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How are the various hadrons
produced in a single scattering
process correlated with one
another...




... and how does hadronization
change in a dense partonic
environment?

And what are the
timescales of color &
neutralization and hadron nuceon %76 """ (“0
formation? ‘




CLAS EG2 experiment

e 5 GeV electron beam
e Liquid (LD2) + Solid

dual target system :

o Solids: C, Al, Pb, F&, st .
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Event topologies

Di-pion:

e High energy 11+ and low energy T11-

https://doi.org/10.1103/PhysRevLett.129.182501 Phys. Rev. Lett. 129, “
182501
https://doi.org/10.1103/PhysRevC.111.035201, Phys. Rev. C 111, 035201
 oF
Pion+proton
e High energy 1+ and knocked-out proton ®)
(or proton from fragmentation) knockout
protons

Analysis note in second round of review

fragmentation
protons


https://doi.org/10.1103/PhysRevLett.129.182501
https://doi.org/10.1103/PhysRevC.111.035201

Earlier results ...
Discovery of back-to-back pion suppression in eA scattering
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How are the various hadrons produced in a scattering process correlated

with one another ?

Our observable: correlation function

C(A¢) = Co

° Neh is the number of events with scattered electron and a

Neh dA¢

“leading hadron” (z=E, /v>0.5)

e N_ isthe number of “subleading hadrons” in those events

Dihadron azimuthal correlations in deep-inelastic scattering off

nuclear targets
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Derived quantities: RMS widths T
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Derived quantities: RMS widths
and broadenings

RMS widths and broadening
increase with larger nuclei with
weak, log-like A dependence.

Most of these models are new,
developed for the EIC rather than
JLab energies, yet predict this
trend correctly
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Multi-dimensional
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p,' dependence

Models predict
different trends in
the broadening vs
p,', which
demonstrates the
discriminating power
of these

measurements
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Multi-dimensional
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AY dependence

e Models predict
different trends in
the broadening
vs AY
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How does the nucleus react to a fast quark?
Protons proxy for “nuclear response”

knockout
protons

fragmentation
protons



Pion-proton analysis

7t+
e Leading 11+ and a proton O
knockout
e Two means of proton production: protons
o Knockout (requires much less fragmentation
protons

energy than secondary pion
production)

o Fragmentation of struck nucleon

e Correlation function differential in A
and AY

AY =Y, — Y,

Y . ]- log E _|_ P2 \\\rapidity = area in red
2 E — D: 15

space




“Slow” knockout protons =

4
e “Slow” knockout protons in this .
analysis are analogous to “slow
neutrons” in planned studies
with the EIC’s Zero-Degree znockout
Calorimeter protons

o Slow nucleons in an event
can proxy the path length

e

of the cascade through the

nucleus® eP‘l&S
A

o Measurements of protons

fragmentation
protons

at JLab can feed into Neu’ﬁo“s
models used for the EIC,
test MC generators.
_,Boost Zero-degree

from nuclear calorimeter
frame to lab

*Phys. Rev. C 106, 045202, Phys. Rev. C 101, 014617 frame
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Correlation plot

o |Ag| for the x axis
e AY in columns
e Target types as rows

e Bottom row: A/D ratio of
correlation functions.
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Wider
correlation
functions for
heavier nuclei

xt
O ,,/) @
knockout
protons
fragmentation
protons

correlation

correlation

correlation

correlation

0.0<AY<0.5

0.5<AY<1.0

1.0<AY<15

1.5<AY <20

20<AY<25

25<AY<3.0

A AR RN LA A R ) A SRR AAAA: SR A R SAAM AR A :
=1 D . E
i GiBUU D s ™ > ]
= 5 e 7 ¥ e ¥ ¥
E / / 7,/’ e 2 E
I .//' ]
:}.I“IH..I\.. (& - Pl .HI ...I\. i | .‘,I..‘.I‘.‘.E
- ,,|,, R A RARRRRRE LY
?f € = = e % E
f — GiBUUC_ BT e et
-yt ] 3
L ]
; oo e e e | EPYEEPRSVST Y o R TS T TS R YT [ YEPIST IS b o R .(.I\.HI\.\.I\.\.I..\.I\.HI..\.I..‘.E
St 4+t
= | Fe . s E
GiBUU Fe
e 1 1 4
E..HI‘..‘I‘..‘ PRI SN IPRRAN = o AT [ RNRUR PR o clSRANT ARNTIEN BRI « ol SEUVErE B M | P l:
-ttt
;f Pb -'* o B |
E g 2 e T B . o+t E
g GIBUU Pb , s e G ot t]
= . 3 S 1¢Q2<4 GeV? .t d
B i 2.3<¢v<42GeV E
Efi z;>0.5 E
s pp,,,'>70MeV ]
3 Pp>350 MeV 3
SETETE AR AR M | PRI & ST A P IR & AT AR AR Pl PRI PRI & STUTETITE SPATEErE SRR &
—_—TT T
—:-§ = o= = == o= =2 E
g ig Py 1 g :: |
Ll d by, - - ]
[ NG e P b b g
= L B 1 -
E. \I:E\. ' B \.Iuy.lzz. ‘.I‘H.I\.HIEE\H.I\ T IEE‘.HI. \.He‘.lE

