc.)

* Removal of vertices not compliant with the tool
—> Colour structures
—> Lorentz structures

* Translation to a specific format and programming language

The UFO: one format to rule them all

Simulated
collisions

|dea
Lagrangian

Chain of

tools

= not efficient
=—> too many translators

Event
analysis

——

Other
tools

Benjamin Fuks - 01.03.2023 - 10
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[ Degrande, Duhr, BF, Grellscheid, Mattelaer, Reiter (CPC’12) ]

The U FO |n d nUtShe” [ Degrande, Duhr, BF, Hirschi, Mattelaer, Pagani, Shao et al. (in prep.) ]

e UFO = Universal FEYNRULES output => Universal Feynman Output
* Universal as not tied to any specific programme

* Set of PYTHON files to be linked to any code

* A PYTHON model with full information ©Degrande
* Generic colour and Lorentz structures
* Up to software to enforce restrictions on acceptable colour/Lorentz structures

* Allows for next-to-leading order calculations

New physics simulations — From Lagrangians to events and back Benjamin Fuks - 01.03.2023 - 11
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[ Degrande, Duhr, BF, Grellscheid, Mattelaer, Reiter (CPC’12) ]

The U FO |n d nUtShe” [ Degrande, Duhr, BF, Hirschi, Mattelaer, Pagani, Shao et al. (in prep.) ]

e UFO = Universal FEYNRULES output => Universal Feynman Output
* Universal as not tied to any specific programme

* Set of PYTHON files to be linked to any code

* A PYTHON model with full information ©Degrande
* Generic colour and Lorentz structures
* Up to software to enforce restrictions on acceptable colour/Lorentz structures

* Allows for next-to-leading order calculations

Initially designed as the MG5aMC model format, UFOs now standard

FEYNRULES SARAH LANHEP
ALOHA CONTUR GOSAM HERWIG ++ MADDM
MADGRAPH5 aMC@NLO MADANALYSIS 5 SHERPA VWHIZARD

New physics simulations — From Lagrangians to events and back Benjamin Fuks - 01.03.2023 - 11
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The UFO = set of PYTHON files

* Factorisation of the information in mandatory and optional files
—> particles
=> parameters
=> interactions
—> extra stuff (NLO, decays, propagators, functions, etc.)

* Economical implementation of vertices and structures through recycling across the model

Particles

[fuks@NewMouth /Users/fuks/Documents/HEPTools/MG5_aMC/2.9.13/models/DMSimpt_NLO_v1_3_UFO0$] 1s
CT_couplings.py T ITESE P function_library.py

CT_parameters.py coupling_orders.py lorentz.py particles.py
CT_vertices.py couplings.py object_Library.py propagators.py
DMS1impt_NLO_v1_3_UF0.log decays.p param_card.dat vertices.py

NLO Interactions [ Arina, BF & Mantani (EPJC'20) ]

New physics simulations — From Lagrangians to events and back Benjamin Fuks - 01.03.2023 - 12
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Particles = instances of the particle class

* Attributes: spin, colour representation, mass, width, etc.
* Antiparticles automatically derived

go = Particle(pdg_code = 1000021,

name = 'go’',
antiname = 'go’',
spin = 2,

color = 8,

mass = Param.Mgo,
width = Param.Wgo,

texname = 'go’,
antitexname = 'go’',
charge = 0)

New physics simulations — From Lagrangians to events and back
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Particles = instances of the particle class

* Attributes: spin, colour representation, mass, width, etc.

* Antiparticles automatically derived

go = Particle(pdg_code = 1000021,
name = 'go’',
antiname !
spin = 2,
color = 8,
mass = Param.Mgo,
width = Param.Wgo,

go’,

texname = 'go’,
antitexname = 'go’',
charge = 0)

Parameters = instances of the parameter class

* External parameters: Les Houches-like structure
* PYTHON-compliant formula for the internal parameters

Parameter(name = 'aS',

nature = 'external',
type = 'real’,

value = 0.1184,]
texname = '\\alpha _s',
lhablock = 'SMINPUTS',
lhacode = [ 3 1)

