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▪ veto radiation above a low scale 𝑄0 outside jets

▪ particles inside jet carry large energy 𝑄 ∼ Ƹ𝑠

➢ non-global logarithms 𝐿 = ln Τ𝑄 𝑄0
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▪ veto radiation above a low scale 𝑄0 outside jets

▪ particles inside jet carry large energy 𝑄 ∼ Ƹ𝑠

➢ non-global logarithms 𝐿 = ln Τ𝑄 𝑄0

▪ Glauber gluon exchange between initial-state partons breaks color coherence

➢ complicated structure at higher order

➢ super-leading logarithms (SLLs)

GAP-BETWEEN-JET CROSS SECTION

[Forshaw, Kyrieleis, Seymour: JHEP 08 (2006) 059]
[Becher, Neubert, Shao: Phys. Rev. Lett. 127 (2021) 212002]
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▪ real and imaginary part of large logarithms

▪ realistic values, e.g. 𝑄 = 1 TeV and 𝑄0 = 40 GeV
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▪ real and imaginary part of large logarithms

▪ realistic values, e.g. 𝑄 = 1 TeV and 𝑄0 = 40 GeV

▪ expansion in two 𝒪 1 parameters
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▪ real and imaginary part of large logarithms

▪ realistic values, e.g. 𝑄 = 1 TeV and 𝑄0 = 40 GeV

▪ expansion in two 𝒪 1 parameters

▪ resummation of SLL (ℓ = 1) done

GAP-BETWEEN-JET CROSS SECTION

[Becher, Neubert, Shao: Phys. Rev. Lett. 127 (2021) 212002]
[Becher, Neubert, Shao, MS: in preparation]
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FACTORIZATION THEOREM

▪ Factorization theorem for 𝑝𝑝 → 𝑀 jets:

[Becher, Neubert, Rothen, Shao: Phys. Rev. Lett. 116 (2016) 192001]
[Becher, Neubert, Rothen, Shao: JHEP 11 (2016) 019]
[Becher, Neubert, Shao: Phys. Rev. Lett. 127 (2021) 212002]
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FACTORIZATION THEOREM

▪ Factorization theorem for 𝑝𝑝 → 𝑀 jets:

▪ Hard function in color space energy integrals including 
phase space constrains

[Becher, Neubert, Rothen, Shao: Phys. Rev. Lett. 116 (2016) 192001]
[Becher, Neubert, Rothen, Shao: JHEP 11 (2016) 019]
[Becher, Neubert, Shao: Phys. Rev. Lett. 127 (2021) 212002]
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FACTORIZATION THEOREM

▪ Factorization theorem for 𝑝𝑝 → 𝑀 jets:

▪ Hard function in color space

▪ Soft and collinear dynamics in lowest order at 𝜇𝑠 ∼ 𝑄0

energy integrals including 
phase space constrains

[Becher, Neubert, Rothen, Shao: Phys. Rev. Lett. 116 (2016) 192001]
[Becher, Neubert, Rothen, Shao: JHEP 11 (2016) 019]
[Becher, Neubert, Shao: Phys. Rev. Lett. 127 (2021) 212002]
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RENORMALIZATION GROUP EVOLUTION

▪ RG evolution from 𝜇ℎ ∼ 𝑄 down to 𝜇𝑠 ∼ 𝑄0
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RENORMALIZATION GROUP EVOLUTION

▪ RG evolution from 𝜇ℎ ∼ 𝑄 down to 𝜇𝑠 ∼ 𝑄0

▪ Anomalous dimension matrix 𝚪𝐻 = 𝚪𝐶 + 𝚪𝑆 with
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RENORMALIZATION GROUP EVOLUTION

▪ Different parts

▪ Explicit expressions

direction of emitted gluon
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RENORMALIZATION GROUP EVOLUTION

▪ Different parts

▪ Explicit expressions

▪ Anomalous dimension matrix at 1-loop

direction of emitted gluon
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COLOR TRACES

