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N processes involving disparate scales Q » Qo,

nigher-order corrections are enhanced by large
logarithms

Oé? lﬂm Q/QQ

which can spoil perturbative expansion. Maximum
power of logarithms depends on problem

e Single logarithmic: m = n

e Sudakov (soft + collinear): m = 2n

Resum enhanced contributions to all orders.
e Count In(O/Qo) ~ 1/a
o Systematic expansion: LL, NLL, NNLL, ...
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Resummation for Jet Processes

Traditional analytic resummation
methods

* reach high accuracy, up to N4LL

* [imited to a small set of simple,
very inclusive (" "global™)
observables

A lot of progress in the systematic
all-order resummation of jet and
other non-global observables

e cruclal at hadron colliders

* mportant in the context of
improved parton showers

— Silvia Ferrario Ravasio’s talk



Gaps between |ets

veto: «
- A:?% %7772’E0ut < Qo ‘é

— large logs o In™(Q/Q,)

Use large jet cone radius R, so only small scale Qo
associated with soft radiation into the gap

e Simple observable, but very rich physics!

 Measured at LHC to tune/validate parton showers
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Qo
LT QO
Q
Non-global logs (NGLS) Clustering logs (CLs) Super-leading logs (SLLs)
« soft gluons from e phase-space * Glauber phases spoi
secondary emissions constraints of new collinear cancellations
aCD on emissions depends « QCD only
° On . .
y on all existing partons « hadron-hadron colliders
e evenin QED only
* vanish in large-N; limit
Dasgupta, Salam ‘00 Appleby, Seymour ‘02

Forshaw, Kyrieleis, Seymour ‘06

— Nicolas Schalch’s talk



Super-Leading Logs (SLLs)

Consider gap between jets at hadron collider, cone
around beam direction

Large logarithms a; L™ with L = In(Q / Qo)
o c¢te—: m<n,leadinglogsm=n

o pp:asL, asL? oL’ atl” ... ot LT

LL effect, but vanishes in large-N¢ limit!
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Appearance of double logarithms is related to a
breakdown of color coherence in hadronic collisions.

For time-like splitting

collinear

— = +
soft soft soft
soft emission from parent = sum of soft emission from daughters

For space-like splitting phase-tfactors spoil coherence,
which leads to collinear factorization violation Catani, de
Florian, Rodrigo ’11; Forshaw, Seymour, Siodmok 12




By now, we have all-order factorization theorems based on
SCET, which enable resummation for

* NGLs in ete- TB, Neubert, Rothen, Shao ‘16
 SLLs TB, Neubert, Shao '21 + Stillger ‘23
« CLs TB, Haag '23

New results

e First resummations of SLLs TB, Neubert, Shao 21 +
Stillger ’23; TB, Hager, Martinelli, Neubert, Schwienbacher
‘24 and Glauber phases Boer, Neubert, Stillger 23 +
Hager, Xu '23, '24

 Resummation of subleading NGLs GNOLE Banfi, Dreyer,
Monni ’22, MARZILI TB, Schalch, Xu ’23; PanScales
Ferrario Ravasio et al. !  Nicolas Schalch’s talk
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Factorization for gaps between jets
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collinear fields @ _ ﬁ
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iIntegration over directions

1 (Qo) =

M=MmMpg

Hard functions
m hard partons along
fixed directions {n1, ..., Nm)

Hn$ M "M ]

/

$

d'1d> Hm({n},Q,"1,"2, ) ! W n({n},Qo,"1,"2, W)

Soft + collinear function
squared amplitude
for m Wilson lines

+collinear fields



RG evolution

Renormalized hard functions fulfill RG equation

d .
dInuHm:% Hit

|:mo

T~

matrix in multiplicity
and color space

One-loop hard anomalous dimension:

purely soft
0/0 “2 G& $S 5
H — C T
L7 = Housp (Ps) ! In@+v +4—%!+!
/‘ T ourely
collinear

generates SLLs

generates NGLs and CLs
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Resummation is then obtained by solving the
associated RG equations.

