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70 vs 7= Shower Classification

First step in cluster calibration: Differentiate EM from hadronic clusters
Non-compensating ATLAS calorimeter requires different calibrations for neutral/charged clusters
0
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e All point cloud methods significantly
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XPERIMENT
nt cluster energy response Second step: Energy Calibration
;Eml ¥ ‘,.‘, Observations
g4 o
KHO . e GNN performs best wrt.

‘051 \ ATLAS St Py 2 response and width

100?‘— et S e Followed by Deep Sets
095%- % o New:

osot B0 — New results on this in

107 70" 10?
True Cluster Energy [ch]

&

@ Peter Lochs’ talk

Cluster Energy Resolution
Point Cloud Methods DNN /

§ 1
2 1 T T T
it 23 [ ATLAS Simulation Preliminary |
% 0.4f W r BNN training ]
o = [ 15 =13 TeV Antik R = 0.4 EMTopo jets i
& Co e o+ DNNaining 1
5 | ' - < [ pra>200ev B2 E0>300MV gy 1
803r \ ATLAS Simulation Preliminary ] 0-35‘ X * LoWharorioscale | 21
209 \ 2 S
g t Single x* MC Regression I 2 [ 1 2
3 [ Topo-clusters S 2 o6k AN 4 2
[ 3 4 E 4 2
02} il < @ 2 E 1o
[ 12> Kt [ N\ 1 &
13 z ik . 3 2
1o & 0.4 LAY ]
1& L N R
0.1 Pt r Ny 4 v
1+ 02— Ly -4 =
la E » 1z
t — E C Sy
0! L =
00 700 701 702 703 1 10° &
True Cluster Energy [GeV] ) ?GeV] n 2/12
olus



https://cds.cern.ch/record/2803427
https://indico.cern.ch/event/1253794/contributions/5588594/
https://cds.cern.ch/record/2803427
http://cds.cern.ch/record/2866591

Overview / Publications

Calorimeter Clusters

07/2020: = ML for Pion Identificaton and Energy Calibration
08/2022: = Point Cloud DL Methods for Pion Reconstruction
08/2023: = Cluster Calibration with ML Techniques

— Peter Lochs’ @ talk (tomorrow)

Missing Et

07/2021: z METNet: Combined £ Working Point with ML

R-0.4 Jet Calibration

03/2023: = New Techniques for Jet Calibration (GNNC)

115 R-1.0 Jet Calibration
* ] New @ ML4Jets: @ Simultaneous large-R JES+JMS with ML
\/ — Main part of this talk



https://cds.cern.ch/record/2724632
https://cds.cern.ch/record/2825379
http://cds.cern.ch/record/2866591
https://indico.cern.ch/event/1253794/contributions/5588594/
https://cds.cern.ch/record/2776653
https://arxiv.org/abs/2303.17312
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/JETM-2023-02/

MetNet AS

EXPERIMENT

METNet: A combined p?iss working point (z ATL-PHYS-PUB-2021-025):

e F71 in ATLAS: Negative sum of calibrated momenta of hard objects
(e, p, T-jets, 7, jets)
e Plus soft term: Tracks from PV not associate to hard objects
e Different working points (WPs) defined for various pileup conditions
e E.g. "tight": Higher prt cuts on forward jets
e MetNet: MLP combining £ values from different WPs

e Based on event kinematics and conditions

Working Points

pr [GeV] for jets with: fIVT for jets with
Working point || <24 2.4 <|p| <4.5 JVT for jets with || < 2.4 2.5 < |n| < 4.5and pr < 120 GeV
Loose > 20 > 20 > 0.5 for pr < 60 GeV jets - @
Tight > 20 > 30 > 0.5 for pr < 60GeV jets <04 &
Tighter > 20 > 35 > 0.5 for pr < 60 GeV jets - x
Tenacious >20 >35 >0.91for 20 < pr < 40GeV jets < 0.5 &
> 0.59 for 40 < pr < 60 GeV jets g

> 0.11 for 60 < pt < 120 GeV jets

@
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MetNet ATLAS

EXPERIMENT

Trained among others on tt Extrapolates well to WW — (viv
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MetNet

Trained among others on tt
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e F7 definition depends on
process but MetNet performs
best for all

e Significantly better RMS than
any WP alone
e MET Scale generally good but
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Jet Calibration: GSC

ATLAS R=0.4 Jet Calibration Sequence

Reconstructed pr-density-based Absolute MC-based
jets pile-up correction calibration