Parameter(name = 'G',

nature = 'internal’,

type = 'real’,

value = '2xcmath.sqrt(aS)xcmath.sqrt(cmath.pi)’,
texname = 'G')

New physics simulations — From Lagrangians to events and back
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Decomposition in a spin x colour basis (coupling strengths = coordinates)

* Example: the quartic gluon vertex

P >
D 99 - 2 rajazb pbasas (pipa, p2p3 13 02 g
%y igy feen fraes (nftanhare — pfaliegltaia)
0\@9 4+ igg fa1a3bfba2a4 (nmmnmug _ nmmnusm)
S
6666 \Qg@ i ig? fa1a4bfba2a3 (nulugnuzm _ nuluznusuz;)
S <
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Decomposition in a spin x colour basis (coupling strengths = coordinates)

* Example: the quartic gluon vertex e UFO version
% N 2 )
%\ 39999 z'g? falazbfba3a4 (77,&1,&477,u2,u3 _ 77#1#377,&2#4) % 99999 (f'CLlCLQbf'ba,ga,4’ fala?’bfba2a4, fa1a4bfba2a3)

66@2 + igg fa1a3bfba2a4 (nulu4nu2u3 _ 77#1M277M3H4) 0?@99 Z’gg ()2 0 77#1#477M2M3 _ 77#1#3 n,u2,u4

2 : aia asa L 0 e Y ' K14 23 12 3 e

66666 \ee@ +ig? foaasb pbazas (puips izt plape pHs i) 6666 % X 8 Z%S i;)Q ;ﬂmsgmm 7777M1M27;7M3M4

( N 4 S 2, . _

o ( <

* 3 elements for the colour basis
* 3 elements for the spin (Lorentz structure) basis
* 9 coordinates (6 are zero, only | encoded)

Information split across several files

[[fuks@NewMouth /Users/fuks/Documents/HEPTools/MG5_aMC/2.9.13/models/DMSimpt_NLO_v1_3_UF0$] 1s
CT_couplings.py i [2) function_library.py parameters.py
CT_parameters.py coupling_orders.py lorentz.py particles.py
CT_vertices.py couplings.py object_Library.py propagators.py
DMSimpt_NLO_v1_3_UFO0.1log : param_card.dat vertices.py

Benjamin Fuks - 01.03.2023 - 14
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NLO predictions in a nutshell

* Three ingredients: the Born, virtual loop and real emission contributions

| /d4<1>n/ dde v
loop 3

Virtuals: one extra power of
Qs and divergent

— /d4<I>n+1 R

Reals: one extra power
of ds and divergent
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NLO predictions in a nutshell

* Three ingredients: the Born, virtual loop and real emission contributions

/ 44, / dde v
loop ?

Virtuals: one extra power of
Qs and divergent

— /d4<I>n+1 R

Reals: one extra power
of ds and divergent

Goal: automated predictions, for any process in any model | |
Extra information needed

* Dimensional regularisation UFO@NLO
—> Calculations in d = 4 — 2¢ dimensions

—> Divergences explicit (1/€2, |/¢€) after reduction of tensor integral reduction

* Numerical methods in 4 dimensions = R| and R, terms
. . [ Ossola, Papadopoulos, Pittau (NPB’07) ]
e Renormalisation => counterterms [ Ossola, Papadopoulos, Pittau (JHEP'08) ]

New physics simulations — From Lagrangians to events and back Benjamin Fuks - 01.03.2023 - 15
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The reduction must be performed in a d-dimensional space

/ddz_ N with { =0+ ¢
DDy Dyr
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The reduction must be performed in a d-dimensional space

/ddz_ N with { =0+ ¢
DDy Dyr

R/ terms from denominators ) S— SN
*dD vs. 4D internal propagators (D; — D))
* Computed on the fly (a few non-zero extra integrals)
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The reduction must be performed in a d-dimensional space

/ddé_ N with { =0+ ¢
DDy Dyr

R/ terms from denominators ) —
*dD vs. 4D internal propagators (D; — D))
* Computed on the fly (a few non-zero extra integrals)

