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output size = input size
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Table 2. Particle input features used for jet tagging on the JETCLASS, the top quark tagging (TOP) and the quark gluon tagging (QG)
datasets. For QG, we consider two scenarios: QGexp 18 restricted to use only the 5-class experimentally realistic particle identification
information, while QGyg,y uses the full set of particle identification information in the dataset and further distinguish between different

types of charged hadrons and neutral hadrons.

o - 2 Category Variable Definition JETCLASS TOP QGeyp QG
LE%EE)J =2 An difference in pseudorapidity n between the particle and the jet axis v v v v
Ao difference in azimuthal angle ¢ between the particle and the jet axis v v v v
log pr logarithm of the particle’s transverse momentum pr v v v v
Kinematics log E logarithm of the particle’s energy v v v v
log = éet) logarithm of the particle’s py relative to the jet pr v v v v
log BGeD) logarithm of the particle’s energy relative to the jet energy v v v v
AR angular separation between the particle and the jet axis (1/(An)2 + (Ag)?) v v v v
=y o ~ charge electric charge of the particle v — v v
=ACIR partlde ID fd‘ C\: Electron if the particle is an electron (| pid|==11) v — v v
Particle Muon if the particle is an muon (| pid|==13) v — v v
identification = Photon if the particle is an photon (pid==22) v - v v
CH if the particle is an charged hadron (| pid|==211 or 321 or 2212) v — v Ve
NH if the particle is an neutral hadron (| pid|==130 or 2112 or 0) v - v 2
tanh dy hyperbolic tangent of the transverse impact parameter value v — — —
?Ej‘ gg/n\ 5 j_\'z Fo EE I%IE Trajectory tanh d hyperbolic tangent of the longitudinal impact parameter value v — — —
displacement Od, error of the measured transverse impact parameter v — — —
Od, error of the measured longitudinal impact parameter v — — —
“(1pid|==211) + (|pid|==321)%0.5 + (|pid|==2212)+0.2
DR T ) RN T ) o T e SRR e -
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QCD community have developed sofisticated thoeretical treatment about this.
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» RYIDEHIRILF—EZE Partons(quarks and gluons) {y}

- BEDHBZP Y b P({x;} 1 {y,})

- YT hOHRO/\ROYV

P(hadrons in jets | parton ~ jet) = P({x;} | {y})

c BHOBEDHZDZANY M Z2HDOER

P({x;}, 171, (o) 1p1) ~ PUx; Y DPUAX Y} PUYe > Y51
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ATTENTION —CROSS Attention IC &k % P(h| subjets) Sl

InPUt X skip connection X = X + O
(R=1Djet)

Particles Cross attention
| REPEAT
B I & Global MAX
| —~MLP
l (Extract global information)

*

& .
Local information via Subjets (V, K) @ (rR=0303Yzv )



https://arxiv.org/abs/2404.14677
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Hard scattering Jet function Parton shower

LHC process REVILE FULTTTETTTITY

o(pp — a,b — Njets) ~ Hy | B BbHJk RSN,
L=
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ETCDT—H5%F EHTself attention 5 & DS IEEIR U AR LN

Q(constituent) x: Q(constituent) x
AV =( K(constituent) K(subjet) Y, Q b < b Vv b
o M R S = Q(subj) K(subj) V(subj) +

K(constituent)

—73 cross attention ICF 5 & Q(Dyy (1)) - K(Pyy (1))
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Mixer Layer |
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MLP 2: feature IC/EAAE Y. fiFZFXH 5,
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Skip-connections Skip-connections
particles l
feature ) L
- MLP 2
§ e " —( MLP | g = MLP2 }—»
Z Q3 —( MLP | /TQ Z [ MLP2
= c T g% MLP 1 - = MLP 2
> 5 A o1
= D o — (MLP 1 = MLP 2
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Performace comparable to Particle Transformer but much faster and lighter

Models AUC R50% #Parameter Time (GPU%)
ParT 0.9858 413+-16 2.14M 612
Mixer+subjet (CA)|  0.9856 392+-5 86.03K 33
(AK) 0.9854 375+-5 86.03K 33
(HDBSCAN) 0.9859 416+-5 86.03K 33
LorentzNet 0.9868 498+-18 224K
s 0.9869 : 45K ;

(Lorents Invariance)

*Subjet cone size R=0.3
*HDBSCAN is algorithm without distance measure




Performace comparable to Particle Transformer but much faster and lighter

Models AUC R50% #Parameter Time (GPU%)

ParT 09858 | 413+16 | 2.14MERIE
Vixerssubjet(CA)  0.9856  392+5  8603K | 33
(AK) 09854  375+5  B8603K 33
(HDBSCAN) 09859 416+5 86.03K 33

LorentzNet 09868  498+18 224K |
s 0.9869 : =T, :
(Lorents Invariance) | FAST

*Subjet cone size REGHGH PERFORMANCE WITHOUT

*HDBSCAN is aIgoriterJnSmt(ﬁoul’(Ocﬁ‘sEtNTS INVARIANCE

ance measure




APPLICATION 2
TOWARD GLOBAL EVENT ANALYSIS

Figure 2: Feynman diagram for the signal process.




cross attention motention for 2 fatjet events

45 i)

MLP & softmax

. J

CROSS ATTENTION

-

&

We can replace

transformer to

“mixer+subjet”
network

NSYRT A=Y~
AVl N b

1st Leading
jet

ADD
Transformer
2nd leading jet
jet kinematics

i3

step 2 :multihead cross attention

transform jet kin by

cross Att. [substracture]x [jet kin]

step 1 : multihead self attention
[substructure ]x[substructure]
[jet kin]x [jet kin]
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INPUT TO NETWORK : EVENT KINEMATICS

¢

Kinematical inputs (3, 6)
tatjet 1 = (my, 1, ¢y, pri» E1), 0,
tatjet 2 = (m,, n,, ¢», p1, E5), 0,
H candidate = (m,, 75, Q15 P17, E15), 015 = 0

NOTE :

1.”5 inputs for 4 momentum" ,

2. H candidate momentum as sum
of the fat jet momentum.

3. add "0" :the correlation beyond

mj~1 25GeV

fatjet 1 /

0: Ty NEIERDIEHRILDI=HDE

Mt
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-
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mj~1 25GeV

a subjet

i

beam direction




factor 5 improvement at the same acceptance.

LT — Auc (Jets only (self-attention))— 844% AT
= —— AUC (Kinematics only (self-attention))= 91.6%
S U8 — AUC (Jets+Kinematics (self-attention))=95.0% +  [|
; AUC (Jets+K1nematlcs (cross-attention))= 98. 8%
L e e T SN S S A | -
i
B!
O -
Q‘ 04 e L 0=3c O PP V. P UV AU . M
<>,
s
av
LT_‘ I i A D e e e e e e e e e
0.0 i e T I s o
0.0 0.2 0.4 0.6 1.0

Signal efficiency

Cross attention improves the rejection
efficiency significantly

False positive rate

IMPROVEMENT USING CROSS ATTENTION

(because QCD background is correlated)

Decay correlation is important

_________

——————————————————————————————————————————————————————————————————————————————
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Signal efficiency
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Comparison to LEP data i

m Inclusion of NNLL potentially
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Colour is handled using the NODS scheme which gives full colour _
accuracy at NLL for global observables (includes those shown) m A comprehensive study of

shower uncertainties is still to
be done.
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