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Azimuthal decorrelation 6¢ and transverse
momentum imbalance g7

; # Back-to-Back Dynamics | 'N' Radiation Imbalance

In dijet production, momentum conservation in
the transverse plane enforces the back-to-back
alignment at the Born level.

Soft and collinear radiation induces deviations
from this topology, generating imbalances in the
transverse momentum (g or azimuthal angle 6¢.

qr = |P11 + D21 .
O0¢p = |t — |1 — P3| zTy

PiT

All-order resummation is required in the back-to-back limit!



Non-global logarithms (NGLs)

soft radiation sensitive to the
jet boundary
Standard E-scheme jet

Non-global logarithms
(NGLs)

Complex factorization scheme

TMD predictions are traditionally
bottlenecked at NLL accuracy due to
:> complex factorization framework.
[Sun, Yuan, Yuan ’14; Chien, Shao, Wu ’19;
Gao, Kang, Shao, Terry, Zhang ’23]

Main obstacle: Non-global logarithms



Winner-take-all recombination scheme

Standard E-scheme simply sums the four-momenta of all particles within the jet.
Winner-take-all (WTA) scheme: [Bertolini, Chan, Thaler "13]

Clustering step: for the closest emission pair i and J:

) nj, PT,i=> PT,
PT,r= PT,i+PTj Nr=14 - ’ ’
’ ' e ' { nj, PT,i<pPT,

The WTA scheme is recozl-free.

o) ¢: No NGL anymore. [Chien, Rahn, Velzen, Shao, Waalewijn, Wu "20; Chien, Rahn, Shao,
Waalewijn, Wu ’22]

qt: The standard NGLs of g7 disappear and the NGLs of jet radius R in the small
R limit is 1solated in the soft sector. [RJF, Rahn, Shao, Waalewijn, Wu *26]



WTA Transverse Momentum

* Consider a multijet scattering process at LHC: p(FPa) +p(P) — Z J(pi) + X.
1=1

* The total transverse momentum of the final jets 1s defined as:
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jet and the beam axis at leadlng powet. 5



Azimuthal decorrelation 6¢=|r— V™ — ¢34

* In the back-to-back limit (6¢p K 1) o ~ dy

pr
e hard: py, ~pr(1,1,1),
e n,p-collinear: pt ~ pr (6¢%, 1, 0O )n;i;»
e soft: pl; ~ PT (5¢7 5¢7 5¢)7
e 1 2-collinear: pe ~ pr (66°,1,00) ;-
 SCET-II Factorization formula:
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Resummation formula for 0@

RRG- > Jet & beam >> Soft > RG- > Hard >> Soft Jet & beam >

Rapidity Renormalization Group [Chiu, Jain, Neill, Rothstein *11]
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Transverse momentum imbalance gy

N N
Z ZZ@EZ& Pa, T — Db, T — Ps, T

1=1 kcjet-t

e SCET Factorization formula:
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* Only soft function is new: Outside the jet ( ), inside the jet (dy)-



Small-R refactorization of gp-soft function

@r/pr K R K1)

* In small-R limit, the gr-soft function refactorizes into global and “collinear-soft”
contributions, up to power corrections in the jet radius.,

—

Sijkf(gTa R, n, 12, Uy V) = Szg]l'zlzal(bTa n, 12, Ky V{Sk(gTa n, R, 22 VﬂSK(ETa 12, R, M V) + O(RQn)

Encoding the collinear-soft and ultra-collinear-soft modes

* Non-Global Logarithms: Sy (Sp) contains NGLs of the jet radius.

* These can be computed using the multiplicity-interacting EFT framework. [Becher,
Neubert, Rothen, Shao ’15,°16; Becher, Pecjak, Shao ’16; Larkoski, Moult, Neill ‘15]



SCET modes for g7 distribution
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Refactorization of §;

* Applying the factorization framework for non-global observables in the small R limit:
[Becher, Neubert, Rothen, Shao ’15, ’16; Becher, Pecjak, Shao *16]
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ny - p i p * Two sets of RRG evolution:
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RRG and RG evolutions

q,/PT

* The evolution matrix for the collinear-soft and ultra-collinear-soft functions:

* Dasgupta—Salam parametrization: Ui (pucs, fies) ~ €xp (
[Dasgupta, Salam, *01]

ki d .
‘ +/ #F};CS] UliIG(,U'ucs,,ch)-

2
—cAcig u

21—|—(au)2), .,

1+ (bu)¢

1

= —1In

Bo

A (,U'ucs)

Us (MCS) ,



NNLL+LL7 Resummation formula for g
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* b,-prescription:

