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Introduction

Jets and their structure
o Correlations in momentum, charge and flavor : leading and next to leading particles in a jet
o access to the dynamics of fragmentation and color entanglement in QCD

Observable
o Charge asymmetry
o Connection to dihedron fragmentation function

Pythia event studies
o Acceptance of Jet and constituent particles
o Charge asymmetry and in combination of various particle species
o At various center of mass energies at EIC

Summary and Outlook



Jets at DIS
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) ) ) ) _ Scattered-electron
Leading momentum particles in the jet — K, p +ve particles
_ . -ve particles
Particles in Jet : Neutral particles
Px Py Pz PID
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Jets : What th

teach us ° » Looking in the nonperturbative aspect of
o jet fragmentation

» Dynamics that led to fragmentation of
various particle species in certain ways

» Pattern in charge and flavor separation :
they can inform in future theoretical
development

/ ‘ a0

/ leading particle (L) = highest momentum particle
next-to-leading (NL) = second highest momentum particle

9/14/20 4




Momentum-charge correlations

1 Leading particle (L) and next-to-leading (NL) are both pions generated in two pictures

i) “random” picture : L is fixed and NL is random and both L and NL pions are charged

PR CC indicates opposite charges

2 CC same charge

random random
Neg W = Nee™ =

li) “alternating” picture : perturbative shower gives q, followed by q’ ., which form pions by sharing a soft

air: — _ _ !/ _ 7
P qr +ave = qr + (Gs + 45) Tan, — (a0, @) + 7(qs, G
Ngl%ernating _ Nalternating and Nglgzrnating — 0
d The observable : _ Nee — Ngg 1 —a (1 —a )
Tasy = — - Ta| = —a

v provided every event results from one of these two processes, with no interference
v percentage of “alternating” = a; and percentage of random events = 1-a

> I, is @ measurement of the fraction of hadronizations that are “string-like”, alternating between quark and antiquark
(classical picture)
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Measurements of r,, and expressing in terms of di-hadron

fragmentation functions

d Measurements of r,: » differentially in fractions z, and zy, in a jet,
* “transverse” kinematic variables:
v relative transverse momentum
v’ pair invariant mass
v’ pair formation time
v" including polarization where applicable

d r,s, and its connection with generalized di-hadron fragmentation functions

generalized di-hadron fragmentation functions for any hadrons hy, h2: Dy, (zp2n1)

- 1 min(zy,,1—zr) N
NhLﬁNL = /() dZL/ dZNLDh17h2<ZL72NL7Q)

When ziand zniare large enough, this is the usual di-hadron distribution D7 (z1,22,Q) = D(z1,22,Q) when 25 > 1 — 21 — 24

L Zhl,hQES th Qh2 Nh>1,h2
Zhl,hQES ’th QhQ‘ Nh>1,h2
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18x275 GeV \é

O
Ny
&
NS

\Q‘,b

. Nee
asy
Neo + Neg
& [ Construct r,, with particle compositions with various parameters

O Looking via

Q2 > 65 GeV

Jet Reconstruction :
anti-kt R=0.7

Jet pt > 8GeV
pt-tracks > 0.2GeV
track |eta] < 3.5
Jet |eta| < 2.8

PYTHIA-6 : 1M events :

AN N NN
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v'  Leading particle () and next leading particles (1t/K/p)
v'  Leading particle (K) and next leading particles (K/ 1 /p)
v'  Leading particle (p) and next leading particles (p/Tt/K)

Momentum-next lead particle/momentum of leading particle
Faction of jet momentum carried by leading particle

Angle between the leading and next to leading particles (A8 )
relative transverse momentum (Kperp)

pair invariant mass
Formation time : [2Z(1-z) P] / Kpgpp?

z = Py /(PatPL)
P, = (12)P
Pu = zP
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The effect of

momentum cuts

In traverse

momentum and
acceptance of

jets
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Correlation with different particles

Leading vs. 2" leading
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NCC

Fasy

Leading vs. 3" leading
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 Thestrengthof &
correlations are
different for pions,
kaons and proton
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p-next-lead/p-lead

Correlation with two leading particles
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After
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Dependence on Af and z

I Tm, KK, pp T L 1| | T, KK, pp
E RS TS B J _I_‘I'“:-:"_ | - IT ::“":“'I'__-|- _I_'|'_|_+ +'|"|'+-I-I-+ +HHH
;mﬂ“ﬂ"ﬁ TR T T m mﬂﬂ i
i 4—H++ THI 1+ B R + ++++ +
0 06 08 1 0 0.1 02 03 4 .
AB (radian) z

* Iy Values remain almost flat opening angle
and z with some little variations
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Formation time

Formation time, Ty, =[22(1-2) P] / Kperp?

kperp

Tiorm < 1fm

errp

1
200MeV

Important
region
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Formation time

Formation time, T¢,m = [2Z(1-2) P] / Kperp?

