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My talk

Factorization violation in hard scattering processes : Strict factorization
breaking in space-like collinear limit

- Generalized splitting amplitude: Catani’s formula; effective-theory
description

-+ Glauber mode and the associated factorization-breaking effects



Factorization theorems at the LHC
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What invalidate factorization
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What invalidate factorization
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Factorization property of perturbative amplitude

collinear universality of gauge theory amplitude challenged by
quantum loop corrections
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Collinear factorization for perturbative amplitude

T.L. vs. S.L. collinear splitting

For time-like splitting,
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T.L. vs. S.L. collinear splitting
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Splitting amplitude

strict collinear factorization:

MO (py -+ ppia)) = SpO (p1, p2, P) |ﬂ(0) (P,p3--pn))

generalized factorization
formula by Catani:
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Sp = V_l(e) Spﬁn. V(e) IB poles extractgd from the collinear
limit of the n-point formula, compared
with the (n-1)-point formula




Catani’s formula

one-loop splitting amplitude
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two-loop splitting amplitude
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Squared amplitude P=[Sp]" Sp

AP () = AP (e) + h.c.
its expectation value on a QCD tree amplitude is zero
<M(O) |Sp(O)Jr Ag) Sp(o) |ﬂ(0)> — () ( pure QCD.)

Forshaw, Seymour, Si’'odmok

Super-leading-logs in gap-between-jets cross section
comes from 3-loop factorization-breaking terms in Sp




SCET approach

appropriate for the study the infrared universality of amplitudes

- Allows seperating the relavant degrees of freedom associated
with different infrared regions.

Advantages

check the generalized factorization property of gauge theory
amplitude (both IR poles and finite terms.)

powerful in determining the existence of factorization-breaking
effects for certain physical observables



IR sensitive regions ( power-counting analysis)
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When is glauber relavant? (pinch analysis)

- No pinched singularity in glauber region
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pinched singularity in glauber regime

\

space-time picture
of pinch surfaces
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Glauber mode challenges the validation of eikonalization. It is
responsible for the breaking of collinear factorization for initial state

splitting



Progress with glaubers

- Collins-Soper-Sterman: glauber
cancels at cross-section level for
Inclusive Drell-Yan or its qT spectrum

-+ Gaunt : when does CSS argument
breaks down; sensitivity to MPI

- lan & Ira : A new effective lagragian is
proposed to incorporate glauber
modes into the SCET framework




SCET lagrangian with Glaubers
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Formulation of Sp in SCET

hard scattering mediated by local operator (@O, = F{ﬂ/}zﬁzpw

a(P)q(p2) = 4(p3)q(pa) M(P, pa, p3, pa)

pg || P12 q(p1)q(p2) — a(p3)a(pa)g(pg)  M(p1,pg, D2, D3, P4)
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traditional SCET ignoring glauber:
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One loop

non-vanishing only if glauber
exchange takes place after the
splitting
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summing over all diagrams:
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Two loop (two colored collinear sectors)

— double glauber exchange accounts for the exponentiation of AW ()
cancels at squared amplitude level




— glauber-collinear and glauber-soft mixing diagrams: purely
Imaginary, cancels with h.c.
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Two-loop generalized splitting amplitude for Drell-Yan like process

Glauber effects cancel at amplitude squared
level ! (both IR singular and finite terms )

One needs at least three colored collinear sectors

(2 incoming, 1 outgoing).



Difficulty with multi-leg at high-loop order

Multiple colored collinear sectors
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After light-cone decomposition and power expansion, the form of SCET
glauber potential loses Lorentz covariance.

Rapidity regulator that preserves Lorentz covariance?



Outlook

- determine whether glauber matters for an observable
- violation of pdf factorization?
- factorization breaking v.s. sensitivity to MPI

- systematic resummation of log enhancement due to
factorization-breaking effects
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