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A brief review

* Non-global observables: soft radiations resolve the colors and directions
of individual energetic partons.

I Rl WL ?L

pi ak n ak = z

* Dasgupta-Salam angular dipole shower
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(Dasgupta & Salam 2001)

e Banfi-Marchesini-Smye equation
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(Banfi, Marchesini & Smye 2002)
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Some recent progress

Color density matrix caron-Huot 015
Dressed gluon expansion Larkoski, Moult & Neill 015016

Multi-Wilson-line structure in SCET Becher, Neubert, Rothen & DYSO15 016

* For a wide-angle jet, the energetic particles are not collinear.

 For a narrow-angle jets, small-angle soft radiation plays an
important role. Resolves directions of individual energetic partons!

Collinear logs improved BMS eq Hatta, lancu, Mueller, & Triantafyllopoulos D17

Soft (Glauber) gluon evolution at amplitude level, finite Nc martnez,
Angelis, Forshaw, PIStzer & Seymour O18

Reduced density matrix Neil & Vvaidya 018



Factorization

Becher, Neubert, Rothen & DYSO15 016

The operator for the emission from an amplitude with m hard
partons

hard scattering amplitfude with m particles
(vector in color space)

°;:II.~‘»/ soft Wilson lines along the directions of the
' energetic particles (color matrices)

! B [} #

Si(nj) = Pexp igs dsnj aA3(sn;) T2
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Factorization and resummation for jet cross section

o

e For k jets process at lepton collider
o i ; wl
d" (Q, Qo) = Hm({n}, Q1) ! Sm{n}, Qo, 1) (e
m=Kk )
P /)
Hard function ///
/
1 " '™ dEES? . " . #$ %
Hm({{n},Q, )= 202 7 )d > IM m({PH)"'"M m({pP}H)](2") # Q# E. #ED(Bo)" i P
spinsi=1 i=1

(similar to the density matrix in Soper-Nagi parton shower)
e Resummation

oo

d%Q, Qo) = "H 1 ({n}, Q. 1) %Uim ({n}, Us, tn) BS m({n}, Qo, Hs)

=k, m>|

e Infinite operators are mixed under RG evolution — Analytical
methods fail



LL resummation

e LL resummation formula

. . H
d" LL (Q! QO) = H k({ﬂ}!Q’ Uh) " Ukm ({D}1P~S1 Ilh) 01

m=Kk

One-loop anomalies dimension

(VkRk 0 0
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(i) b oning - n

e Imaginary part of Vi, from cutting two eikonal propagators

e Nonzero for both incoming or outgoing

e Cancel out at ete- or ep colliders, but induce super-
leading logs at pp colliders. Forshaw, Keates & Marzani }
009



RG evolution = parton shower

$ d! d o d v
d'1(QQo)= Hk®+ S FH®+ & PHie®+ .

— =250 GeV

t
Ha(t) = [ dFH(¢) Ryelt =V — =100 GV
0

S
t =4
H io(t) = / dt' H o1 (') Rypyq eE78)Vee2 |
0 E !
Hpis(t) = ... _ t:/!
o o t:t( ’ 8)
In large Nc limit: , , o
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We re-derive Dasgupta-Salam angular dipole shower!!!
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SCET:: Light jet mass

Dasgupta & Salam O01; Becher,

do
dM?2 2 /

1=q,q,9 0

e Sijzeable NGL corrections 1!
e Finite Nc correction is small Hatta & Ueda, 013

Paciek & DYSO16

" dip ZOME = Qur) Y (H, ({2}, Q) © Sml{n},wn))
m=1

YYYYYYYYYYYYYYYYYYYYYYYYYY

ALEPH

NLL

NLL (global) -

* Non-perturbative corrections not only linear shift
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SCETi1 : Narrow broadening

Becher, Rahn & DYSO17

d ! #

db.
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e In SCET NP corrections to the anomaly il
coefficients are dominant. (Becher & Bell B
013) i - AI 1 l | 0.3 extracted from thrust which
—Bn — =In—
. N2 7 By implies shifts of ABy ! 0.007 near peak



Collinear limit and NGLs

* Dijet cross section with a gap

e Soft radiations from two Wilson lines (global)

LL

7GL _ exp | -8 CrAyt]
o

* Leading NGLs at two-loops

LL 27.‘.2

ONGL _ 4CrCy | —— +4Lis (e_QAy) 2
00 3

* Large gap limit: Ay — oo
e GL resummation at the LHC see Makris Os talk

e NGL: coft mode, jet radius resummation Becher,
Neubert, Rothen & DYS'15; Chien, Hornig, Lee 15

* Narrow gap limit: Ay! 0
* Collinear enhanced power corrections

10
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Leading log at two loop

e In narrow qap limit: NG 5 )
gap - U—:4CFCA[8Ay(1n(2Ay)—1)—4Ay +...]t
0

e Collinear enhancement from

boundary region (Hatta, et.al. Two—1loop coefficent
O17)

Ly

2 (Ay)

* Power correction, interesting fo |
study in SCET framework !

e An example: photon isolation (see
latter)
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Automated resummation for Non-global observables
(Balsiger, Becher, DYS, 1803.07045 )

oo .
d" L (Q, Qo) = Hi({n},Q,un) " Ukm({n}, Hs,Hn) 01

m=Kk
e Use Madgraph5_aMC@NLO generator

e event file with directions and large-N. color connections of
hard partons

e provides lowest multiplicity hard function for given process

e Run our shower on each event to generate additional partons
and write result back into event file

e Analyze events, according to cuts on hard partons, obtain
resummed cross section with hard cuts and veto scale
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Isolated photon production

Experiments use isolation cone to reduce
photon from hard scattering from photons

due to hadron decays such as mo—yy. —

ATLAS ‘16 imposes E.. . =4.8GeV +0.0042E, X
on hadronic energy inside cone.

