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ATLAS Simulation Preliminary —— DeParT
13 TeV, Pythia8 ParT
;\anti—kT, R = 0.4 PFlow jets

—-—- P.Net
PFN
FC
FC red.
EFN

Model AUC 5;1@5q — 0.5 # Params [10°] Inference Time [ms] GPU Memory [MB]

DeParl 0.8489 15.4242 2.62 2606.51 1684
Par'T 0.8479 15.2457 2.62 233.84 1730
ParticleNet  0.8476 15.4402 2.99 768.74 5410

PEFN 0.8406 14.2387 2.64 136.93 393
FC 0.8280 13.5199 2.63 65.53 76
FC reduced 0.8038 10.3639 2.63 84.84 47
EFN 0.7761 7.7222 2.60 101.53 337

0.1 0.2 03 04 05 06 0.7 0.8 09 1.0
e

fixed total # params —> similar performance
= DeParT outperforms ParT

ParticleNet - expensive at 2.6 M params



ATLAS Simulation Preliminary —e— py Sh CI.
13 TeV, DeParT, 50% WP —=— Hw Dip. Sh St.
anti-kt, R = 0.4 PFlow jets

—%— Sh Dire —4— PhPy
—— Hw Ang. PhHw

big difference from nominal
only PhPy is similar

the same PS and Had.
PS and Had. —> big effect
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ATLAS Work in progress
VS = 13TeV, 140 fb~!
110GeV<pr<160GeV,32<|n|<4.5

ATLAS Work in progress
VS = 13TeV, 140 fo~?
800 GeV<pr<1.1TeV,00<|n| <12

Normalized event
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Data / MC
Data / MC

0.8 1.0 0%0 . . . 0.8 1.0
DeParT Score DeParT Score

measure efficiency on data

calibration = correct differences between MC and data



jet = jet w/ = enriched
jet = jet w/ higher eta = enriched

dijet event \f 9
orwar

By :

kX, smaller

Pr(X) = frp, 0+ = f

pcx) = f; +(1 - f/



Jet Topics

assume additional condition (mutual

estimate mixing fractions f/, f /. from MC irreducibility) on

solve equations for :

MC based

get , directly from p.(x), p(x)

use MC only as a correction

reduced MC dependance

en

ATLAS Work in progress - Matrix s ' ATLAS Work in progress —  Matrix
VS = 13 TeV, 140 fb~1, Gluon ~—- Topics . VS = 13 TeV, 140 fb~!, Quark ~ =~ Topics
800 GeV<pr<1.1TeV,00<|n[<12 .. Topics w/o corr. o 800 GeV <pr<1.1TeV,0.0<|n|<12  —.. Topics w/o corr.
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ATLAS Work in progress
VS = 13TeV, 140 fb~*

50% WP, Jet Topics
0.0<|n|<1.2

ATLAS Work in progress
VS = 13TeV, 140 fo~?
50% WP, Jet Topics
0.0<|n|<12
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UNCERTAINITIES
Matrix Method Jet Topics

1. statistical

1. statistical
2. JES/JER, JVT, PU

2. JES/JER, JVT, PU
3. sample independence

3. sample independence

4. MC non-closure

4. MC non-closure
5. K extraction

6. k(q, g), k(g,g) modelling




Scale Factor

Relative Total
Uncertainity
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smaller uncertainities of jet toplcs
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| ATLAS Work in progress
- Vs = 13TeV, 140 fo~?
- 50% WP, 0.0 < |n| < 1.2, Quark

—8— Matrix Method :
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ATLAS Work In progress
[ Vs = 13TeV, 140 fb~1
- 50% WP, 0.0 < |n| < 1.2, Gluon

—8— Matrix Method -
-4~ Jet Topics

Relative Total
Uncertainity
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ATLAS Work in progress

Vs = 13 TeV, 140 fb~ 1, Jet

Topics, DeParT, Quark, 50% WP
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ATLAS Work in progress
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RN | e % ATLAS Simulation Preliminary —e— py Sh ClI.

13 TeV, DeParT, 50% WP —=— Hw Dip. Sh St.
anti-kt, R = 0.4 PFlow jets ¥— Sh Dire —— PhPy

MC dependence B

ATLAS  work in progress >— Matrix Method
Vs = 13TeV, 140 b1 _m- Jet Toni
2.0} 50% WP, 0.0 < |n| < 1.2, Quark et lopics

¢'I'lllllll

Jet Topics calibration - reduces uncertainties

Relative Total
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ATLAS Work in progress —8— Pythia
Vs = 13TeV, 140 fo~! —— Data

50% WP, Jet Topics
00<|n|<12

Performance measurement in data JEES U

K.

ATLAS Work in progress
Vs = 13 TeV, 140 fb~1, Jet Topics, DeParT, Gluon, 50% WP
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THANK YOU!
QUESTIONS?