0 " 2 0o i 2 0o i 2 0o i 2
|A¢| [rad] |A¢| [rad] IA¢| [rad] |A¢| [rad] |A¢| [rad] |A¢| [rad]



0.0<AY<0.5 0.5<AY<1.0 1.0<AY<15 1.5<AY <20 20<AY<25 25<AY<3.0

. -_§1o-'él = ’ Illlllllllll
Correlation e e R
functions also wb )
becomeWiderat 104%:1‘11:::':::; - ‘.‘.!‘H.!‘: e e e _
larger AY ST o '
e F GiBUU C 2 RS s
g 2/ By 2 3
NS
Peaks have 10@_‘

A

|

largest values at
1.0<AY<1.5

10~ E Fe
GiBUU Fe

correlation

w _an E

}{' T ,||,,,,,,II

AY =Y+ - Y, £ 10 - L R
1 E , GlBUUPb g : i o i

10~ . <Q?<4 Ge s -

Y = —logi 23<v<4.2GeV ]
2 E—p, 10°g 21>05 E
pp,,>70MeV ]

10+ -

Py>350 MeV

(S
| il

correlation
=)
&
-

muu| \II

— T
< IO o TESGERE TT Gl T G [T TR T T0l Tel Tl [(ET T Telel REET BT RGBT Walel WISV Vet [T ] Wl Rt BT G I Gl ]
oo’\) S H I i [

O )
\oo.o ° 'I“"g\ E R oy ¥ E3 E: E

P B i, R, B, :
protons - \_» 1!¥ T "\l _»r—,,,zgtbJ,gi’t‘lijiilllit
” N SN} 'x,—\*l — . T 1
fragmentation 10 \§; = =4 = =+ E
protons T I IR ; S (RN IR - I TN EPUAPITN - cNPUTE SPPERTS) I . o | I I | 1. . d
o 1 2 o 1 2 o 1 2 o 1 2 0o i 2 o 1 27

|A| [rad] |A| [rad] 2] [rad] |Ad| [rad] |A| [rad] [A¢] [rad]



R=CAICD >1 for
most bins:

More protons are
produced per
leading pion in
nuclei than in

deuterium
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Widths and broadenings

Widths increase as a
function of A and also

AY

o Trends also reproduced
by GiBUU and BeAGLE

models

Broadenings defined
with respect to carbon:

o Negative for deuterium
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Follow-up measurements with
upgraded CLAS12 (Run Group E)

Beamline

e Higher luminosity
e Higher beam energy

e Polarized electron beam

o Can measure beam-spin asymmetries

e Larger variety of targets

Double target system

2 [cm] LD2 target

. — ————— — - :
= Carbon (C-12) ] J
« Aluminum (AI-27) Tin (Sn-120)

- Copper (Cu-63) = Lead (Pb-208)




Summary

e Di-hadron correlations represents a new tool to
explore how hadronization is affected by nuclei

e Current and future analyzes with RGE will seek to
answer some of the questions raised in the 2023 LRP
o How are the various hadrons produced in a single scattering

process correlated with one another and how does
hadronization change in a dense partonic environment?

o What are the timescales of color neutralization and hadron
formation?

Fully Formed
Hadron
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https://doi.org/10.1016/j.physrep.2011.12.001

Models

e eHIJING
o Based on Pythia8

o Interaction between hadrons
and the nuclear medium
proportional to the nuclear TMD
PDF of gluons.

arXiv:2304.10779
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https://arxiv.org/abs/2304.10779

Models

e BeAGLE

o Mixture of components from multiple
generators

Primary interaction (Pythia6)

Nuclear remnant
decay/de-excitation (FLUKA)

Intranuclear cascade (DPMJet)

Geometric density of nucleons
(PyQM)

Nuclear parton distribution
functions (LHAPDF5)

https://doi.org/10.1103/PhysRevD.106.012007
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