R2 terms from numerators
* Process-dependent contributions proportional to ¢

* Renormalisable theory
—> Extra diagrams with special Feynman rules (R; Feynman rules)
—> Connected to the UV structure of the integrals (like counterterms)

* Derivation of these extra Feynman rules

an

= Finite number of R2’s from the bare Lagrangi
—> Calculated together with UV counterterms & UFO @ NLO

—> The NLOCT package 1 pegrande (cpeiis)

Benjamin Fuks - 01.03.2023 - 16
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[ Christensen, de Aquino, Degrande, Duhr, BF, Herquet, Maltoni & Schumann (EPJC’I 1) ]

Model building: from Lagrangian to tools
* FEYNRULES = UFO (@NLO)

l e PYTHON representation of the theo 'Y [ Alloul, Christensen, Degrande, Duhr & BF (CPC’14) ]
[ Degrande, Duhr, BF, Mattelaer & Reither (CPC’12) ]

* Automation of one-loop calculations [ Degrande (CPC’15) ]
FEYNRULES / UFO

Idea / Lagrangian

i Hard-scattering process with MG5 aMC
Matrix * Feynman diagrams, matrix elements
2 Gl * Perturbative series (LO/NLO)
e Automation from the UFO information [ Alwall et al. (JHEP’14) ]
l [ Frederix, Frixione, Hirschi, Pagani, Shao & Zaro (JHEP 18) ]
[ Frixione, BF, Hirschi, Mawatari, Shao, Sunder & Zaro (JHEP 19) ]
Collider observables Collider phenomenology
l * Matching with parton showers
e Hadronisation models

Phenomenology e Detector simulation

See all other lectures
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A comprehensive approach for Monte Carlo simulations

Implementing models into Monte Carlo event generators

From events to Lagrangian: reinterpretation of the results of the LHC

Summary

New physics simulations — From Lagrangians to events and back Benjamin Fuks - 01.03.2023 - 18



New physics simulations standard today
* 20 — 25 years of developments
* Simulations at LO/NLO easily achieved

|dea Simulated Event
Lagrangian

collisions analysis
Chain of

tools

/A

Any model Easy validation

Let’s reverse the chain...

New physics simulations — From Lagrangians to events and back Benjamin Fuks - 01.03.2023 - 19



LHC = discovery machine

* Many ATLAS and CMS searches for new physics
* Interpretation within popular frameworks and simplified models

NUHM2: m =5TeV tanf=15,A =-1.6m;m, =1TeV.u>0

%‘500 :l L I L I LI L I LI I L I LI L I LI III LI I: . 1800 CMS Pfellmlnafy 137 fb-1 (13 TeV) . .
g | ATLAS Vs=8 TeV, 20.3 fb - > pp — B, G 17’ NNLO+NNLL g
o450 — Combined 21, 31, 41 —] Q) 1600 = 1 p
3 = - ~ Observed = 10y, . 5
O - . o T T ——— = -—
200 :_ \\\_//«" . " _: g 1400/ i Expected = 1 a,nd 2 Oxperiment i §
= S - : : o’ ) g
350 - 1200~ O
- - . <1079
“a 1000 Q& - .

300 V = - X 1 2
= Observed limit (+1 otshl;g;) I 800 ‘L\SQ i} £
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250 BN LEP2 3y (1035 GeV)p . 600 '_((f > 4
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LHC = discovery machine

* Many ATLAS and CMS searches for new physics
* Interpretation within popular frameworks and simplified models

NUHM2: m =5TeV tanf=15,A =-1.6m;m, =1TeV.u>0
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’ [
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............. theory)
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All limits at 95% CL
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Need for reinterpretations in all kinds of models

New physics simulations — From Lagrangians to events and back

llllllll llllllll

1 lllllll

S
95% CL quer limit on cross section (pb)

107°
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The SMS-based reinterpretation framework

* Decomposition of all signatures of a theory into SMS signatures
* Fiducial cross sections on the basis of public efficiency maps
* Comparisons to published upper bounds

Main features

[ Kraml et al. (EP]JC’14) ]

‘e,
-
.
-
-
e
e
.
.
.
-
.
.
.
.