20% WP

ATLAS Simulation Preliminary o— DeParT
13 TeV, Pythia8, 50% WP ParT
anti-kt, R = 0.4 PFlow jets

—¥— P.Net

——— FC red.
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higher = bigger MC dep.
EFN - lowest MC dep.

const. based - significantly bigger

80% WP

ATLAS Simulation Preliminary o— DeParT
13 TeV, Pythia8, 80% WP ParT
anti-kt, R = 0.4 PFlow jets

—¥— P.Net

——— FC red.
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EXTRACTION OF PURE DISTRIBUTIONS 19
pelx) =fir, 0+ =10
prx) = fip, o+ = f7)

- Pr0)=k(F, C)p(x)
T I-«F O
_ pcx)=k(C, F)pp(x)
T 1-kCF)
Pp(X) P

F,C) = mi C,F) = mi
<6 . pc(x) G5 e Pr(X)




EXTRACTION OF PURE DISTRIBUTIONS 20
»mutual irreducibility not satisfied x(q, g) # 0, x(g, g) # 0 —> MC correction

- Pyl = x(g, 8)) + (1 = (8, @)K(q, 8)p, ()

I = x(g, 9)x(q, 8)
Pyl = K(8, ) + (1 — (g, 8))K(g, )Py o(X)

1 —x(q, g)x(g, q)




ion 2010
|tan 6] x cos ¢

t

ATLAS simu_la

¢ uis x |g uey|

0.05
|tan 6| X cos ¢

Pythia 6.425 =~

ATLAS simulation 2010

¢ uis X |p uey|




TRAINING REQUIREMENTS

22

1. prindependence q train on 2D flat
distribution

2. nindependence
1. flattening weights

' 2. union of 3 2D flat

regions

training MC
amount limitation

pT range nrange Total size Relative size Num. of n bins Num. of pt bins
20 < pt < 160 GeV In| < 4.5 S5S0M 49 %o 10 10

160 < pr < 1300GeV  |p| <2.1  50M 49 % 6 10
1300 < pp <2000GeV  |p| < 1.2  2.1M 2 % 4 10




PARTON TRUTH LABEL ID 23

jet q/g PID = ID of hardest ghost-associated truth parton in a jet

reco jet

-

ghost associate recluster jet

truth jet



TAGGING EFFICIENCY MEASUREMENT STRATEGY

24

1
€,(Xwp) = J P, (x) dx

WP

1 — 8Data

effSF =

1 — eMC

AWP

0.0 0.5 1.0
score 0.0

WP

1
&,(Xwp) = J P,(x) dx

0.5

1.0
score



REWEIGHTING

25

pr) = [, 0+ = f9) pelx) = f2p (041 = £9)

differences fwd/cntrl for quark and gluons due to detector —> reweight

Oth order unfolding

q
pe) = W) - pet) = 222
pc(x)




JETTOPICS

26

2 / can be mathematically extracted from p(x) & py(x):
- pr)—k(F, C)p(x) _ P)—K(C, F)pp(x)
1 — x(F, C) | — x(C, F)

» reducibility factor k = largest substracted amount possible

pF(X)—K(F, C)pc(X) > () K(F, C) — min pF(x)
x  pelx)



QUANTILE REBINNING, ANCHOR BIN QUANTILED 27

combine bins to reduce statistical uncertainty use the formula for x directly on
try to obtain an equal amount of counts in rebinned ditributions
each bin

vary the bin size utilize

each bin is characterized with cumulative multiple bins

sum fraction k(F,C) =exp (— max In

Prq) ng pr(x) + pc(x) dx
g =
q pPc(q) )

[P + pel®) dx



CONDITIONS 28

1. — and are same in all mixtures

2 ~fL# S

same with Matrix Method

3. — existence of pure quark and pure gluon phase

space regions.

This implies:

k(¢,g) = min = k(g,q) = min =0



MUTUAL IRREDUCIBILITY

29

» mutual irreducibility not satisfied in MC

» if we know k(g, ) and (g, g) than pure quark and gluon distributions are

Pyl = x(g, 8)) + (1 = k(8, 9)K(q, 8)Pg|4(X)

Po0) = 1 - x(g, 9)x(q. 8)
Pyl = x(g, q)) + (1 = x(gq, 8)IK(8 q)py|4(X)

1 —x(q, g)x(g, q)

Po(X)
» the x(qg, g) and (g, g) are given from MC and:

Pr(x) — k(F, C)p(x)
K(q,8) =0 Py(x) = ﬁ

pp(x) — K(F, C)p(x)
K(q,8) # 0 el Dylg(X) = W



PT range nrange  Total size Relative size Num. of 7 bins Num. of pt bins
20 < pt < 160 GeV <4.5 SOM 49 %o 10 10
160 < pt < 1300 GeV < 2.1 SOM 49 Y% 6 10
1300 < pt < 2000 GeV <1.2 2.1M 2 %o 4 10

Training Dataset 102M jets
Validation Dataset 3M jets
Parameter Number of Epochs (*) 10

Batch Size (*) 1024
Embedding Dimension Normalization Layer adaptation on 150 batches

Self-Attention Block Layers
Class Attention Block Layers Optimizer Adam
Heads Learning Rate (*) 0.0001
Expansion P
Dropout : P

Stochastic Depth Drop Rate € | |
e qe s Learning Rate Scheduling Cosine Decay
Layer Scale Initialization

‘ Minimum Learning Rate 1070
Number of Embedding Layers Warmup (*) Linear (20K steps)

Size of Embedding Layers Clip Norm 0.8
Number of Interaction Embedding Layers Loss
Size of Interaction Embedding Layers Loss Binary Cross Entropy

Activation Label Smoothing None
Weight Decay None

Optimizer




