\\
q\\\‘ Stony Brook University Conter Tor Frontiers

in Nuclear Science

Opportunities at The Electron-Ion Collider
using the BeAGLE model

Niseem Magdy
niseemm(@gmail.com
Inspire-hep: 1305036
ORCID: 0000-0002-6458-6552

Can EIC provide additional constraints What carries the baryon
on nuclear structure? number?

00
©® proton - 02 \00 33 3% %
- e

@ neuton .8 _ > a particles

He* = a particle C 2 = 3 a particles


mailto:niseemm@gmail.com
https://inspirehep.net/authors/1305036
https://orcid.org/0000-0002-6458-6552

*¢* The BeAGLE model:

Wan Chang et al., PRD 106, 012007 (2022)

Glauber handled by
BeAGLE

Primary interaction
treated by PYTHIAG6
for the hard collision.

.
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PyQM: Nuclear Geometry + optional gluon radiation in medium.
Hadronization handled by PYTHIAG.

Primary interaction

Some Nuclear Effects

Cascade process
handled by DPMJET.

Stochastic.

Formation time.

Hadronization N

Nuclear remnant
evaporation and
break up by FLUKA.
Intra-nuclear cascade

Excited nucleus
Evaporation

Nuclear remnant
evaporation & breakup

Parton distribution functions
Parton saturation (CGC etc.)
Short-range correlations
"Fermi motion"

Partonic (or "dipole") MS
Partonic gluon radiation
Medium-modified hadronization
Formation times

Hadronic Cascade

Nuclear evaporation, breakup

Photonic de-excitation of A*

In BeAGLE
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** The BeAGLE model:
d = dz p/p,
from Z N

first-collision

Wan Chang et al., PRD 106, 012007 (2022)

A hybrid model consisting of
DPMJet and PYTHIA with
nPDF EPS09.

Nuclear geometry by
DPMJet and nPDF provided
by EPS09.

Parton level interaction and

jet fragmentation completed

in PYTHIA.

Nuclear evaporation ( gamma
dexcitation/nuclear fission/fermi
break up ) treated by DPMJet

Energy loss effect from routine by
Salgado&Wiedemann to simulate the
nuclear fragmentation effect in cold
nuclear matter
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** The BeAGLE model:
d = dz p/p,
from Z N

first-collision

Wan Chang et al., PRD 106, 012007 (2022)
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definition?



Can EIC provide additional constraints on nuclear
structure?
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N/

s Motivation

> The rich structure of atomic nuclei:

v" Clustering, halo, skin ...
v" Quadrupole/octupole/hexdecopole deformations

proton halo

formation of clusters
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Emergence of new
magic numbers ?

neutron halo

neutron skin

. Emergence of new
magic numbers ?

R o “bubble” nuclei
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¢ The o clustering

Modifying the EIC model simulations with initial nuclear configurations, which include

alpha clustering.

v" The nuclear shape and structure picture have been into the BeAGLE model

The a clustering implementation:

In 3Be,'%C, and 180 we include the o clustering as:

v" Chose the centers of the n-a clusters with a
particular configuration

v" Construct the a cluster with four nucleons

v" Generated random configuration event by event
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Figure.1: The normalized density distribution
of the different configurations of the >C
introduced into the BeAGLE model. 7



¢ The o clustering

The BeAGLE model is updated to

consider the o clustering E
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¢ The o clustering

Identify the physics observables that can be used in such work.
v' Several observables have been introduced (e.g., mean energy observable)

3- o Clustered in the x-y
plane 1- on the Z axes

3- o Clustered
in the x-y plane

2- o Clustered
on the Z axes

The (E) in the forward BO detector acceptant Vs centrality for fixed orientation nuclei. o /°:°
v" Centrality is defined via the cutting on the impact parameter. % Q
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¢ The o clustering

Identify the physics observables that can be used in such work.
v' Several observables have been introduced (e.g., mean energy observable)

The (E) in the forward BO detector acceptant Vs centrality for fixed orientation nuclei.
v" Centrality is defined via the cutting on the impact parameter.
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What carries the baryon number?
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N/

s Motivation

What carries the baryon number?