[by|
1+ 52/b2

max

bz |
14+ b2/b2 .,

1+ b7 /bhrax

* Scales in ¢ resummation:

ph = vp - 2pr gy = min{vy - pp, ., Ha}

* Scales in g7 resummation:
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Effects of NGLs

effect of NGLs, R = 0.5

NNLL
NNLL (purely global)

* The comparison reveals that the inclusion of
the resummation of NGLs leads to a noticeable

= suppression of the cross-section in the peak
O 5 region.
~
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NNLL+LO Matching

d0maen(NNLL + LO) = (1 — #(0)) (do(NNLL) + Usf (0) do(LO non-singular)) + (0) do(LO full)

The transition function t(0) acts as a smooth switch, transitioning from 0 in the resummation-dominated region

e The effective evolution matrix, Ufi (O) = exp { /
2

to 1 in the fixed-order region.
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NNLL + LO matching for d¢ distribution
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is used to suppress the divergent non-singular terms in the infrared regime.
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Conclusions

* WTA scheme eliminates standard non-global logarithms (NGLs), simplifying the
factorization;

* Small-R Limit: Exploiting R < 1 allows the soft function to be refactorized into
global, collinear-soft, and ultra-collinear-soft modes, enabling the calculation of
NGLs of R;

* Joint resummation involving NNLL accuracy for global logarithms and LL
accuracy for the small-R NGLs.



THANK YOU!



Motivation

3D Tomography

Single-spin asymmetries in dijet production at
polarized proton-proton colliders probe 3D
proton structure and TMD PDFs. [Boer,
Vogelsang ’04; Bomhof, Mulders, Vogelsang
Yuan ’07; Quu, Vogelsang, Yuan ’07 ...]

Factorization Violation

Transverse momentum dependent (TMD)

factorization is violated in dijet production.
[Collins, Qiu *07; Collins ’07, Vogelsang,
Yuan ’07; Rogers, Mulders ’10 ...]

qr —slicing for multiple jet

By defining the slicing variable with WTA jet
momentum, we can generalize gp-slicing to
colored multi-jet systems. [RJI, Rahn, Shao,
Waalewijn, Wu "24]
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Backup: Combination of the collinear-soft and
ultra-collinear-soft functions

* The perturbative expansion of S; is organized as

ZaaS(:u) Zaas(llf)

| +y
Sz(b_L, b ) 1+ . i

2
SO, 5) + ( ) SOy, 5) + O(ad)

* NLO ;i S{P(by, b%) = (S5 S5 + (550 55°0) 4 (57 @ 7)) = (5577 + (1@ 57°1)

) 2e \7 R 2¢
with:  (1ese0@,) = o (ML) (MRUENS, sy — o (LE)
bo bo boR;

S 12 37 3y T 3714407 T35 80 °  40g
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Backup: Combination of the collinear-soft and
ultra-collinear-soft functions

* NNLO §;:

S (bL, b) = (

, 9
> (V|bL|R) 2lw2(y|b;|R’) C'2h B 4 C;C4(ha + VY )+CmeFhf]
0
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i w 'hin ou | 7 .
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* Double-real ultra-collinear-soft emissions, where one emission is in-cone and unobserved, while the other is
emitted outside the jet cone and measured:

) CiCa(sa — ga — vq"™) + CingTr(sf — gf)]
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0 term
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Backup: Refactorization of the hemisphere
calculation and its power corrections

eY term
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The comparison demonstrates
that the two approaches are
consistent in the small radius limit

R K 1.
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Back-up: Anomalous dimensions

* The standard form of the RG equations of collinear-soft and ultra-collinear-soft functions can be derived as,

d m
SCS({n“nl’u} by’R My V) Z ;:rs),l S?S({niaﬁiag})byaR, K, V) d UCS UCS ucs
dlnu = dln’u, ({nz,nz,u} bx,R ,Ll, ;8 {nunz;u} ba:aR “)@I‘ml
m 0o
= Z (chamll + le) st({niaﬁiag}abyaRvu) V)a Z ucs {n,,nz,u} bx,R /J) (Fu055ml1 le) .
=0

m:

Their combination §;, evolves under the RG without any residual multiplicity mixing,

d
dlnp

S’i(gTa i R, 1, V) = (FCS + Fucs) Si(l_;T7 ni, R, b, V)'
* The two-loop global anomalous dimensions for the collinear-soft and ultra-collinear-soft functions are

I(as, {ni,ni}, Ry p,v) = 2Cz"Ycusp(O‘-‘S) In VLR-a

4 2b2
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Comparison with PYTHIA 8.3

NNLL + LO matching vs PYTHIA for ¢ distribution oos NNLL + LO matching vs PYTHIA for g7 distribution
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Both the azimuthal decorrelation ¢ and the transverse momentum imbalance g7 are robust against
hadronization and multi-parton interactions (MPI).