▪ three important properties restrict possible combinations

[Becher, Neubert, Shao: Phys. Rev. Lett. 127 (2021) 212002]
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COLOR TRACES

▪ three important properties restrict possible combinations

▪ color trace including all double logarithms and Glauber phases

▪ special case: ℓ = 1 SLL origin of 𝜋2

[Becher, Neubert, Shao: Phys. Rev. Lett. 127 (2021) 212002]
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POSSIBLE COLOR STRUCTURES

▪ starting point for arbitrary representations

angular integral (anti-symmetric 1↔ 2)
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POSSIBLE COLOR STRUCTURES

▪ starting point for arbitrary representations

▪ 𝑽𝐺 and 𝚪𝑐 are symmetric under 1↔ 2 and act only on partons 1 and 2

➢ two types of color structures

angular integral (anti-symmetric 1↔ 2)

come with angular integral 𝐽12 (symmetric 1↔ 2)
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POSSIBLE COLOR STRUCTURES - QUARKS

▪ (anti-)fundamental generators of 𝑆𝑈(𝑁𝑐)

[Böer, Neubert, MS: arXiv:2304.xxxxx]
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POSSIBLE COLOR STRUCTURES - QUARKS

▪ (anti-)fundamental generators of 𝑆𝑈(𝑁𝑐)

▪ structures with 𝑻𝑗 (anti-symmetric 1↔ 2) and without 𝑻𝑗 (symmetric 1↔ 2)

only for odd number of 𝑽𝐺

[Böer, Neubert, MS: arXiv:2304.xxxxx]
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POSSIBLE COLOR STRUCTURES - GLUONS

▪ adjoint generators of 𝑆𝑈(𝑁𝑐)

▪ could generate more and more complicated structures

➢ need different approach!
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POSSIBLE COLOR STRUCTURES - GLUONS

▪ adjoint generators of 𝑆𝑈(𝑁𝑐)

▪ could generate more and more complicated structures

➢ need different approach!

maximal number
(without symmetry constrains)
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POSSIBLE COLOR STRUCTURES - GLUONS

▪ adjoint matrices of 𝑆𝑈 𝑁𝑐
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POSSIBLE COLOR STRUCTURES - GLUONS

▪ adjoint matrices of 𝑆𝑈 𝑁𝑐

▪ only need the following structures for one initial-state parton

▪ example
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POSSIBLE COLOR STRUCTURES - GLUONS

▪ structures with 𝑻𝑗 (anti-symmetric 1↔ 2) and without 𝑻𝑗 (symmetric 1↔ 2)
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PARTONIC CROSS SECTION

▪ reduced color trace 𝑛 = Σ 𝑟𝑖
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PARTONIC CROSS SECTION

▪ reduced color trace

▪ combine color trace with nested scale integrals

▪ ambiguity in the choice of the reference scale ҧ𝜇 can be avoided by using 1-loop 
running of 𝛼𝑠

−2 ‼ ≡ −1 ‼ ≡ 1

𝑛 = Σ 𝑟𝑖



Michel StillgerMarch 28, 2023 SCET 202314

NUMERICAL ESTIMATES: 𝒒𝒒′ → 𝒒𝒒′
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NUMERICAL ESTIMATES: 𝒈𝒈 → 𝒈𝒈
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NUMERICAL ESTIMATES: 𝒈𝒈 → 𝒒ഥ𝒒
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CONCLUSION

▪ resummation of Glauber phases possible for quark and gluon induced processes

▪ contributions for quark induced processes very small

➢ fortunately, enough to take SLL into account

▪ contributions for gluon induced processes can be sizeable

➢ depending on partonic process, need to take higher Glauber phases into account

▪ outlook: quark-gluon induced processes, e.g. 𝑔𝑞 → 𝑔𝑞

compare with results from exponentiating 𝑽𝐺 in a parton shower [Nagy, Soper: 2019]
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THANK YOU FOR YOUR ATTENTION!
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BACKUP
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MASTER FORMULA – QUARKS
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