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Some context:

“Quark jet showers strongly constrained at LEP,
gluon jet showers not as much”

e*e” = quarks (Cr = 4/3)
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e*e” = gluons (Ca = 3)
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Larger spread
for gluon jets
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Gluon-rich jet samples at LEP (e*e” — bbg)

Data used in Herwig7.2 tuning (post Les Houches 2015) o
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n°" of soft gluon jets (E;~14-18 GeV), uncertainties of ~30—-40%
Otherwise, no other “"pure” gluon jet samples available for MC tuning
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https://arxiv.org/abs/1708.01491

Why gluon jet radiation?

e Understand gluon radiation patterns

e Improve “vacuum” baseline for jet quenching MCs

e Reduce jet energy calibration uncertainties, CMS, arXiv:1607.03663 |/ 11 1oy

affects all jet measurements at the LHC 8 [ee 04 "
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https://cds.cern.ch/record/2808016?ln=en
https://arxiv.org/pdf/1607.03663

Intrinsic ambiguity of parton flavor

What is a Quark Jet? (Or a gluon jet)

From lunch/dinner discussions

llI-Defined What people A quark parton
sometimes
think we mean A Born-level quark parton
Les Houches 2015 p

J HEP 1 707 (201 7) 091 i The initiating quark parton in a final state shower

as noun An eikonal line with baryon number 1/3
and carrying triplet color charge

A quark operator appearing in a hard matrix element
in the context of a factorization theorem

A parton-level jet object that has been quark-tagged
using a soft-safe flavored jet algorithm (automatically
collinear safe if you sum constituent flavors)

I o 17T "

Had ron_level | as adjective A phase space region (as defined by an unambiguous
) hadronic fiducial cross section measurement) that yields
phase Space reg|0ns : 4 an enriched sample of quarks (as interpreted by some
| Well-Defined What we mean suitable, though fundamentally ambiguous, criterion)
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. CMS simuiation 13 TeV
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Central vs forward jets
—Quark-like & gluon-like
topic models
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https://arxiv.org/abs/2109.03340
https://arxiv.org/abs/1912.09837

The primary Lund jet plane (quick recap)

F. Dreyer, G. Salam, G. Soyez, JHEP12(2018)064
e — softerA
T = P71 R

Cambridge-Aachen reclustering to

. . .. — fter harder fter harder):
construct a tree of intrajet emissions A _AR= \/(3/50 ver — yharden)2 4 (geotter — gharder)
(angle-ordered) S
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Define the jet-averaged number of emissions, St Jets; averaged primary Lund plane

(primary Lund jet plane density) ‘ " sa e
1 d? Nomissi :
k’ AR — €111SS101S % . !
plhr, AR) Niets dIn(kr/GeV)dIn(R/AR) g .
“sculpted” by the running of ag(k;) at LO 0
2 eff _200‘05 1.0 1.5 2.0 25 3.0 3.5 4.0 45 5.0
p(kT’ AR)LO ~ ;CR OCS(]CT) S a0 T
B —
0.0 0.2 ()F;?A,kt) 0.6 0.8
With C, = C, = 3 for g—gg or C_ = 4/3 for g—qg splittings
o F. Dreyer, G. Salam, G. Soyez,
2 JHEP12(2018)064
S
5]
Ability of “factorizing” effects &
£
5

large angle
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Quarks vs gluon primary LJPs in pp collisions

Hadron-level sim. Same LJP slice at low k.~ 1 GeV
Gluon jets (gg—gq9)

Quark jets (qg—qq)
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Spread of 1-5% (LEP constraints) Much larger spread, up to 30% differences.
Not as constrained by LEP! 9
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Each QCD emission spawns its own Lund plane

In(k,)

3
quark from hard scattering

Emissions in red are the “primary” emissions In(1/8)

Emissions in blue are “secondary” emissions

Other colors represent “subsidiary” emissions
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Secondary Lund planes for gluon radiation
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Primary Lund plane

Average map for mixture
of quark/gluon jets at high-p.

"™ (K, AR), o = 2111 (f, C .+ C,)arg(k,)
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Secondary Lund jet plane

If primary emission is chosen
judiciously, can obtain gluon-rich jet

sample at a lower p..

0% (k. AR) , = 2/

C,aq(k

)

“fixing” Casimir factor
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Gluon-dominated
secondary Lund planes

Qsec. ~ 21T
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Quark-dominated
secondary Lund planes

0% ~ 2/n|§ aq(K)

ag(ks)
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Which primary Lund emission?