L
SLHA or .
. Experiment |
LHE input . Analyses
+ ‘~,.
| [
Decompose | ‘ ‘ l
Combine Compare
Topologies with
Upper Limits
T — B
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The SMS-based reinterpretation framework

* Decomposition of all signatures of a theory into SMS signatures
* Fiducial cross sections on the basis of public efficiency maps
* Comparisons to published upper bounds

Main features

[ Kraml et al. (EPJC’14) ] e Rather fast
oy A * Often conservative
il VRN * Different kinematics
.............. || * .
SLHA or ) Experiment | AS)’mmetrlc deca)'S
LHE input o ) Analyses
I
Decompose | ‘ ‘ l
Combine Compare
Topologies with
Upper Limits
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The SMS-based reinterpretation framework
* Decomposition of all signatures of a theory into SMS signatures
* Fiducial cross sections on the basis of public efficiency maps
* Comparisons to published upper bounds

Main features

[ Kraml et al. (EPJC’14) ]

‘e,
-
.
-
-
e
e
.
.
.
-
.
.
.
.

SLHA or

—>

. Experiment |
LHE input

Analyses

L
..........
------------------

T '.:_:"‘[;:5

Decompose | ‘ ‘ l

Combine Compare
Topologies with
Upper Limits

e Rather fast

e Often conservative

* Different kinematics
* Asymmetric decays

* A generic program: SmodelS
* 0(100) available analyses
* Prompt and LLP decays
* Available from GITHUB EE:::: e Ef:j:;::g)]]

* Dark photons: DARKCAST
* Available from GITLAB [ liten et al. (JHEP’18) ]

New physics simulations — From Lagrangians to events and back
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DGMSSM at the LHC

* Exploring SUSY with Dirac gauginos

* Models not considered by

ATLAS/CMS

* Left: points excluded by SMODELS (with r = I)
* Right: comparison with full recasts

(from MADANALYSIS 5)

=—> SMS approach fair enough

=> Far from full recasts
e SMS approach much faster
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https://doi.org/10.21468/SciPostPhys.9.4.047
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SUSY vs extra dimensions

* Using SUSY searches to constrain KK excitations

—> Blue: SMS approach
—> Red: full recast

» Efficiencies depend on particle spins
=—> SMS approach often fair enough
=—> SMS approach often too aggressive

New physics simulations — From Lagrangians to events and back

DGMSSM at the LHC

* Exploring SUSY with Dirac gauginos
* Models not considered by ATLAS/CMS

* Left: points excluded by SMODELS (with r = I)
* Right: comparison with full recasts

(from MADANALYSIS 5)

=—> SMS approach fair enough

=> Far from full recasts
e SMS approach much faster

1000

[ Edelhauser, Kramer, Sonneveld (JHEP’15) ]
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https://doi.org/10.1007/JHEP04(2015)146

SMS often not sufficient to study all interesting new physics realisations

* More accurate detector simulations
=> mimicking ATLAS / CMS

* New frameworks for LHC re-interpretations
—> Easy (re-)implementations of searches

CMS PAS SUS- 12000

Signal events

. CMS Physics Analysis Summg STDHEP or HEPMC format
—> Test of signals fully automated ummary ( )
s e Mo, o ot o il b vt o Physics
collislons a8 /5 = et b L Tuned detector simulation .
Analysis

a W/ Database
e >>>>>>{ Recast se.ect.o.. m|

Numbers ofidata and
background events

Limit computatlon ]
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SMS often not sufficient to study all interesting new physics realisations

* More accurate detector simulations
=> mimicking ATLAS / CMS

* New frameworks for LHC re-interpretations
—> Easy (re-)implementations of searches
—> Test of signals fully automated

The detector is the key

* Close to a real detector (slower)
—> from particles to tracks/hits
—> resolutions, efficiencies, etc.
> q la Delphes 3 [ de Favereau et al. (JHEP14) ]

* Based on transfer functions (faster)
—> From MC particles
—> Resolutions, efficiencies, ...
=> a la RIVET, MADANALYSIS 5 — SFS

