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•

•



{𝑗1, 𝑗2, 𝑗3, 𝑗4, 𝑗5, 𝑗6, 𝑗7, 𝑗8}

{𝑏, 𝑞′, ∅, 𝑞′, 𝑏′, ∅, 𝑞, 𝑞}

Match Jets to Parton Labels

Garbage Jets

Set of Jets

Targets

•

•

•

•

•

•

•



This modeling task reduces to a unique set assignment problem.

{𝑗1, 𝑗2, … , 𝑗𝑁}

Input is a set of size 𝑵

Output is another set of size 𝑵 
with each 𝒑 ∈ ∅, 𝒕𝟏, 𝒕𝟐, … , 𝒋𝑪  𝒔. 𝒕. 𝒑𝒊 ≠ 𝒑𝒋 𝒐𝒓 𝒑𝒊 = ∅

{𝑝1, 𝑝2, … , 𝑝𝑁}

{∅, 𝑡1, 𝑡2, … , 𝑡𝐶}

Possible Targets are a set of size 𝑪 ≤ 𝑵 and a special null target ∅ 



•

•

•

{𝑗1, 𝑗2, 𝑗3, 𝑗4, 𝑗5, 𝑗6, 𝑗7, 𝑗8}
Set of Jets



•

•

•



•

•

•

𝑗1, 𝑗2, 𝑗3, 𝑗4, 𝑗5, 𝑗6, 𝑗7, 𝑗8 ≅ 𝑗3, 𝑗7, 𝑗1, 𝑗2, 𝑗8, 𝑗4, 𝑗6, 𝑗5

𝑏, 𝑞′, ∅, 𝑞′, 𝑏′, ∅, 𝑞, 𝑞 ≅ {∅, 𝑞, 𝑏, 𝑞′, 𝑞, 𝑞′, ∅, 𝑏′}

•

•

•







Vectors







𝑥1

𝑥5

𝑥4 𝑥3

𝑥2



•

•



𝐻
𝐷

𝐻



•

•

•

•







https://scipost.org/SciPostPhys.12.5.178
https://github.com/Alexanders101/SPANet


This modeling task reduces to a unique set assignment problem.

{𝑗1, 𝑗2, … , 𝑗𝑁}

Input is a set of size 𝑵

Output is another set of size 𝑵 
with each 𝒑 ∈ ∅, 𝒕𝟏, 𝒕𝟐, … , 𝒋𝑪  𝒔. 𝒕. 𝒑𝒊 ≠ 𝒑𝒋 𝒐𝒓 𝒑𝒊 = ∅

{𝑝1, 𝑝2, … , 𝑝𝑁}

{∅, 𝑡1, 𝑡2, … , 𝑡𝐶}

Possible Targets are a set of size 𝑪 ≤ 𝑵 and a special null target ∅ 



The simplest approach to unique set classification 
would be independent classification.

{𝑝1, 𝑝2, … , 𝑝𝑁}

{𝑗1, 𝑗2, … , 𝑗𝑁}
𝑓𝜃

{ റ𝑑1, റ𝑑2, … , റ𝑑𝑁}

𝑓𝜃

𝑚𝑎𝑥

•

•

•



{𝑓𝜃 𝑆1 , 𝑓𝜃 𝑆2 , … , 𝑓𝜃 𝑆𝑘𝐏𝑇 }

{𝑗1, 𝑗2, … , 𝑗𝑘}𝐶

{𝑆1, 𝑆2, … , 𝑆𝑘𝐏𝐶}𝑓𝜃 𝑆 ∈ ℝ.

𝐏𝐞𝐫𝐦𝐮𝐭𝐞

𝐒𝐜𝐨𝐫𝐞

•

• 𝑂 𝑁𝐶



Particle Classification Stage

Jet
Permutation 
Stage

Jet
Permutation 
Stage



𝒒𝟏𝒒𝟐𝑏𝑞1
′ 𝑞2

′ 𝑏′ 𝒒𝟐𝒒𝟏𝑏𝑞1
′ 𝑞2

′ 𝑏′

𝑞1𝑞2𝑏𝒒𝟏
′ 𝒒𝟐

′ 𝑏′ 𝑞1𝑞2𝑏𝒒𝟐
′ 𝒒𝟏

′ 𝑏′

𝑞1𝑞2𝑏𝒒𝟏
′ 𝒒𝟐

′ 𝒃′ 𝒒𝟏
′ 𝒒𝟐

′ 𝒃′𝑞1𝑞2𝑏

𝒒𝟏𝒒𝟐𝒃𝒒𝟏
′ 𝑞2

′ 𝑏′ ≠ 𝒒𝟏
′ 𝒒𝟐𝒃𝒒𝟏𝑞2

′ 𝑏′



𝑿
(1,1) 𝑁, 𝐷

𝚯 (0, 𝐾)
𝐷, 𝐷, … , 𝐷 .

𝑿 𝚯.

𝑲 𝑷
𝑶.



𝑝 𝑗1, 𝑗2, … = 𝑝 𝑗2, 𝑗1, … .

 𝚯

𝑮𝑷 ⊆ 𝑺𝑲

𝑗1, 𝑗2, … , 𝑗𝐾

𝑺
𝜽 𝑮𝑷

𝑿  𝑺.

𝑷
𝑶





• Train symmetric joint-distributions using a simple categorical cross-entropy.
• One special difference

• The target 𝒯 is not a delta distribution! 
• 𝒯 will be non-zero for every valid symmetric assignment.



•

• 𝐺𝐸 ⊆ 𝑺𝑚

𝑃1, 𝑃2, … , 𝑃𝑚

•

•



• 𝒳2 
•

• 𝑡𝑡𝑡𝑡

𝑡 ҧ𝑡 𝑡𝑡𝐻 𝑡𝑡𝑡𝑡



• 𝒳2 
•

• 𝑡𝑡𝑡𝑡



https://www.nature.com/articles/s42005-024-01627-4


•

•

•

•

•

•

•



𝐾𝑖,𝑗 = 𝜙 𝑘𝑗; 𝑘𝑖  𝑗′𝑡ℎ 𝒊′𝐭𝐡

𝑉𝑖,𝑗 = 𝜙 𝑣𝑗; 𝑣𝑖 𝑗′𝑡ℎ 𝒊′𝐭𝐡
𝑄𝑖 = 𝜙 𝑞𝑖; 𝑞𝑖 𝑖′𝑡ℎ 𝒊′𝐭𝐡

𝜙(𝑢; 𝑣)



•

•

• 𝑂,

𝜙 𝑢; 𝑣 = 𝑢



•

•

•





X1 X2 X3 X4XE

Transformer Encoder

Y1 Y2 Y3 Y4YE







• ttbb ttH 

•

• ttH ttbb

• ttbb
•

•

•





𝑡 ҧ𝑡

𝑍’



•

•



https://arxiv.org/abs/2404.18807


Unfolding

Simulator



𝑐 𝑧 = 𝑥 + 𝜖 Ƹ𝜖 = 𝑓𝜃 𝑧, 𝑐





X1 X2 X3 X4Z

Transformer Encoder

Y1 Y2 Y3 Y4E

•

•

ො𝝐







•

•

•

• 𝑀 ≠ 𝑁





X1 X2 X3 X4X0

Transformer Encoder

Y1 Y2 Y3 Y4Y0
෡𝑵
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