0 Tiorm > 10fm

_+_
TR

Fhrd K A

|
60 80 100
formation time (fm)

rasy
L=
[

formation time (fm)

Tiorm < 1fm : L and NL particles seem to separate after a very short time, which

0 i, KK, pp might decorrelate their hadronization.

iﬁ+++++++ ++++—|—_|__ L ——

~0.5 Tiorm > 10 fM (K .,,< 200 MeV) : nonperturbative transverse momenta in

perp
jr ____—— the jet, and we don't think that going to longer T, or smaller k., leads
JHHF ++ = to new dynamics

15
formation time (fm)

1
"y

Important region to study in data s, = "a few fermi" and "a few dozen fermi", Kkperp, = “a few GeV” to “several hundred MeV”
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Combination of different leading particles
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Invariant mass

Resonance
decorrelate the
asymmetry
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At different collision energies
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summary

* Correlations in momentum, char%e and flavor of leading particles in jet carry information
of non perturbative aspect of jet fragmentation

* At EIC this can be measured with high momentum PID capabilities

 The embedded correlations in PYTHIA is studied at different set of collision energies for
pions, kaons and protons

* We plan to study :
v’ Bringing neutral particle in the correlations
v’ other fragmentation models using HERWIG
v’ Inclusion of jet charge in our study

* We would like to include the studies in Yellow Report activities



backup



T, KK, pp

# of ++ or --

# of +- or -+

Tt K vs

# of ++ or --

# of +- or -+

(18x275 GeV)

800 [— 'F’F
600 —-4- +

400 b=

200 |- +

0 -

1000}— +

500

KTt

200 |- +-;- +
150 —:I: %
100t ‘Iii:l:
i +y
I+

+, +*=t=-u-+

50

0 0.5

300 [~ 'H-|-+
200 L+ + +
++

100 fE by

9/14/200pening angle (radian)

400

200

800

600

400

200

150

10i

S

50

15

O

100

50

200 400

1
50 100

1
150

1
50

300 [—

200 — }

100 ~+

.I.
iy ity

# ++ }

o

+.
gy b

H
T

+
+ ot

+""+++I

0.5

1

1
0.5

100 |—

600

400

1000

500

150

100

50

200

100

+
R
+
+H
+++++
&
o
6;_:,b’ 0.4 ==
+
+H
+++
+t
O
+++
Th———
z
e
T
i
H +
R
0.2 0.4
Hj*
it
¢#++
e
++ﬁ‘*+¢+
+I:t¢*++
o 04
z 22




+
i NO momentum cuts
Sle .k -
IS T, KK, pp il WL 0
Q 41

BE _osﬁztt*:*_____*f*_"_"tﬁtjf_ii______ Il i 'L-t*.+t+i+_+t+t__ R st
§ " | TR tF * 1t ++H++—+——+—_+__+_ J[J[H H_Hﬂ Fb
:c; » d,q-.-+++4+|—|- * 1l 11 _ Ot Ll # H—}H+++H++HHH+++++++H
Nt 0 0.2 04 06 08 1 100 500 300 0 0.4 0.5

1 Ao formation time (fm) z
o After momentum cuts

~

Q
:; . oL T, KK, pp {‘ 0 of | )
EF’.Ei L+ 4;+=+4;+=+4=+**4f+;F+J+L;"f' #h++ _4__——+——5__*_______F___ | _:'.':;{HﬁHqﬁqj4} Frbbp g
1E ﬁ+++ﬂﬁ+ﬂ iﬁw" T S it H m{ﬂ% ;
| I S L) B == L It
S 0 0.0 0.4 0.6 0.8 1 100 500 300 0 0.1 02 03 04 0.5
E Ad formation time (fm) z

]

9/14/20 23



mKvs K1t -

(leading momentum
particle is the first one)
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with p cut
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TP vs Pt - with p cut
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Kp vs pK - with p cut

(leading momentum
particle is the first one)
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Q2 =65 GeV?
Maximum Cross section = 2.2 x 10* mb

2.2x10*mb

2.2x108 fb

Integrated luminosity = 10 fb!
= 2.2x10° events

= 2200 M events



Formation time

What is the interpretation of tau_form?
It's the inverse of the "energy deficit" in the lab frame if we
Z =_PNL/ (Pni+Po) imagine that two massless particles with 3-momenta P,
IIZ;L_=(12-I§)P and Py, emerged from the decay of an off-shell massless

particle with total momentum P.
formation time = [22(1-z) P] / kperp?

Long formation times should correspond to particles that
"stayed together" for a long time before separating.
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