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FRAMEWORK




Recoil-free jet axes

Larkoski, Neill, Thaler 2014
Goal: define the jet direction to be insensitive to soft radiation

Jet boundary

Soft radiation

Standard axis

l Collinear radiation

Recoil-free axis

- Purely collinear — more general
- Robust against noise

An alternative: jet grooming in TMD Fragmentation: Makris, Neill, Vaidya 2013

Framework



Winner-Take-All scheme

Implementation of recoil-free axis using a merging prescription
Salam; Bertolini, Chan, Thaler 2013

Recombination scheme: given a distance...

AR
. 2d 2d
dij = mln(pT,q;apT, 3)7

..recombine particles by merging them

Standard Winner-take-all
E = F E
D(12) = P1 + D2 A(12) R 1+ f X
n(12) = ?’L1(9(E1 — EQ) + 7’1,2(9(E2 — El)
- Recoil-free
- IRC safe

- Easy to implement

Framework



TMD Fragmentation in jets

Semi-inclusive production of jets containing hadrons

Standard axis: Kang, Liu, Ringer, Xing 2017

Fragmentation in jets

Procura, Stewart 2010; Liu 2011

Baumgart, Leibovich, Mehen, Rothstein 2014
Jain, Procura, Shotwell, Waalewijn 2011

Chien, Kang, Ringer, Vitev, Xing 2016

Bain, Dai, Hornig, Leibovich, Makris, Mehen 2016

Framework

Transverse
momentum

Recoil-free axis

Arleo, Fontannaz, Guillet, Nguyen 2014
Kaufmann, Mukherjee, Vogelsang 2015
Dai, Kim, Leibovich 2016

Kang, Ringer, Vitev 2016




TMD Fragmentation in jets

Semi-inclusive production of jets containing hadrons

Transverse
momentum

Recoil-free axis

Jet /Event variables Hadron variables
. _ Ep. :
e (J): center of mass energy ® zp = Fr: energy fraction
e R: jet radius e 1J: angle
o Fj: jet energy ® prp = L sin?: transverse momentum
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Motivation

Applications in nuclear and particle physics:
» Transverse Momentum Dependence — Probe spin structure of proton
- Jet quenching — Probe medium in Heavy-lon Collisions

* Jet shapes at the LHC — Discriminate Quark/Gluon jets

& (I T T T T R To0 T S 506 Gl e T
un/Event: 151076 / 1328520 L CMS + L e PhPh +100 < [J}’ < 300 GeV/cd prk -

. +.

PbPD /sy =276 TeV — pp reference data 0.3 < | < 2

150 pb

70-100%

CMS public website CMS PAS HIN-12-013
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IMPLEMENTATION




Factorization

R<1, kL > AQCD
Neill, Scimemi, Waalewijn 2017

Natural scale of the subprocess

- No soft function

- Non-perturbative physics
universally described by
collinear FFs

Partonic process Jet propagation  Fragmentation

do(P)

E ki)=H J(ki R ®d™
dEJthdki( Js Zhy L) (M)% (L /Og (:u)

Implementation



Factorization

If £;R > k| one can factorize the cross section further
Neill, Scimemi, Waalewijn 2017

/ . .
Recoil-free axis

do(h)

Ej,zn, k1) =H
dE(]thdki( Js Zhs J_) (M) g

Natural scale < : I

Implementation
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LL evolution with WTA

Leading Logarithm — strong angular order dD;(z)  as(p) L dz
parton shower = clustering tree dnp2 ~ © ), 2

Before the splitting ~ 8,
Hadron . . .
212023 = 2 hadron aligned with axis

Initiating parton

— evolution with modified
splitting functions

Pij(z) = Py;(2)0(z — 3)

WTA axis

the splitting ~ 9,

I 9= kL no constraint from the axis
I Ejet

DGLAP modified DGLAP — standard DGLAP evolution

log(R) resummation: Dasgupta, Dreyer, Salam, Soyez 2016
Kang, Ringer, Vitev 2016
Dai, Kim, Leibovich 2016

Implementation
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Observables

Semi-inclusive jet production efe™ — jet(h)X MC simulation: Rivet analysis with
Herwig and Pythia generators

