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Motivation

* Higher log resummation only been performed for the narrow
class of global observables (e.g. no hard phase-space cuts)

* In non-global observables soft emissions can resolve the
direction and color information of energetic particles

* In this talk I will show our recent computation of higher-
logarithmic terms for non-global observables



Interjet energy flow

Single log observable: collinear logs cancel
out inside the jets
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E; =Energy outside jets
Two sources of single logarithms:

1. From primary emissions
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Soft gluon evolution at LO

 The leading logarithms arise from configuration in which the emitted
gluons are strongly ordered

Ei1>Ey>--->F,

* In the large-Nc limit, multi-gluon emission amplitudes become simple

* Dasgupta-Salam shower (Dasgupta & Salam 2001)

e Banfi-Marchesini-Smye eqation (Banfi, Marchesini & Smye 2002)

0; G (L) = / di(:j) Wi, [@ﬁn(j) Gy (L) Gju(L) — sz(i)}

* Dress gluon expansion (Larkoski et.al.’15), finite Nc (Hatta et.al.’15, Martinez
et.al.*18), rapidity logs (Becher et.al.’17), double NGLs resummation(Hatta
et.al.’18), reduced density matrix (Neill et.al. ’18), automation (Balsiger
et.al.’18), clustering effects(Neil’18) . . .



Factorization in SCET

(Becher, Neubert, Rothen & DYS ’15)

For k jets process at lepton collider Qo

oo

do(Q, Qo) = Y (Hm({n},Q, 1) ® Sm({n}, Qo, 1))

m=k }/v P l”‘
Soft function: o) =t nay o //

/

Sm({n}, Qo, 1) :z: (0] Sl(nl) “o S;fn,(nm) | Xs)(Xs| S1(n1) - .. Sim(nm)[0) 0(Qo — Eout)

X,
Hard function: integrating over the energies of the hard particles, while
keeping their direction fixed

d—3 m
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® indicates integration over the direction of the energetic partons

(--) taking the color trace



Resummation in SCET

Evolving hard function from u, ~ Q to ps ~ Qo

0(Q,Qo) = Y _(Hu({n'},Q, un ®ZUZm ({n}, ps, pn) ® Sm({n}, Qo, 1s) )
[=2

m>1



Resummation in SCET

Evolving hard function from p, ~ Q to 1s ~ Qo
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Resummation in SCET

Evolving hard function from p, ~ Q to 1s ~ Qo




Resummation in SCET

Evolving hard function from p, ~ Q to ps ~ Qo




Leading Log Resummation

O'LL(Qa QO) — Z <%2({n17 n2}7 @, :uh) ® UQm({E}a s ,uh) ® 1>

m=2
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One-loop anomalous dim. : T =
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RG evolution = Parton Shower

t
Hm(t) — %m(t()) e(t—to)vm _|_/ dt/ Hm—l(t/) _ij_1 e(t—t’)Vm

to

What is a shower?

A parton shower consists of three main features:

1. An ordering variable which defines the sequence according to which

- . “Renormalization Scale”
emissions are generated (such as k;, angle, virtuality).

2. A branching probability P(S,.v) of finding a state S,, with n partons at
scale v, which evolves as

dP(Sn,’U) B
dinl/v —f(Sn, v)P(Sn, v). Vm

3. A kinematic mapping M from state S,, to S, 11

Sn+1 :M(Si’l/v;i/jl Z/Qb )
N——

emission Rm

with an associated “splitting” weight function dP(S,, v; 1, j, z, 9),
governing relative probabilities of new states.