[ Araz, BF & Polykratis (EPJC 21) ]
[ Bierlich et al. (SciPost 20) ]

* Unfolding
—> No need for a detector

CMS PAS SUS 12000

CMS Physics Analysis Summary

\‘f\"n"""w\.\ YO Thwe shanddan

with two lepe

ransvene energy npyp
\

Signal events
(STDHEP or HEPMC format)

{ Tuned detector simulation J

Physics
Analysis
Database

(<3

Numbers of

background events

®>>>>>§ Recast selectlon mkl

data and
Limit computatlon J
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Detector based on (customised) DELPHES 3
* CHECKMATE [O(50) analyses, from GITHUB]

* MADANALYSIS 5 [ O(50) analyses, from GITHUB and the MA5 DATAVERSE]

[ Dumont, BF, Kraml et al. (EPJC 15); Conte & BF (I]MPA’19) ]

[ Derks et al. (CPC'17) ]

F3S ugr observed limits

Breakdown of contributions
MADS5 recast of CMS-SUS-19-006
XX XY YYtot (YYQCD \Hm"/i—ch)

"l Combined XX+XY+YY channels

=== 10 20

Constraining t-channel dark matter with jets + MET (in MADANALYSIS 5)

r,/M,=0.05

GeV)

* SM @ coloured fermion () ® scalar DM (S) ® coupling to ur

Ms

e Signal modelling crucial: XX,YY and XY production @ NLO
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[ Arina, BF, Heisig, Kramer, Mantani, Panizzi & Salko (to appear) ]
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Detector based on (customised) DELPHES 3
* CHECKMATE [O(50) analyses, from GITHUB]

* MADANALYSIS 5 [ O(50) analyses, from GITHUB and the MA5 DATAVERSE]

[ Derks et al. (CPC'17)] [ Dumont, BF, Kraml et al. (EPJC"15); Conte & BF (IjMPA'19) ]

Constraining t-channel dark matter with jets + MET (in MADANALYSIS 5)
* SM @ coloured fermion () ® scalar DM (S) ® coupling to ur
e Signal modelling crucial: XX,YY and XY production @ NLO
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[ Arina, BF, Heisig, Kramer, Mantani, Panizzi & Salko (to appear) ]

Based on transfer functions
* COLLIDERBIT [O(40) analyses, from HEPFORGE]
* MADANALYSIS 5 - SFS [O(10) analyses, from GITHUB and the MA5-DATAVERSE]

* RIVET [O(30) analyses, from HEPFORGE]

[ Balasz et al. (EP)JC'17) ] [Araz, BF & Polykratis (EPJC 21); Araz, BF, Goodsell & Utsch (EP]JC 22) ]
[ Buckley et al. (2010); Bierlich et al. (SciPost 20) ]

Constraining ewkinos with recursive Jigsaw (in COLLIDERBIT)
* Validation = closure test

New physics simulations — From Lagrangians to events and back
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Picking up an experimental publication
* Reading Relatively easy

* Understanding

Writing the analysis code in the tool internal language
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A 2012 TH-wishlist for high-quality recasts (1/2)

* Clear description of cuts and their sequence

Picking up an experimental publication * Efficiencies (e*, u*, jets, 7h, b-tagging, etc.)
* Reading Relatively easy => Including p1/7 dependence
* Understanding —

* Efficiencies for triggers, event cleaning, etc.
Writing the analysis code in the tool internal language —> Effects not manageable in fast simulations

* Special variable definitions (razor, aMr;, etc.)
—> Snippets of code

[ Les Houches Recommendations (EPJC’12) ]
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A 2012 TH-wishlist for high-quality recasts (1/2)

* Clear description of cuts and their sequence

Picking up an experimental publication * Efficiencies (e*, u*, jets, 7h, b-tagging, etc.)
* Reading Relatively easy => Including p1/7) dependence
* Understanding .

* Efficiencies for triggers, event cleaning, etc.
Writing the analysis code in the tool internal language —> Effects not manageable in fast simulations

* Special variable definitions (razor, aMr;, etc.)
—> Snippets of code

Accurate information for proper validation
e Efficiencies (trigger, e, u*, b-tagging, JES, etc.)

