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Conceptual picture of jets
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What do we want?

pQCD

.— '~——>
Parton Shower Hadronization

->

* Quantify the phenomenological structure of splittings or branchings within the jet
clustering tree

* |dentify a method by which we can quantify the transition from pQCD-like behavior
to dominance of npQCD effects - O(1) effects from Alba Ontoso’s plenary talk
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Motivation

NPQCD-1sh Conclusions
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Splittings 1n theory

e Two fundamental scales

@ Involved In jet evolution -
/9 > opening angle and energy
0 1  Narrow emissions occur at
vac — _ ]
U, === later times

Narrow emission - late time ¢ Eal‘ly t|me em|SS|OnS
------------- : correspond to wider angle
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| |« At fixed emission energy -
DGLAP Functions! angle of emission determines

wide emission - early time the t| me Scale!
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How do we know this 1s true?

30 < pi' < 40 GeV/c
R = 0.6 ant1 — Ky

| ¥ STAR data
= Sys. Uncert
B i
Larkowski, et al. T E Kang et al.
JHEP 05 (2014) 146 _oF Groomed Subjet e
N o of ol S sf Momentum Fraction
asgupta et al. , 5 f :
JHEP 09 (2013) 029 min(pr 1, Pro) z R=0.6 :
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First SoftDrop splittings can be described by pQCD
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We know 1t has to break!

BT 117 o Flat Zg distribution and smaller
F STAR Preliminary - | |
: 1 (R,) for the third split, where
ol Sys. Uncert. 1 . L
> OF - y _ i we observe collinear emissions
X
'IC\IJ sF X First Split =
~ N .
Z AN 3 ¥ _?:f’:"s fp"t 3 e At some point within the
— 3:_ X * ¥ Third Spiit E clustering tree (directly
— x * X 3 observed at RHIC, but will also
2F M ¥ o4 be true at the LHC), we need to
1E o e 3 move away from pQCD
- 20<pT < 30 [GeV/c] 3
I T T A N T N N N TR TN AN NN NN TN NN NENN NN NN TN NN SENN TN NN R |
0 0.1 0.2 0.3 0.4 0.5 e When is that?
See talk by Monika Robotkova, Zg
thursday
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Another evidence for transition

See talk by Reynier Cruz-Torres, Tuesday
8 [ .
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“field theory faces reality”
arXiv:2205.03414 , 2209.11236
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 Transition indicated as a
function of the opening
angle - which we know is
related to the time scale!
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See talk by Andrew Tamis, wednesday
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What 1s the formation time?
min(pTal, pT,Z) F = E1 4+ E2 Chien et. al.

Z — 2109.15318
P 1,1 TP 1,2 6 = AR(l,Z) Eur. Pﬁle?agosit(glbzv 6,
561
2 “ . :
1 “
—@
1 e
. =—— [fm/c —e
f z-(1=2)-602-E [ |

QCD inspired formation time for any two objects to be treated independently
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https://arxiv.org/pdf/2109.15318.pdf
https://link.springer.com/article/10.1140/epjc/s10052-021-09346-8
https://link.springer.com/article/10.1140/epjc/s10052-021-09346-8
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How to think about the time observable
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Large mass - early time - larger opening angle - large virtuality
Allows a selection of jets based on space-time structure
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Lets 1dentify splittings within jets

e SoftDrop first o SoftDrop split e | eading and
split 7; resolving the subleading
two leading . .
charged ch-particle Ty
particles
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Why look at the formation time
and charged particles

perturbative non perturbative
( k1< 200 MeV )

transition
region

10" 1 10 107
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e Recent studies also show its usefulness
from the theoretical POV on isolating
regions where calculations are valid

e Fuzzy area, but overall one can separate
out ‘mostly’ perturbative and ‘mostly’

non-perturbative regions based on
formation time

PYTHIA Herwig x) dop,p,/dX —doy, 7-/dX
T + Ie — -
°m on dahl ho /dX + d0h1h_2/dX
o K* oK*
_ _ Y-T Chien, A Deshpande, M Mondal, G Sterman
® pp °pp arXiv: 2109.15318
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Start Wlth the formatlon times
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e 15D splittings are predominantly
early time and do not follow the
shape the LCP
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Start Wlth the formatlon times
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Motivation
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Splittings

Conclusions
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Lets quantify the splitting shapes
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We would nominally expect

the following ordering
1SD -> RSD -> LCP

1SD Is a steeply falling
distribution reminiscent of
DGLAP leading order

LCP is significantly peaked
at larger values

RSD is somewhere in the
middle
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P = o
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RSD = 1SD (43% of jets)
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g

form

PYTHIA 8.306
p+p s =200 GeV

20 <p_ » < 40 GeV/c

Re-cluster: C/A

-n
'S
-
s
’

e

4
[
¢
4
»>
E
»
»

— [ T T

-
—
o

$g

* Multi-parameter simultaneous fit converges for
when RSD = 1SD - with unreasonable weights!
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e 1SD
m 25D

¢ 35D

DGLAP Fit

Parameter

RSD=1SD

0.002 (0.054)
0.2 (0.008)
~ 0 (0.003)
3.17 (~0)
0.05 (0.166)
~ 0 (0.043)
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PYTHIA 8.306

p+p Vs =

20<p

200 GeV
< 40 GeV/c
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(¥)) il
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e RSD =2SD, split DOES NOT converge!

Shape of this Zg is definitely not perturbative
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Re-cluster C/A

e 1SD
m 25D

¢ 3SD
------ DGLAP Fit
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Conclusions
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* Associating a timescale to jet
evolution via the formation time
highlights its usefulness from very
early time pQCD dynamics to late time
NnpQCD mechanics and hadronization
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Resolved splittings potentially
straddles the transition regime -

leading charged particle selection will

make this free of background
contribution in heavy ions!
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Bonus Slides
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Extending towards correlations
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* One example of ongoing studies with charged correlation - Like-sign leading particles

e Significant split in the formation times for 3rd particle to be opposite sign - quantitative categorizing
of charge conservation in jets vs time

e Emerging as a new avenue thats complementary to jet substructure focused on understanding
hadronization mechanisms
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Already followed up 1n experiment
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At the LHC

Selecting on the formation time - sculpts your
mass distribution

Later time is almost exclusively larger mass -
allows for selecting early time dynamics
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