Baryon number: carried by the valence quarks? This 1s an assumption B =

§ (nq - nc‘z)

v + % B to each quark and antiquark cannot be inferred from QCD's first principles for baryons!

v' Valence quarks carry most of the momentum and are contracted into thin “pancakes” at high
energy.

v" Quarks have less time to interact due to contracted longitudinal length

The string junction?

v Non-perturbative configuration of gluons represented by a locally gauge-invariant state vector.
v' Carries lower momentum and is less contracted

v Made of low-x gluons and has more time to interact with other partons
v Enhanced baryon transport to mid-rapidity

Neither of these scenarios has been verified
experimentally.
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\/

s Motivation

What carries the baryon number?

Several methods are suggested to test the hypothesis:
» Net-Baryon in e+A collisions
v The photon excepted has almost zero virtuality
v" Probes the nucleus at low-x

» Net-Baryon vs. Net-Electric charge in Isobar collisions
v The ratio B/AQ*AZ/A can be used to differentiate different carriers
* Valence quarks carry B and Q 1f (B/AQ*AZ/A) =1
e Junction carry B (1.e., B is enhanced) if B/AQ*AZ/A> 1

20 r

B/AQ x AZ/A
=

05 F

0.0

-
(6}
1

Expectation for junction:
Somewhere above 1

Naive expectation for
valence quark as carrier = 1

0 20

40 60 80 100 120 140 160
(Npart)
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* At the RHIC
The dN/dylyec—;

If the junction hypothesis is true:

» Interact with a junction in the target nucleus Chun \fuen Tsalng (Qm 2023)

» Enhanced creation of mid-rapidity baryons - — PYTHIA 8 y4p
) ) ) ) ) ) ) o' 4 S PYTHIA 6.4 y+p

v" Junction interaction time > quark interaction time __(_Ciu_a_”f)_____-_________________ e HERWIG p+p_

v More baryons are stopped in the junction picture Theory ° J+J

> Regge theory prediction: SRR Ll
g8 N Iy p ' STAR Preliminary ———a——— Y +Au

v — & e%B (Y~Ybeam) Au+Au 70-80%

dy Au+Au 60-70%

v ap is related to Regge intercept of junctions (ag ~ 0.5) Au+Au 50-60%
STAR Au+Au 40-50%

Au+Au 30-40%
Au+Au 20-30%

STAR preliminary results point out that: Au+Au 10-20%
Au+Au 5-10%
» ap~0.6 for AutAu Au+Au 0-5%
» ap~1.0 for y+Au 0.0 05 1.0 1.5 20 25 3.0 35
» Predicted values from: Rapidity slope parameter (ag)
v" HERWIG and PYTHIA disagree with the data
. . . [1] STAR, PRC 79, 034909 (2009)
v" Junction-Junction (J‘|‘J) and Junction-Pomeron [2] STAR, PRC 96, 044904 (2017)
. . [3] Christiansen, J. R. & Skands, P. Z. JHEP 08, 003 (2015)
(J+P) are more compatible with data [4] Kharzeev, Phys. Lett. B 378, 236- 246 (1996)
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* At the RHIC

Isobaric ratio

Net-Baryon vs. Net-Electric charge in Isobar collisions Chun Yuen Tsang (QM 2023)
» The ratio B/AQ*AZ/A can be used to differentiate STAR Preliminary
different carriers o0l Isobar (Ru + Ru, Zr + Zr)
» Valence quarks carry B and Q if - Vsw =200 GeV, lyl<0.5 _ o
(B/AQ*AZ/A) = 1 |
» Junction carry B (i.e., B is enhanced) if |
(B/AQ*AZ/A) > 1

—
(6)]
|

B/AQ x AZ/A
(10

—_
o

STAR preliminary results point out that:
» (B/AQ*AZ/A) > 1
» Model calculations: 05 |
v" All presented models cannot describe the data | =— UrQMD
v" Trento model accounts for initial conditions only, [ - HERWIG 7 p+
and 1it’s consistent with changes in neutron skin 0.0 =ttt

, , 0O 20 40 60 80 100 120 140 160
thickness differences (Nopart)

Trento
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What carries the baryon number?

