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Collinear factorization

time-like splitting space-like splitting
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factorization works! factorization violated!
Catani, de Florian, Rodrigo, 12
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Color Conerence

)

e Soft radiation is only sensitive to net charge of collinear partons

e Only parent charge is relevant!

e Concept violated for space-like kinematics!
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Scale hierarcny for S

{Also see Patrick’s &|
{Andrea’s talks! f

Hard o
| | | i A 1:n(kT/Q) -
S Double-logarithmic evolution /™ .
0

4

Soft, collinear, Glauber

single-log evolution * W(@)[ 1

PDFs Slide from Andrea Banfi
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Resummation

M,
b
0b
B
|
W
e For 0, < O we can derive
62—>M(Q0) — del JdXZ Z <%m({g}9 S, Xla X29 /’t) ® Wm({g}a Q()a X19 X29 ﬂ))
m=2+M

® Factorization between hard and soft-collinear physics
S
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RG-evolution

e Renormalized hard functions fulfill RG equation

d m
—H = — z' P AN
p ‘ﬂ//t m [ = Im *©

l:mo matrix in multiplicity
and color space

* One-loop hard anomalous dimension:

CUSp-plece _sgenerates DGLAP
soft+collinear purely soft
X ITT 4 purely

Glauber , collinear

generates SLLs

generates NGlLs )
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oL.1.S

e Forfinite N. Glauber phases spoil collinear cancellations

e Appearance of super-leading logarithms

e Only very few structures possible

Glauber phase ~ ir

o5, ~ (7 (BT WE (19) Ve B

single emission into the gap

n insertions of cusp term
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N-jettiness

Stewart, Tackmann, Waalewijn "10

| N-jettiness variable |

i Reference vectors ¢

Qa Qb

gszzmin{Qa'pk,Qb°pk,QI'pk qN-pk}
k

iBeam scales Q ;.3

iSum over emissions k |

Jet2 2 ¢ Jet3 3 . a

\

Taken from Stewart, Tackmann, Waalewijn "10
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Scale hierarchy tor N-jettiness

L4
Q 1 %N hNQ(lvlal)
color coherence
double logarithmic
(Tv@Q)'?  +Knm  c~ Q21N
us ~ Q (A2, N\ \?)
TN T WN,m
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(Nalve) factorization theorem for N-jettiness

color diagonal) | i Soft fuctions |

' Jet functions J,

 1Color trace :'

iBeam functions B, (color diagonal) |
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Scale hierarchy tor N-jettiness

Q
|

color coherence
double logarithmic

!

(Tn Q)2

coherence violation
double logarithmic

Banfi, Salam, Zanderighi 10
Forshaw, Holguin '21
Banfi, Forshaw, Holguin '25

AN

1 %N hNQ(17171)

us ~ Q ()\27 )\27 )\2)

ug ~ QA A% \%)

4+ WN,m UC ~o Q()\47 1 7)\2) >

A

In(k/Q)

Taken froam‘i, Forshaw, Holguin '25
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Factorization theorem :

do B

‘factorize! Contain

tmodes!

N Z <%N(Qa/’t) "%/N,m(\/ Qa),,u) %N’m(a)"u)>

or N-jettiness

Low-energy matrix element ¢

icontains ultra soft Wilson
Hlines, ultra collinear modes |
A tand ultra Glaubers f'

soft and Glau

also not color diagona ',
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Resummation

e Extract anomalous dimension of low-energy matrix elements via gluon mass

e Cancellation of gluon mass between different sectors leaves large logarithms

S--

W A L L R R ] X .G — L R Sij H ~
Eif] thJ

e Appearance of CVLs similar to before and for the leading CVL we get
Banfi, Forshaw, Holguin '25

ocyr, ~ { FEEOE (uy)| VE VE T (uy))

e And the general scaling is as

docyy ldw ~ a? In“t(Q/ w) n>2
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near Wilson lines

Detour:Co.

° qc
Collinear Hard! 2 ccsvroon)
| Y o N

ik 9.5 L '_',,:""; ']/ \ /

=~ 1 7y l 4 1

3 < 2

~ 3
/ A
\ Pe N Pe  —de

* [ntegrate out in form of Wilson lines

e Usually ie prescription in eikonal line meaningless

But: For space-like kinematics ie matters and change of Wilson-line prescription

IS necessary!
T ww - W] whie wiw
I

‘Distinguish between in- {7
I 14
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Detour: Connection to space-.

e Contribution to factorization breaking terms at two loop

Ke splittings

Henn, Ma, Xu, Yan, Zhang, 24
Buccioni, Fang, Yan '26

2

3

N

4

3!

Taken from Buccioni, Fang, Yan '26
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* Appear in non-global observables e Appear in (many) global observables

* Leading logarithmic effect e | cading logarithmic eftect

i U
& * Standard, double logarithmic
SLL evolution i
Oy Coherence violating
DGLAP!
DGLAP?
AQCD 16
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Conclusion & Outlook

e Coherence violating logarithms also appear for global event shapes

* |n principle leading logarithmic effect

e Although the first contribution is small resummation is necessary

* \We can deal with coherence and factorization violation in a systematic way!
e More intricate structure for many observables

e Plentiful new phenomena to explore!

* I[mpact on slicing, collinear limits of amplitudes and SLLs?
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ective Glauber vertex

L

e Soft-collinear region vanishes!
e Only contribution due to Glauber exchange

e Either use expanded QCD or eftective Lipatov vertex using Glauber SCET
Rothstein, Stewart ‘16
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(07/0) 5 %)

Phenomeno.

ogica.

15

2 < |AY| < 3

IrelevValrilCe

Becher, Hager, Martinelli, Neubert, DS, Stillger '25

process | ooy [pb] | o5t [pb] || process | oo [pb] | o5tL [pb]
pr > 200 GeV qq — qq 231.5 12.0 || g7 — gg 12.4 —0.9
qq' — qq’ 454.4 22.2 || qg9 — qg 4104.6 403.3
qq — qq 142.0 7.4 1| g9 — qq H7.9 —4.4
qq¢ — qq 372.9 18.0 || g9 — gg 2281.1 150.6
qq — ¢'q 3.6 <0.1
> 1204.4 59.6 > 6455.6 548.6
2_all channels 7660.0 608.2

QO [Ge\/]

e >10% for small values of Q,

e Biggest contribution through gluonic channels

e Full cross section for the first time
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