Large logs of ¢ = E; /Eq,

GLs: (! sSR°In"/)" NGLs: R?! I0In"", In" 'R
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Effect of isolation cut at lepton collider

d#("y,lo) _ #

" X ol
#Hiem ({N},E1,Q,10)$ Sm({Nn}," Ei,!0)?
dE, m=2 "W
Fin < Eio = €, E,
g X $)+, 1§ # M X $)+, 1S #
$'l Faa "I F

Sizable NGLs corrections
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Effects on ¥ isolation at LHC
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Er1$)* "
¥ NLO ~5% reduction, NNLO~10%, resummed~ 12%!

¥ NGL dominates over global contribution: naive exponentiation
(dashed not appropriate!
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Gap fraction at the LHC
N

o

0%

(.

)

~

>

Y

R(ﬁT? QO) —

veto events with Pr,jes > Qo

BFKL evolution at large gap

soft wide angle gluon resummation at small Qo
ATLAS 11 14 observes data and Monte Carlo
predictions is not totally satisfactory

e fixed-order calculations matched with parton

shower tend to be below data at large ! Y

e HEJ (BFKL logs) overestimates the data at large Pt

16

02—jet (Pr, Qo)
02—jet (P>, Qo = D7)

_ 1
Pr = > (PT.jet1 T DT, jet2)



Gap fraction at the LHC
N

=|lig

veto events with Pr,jets >4

BFKL evolution at large gap

soft wide angle gluon resummation at small Qo

>
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ATLAS ‘11 ‘14 observes data and Monte Carlo

predictions is not totally satisfactory

R(FT? Q )

e fixed-order calculations matched with parton

shower tend to be below data at large ! Y

e HEJ (BFKL logs) overestimates the data at large Pt
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Resummation

Factorization formula to all order is unknown due to glauber gluons

In LL and large Nc limit

d'(Qo) _
d" ydpy

a,b=q.@.9

scale setting 1y = tn = Pr and #s = Qo

focus on central jets, small gap & no collinear logs

(% y%)*+Q, &), %& ) % y%rt ), % &( %pr %)-% & (

17

dx10Xof o (X1, Wi ) n(X2, M JHZP(8," Y, Pr» Mn)#U2m (Us, Hp)'01$

| Mi,Hn ! [Pr/2,2pP;]

HS l [QO/ 21 ZQO]
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D<Ay<3, 70<p<90 GeV

ATLAS - two leading ——

ATLAS - forward-backward ——

BMS - central value
BMS - scale uncert.
BMS fuII uncert

2<Ay<3, 120<p7<150 GeV

LHC, Vs=7 TeV
anti-k;(R=0.6)

2<Ay<3, 210<p7<240 GeV

MRST2002(NLO)
0,g(M)=0.12

R(Ay’ pT)

4<Ay<5 70<p-|-<90 GeV

4<Ay<5, 120<p7<150 GeV

4<Ay<5, 210<p7<240 GeV

20 30 40 50 60 70 80 90 20 40 60 80

Eout [GeV]

Eout [GeV]

e Qur results are consistent with theirs

* Their method are based on BMS eq

* They use rectanglar veto region instead of

exact one
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How to improve resummation predictions

e Hadronizaiton and underline events

* Gap energy defined at jet level, reduce NP corrections

* Sub-leading color
* Super-Leading Log
e start at a: , estimated to be small Forshaw, Keates & Marzani O09

e Power corrections

* one power correction from soft expansion of momentum conservation

|  0<A1<2304-.&/ <p;<05-.&

1 P35 (Pr Qo)
LO (m dQo do’
2! jet(pT) Qo Qo

R(Pr,Qo)=1"! ;

1.0

0.8}

§ = (pJ1 +pJ1)2 —> 9= (le Py, t ks)2 I
) . 06

S
* Higher log terms = |
* Collinear log resummation ~ :.#f./& 0'&)
* NLL (jet algorithm dependence) ool ANEEEEE —'Ei%&'“*ﬂ“io
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Conclusion and outlook

For non-global observables, we obtained a parton shower from
effective field theory

e first-principles derivation of shower, based on RG evolution
e flexible implementation of shower using MG5_aMC@NLO

* To resum NLLs, one should include higher-order corrections to the
anomalous dimension matrix and matching coefficients

* when the veto region is small, NGLs are enhanced due to dependence on
the size of the veto region

(Finite N¢) + Glauber + non-global = super-leading log

e interesting to understand in EFT framework Rothstein & Stewart
016
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Fixed order and MC results
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Dasgupta-Salam shower from EFT
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