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Motivation and Background

• Sudakov radiative corrections for the electron scattering amplitudes at high energies 
in QED ( ௘

௡ ଶ୬
௘
ଶ ଶ ) [1]

• Extension to other processes, sub-leading logs, non-Abelian amplitudes as well as 
power suppressed amplitudes at high energies (different origin from Sudakov logs) [2]

• The leading deviation in the QFT amplitudes from the classical results in the 
asymptotic region [2]

• Necessary for accurate theoretical prediction for all major processes at LHC, Drell-Yan 
scattering, Deep Inelastic Scattering etc.

• Generalization to higher orders in small mass expansion is a challenging problem



Motivation and Background

Example 1: Quark Scattering by color singlet gauge field

• Double log contribution to Dirac FF at all orders of α௦ in leading order of small mass 
approximation (∝ 𝑚௤

ଶ)

• Pauli FF for sub-leading order in mass ∝ 𝑚௤
ସ was not considered

• Important for 𝑡 𝑡̅ pair production at future electron positron collider

Example 2: Higgs production via quark mediated gluon fusion

• top quark dominates (∝ 𝑚ு
ଶ ) while bottom quark amplitude suppressed by (∝ 𝑚௕

ଶ/𝑚ு
ଶ )

• With logarithmic enhancement lnଶ 𝑚௕
ଶ/𝑚ு

ଶ 𝛼௦ ≈ 40𝛼௦

• 𝒪 𝑚௕ amplitude already calculated, focus now on 𝒪 𝑚௕
ଷ



Origin of the double logs

Sudakov
• Gauge boson(s) exchange

• Eikonal fermion and soft gauge 
boson propagators

• Not mass-suppressed

• Exponentiate

Non-Sudakov
• Fermion(s) exchange

• Soft fermion and eikonal gauge 
boson propagators

• Mass-suppressed

• Requires systematic Evaluation



Higgs Production via Gluon Fusion

• Higgs production via gluon fusion process must have loops [3]
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Higgs Production via Gluon Fusion

• Leading coefficient ௚௚ு
଴ (sub-leading in mass) was 

calculated [2], attention now on ௚௚ு
ଵ

• 3 groups of diagrams contribute at this order
 Single soft quark exchange
 Triple soft quark exchange
 Non-factorizing diagrams with single soft quark exchange

• On-shell conditions and double log variable:
 𝑝ଵ

ଶ = 𝑝ଶ
ଶ = 0, qଶ = 𝑝ଵ + 𝑝ଶ

ଶ = 2𝑝ଶ𝑝ଵ = 𝑚ு
ଶ

 𝑧 = 𝐶஺ − 𝐶ி 𝑥 = 𝐶஺ − 𝐶ி
ఈೞ

ସగ
lnଶ 𝜌



Higgs Production: Single Soft Quark Exchange
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• Sudakov parameterization:  ଵ ଵ ଵ ଵ ଶ ଵୄ

• Approximations in soft quark limit ௤

 𝑙ଵ
ଶ − 𝑚ଶ ≈ −2𝑖𝜋 𝛿 𝑞ଶ𝑢ଵ𝑣ଵ + 𝑙ଵୄ

ଶ − 𝑚ଶ ିଵ

 𝑝ଵ − 𝑙ଵ
ଶ − 𝑚ଶ ≈ −2𝑝ଵ𝑙ଵ ≈ −2𝑝ଵ𝑝ଶ𝑣ଵ = −𝑞ଶ𝑣ଵ

 𝑝ଶ + 𝑙ଵ
ଶ − 𝑚ଶ ≈ 2𝑝ଶ𝑙ଵ ≈ 2𝑝ଶ𝑝ଵ𝑢ଵ = 𝑞ଶ𝑢ଵ

• Additional mass factors for ଷ related to ଵ
ଶ ଶ, 

and not the chirality flip



Higgs Production: Single Soft Quark Exchange

• 1-loop result:

𝑀௚௚ு
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= 1 − 4𝜌 lnଶ 𝜌 ⇒
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• Resummation with the effective diagram:
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଴

= lnଶ 𝜌 𝑔 𝑧
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ଵ
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Higgs Production: Triple Soft Quark Exchange

• Only contributes: ௚௚ு
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Higgs Production: Non-Factorizable

• Eikonal gluon, necessary structure not present at 
two loops

• At three loops:

 𝑏 cancels specifically at this order

 𝑐 and 𝑑 factorize and don’t contribute

 Only (𝑎) with effective vertices contributes

𝑀௚௚ு
ଵ ,ଷ௅

ேி
= −

𝑥ଶ 𝐶஺ − 𝐶ி 𝐶஺ − 2𝐶ி

9
lnଶ 𝜌

• Resummation requires systematic treatment of 
self-interacting gluons



Higgs Production : Complete NNLO Result

• Estimate ௚௚ு
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Higgs Production: Complete NNLO Result

• Asymptotic behavior as ଶగ௘೥

௭య

ଵ/ଶ

and ఊಶା୪୬ ଶ௭

௭

• Large ௖ limit, ௚௚ு
ଵ ଶ ே೎௫

ଶ
i.e., exponential enhancement

• Abelian limit: ଵ

௭
, ଵ

௭య, ௔௕ ଵ

௭మ reduces to 

•
௫మ

௚ ௭

்ಷ஼ಷ

ସହ

஼ಲି஼ಷ ஼ಲିଶ஼ಷ

ଽ

• For b-quark ିଷ universal (same for QCD and 
QED) correction with respect to leading order [3]



Thank you!
Questions
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