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Part I

Jet Origin and Evolution
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Blue and green cone: recombined by jet clustering algorithm



阶段 (Stage) 物理本质 (Physics)
空间尺度 (Spatial 

Scale) 时间尺度 (Timescale)

1. Hard Scattering 点对点硬散射 10^−18∼10^−16 m 10^−26∼10^−24 s

2. Parton Shower 微扰 QCD 辐射 ∼10^−15 m ∼10^−23 s

3. Hadronization 非微扰夸克禁闭 10^−15∼10^−13 m 10^−23∼10^−22 s

(Unstable Decay) (重强子弱衰变) (毫米级 ∼10^−3 m) (皮秒级 ∼10^−12 s)

4. Detection 硬件宏观响应 1 mm∼11 m 30 ns∼几 μs

Before inner detector

Inner.
Cal.
MS.

Hard Scattering    →   Parton Shower   →   Hadronization     →    Detection  
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Hard Scattering    →   Parton Shower   →   Hadronization     →    Detection  

Collinear Divergence:  𝜎 →  ∞

Infrared Divergence:  𝜎 →  ∞

Infrared and Collinear Divergences

1-z: radiative quark moment fraction

Theory: safe 
KLN guarantees the sum 
of real and virtual process 
in NLO is valid and finite 
cross section

Experiment: trouble
Need special process
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Hard Scattering    →   Parton Shower   →   Hadronization     →    Detection  
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• As color-charged partons recede from each other, the color field is 

squeezed into a high-tension "color string"

• potential energy increases linearly with distance. 

• When this string becomes sufficiently stretched, it snaps by 

spontaneously creating new quark-antiquark pairs from the vacuum

• transforming the remnant energy into a collimated spray of stable, 

colorless hadrons.



Part II

Anti-kt clustering algorithm
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中：喷注的定义，是理论物理学家与实验物理学家之间签下的法律合同

Inputs to jet algorithm
Small jet R=0.4: 
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算法家族 (Family) 具体代表算法
红外安全
(Infrared)

共线安全
(Collinear)

洛伦兹推进不变
性(Boost 
Invariant)

阶次独立性(Order 
Indep.) 实验重构几何外观 & 核心缺陷

传统锥算法(Seeded Cone) JetClu, MidPoint  / 
完美的正圆形。但存在“幽灵搭桥”和“化整为零”的致

命理论缺陷，LO以上计算直接发散。

无种子锥算法 SISCone (2007)
接近圆形（存在分裂合并变形）。实现了理论安全，但计

算复杂度高达 O(N2lnN)，在LHC高堆积下直接卡死。

传统顺序重组 kt​ 算法 (1993)
不规则“橡皮泥”状。软粒子先凝聚，导致边缘极度容易

吃进 Pile-up 噪声，实验上根本无法进行能量校准。

空间顺序重组 C/A 算法 (1997)
较不规则状。纯空间几何聚类，无视动量。虽然无法直接
校准，但如今是**喷注子结构（Substructure）**的王牌工

具。

新一代 Anti-kt​ (2008)
完美的正圆形。硬粒子作为种子向外无情抽吸，完美融合
了理论安全与实验易校准性，计算复杂度仅为 O(NlnN)。

Jet clustering algorithm: Clustering algorithm development
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Anti-Kt: definition and procedures
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Anti-kt in action

High pt object first

Until d_iB becomes the least
Making dij = 1e100
And do pt cut
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General behavior for boundary

1

2 3
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Area-related properties I Passive Area (a): Measures the jet's sensitivity to isolated point 
radiation (such as a single perturbation soft gluon).

Active Area (A): Measures the jet's susceptibility to diffuse 
background radiation in the detector (such as low-event UEs, pile-up 
noise).
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➢ Back-Reaction: jet includes additional noise 
and impact the clustering order of PFOs  

➢ Anti-kt: high pt PFOs first

Other algorithms(SISCone, kt, C/A)::
• Susceptible to back-reaction
• The misassignment probability scale is directly 

governed by the pile-up background density
Anti-kt:
• Strongly suppresses back-reaction. 
• Fluctuations are actively suppressed by the 

jet's own hard scale p_tJ instead of 
background fluctuations. 

Area-related properties II
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Anti-kt: Non-Global Logarithms Anti-kt: Milan Factor

• Theoretical Bottleneck: Traditional soft-adaptable 
boundaries dynamically distort under soft emissions, 
causing highly complex, non-linear coupling in all-
order single-logarithmic resummations

• Anti-kt Solution: Because its boundaries are 
completely unaffected by soft radiation, the jet 
behavior mathematically reduces to that of an ideal, 
rigid geometric cone.

• Theoretical Edge: This rigid boundary immensely 
decouples the single-logarithmic non-global terms, 
significantly simplifying higher-order perturbative 
QCD calculations.

• Physical Essence: The Milan factor (M) is a universal 
correction coefficient used in non-perturbative 
hadronization calculations to account for soft gluon 
branchings at large angles.

• Traditional Bottleneck: In most algorithms, the random 
clustering of soft particles near the jet boundaries 
destroys the strict linear dependence on soft momenta, 
completely breaking the universality of M

• Anti-kt Solution: Thanks to its soft-resilient rigid 
boundary, the linear momentum relation is perfectly 
preserved

• Phenomenological Edge: It miraculously restores the 
universal value of the Milan factor (M=1.49), making 
non-perturbative theoretical predictions exceptionally 
robust and precise

Other properties
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Example application: top reconstruction



Part III

Summary
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Summary
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➢ Overview of jet origin and evolution

➢ Anti-kt successfully bridges the gap between theoretical safety and experimental feasibility

• delivering the regular conical shape of ideal cone algorithms 

• maintaining strict infrared and collinear (IRC) safety

• possessing a soft-resilient, rigid boundary that is completely unaffected by soft radiation

• achieving an active jet area exactly equal to its passive area (𝜋𝑅2) 

• Excellence performance in test, rigid boundary does not sacrifice mass resolution.

Mathematically safe, Fast( 𝓞(𝑵𝒍𝒏𝑵) ), Robust 



Thanks
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PDF from Matteo Cacciari FeynRules/MadGraph School November 2018, Hefei
Material from Gavin Salam and Grégory Soyez 
Illustration of the detection of particles in the ATLAS experiment from Lakmin Wickremasinghe

Rough description of references



Part V

Backup
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KLN → Experiment
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