Challenge: ! D is infinite matrix in the space of particle
multiplicities and colors!

 NGLs: implemented ! () and ! @ in the large-N¢ limit
into MC framework MARZILI to solve RG
equation numerically — Nicolas Schalch’s talk

e SLLs: need full color result to see effect. Compute
leading SLLs analytically, order by order, sum up
series.
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SLLS

Properties of anomalous dimension: -
(NG = (7L =0, T =0 , but FEME #0

restrict structures for leading SLLs to a small set

Glauber phase ~~ I
s~ (€ (LY ME (19 VO B

NS

1 insertions of cusp term single emission into the gap

Analytically evaluate these using color space
formalism, reduce to a small basis of color structures.
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emission into gap

Born process with
open color indices

Glauber iz

n collinear emissions L

2 n
N.al «a, . = N.a,
6SLL(QO) = OBorn ( — L) | Cn ( Lz)
T T ' T
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First resummation of SLLS

Q=1TeV,! Y=2 -
forward scattering

A!&
&f
' #$%&
Qo[G@V]

Based on factorization approach, we presented first resummed results
for SLLs TB, Neubert, Shao, Stillger '23

« General color-space results for 2 — m hard processes

o Sample numerical results for selected partonic processes
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: 2 < |AY] <3
!&-_ pr > 200 GeV
| Vs = 13Tev
: R =06
" |
gl

Gap between dijets at LHC

1B, Hager, Martinelli, Neubert, Schwienbacher, Stillger '25
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ATLAS 11

©
R

19'4 ?Js Y

First full SLL cross section
> 10% for small values of Q)

Biggest contribution from gluonic
channels

Need to combine with NGLs (at
Nc=3!) before comparing to ATLAS

Some interference terms only 1/N;



PDF Factorization vs SLLs

U
A
P ——
=1t (x,) Q
X1P1
P
—==—{f; (X2) ik
P, A |
QOCD

e PDF factorization is the bedrock of hadron collider physics

» Separation of perturbative hard-scattering 6;; at scale ) from

non-perturbative PDFs f;(x) at scale Ay ¢p

e Universality of PDFs: absence of low-energy interactions
between incoming hadrons through cancellation of soft and
Glauber physics CSS "85 (for DY)

e Purely collinear, single logarithmic
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SLLs vs DGLAP

A

Double-logarithmic SLLs O
directly related to collinear T

factorization breaking
SLL evolution

SLLs generated from double l
logarithmic running
Qo

If PDF factorization holds,
something interesting must
happen at scale Qpwhich
converts between the two

evolutions AQCD —

— Matthias Neubert’s talk
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phase factors
soft+collinear contributions

double-log evolution

(7

PDFs?



Conclusion / Cliff Hanger

Factorization theorems for jet
observables

 resummations of SLLs, NGLs, CLs
based on RG

First resummations of SLLs
» sizable effects!

LL effect not captured large-Nc
showers

e combination of SLL + NGL ?
Raises fundamental guestions

e Collinear factorization violation
versus PDF factorization?

e Single vs. double logarithmic

evolution? SN 2 /{/, /
' ¥t f //faJr‘"

— Matthias Neubert’s talk
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(dUSLL/ do) 252 100

Gap between dijets at LHC

1B, Hager, Martinelli, Neubert, Schwienbacher, Stillger '25

1% s=13Tev I
[ R=06 ]
T ; process | !2 2 [pb] | !5 [pb] || process | ! 2 [pb] | !5 [ph]
L | aqq! qqg 231.5 120 || qg! g9 12.4 " 0.9
Lo _ qd! qd 454.4 222 || qg! qg 4104.6 403.3
(L I ' oo 142.0 7.4 | 99! og 57.5 " 4.4
_ ; ! og 372.9 18.0 || gg! gg 2281.1 150.6
VL I @! dg 3.6 <0.1 .
’ 1204.4 59.6 ’ 6455.6 548.6
0/0' ' | all channels 7660.0 608.2
; 2<|AY| <3
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j Qo = 20 GeV j
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