Collinear emission, but sufficiently In(k,)
large angles for phase space

Here

(e.g, AR . ~%R,AR _ ~R)

X

Soft emission (1/z pole of splitting function):
Asymmetric momentum balance,

Z = P sol (PrsofPrpara) (€:9- 0.2 <2<0.25)

Phase-space region where parton flavor A
changes are negligible

max

Parton flavor changes at the edge

Less phase spac
at small AR

<
<
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At least three setups (picking leading (sub)jet )

1.SoftDrop-like
(Cambridge/Achen tree)

A

y Subjets

Large R = 1.2 jet with p.. > 1 TeV

SoftDrop emission with Rg > 0.6
&& 0.1< z < 0.3

Clustering distortions
@t large angles

2. Trimming
(R=12—->R=04)

Subjets

BOOST 2024

Large R=1.2 jet with p.>1TeV |
—recluster w/ smallR=0.4

| Experimentally simpler

focus on this

3. anti-k; dijet selection|

(or multijet)

Full jets

R = 0.4 jets, specific set

of “collinear” dijets
with asymmetric p.

L _— —_— _— —_— _— —_— _— —_— _— —_— _— —_— _— —_— _— —_—



Inclusive dijet selection

Quark/gluon mixture

> 700 GeV

recoll jet radiation

treated inclusively P harder jet

" .
L
L)
L
LY

......

------

L

L)

.
-

= w "
CRL
------
.......
i
. ="

1<AR;<1.2
150 < stofterjet <250 GeV

A10°-10°) *“high-purity”
gluon-like jets w/ Run-2 stats gluon-enriched

NB: baseline selection, can be fine-tuned
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Process-independence, PDF-independence

secondary Lund plane sllce

pp = jets @ 13 TeV

— , —

18 - o antl R 0 4 _3

—_ CE PN™., pha"""‘”m > 700 GeV :

< qeF- | L\ % 150 ¢ p=™ ' ¢ 200 GeV

~ EoONYTT * 1 < AR(softer, harder) < 1.2

> 145 122<k < 1.49 GeV B

2 of pre\ minary -

c B 7

e 1= =

(oo - =

2 0.8 HERWIG7 angle-ordered, =

2 o6 @ hadron-level 7]

UEJ - [ All HardQCD 2 — 2 (quark/gluon mix) .
0.4~/ 0 qq — qq (quark-rich) —
= gg—>gg(g|uonrlch) Cen s N

3 T I T T T T I T T T T ] T T T T | T T T T I T T T T I T =

£ 1af )

L : —

s :

e 09F/, o - ;

1 1.5 2 2.5 3 3.5 4
0.4 In(1/A) 0.01
L | I R L
i =1 A t
X 10 AR
- j AR " A >$
‘ Sy

T

Emission density p(k_, A)

Ratio-to-incl

—_
N

|IIIIIII]|[II[II

N\

=y

PP —>jets @ 13 TeV

secondary Lund plane slice

@ hadron-level

" 9qq — qq (quark-rich)

[IIIIIIIIII

HERWIG7 angle-ordered,
[ All HardQCD 2 — 2 (quark/gluon mix)

g9 — gg (gluon-rich)
ST SO S BN SO ST S |

antl k1 R 0 4

pharderjet 5 700 GeV

150 ¢ p"*t ¢ 200 GeV

1 < AR(softer, harder) < 1.2

0.202 < A < 0.301

llIIIIIlIIIlIIIlIII|III|III

PR RS M S N

E T 2 € K l T 1 1 7T l T 1 1 7T

l L T l L T I T

OII'I1IIII2II
In(k /GeV)

k; [GeV]

Similar results regardless of parton flavor of the hard scattering.
Can be checked in data w/ tight cuts on quark vs gluon taggers.
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Model discrimination power:
secondary Lund plane vs primary Lund plane of gluons (gg—gg)
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secondary Lund plane slice pp = jets @ 13 TeV
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Secondary vs primary Lund jet plane of gluons (gg—gg)

s,e‘?°,”d,ar,y vs prim?ry of glyoln§ . i?tsl @13 Te:/ secondary vs primary of gluons pp — jets @ 13 TeV
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NB: reweighted p. spectrum {o remove jet p.. biases
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Gluon splitting (g—qq on vs off)

secondary Lund plane slice

pp — jets @ 13 TeV
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pp — jets @ 13 TeV

Similar effects of g—qqgbar on vs off in both
secondary vs primary Lund plane of gluons
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Summary
e Gluon-rich final state radiation using simple hadron-level cuts

(“Rivet-friendly” for tuning)

e Resilient to flavor of partons in hard scattering
(cf simulation studies using LO MC generators)

® (Can be extended to other observables
(dynamical k., groomed jet mass, angularities...)

e Potential applications for precision physics
(e.g., ag with resilience to quark/gluon fraction)

Would require a 2—3 fixed-order piece at lowest order
(trade-off between g/g fraction vs order of pQCD)
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Distortions due to initial anti-k.. clustering

arXiv:1807.04758

£=0.62 A=0.44 A=0.37 £=0.31
C/A —
C/A-reclust. anti-k; |

A=0.88 A=0.84 A=0.65 A=0.62 A=0.39 A=0.37 A=0.31

—>‘—> = X

23
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https://arxiv.org/abs/1807.04758