Frédéric Dreyer Dreyer’ talk in QCD@LHC2018 3112



Leading Log Shower

711 (QQ0) = Y (Hon ({0}, Q) 61) = (a(®) + [ T2at)+ [ 2 [ S 2Ha(t) +

-l-\.wNo—'

m=Kk

MC time

start at ¢t = 0 with initial event £ = {n;,n2}and weight w =1

increase At according to Vg exp(—Vgt)

choose a dipole {n;,n;} with probability V;;/Vg

generate a new vector, if its inside the jet, add it to the event, and return

step 2. Otherwise, add the weight factor at time t, go to step 1
9



From LL to NLL: Sub-leading NGLs

e In order to resum sub-leading NGLs, one needs
® One-loop soft function S

¢ One-loop hard function #5"” and tree level hard function

7‘[5(31) (”027“2(12 0 \
0 V3 T3 dg ce
e Two-loop anomalous dimensions: T = [ 0 0 vy 7y ...
0 0 0 vs...

See Caron-Huot ’15 + Herranen ’16 \ L e e )

¢ Monte-Carlo implementation of all ingredients

10
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LI_' resummation
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Soft corrections

One-loop soft function corrections:

d) dS? d?
S (0005580~ 0059+ [ o)+ [52 [ By
Definition:
s g(1) — g% 2 dk 0(° ni Ny o 9
E ™m ({ﬂ}aQ()a — —gs W (z; E L~ 1-?7 R 27_‘_ d— 1 )n% . k’nj 2 Out(nk) (QO — Ek)
ij
N,
TiL - Tjr = —— Oijtl c.m. frame of parent dipole (n;,7;)

o d¢ el 2|Sln¢| lab (~ 7
({n} QO :u Z 5Z]i1/dy/ |: 41Il QO +41n fz](¢, ) @out(y7¢)

1,7=1

weight factor
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Soft corrections

One-loop soft function corrections:

Z <'Hm(t)®8(1 ) = (Ha(t) 8(1) +/dQ1 1) /dQlf dQQ S(l) £

start at ¢ = 0 with initial event £ = {ni,n2} and weight w =1
increase At according to Vi exp(—Vigt)
choose a dipole {n:,7;} with probability Vi;/VE

generate a new vector, if its inside the jet, add it to the event, and return
step 2. Otherwise, add the weight factor at time t, go to step 1

o d¢ el 2|Sln¢| lab (~ 7
({n} QO :u Z 5Z]i1/dy/ |: 41n QO +41n fz3(¢, ) Gout(ya¢)

1,7=1

weight factor
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Soft corrections

Soft corrections (pu variation)

1.0+

1 do
Otot dEs

Qo
R(QO) — ./0 dEs

R(Qo)

Bands from variation of

soft scales by factor two
around ps = Qo

Qo <G€V>
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Hard corrections

Virtual corrections to H> give trivial refactors

> (Ha({n1,m2}, Q. pn) © Usm({n}, prs, pn) @ 1) = 00 Ha(Q, i) (Uam ({1}, s, i) © 1)

m=2

. 7
Ha(Q2, 1) = 1+ Z—WCF —81n? % . 121:(1% — 16 + §w2]

Hs is a function of two angles

q(p2)
— § — : 500
N N <
9(p3)

I: E1 > FE9 > FEs II1: By > FE3 > Ey III: F'3 > E1 > Ey

15



Hard corrections
Virtual corrections to H> give trivial refactors

> (Ha({na,n2}, Q, ) ® Usin({n}, s, pin) @ 1) = 00 Ha(Q, pun)

m=2

2 V14 P50 g2 [ 2
Hz(Q,u)—1+47TC'F 81nQ 12an 16—|-37T]

Hs is a function of two angles

q(p1)

|
|
|
\

III: F5 > E1 > Ey

s e e oy,

I: E1 > FE9 > FEs II: Ey > E3 > Fy
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Hard corrections

In Region I, we parameterize ]

92 (93 q(p1)

égztan—:uv, égztan—:v —
2 2

the angular convolution 9(ps)

1 1
<%Q(’>1)<{ﬂ}7 Qa :uh) 0y 83({3}7 :uh)> — /O du/() dv <HZ(31) (u7 v, Q) ,uh)S?)(’U,, v, :uh)>
LL shower from 3-parton configuration: Ss(u, v, pp) = Z Us,,({n}, ts, i) ® 1
m=3