=> including pT1/7 dependence

* Detailed cutflows for well-defined benchmarks L FEssential
—> Region per region information ¥ Often difficult!
—> Exact definition of benchmarks (spectra) — —

—> Event generation information (cards, tunes)
* Digitised histograms (e.g. on HEPDATA)

[ Les Houches Recommendations (EPJC’12) ]
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A 2012 TH-wishlist for high-quality recasts (1/2)

* Clear description of cuts and their sequence

Picking up an experimental publication * Efficiencies (e*, u*, jets, 7h, b-tagging, etc.)
* Reading Relatively easy => Including p1/7) dependence
* Understanding .

* Efficiencies for triggers, event cleaning, etc.
Writing the analysis code in the tool internal language —> Effects not manageable in fast simulations

* Special variable definitions (razor, aMr;, etc.)
—> Snippets of code

A 2012 TH-wishlist for high-quality recasts (2/2)

* Benchmark scenarios
—> Spectra / decay tables (SLHA-form)

Accurate information for proper validation
e Efficiencies (trigger, e, u*, b-tagging, JES, etc.)

=> including p1/7 dependence —> Several scenarios
* Detailed cutflows for well-defined benchmarks 1 Essential * Monte Carlo configuration

—> Region per region information X Often difficult! —> Cards, tunes, matching information, etc.

—> Exact definition of benchmarks (spectra) o * Detailed cutflows (with correct cut ordering)

—> Event generation information (cards, tunes) = |ncluding (pre)selection steps (more is better)
* Digitised histograms (e.g. on HEPDATA) e Kinematical distributions at different cuts

—> Extra cross-checks
[ Les Houches Recommendations (EPJC’12) ]
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Much better material
e Publications much clearer
* HEPDATA widely used

* Improved communication between the EXP/TH communities

* Sometimes works amazingly well: e.g. ATLAS multijet+MET
o Still improvable: e.g. ATLAS dE/dx [HSCP with large ionisation]

New physics simulations — From Lagrangians to events and back

ATLAS

Events ¢ [%| ccut (%] Events e [%] 6 [%] ceut (%] Rgap (%)

MadAnalysis 5-SFS
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Much better material

e Publications much clearer

* HEPDATA widely used

* Improved communication between the EXP/TH communities

* Sometimes works amazingly well: e.g. ATLAS multijet+MET

o Still improvable: e.g. ATLAS dE/dx [HSCP with large ionisation]

A 2020 TH-wishlist for high-quality recasts

* Background estimates: usually provided (not systematic)

e Efficiencies

—> Should be provided as tables / functional forms
—> Should be broken down in sub-efficiencies (trigger, etc.)

e Efficiency maps: necessary for SMS-based recasting

* Monte Carlo: still very minimal

=> SLHA files, MG5 aMC cards, PYTHIA cards, etc.
—> Crucial for the validation (cf. MC bias)

* Cut-flows for given benchmarks

—> not systematic (sequence, details, all SRs)

New physics simulations — From Lagrangians to events and back

[ The Reinterpretation Forum (SciPost'20) ]

ATLAS MadAnalysis 5-SFS
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“Best signal region”
* Recast exclusions from the best region of an analysis
* Often off relative to CMS/ATLAS => correlations rarely negligible

Public likelihoods
e Statistical model of an analysis = complete description of the analysis

=—> |mproving over the ‘best signal region’ approach
—> More realistic reinterpretations

* Simplified likelihoods by CMS / full likelihoods by ATLAS (PYHF)

—1
—20°V 10

(s aB.1oy S+ By +0;)7
ESR _ H e (S;+B;+0;) ( )