Related proposal for gluon jet enrichment

Likelihood Trijet Sample with Different Kinematic Cuts

1
4 . |77j3| - |77j1 - 77j2| Pauark 10°
§ E_ < Gluon '8_
3. T= 100 jjj
. 3
= 5" 200
400 jjj
g 1+ -—
S
(@] Njs %
800 jjj
102 JJJN
755 E \
10 !
0% 20% 40% 60% 80% 100%

Gluon Purity

J. Gallicchio, M. D. Schwartz arXiv.org/abs/1104.1175

Rectangular cuts on based on BDT-training on trijet MC
sample, using |,|-|7,—n,| & 1, discriminant
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https://arxiv.org/pdf/1104.1175

Process & PDF- mdependent observable

CIMissIOn aerisity P(R_,
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"Quark jets constrained by LEP” mostly accurate for low p_ jets
cf reach of LEP

Differences in perturbative regime (k. >~ 5 GeV) for quark and gluon jet showers

T I T T T T [ T T T T I T T T T | T T T T | T T T

T I T T T T I T T T T l T T T T I T T T T I T T T T I ™

[ . o .
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x" - W\ primary LJP of quark jets (pythia8) A \.\_c/'_ 1.4 i =
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=y B 1 £ WKeE —
2 08| == e Gluon jets 5
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D - {1 9 06F =
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02F | 150 p_ <200 GeV, |y| < s 02F 150 pr <200 GeV, |yl E
B i 1 oo by b by .

n I !I L1 11 |5 L1 2] L1 12|5 [ 3 L 13]5 ] 0 1 15 > 25 3 35

In(1/AR) In(1/AR)

Herwig7 dipole usually closer to Pythia8 in the perturbative region

Herwigl angle-ordered usually highesin perturbative region



“Quark jets constrained by LEP”

ALEPH Archived Data 1994, e’e’ Vs = 91.2 GeV

400 <JetE
S PihiA e Anti-k; jet R=0.4

~HERWIG7 41 0.2 Tt < Gjet <08
ZPYQUEN

| 2a=0.1B=00

T
6F 30.0<JetE<350 L 35.0<JetE<40.0 +

Data/MC differences with Lund-based of _
observables. For example, soft-drop z, with | 7 s Y/ s 77 At B <ol
archived ALEPH data ShOWS mismodeling for 6 100<JetE<150 L 15.0<JetE<20.0 L 20.0<JetE<250 L 25.0 <JetE<30.0

Ratioto Data  1/N dN/d(Jet ZG)

z,~0.5 (upper edge of Lund plane). :
s " :
0 0.2 04 0 0.2 04 0 0.2 04 0 0.2 0.4
Jet z, Jetzg Jet zg Jetz,

LHC data valuable to clarify mismodeling (dijet,

: : PN : Yi Chen et al
Z+jet, UPC jets...) for high-p, quark jets arxiv.org/abs/2111.09914
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https://arxiv.org/abs/2111.09914
https://arxiv.org/abs/2111.09914

Quarks vs gluon Lund planes

Not just C,/C_ scaling! Leading partor
momentum loss in the Lund tree histol
soft&collinear divergences, color

reconnection effects, ...

Gluon LJP is suppressed at small

angles wrt quark LJP

Cristian Baldenegro (Sapienza)

o

T

Emission density p(k_, A R

BOOST 2024

S0 90 sk NNN
ND DO NDNDROODONMDNDNO®

O

IIII]IIIIIIIIIIIIIIl]llIIllllllllllllllllllllllll_

llllllllllllllIIIIIIIIIIIII|[IIII||||J_

— primary LJP of gluon Jets -

C

A

s g (e s D o o 5 LN

|
1 1.5 2 2.5 3 3.5

In(1/AR)

gluop LJP suppressed
at small angles

4.5

— primary LJP of quark jets

28

mllllllllllIllllllllllIIlllllllllllllllllllllll



Quark/gluon jet fraction |ssue
‘ag always paired with a color factor, Ca’

e AK4]ets
2 pE' > 700 GeV, Yl <17
. : —
Different strategies have be adopted (w/ soft-drop mass):°F_ 0.000000 < In(R/A R) < 4.333333
o 1.6 ::._—A—
e PDF uncertainties =

l

S
+

?1

particle-level predictions
-#- Quark jets
Py -m= Gluon jets
== Nominal jets

(H. S. Hannesdottir, A. Pathak, M. D. Schwartz, <] 12
|. W. Stewart, arXiv:2210.04901 , Les Houches 2017) i
_\C 0.8

IlllllllII|IIIIIH|1|IIIII|III|IIIIIIIIIII

\5
0.6
e Fit ag(m,) and quark/gluon fraction » =l i
(Les Houches 2017) - A

e Statistically “demix” quark- and gluon-like samples " -
(arXiv:2206.10642) 3 Ao A g kA
o e i

Ratio to quarks

e Design observables with reduced q/g fraction sensitivity
(cf Meng Xiao's talk on energy correlators, dag/a ~4%)

29
Cristian Baldenegro (Sapienza) BOOST 2024
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