At RHIC:

» RHIC nuclear energy is at a sweet spot but has limited acceptance in rapidity Q2 and x

At EIC:

» Suitable energy range, good acceptance in rapidity (extended from 2.5 to 6.0) Q2 and x
v Low-pt PID is needed to study the charge and baryon transports

Can EIC answer such a question?

16



* At the EIC

The dN/dy|yec—;

If the junction hypothesis is true: | PYTHIA 6.4
> Interact with a junction in the target nucleus 107 | ' ' ' ' ]
1ol ezp 10x40 GueV2 Ybeam=4.45__
: : . g [ 1.0 (GeV/c), 0.0 GeV/ ]
» Enhanced creation of mid-rapidity baryons N Q <A11 '(*e )% pr > evic _
v" Junction interaction time > quark interaction time 10" £ Process 99 ++ ]

v . : : : Lt = L5 — %
More baryons are stopped in the junction picture o 1072} .
. Y, _
» Regge theory prediction: 2z 107} '
v Z_I; x e*B (Y—Ybeam) % 10‘4; .
v’ agp is related to Regge intercept of junctions (ag ~ 0.5) 1078 .
10°F ]
ag from PYTHIA is larger than the prediction for the | St Line =be** |
junction expectation 0 s s ) 3 > | 5

What is the x and Q? dependence of ag?
Ongoing work 99 is LO DIS

(J. D. Brandenburg N. Lewis, P. Tribedy, Z. Xu, arXiv:2205.05685 (2022))., Y



o Atthe EIC
The dN/dylye—;

If the junction hypothesis is true:
» Interact with a junction in the target nucleus

» Enhanced creation of mid-rapidity baryons
v" Junction interaction time > quark interaction time
v More baryons are stopped in the junction picture

» Regge theory prediction:

v an x e*B (Y—Ybeam)
dy
v’ agp is related to Regge intercept of junctions (ag ~ 0.5)

BeAGLE results suggest two slopes (larger than 1.0)
depending on the rapidity range

What is the x and Q? dependence of ag?
Ongoing work

dN/dy|Net-p

dN/dy|Net-p

101 BeAGLE
o: (a) e+Au 10x40 GeV Ypeam=5-4 |
10°F  pr>0.0Gevic . ]
1T All w1 * 4 %
10" F Process 99 ++ **ff". t ]
L ¥+ +
10_2 i * +F * 7
3L * ]
107 iﬂgzﬁhn x ]
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10!+ | | | BeAGLE _
0' (b) e+Au 10x40 GeV Ypeam=5-4 |
10°F  pr>0.0Gevic ]
1t All #% <X
10 ¢ Hard-collisions #4 §§*xx *
t INC % %5 L%
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i xx +
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s At the EIC

Isobaric ratio

» Net-Baryon vs. Net-Electric charge in Isobar
collisions
v" The ratio B/AQ*AZ/A can be used to
differentiate different carriers

* Valence quarks carry B and Q if
(B/AQ*AZ/A) <=1

* Junction carry B (i.e., B is enhanced) if
B/AQ*AZ/A> 1

» R(Isobar) shows dependence on the
BeAGLE processes

BeAGLE shows value consistent
with the quark's scenario

R(Isobar)

1.5

0.5}

T T T°1 | T T T°1 | T T T°1 | T T 171 | T T T°1 | T T

- , BeAGL e+Ru(Zr) 10.0x40.0 (GeV) —
- Q7 <1.0(GeVl/c) All 'E' T
- Xg < 1.0 (GeV) Hard-collisions ks -
Evaporation 'e' ]