Q = 1000 GeV E; > 200 GeV R=04

Hadron energy fraction, differential in angle (transverse momentum)

> / / do_e+e——>Jet(h)X
Z(9¥) = —= dE d
dv hZEH s Ty T Az dE dY

e H = {all hadrons}

Dependence on the set of Fragmentation Functions drops thanks to sum rule

1
Z/ dzzd; p(z,pu) =1
— Jo

OH:']T:I:

con: depends on FFs pro: better angular resolution

Implementation
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Threshold region

1) Matching with fixed-order results TEE

o= H(Q)®U(Q,EsR) @ { B(E,R) ® U(E;R k1) @ C(k)

+ J(E;R) — B(EJR) ® C(EJR)} ®d
Fixed Order Overlap

Transverse momentum distribution, threshold region

2) LL Threshold resummation

J(Ej) includes In (1 _ 28)

Q | — Threshold resummation OFF
LL 1 . 2EJ | — threshold resummation ON

140 150 160 170
k. (GeV)

Implementation
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RESULTS

Based on ongoing work with D. Neill, A. Papaefstathiou, W. Waalewijn



Transverse momentum distribution

ete” —jj, Q=1TeV - - Herwig 7, partons | * SenSitiVity to
—— hadrons hadronization

— Pythia 8 ' effects
- = analytic

11 ® Approximate
' power law

 Gradual drop-off
at threshold

Results 15



Angular distribution

ete” —jj, Q=1TeV
anti-kT R=0.4, WTA, E; >200 GeV

- = Herwig 7, partons |

— hadrons

—— Pythia 8
— analytic

* No threshold
effects:

power law
up to the end

finite jet size

simply cuts off
the distribution
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Subjets

- Consistency check of factorization of the jet boundary
» Varying subject radius r probes the jet at different resolutions

eTe” —jj, Q=1TeV, hadrons, anti-kT R=0.4, WTA, E, >200 GeV
|=————

WTA axis,

Results
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Charged pions

ete” —jj, Q=1TeV, anti-kT R=0.4, E, >200 GeV — pions o OnIy 3 fraction
— hadrons )
- = pions (renorm.) of energy goes into
charged particles

Herwig 7

 Angular distribution
not affected
in shape

Results 18



Gluon

/Quark discrimination

0.100

Analytic, E;>125 GeV, Q=500 GeV, Tan%:0.4

~

=

— Gluon jets
— Quark jets

0.005 0010 _______ 0.050 0.100
0

e (Clear difference
between Q/G jets

Results
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WTA vs other schemes

trimming: Rgy, =0.05, Pr min frac. =0.03

ete” —jj, Q=1TeV, hadrons, anti-kT R =0.4, WTA, E; >200 GeV

—_— WTA

- = [E scheme

Herwig 7

107 10"

* E scheme: power law
replaced by Sudakov

double logarithms

Results
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WTA vs other schemes

—_— 'ungroomed . e Esch . |
—— trimming scheme: power law
- - Escheme replaced by Sudakov

Herwig 7 double logarithms

* Trimming has no effect
for 0 < Rsup.
Krohn, Thaler, Wang 2009

ete —jj, Q=1TeV, hadrons, anti-kT R=0.4, WTA, E, >200 GeV
trimming: R, =0.05, pr, iy frac. =003

102 107

Results 20




Conclusions

e Recoil-free axes allow for the definition of soft-insensitive observables,
working in a theoretically clean framework

e TMD fragmentation in jets becomes universal

* Main feature: power law instead of Sudakov double logarithms

* Opportunities:

study non-perturbative effects,
discriminate quark/gluon jets,
apply to jet quenching
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Conclusions

e Recoil-free axes allow for the definition of soft-insensitive observables,
working in a theoretically clean framework

e TMD fragmentation in jets becomes universal

* Main feature: power law instead of Sudakov double logarithms

* Opportunities:

study non-perturbative effects,
discriminate quark/gluon jets,
apply to jet quenching

Thank you!
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BACKUP




Different kT-type algorlthms

ete” —jj, Q= 1TVp artons, WTA, E; >200 GeV —atkTR 0.4
- C/A 1
v=0 KT

| T