Jet finding applied to Applied as a function of Removes residual pile-up Corrects jet 4-momentum 2
tracking- and/or event p«lefuf p; density dependence, as a to the particle-level energy —
calorimeter-based inputs. and jet area. function of it and N, scale. Both the energy and &

direction are calibrated.

calibration calibration -
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and energy leakage effects | s applied only to data =
using calorimeter, track, and|  to correct for data/MC I
muon-segment variables. differences. N
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EXPERIMENT

Global NN Calibration (GNNC)

e GSC Does not exploit
correlations of variables

e New method (GNNC) uses
MLP trained to predict pr
response

— Improvement over full pr range
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) ) &
ATLAS R=1.0 Jet Calibration ATLAS

EXPERIMENT

ATLAS R=1.0 Jet Calibration Sequence

Calorimeter energy Large-R jet Ungroomed large-R jets Jegzroomin

clusters (LCW scale) reconstruction (LCW scale) 8 e
Large-R jets are recon- Soft subjets are removed
structed using the anti-k. from the reconstructed
algorithm with R =1.0. jets.

Groomed large-R jets Residual in situ Groomed large-R jets

E, n & m calibration

particle jet scale.

0
(LCW scale) calibration (LCW+JES+]MS scale) E
)

3

A correction to the jet Residual correction S

energy, pseudorapidity determined using in situ =

and mass is derived from [ measurements to bring fd

MC to bring the data in agreement with [

reconstructed jet to the MC. Applied only to data. z

)

New @ ML4Jets: ML variant of full MC-based R=1.0 jet calibration

@ Ref. available soon
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JES + JMS ATLAS

Simultaneous Calibration of Jet Energy and Mass using ML

Model Architecture Method:

Input processing

e Predict responses

Re = Ereco’ Ry = Mieco

true 'true

e Modeled by Gaussians

E _E
Ypred = (,U O a,u’mvo-m)Pred

= Calibration Factors:
Dense (420) | :
Residual connection Ecalib = E'Em Mcalib = M,{;m
Donso @s0) ooy’ ny
e ore

Dense (140) |

ailable soon

' Ref. a

Mixture density network (MDN) loss: —— | |

1 rue — red 2
Lvpn = _log(P(}/truev}/pred)) = lOg(Upred) + EM 8/12
Upred
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8 3 ATLAS Simulation Preliminary
= °E | /5= 13 Tev, Pythia 8 dijet V. loss total
c Val. loss Energy
2= Val. loss Mass
£ Training loss total
E Training loss Enorgy
1= Training loss Mass

%é EXPERIMENT

e Multi-stage training process

Training Strategy

e First E & M simultaneous
e Then only M

e Alternative losses used in some
training stages

e To accommodate for

x10
Number of processed jets T; aSymmetriC response:

= 5 T iy Asymmetric MDN:

e 1e—m?/201 ifx <

5 s o500 Pumpna(x) = ) )
- G G 95000 1e(X7;1,) /202 ifx > m

I o ) Truncated MDN:

2 .
1e6=m7/29 if|x < u| < No
Ptrunc(X) =

0 otherwise
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Eta Annotation AT

EXPERIMENT

Complex dependence on 7

e With sharp changes from bin-to-bin due to
detector geometry/instrumentation

e Difficult for DNN to adapt to this

e Annotation strategy

3 — Add 12 features that are functions of
& — Encoding distance to different 7 regions
4 e Clear improvement:
n @ 18T -
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Results: Comparison to Standard Calibration

Response: E

S REaE R R S AR

TLAS Simulation Preliminary _,_ caioratca

Vs = 13 TeV, Pythia 8, dijet Standarg callbration
e < [50,80] GeV —e— DNN calibration

e €[0.0,0.2]

1.15

Jet Energy Response, R

0

|

0.85

3 | | | | | | | | 1]
0.8 500 1000 1500 2000 2500 3000 3500 4000 4500

P [GeV]
Improvement across the board

e DNN: better closure than calib. in response for E
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Results: Comparison to Standard Calibration

EXPERIMENT

Response: E Response: M

@ 12Ty D T R R R e S
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Improvement across the board
e DNN: better closure than calib. in response for E and M
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Jet Energy Response, R

Response: E

N
E ATLAS Simulation Preliminary _,_  caiorated B
115} s = 13 TeV, Pythia 8, dijet Standard calibration ]
E m™ &[50,80] GeV —e— DNN calibration B
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Improvement across the board

e DNN: better closure than

vailable soon

@ Ref. a

Jet Mass Response, R,

Response: M

B S
£ ATLAS Simulation Preliminary _, . c.iprated

E- Vs = 13 TeV, Pythia 8, dijet Standard calbration
e < [50,80] GeV —e— DNN calibration
7" €[0.0,0.2]