€

Non-Gaussian tails ignored

1

* CMS simplified likelihoods in SMODELS, MADANALYSIS 5 & COLLIDERBIT

e ATLAS full likelihoods in SMODELS & MADANALYSIS 5

New physics simulations — From Lagrangians to events and back

b ATLAS-SUSY-2018-04
/s =13 TeV, 139 fb~ !, 95% CL

MADANALYSIS 5—expected limit
with full statistical model

MADANALYSIS 5—expected limit
with simplified statistical model

MADANALYSIS 5—expected limit
with best signal region
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“Best signal region” Y L R _

| ATLAS-SUSY-2018-04

* Recast exclusions from the best region of an analysis B0 /5 =13 eV, 139 b, 9% C.
. . .. 300k —— ATLAS expected limit (£10exp)

e Often off relative to CMS/ATLAS = correlations rarely negligible | MavAsavas 5 expecd i
— 250} MADANALYSIS 5—expected limit

= I with simplified statistical model

Public likelihoods . o0 — Vb B et
e Statistical model of an analysis = complete description of the analysis

=—> |mproving over the ‘best signal region’ approach
—> More realistic reinterpretations

* Simplified likelihoods by CMS / full likelihoods by ATLAS (PYHF)

[ (zT.350d13S) lwea)] B 49 ‘zeay ‘osondy ]

(Si4Bit0,) (Si+ B 07 _1gey N

Lsr=]]e (si+iron — S =10V Non-Gaussian tails ignored
: oo o and VY g >
i /5 = 13 TeV, 95% CL | B
* CMS simplified likelihoods in SMODELS, MADANALYSIS 5 & COLLIDERBIT 1200} Best xpeted combination | &
e ATLAS full likelihoods in SMODELS & MADANALYSIS 5 ool o MLASSUSY-nis e 320t | D
= | S oussusaean, mons | 8
. 5 800 [N CMS-SUS-19-006, 137 fb~! ¥
Development of the TACO methods to combine uncorrelated analyses = : B
= Goof -

* |dentification of uncorrelated SRs in different analyses
—> Derivation of an approximate correlation matrix

400 |

200}

* Optimal combinations among them (tests over 100s of regions)
—> Better reinterpretation power
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A comprehensive approach for Monte Carlo simulations

Implementing models into Monte Carlo event generators

From events to Lagrangian: reinterpretation of the results of the LHC

summary
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The quest for new physics is on-going \dea Simulated B

* MC tools for background/signal modelling Lagrangian collisions analysis

Chain of
tools

/ A

Any model Easy validation

* Automated methods for model implementation
—> Facilitates new physics simulations at (N)LO

Tutorial: Give FEYNRULES a try!
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tools
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Any model Easy validation

* Automated methods for model implementation
—> Facilitates new physics simulations at (N)LO

Tutorial: Give FEYNRULES a try!

The LHC legacy

— — Si | t . . . . .
CMS Physics Anayel Sumeray (STOHEP or HEPMC format) * Reinterpretation of the LHC results in any theoretical context crucial
l —> [Two complementary approaches: simplified models and detector simulation
wih e gk, i, snd g b Tuned detector Physics s I . INi '
{ ned derec ] Analysis * Exciting on-going developments: combining & correlating

T @ Database . :
. Tutorial: Give MADANALYSIS 5 a try!
o ; >>§>§>§:E Recast selection mh Hm
Numbers ofidata and l
/"bikgrginjevents Limit computation }
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The quest for new physics is on-going \dea Simulated B

* MC tools for background/signal modelling Lagrangian collisions analysis

Chain of
tools

/ A

Any model Easy validation

* Automated methods for model implementation
—> Facilitates new physics simulations at (N)LO

Tutorial: Give FEYNRULES a try!

The LHC legacy

— — Si | t . . . . .
CMS Physics Anayel Sumeray (STOHEP or HEPMC format) * Reinterpretation of the LHC results in any theoretical context crucial
l —> [Two complementary approaches: simplified models and detector simulation
wih e gk, i, snd g b Tuned detector Physics s I . INi '
{ ned derec ] Analysis * Exciting on-going developments: combining & correlating

| @ ,l, = Datab?se Tutorial: Give MADANALYSIS 5 a try!
LS ;__, ': <> R . m |
' ‘>§>§>}:€ - le Final last words

selection
Numbersofdataand\F 'l' * Reproducibility = ability of an entire experiment to be reproduced
I i i °°'“'°“tat'°"] (possibly by an independent theoretical study)

L — ————— * Need for both the TH and EXP communities to move together!
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