Complication: #3”(u,v,Q,u) is a distribution

16



(

2 1
7—[;(),11) (u,v,Q, 1) = Cps [4 In® % B %] ou)otv) —8In %5(U) <;>+

+86(u) <1I1_”U>+ +|~In = F(u,0) + ~ F(u, 0)In{1 + “)] o) (1)+

U u

+ F(u,0)5(0) (1”7“)+ L F(u,v) (%L (%)+ }@m(v)

Use slicing method:

1 Vdo ~

U

U

[fa[t] s= [ 2 [80-8] = [ “80 s ot

Works well for the 3-parton configuration.
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S, for t = 0.08

— 0.175

Alternate scheme: .
00 — 0.125

83 (U, v, ,UJh) — Z U3m({ﬂ}7 s ,UJh) ® 1 = 0-100
m=3 0.075

0.050

0.025

Smooth function of two angles

9‘1
Interpolate Ss(u,v,un), then perform angular convolution

Sir.lgle. — 1|Oga1"ithlmi(|3 palth non—logarithmic part

T T T T T T _
. . . T T T T T T 1

000 002 004 006 008 000 002 004 006 008

18



Hard corrections

Hard corrections (juy, variation)

1.2:-| o - I_' Bands from variation of
hard scales by factor two
around un = Q

Largest corrections from 7

Large corrections at large
Qo must be compensated by
power corrections

QO (GGV)

19



LL + LO resummation

R(Qo)

Qo (GGV)

* We match LL to LO and use a profile function to switch off resummation

* Hard corrections at large Qo get cancelled by matching to LO.
* No Exp. data

20



NLL resummation for jet mass

(Balsiger, Becher, DYS,’19)

50 g _
| PYTHIA (hadtonic) |
40 §
N T PYTHIA (partonic)
30F
1 do i ]
odp L — NLL'+LO |
20 — NLL
1oh
N 7 R S N S S
0.00 0.01 002 003 004 005 0.06 0.00 0.01 0.2 003 004 005 0.06
p=M3;/Q p

e Peak at p ~ 0.006 corresponds to 1, ~ 0.5GeV. Non-perturbative effects
are important and shift the peak

e Partonic PYTHIA is close to NLL'+LO

21



Conclusions and outlook

e First results for non-global observables which go beyond
leading logarithms

e full one-loop corrections to matching coefficients
¢ implemented in MC framework
e high order corrections improve results significantly
e Next steps: NNLL resummation for double log observables
e Two-loop anomalous dimension & Monte-Carlo implementation
e More complicated processes at the LHC

¢ Automation framework. Interface with NLO generators?

22



Thank you



Backup



Glauber Phase in Vp,

Im [V, = — 27 Z (Tir - T — T r - T r) 1155

(45) I

[1;;=1 If (ij) both Incoming or outgoing
[1;;=0 otherwise

Amplitudes conserve color charge ) ;T; = 0

e If all particles outgoing II;; = 1 and the sum
vanishes. No Glauber phases in e*e- ep!

® But sum is non-zero forpp 71+ To—= T3+ ... + ITm
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Jet radius resummation

* Exclusive jet cross section:
* e+e-: (Becher, Neubert, Rothen & DYS 15, Chien, Hornig & Lee 15)

* pp: threshold resummation (Liu, Moch & Ringer *15); qr resummation
(Buffing, Kang, Lee & Liu 17)

Qo < Q RQo < Qo < RQ <Q

Hmr2(in,n,n}, Q) = HQ)Tm({n}, RQ)

After taking small R limit, small-angle soft emissions can not resolve
the color structure inside initial states. Super-leading logs are power
suppressed by jet radius R

26



I

— Up = 100 GeV M
—_ ,uh:250 GeV
— iy = 1000 GeV
004 006 0035 0.0
t = t(pn, ps)
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