N
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500 1000 1500 2000 2500 3000 3500 4000 4500
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' Ref

calib. in response for E and M

e M response stable even in low and high pt regime
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Jet Energy Resolution, o(rg)

Resolution: E Resolution: M

0.3 P e A OB T
r ATLAS Simulation Preliminary _,_ ,caiorated 9 % r ATLAS Simulation Preliminary _, . c.ibrated 9
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Improvement across the board
e DNN: better closure than calib. in response for E and M

e M response stable even in low and high pt regime
e Resolution drastically improved
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Results: Comparison to Standard Calibration

EXPERIMENT

Pileup Stability: E Pileup Stability: M
W>0-006 T g £[z0-006p e g
<154 005E ATLAS Simulation_ Preliminary _,_ caiorated 3 o ZO_OOSf—ATLAs Simulation Preliminary _,_ yocaibrates 3
|3 =13 TeV, Pythia 8, dijet Standard caliration ~lz E s = 13 TeV, Pythia 8, dijet Standard calbration
0.004 g+ ¢ [300,500) Gev —— ONNeaibrolon 0.004 £ ¢ [300,500] Gev —- ONWoabnton 3
E 0.003F E
E 0.002 —
E o.oo1§__// 3
E o E
1 3 ~0.001 4
20 oo ENy
} - -0.003F -
B -3 BT B B - W N 000453 A 0808 T T2 T4 1618 5 b2
[rge] g Jrpiee] {

Improvement across the board

e More stable with respect to pileup
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Results: Comparison to Standard Calibration

Pileup Stability: E Pileup Stability: M
00081y e e g
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' Ref. a

Improvement across the board

e More stable with respect to pileup
e Outperforms standard calibration in many more aspects
e Modelling: Less dependent on MC generator
More stable across different 7 regions and processes (H, W/Z, top)
e More consistent across different flavours (q/g)
See publication for dedicated studies on these aspects
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Summary



Summary @EATLAS

XPERIMENT

Many ML applications for hadronic objects in ATLAS

e Calorimeter cluster classification and energy regression

— See Peter Loch's = talk

e F7 calibration (MetNet)
e Jet energy scale calibration

e R=0.4 jets: ML based GSC step (GNNC)
e R=1.0 jets: Full MC-based calibration (E and M) by single DNN

ML based methods perform best in all domains

e Important: Better response & resolution in MC are great, but
data/MC agreement & model independence should not be neglected!
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Appendix

for new ML-based JES+JMS calibration

@ Ref. available soon
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Samples & Features ATLAS

EXPERIMENT

Usage Process type ~ Generator Number of jets passing the selections (in millions) f
training, validation QCD dijet PyTtHia 8.230 ~ 270 i
validation W/zZ PyTHiA 8.230 ~20 2
validation top PyThia 8.230 ~15
validation Higgs PyThia 8.230 ~15
validation QCD dijet SHERPA 2.2.5 ~30

Table 1: Simulated samples used for training and validation

Name  Definition

LogE
Jet level LogM
7 Jet pseudo-rapidity

groomMRatio  Mass ratio between groomed and ungroomed jets
Width  ¥; priAR(i, jet)/(X; pri) where AR is the angular distance (sum over the jet constituents)
Substructure level  Split12,Split23  Splitting scales at the Ist and 2nd exclusive k7 declusterings [35]
C2,D2  Energy correlation ratios 36, 37]
21,732 N-Subjettiness ratios using WTA axis [38, 39]
Qw  Smallest invariant mass among the proto-jets pairs of the last 3 steps of a k7 reclustering sequence

EMFrac fraction deposited in the electromagnetic calorimeter
EM3Frac fraction deposited in the third layer of the electromagnetic calorimeter
TileOFrac gy fraction deposited in the Ist layer of the hadronic calorimeter

Detector level EffiNConsts  (3; E)?/(X; E?) (sum over the jet constituents)
NeutralFrac  Energy fraction from neutral constituents
ChargedPTFrac  pr fraction from charged constituents
ChargedMFrac ~ Mass fraction from charged constituents

Mean number of interactions per bunch crossing

Eventlevel NPV Number of primary vertices per event

Table 2: The input features of the DNN. ]


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/JETM-2023-02/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/JETM-2023-02/
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