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Two simulation engines

Run / Event / LS: 278822 / 837399836 / 484

; i 1 CMS Experiment at the LHC, CERN
F u I | S I m C h al n ‘ Data recorded: 2016-Aug-15 01:00:30.361728 GMT

e Detailed Geant4-based detector simulation
customised for CMS, digitisation

* Full reconstruction as applied to data
FastSim chain

 Fast alternative to FullSim

* Fast particle propagation, analytical
Interaction models, tracking



https://www.sciencedirect.com/science/article/pii/S0168900216306957
https://www.researchgate.net/publication/263050383_The_Fast_Simulation_of_the_CMS_Experiment
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Analytical interaction models

Material interactions

Energy loss by ionization

Multiple coulomb scattering

Bremsstrahlung
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€  conversion

Elastic, inelastic nuclear
Interactions
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Calorimetry with GFLash
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Fast Reconstruction —e-ee— A

Fast tracking

e GEN-assisted hit/track
association

* |terative tracking run
over hit subsets

Impact on performance

* X5 speed-up In
reconstruction

e Underestimates fake-
rate, biases b-tagging
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Regression based refinement

Ansatz

* Apply ML while leveraging maximum domain knowledge to yield
accurate, detailed fast simulation

* Tweak the final output of the FastSim so that it better matches FullSim
» Fast Perfekt: regression-based refinement of FastSim - arXiv:2410.15992 arxiv:2309.12919
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Regression based refinement

Apply Fast Perfekt _
* Refine jets with regression NN E
 Kinematics, Flavour tagging variables §

S

Deepdet, Parl Jet discriminators:
« B, CvB, CvL, QG
Jet triplets: FastSim, FullSim, GEN

Input: FastSim jet+GEN jet pr, 7

Output: refined FastSim jet
o Single-stage MMD-based training
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Regression based refinement
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Comparing distributions

e Kinematics - pTl

» Jet flavour taggers (Deepdet)

CMS Simulation

(13 TeV)

CMS Slmulatlon

—
T

| I I I I | | I I I I | | | I I
//_/ﬁ/

FastSim

- b vs all

FastSim Refined
——— FastSim Refined (Test)

SN

N
N
i

il // |

% E

l

cvsb

FastSim Refined
——— FastSim Refined (Test)

I I I I 1 1 1 I I I 1 :
%% FullSim E

FastSim _

(V)

[e™

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

0.4 0.6 0.8 1
Recdet btagDeepFlavB loqgit

0.2

0.4 0.6 0.8 1
Recdet btagDeepFlavCvB loqit

o ©
o ()
6)) (o))

Normalized Distribution
2

CMS Slmulat/on

CMS S/mulatlon

- Jet pr

"/M ﬁ“"‘u;

(1 3 TeV)

| T ]
7
7”//% FuIIS|m

FastSim
FastSim Refined

———— FastSim Refined (Test)

C VS U C|S

FastSim
FastSim Refined

——— FastSim Refined (Test)

B [ 7 -
— ‘ -
7

: / il

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

0.6 0.8 1
Recdet btagDeepFlavCvL logit

bl 1
: 15 > 25 3 3.5
Iogw(RecJet _pt)

CMS Slmulatlon (13 TeV)

uds Vs g

1 I I I I I I 1 I | I
/ ~> FullSim -

FastSim
FastSim Refined
——— FastSim Refined (Test)

., R

0.4 0.6 0.8 1
Recdet btagDeepFlavQG logit



Retfined correlations
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Propagation of refinement to MET

CMS Simulation Preliminary (13 TeV)
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Propagation of refinement to MET

CMS S/mulat/on Pre//m/nary(1 3 TeV)
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Summary and outlook

Fast Perfekt applied to CMS jets

e Single-stage training based on unbiased MMD
* Refinement with realistic production conditions, e.g., pile-up,
* Flavor tagging observables, kinematics

 Refinement propagated to event-level
observables shows improvement

* Prototype in place for production, use with
new data

Thanks for your feedback!

14


mailto:samuel.bein@uclouvain.be

Propagation of refinement to MET

CMS S/mulat/on Pre//m/nary(1 3 TeV)
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