N INC @ |
R ey et

® R

E 55%0 Ru(Zr)+Ru(Zr) 200 (GeV) -
S UrQMD 200 GeV  [] T

EE Trento 200 GeV :

| 1 1
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* At the EIC

Isobaric ratio

» Net-Baryon vs. Net-Electric charge in Isobar
collisions
v" The ratio B/AQ*AZ/A can be used to
differentiate different carriers

* Valence quarks carry B and Q if
(B/AQ*AZ/A) =1

* Junction carry B (i.e., B is enhanced) if
B/AQ*AZ/A> 1

> R(Isobar) is independent of Q2, x5, and pr

BeAGLE shows value consistent
with the quark's scenario

R(Isobar)

R(Isobar)

0.6/

o
~

<
b

<
B

\ ‘ ‘ ‘ ‘ \ ‘ ‘ ‘ ‘
(a) BeAGL e+Ru(Zr) 10.0x40.0 (GeV)
Q% < 1.0 (GeV/c)? 7

pt > 0.0 (GeV/c) & |

pt > 0.1 (GeV/c) o 1
pr > 0.2 (GeV/c) -A-i

0100 1e02 2002
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]
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xg. < 1.0
J
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Conclusions

We investigated the ability to use the EIC to study the «
clustering in jBe,'2C, and 1$0:

Our proposed measurements are sensitive
to a clustering and 1ts configuration.

We investigated the ability to use the EIC to study baryon
junctions in e+A and the isobar collisions:

» The net-baryon yield slopes from PYTHIA and BeAGLE simulations are much
steeper than expected from the baryon junction picture
» The i1sobaric ratios in BeAGLE are shown to be less than 1.0

v’ Independent of xp Consistent with the quark's scenario.

v' Independent of Q2
Thank You
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¢ Correlations of the (E,p) and impact parameter

14+

1.2

(E)zpc(TeV)

...................................................................................................................................................

...................................................................................................................................................

—E— Neutrons from all process

_"i_ Neutrons from hard collisions (x 50)

E Neutrons from evaporation

~ .o
~

count

EZPC [TeV]

Neutrons from all sources can be used for centrality definition.
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¢ The detector’s acceptance:

Caption text

Detector

Acceptance

Notes

Zero-Degree Calorimeter (ZDC)

0 < 5.5 mrad (n > 6)

About4.0mradat ¢ ~

BO Detector

55<6<20.0 mrad (4.6 <n<5.9)

Silicon tracking + EM preshower

n

» In this current study, we are using: ZDC and B detectors
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** We use a hadronic afterburner that introduces such information.

al —*k _)>|< . —*k 2 >k
_)(E*):fS(r ,k)’\lfk* G )‘ d*r

I8 (F*, E) 47 40

where ¥ = X1 — o is the relative distance of two parti-

cles at their kinetic freeze-out, k* is half of the relative
momentum between two particles and later one we use

g for the same quantity, S ('F'* : %*) is the probability to

emit a particle pair with given " and E*, 1.€., the source
emission function, and ¥, () is Bethe-Salpeter ampli-
tude which can be approximated by the outer solution of

. Scott Pratt, model
the scattering problem [59].



» Deformed Pb (f, = 0.28, 5, = 0.093)
v" The ratio of the undeformed to deformed Pb

Neutrons in

Neutrons in
ZDC

Protons in RP
J A ; [T 7 T[]

Cent(%) Cent(%) Cent(%)

Neutrons and Protons from all sources 1in forward rapidity show sensitivity
to 5, and [, deformation in different centrality selections.
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¢ The o clustering
» Nuclei homogeneity

“‘;‘9;3””‘”” T Woods Saxon —
- € € Clustering fixed - ]
b=0.0-1.0 (fm
15 (fm BeAGLE -
(.)E UE
1
| T T P T T T T T
0 20 40 60 80 100 120 140 160 180 200
Coe T Woods Saxon — |
i lej+=]3.e()—4.0 (fm) Clustering fixed ----
1.5F *
2 B
J° o

7‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\
0 20 40 60 80 100 120 140 160 180 200
g (MeV/c)

1 fs """""
. J
o
5
0
P

Case-1: Woods—Saxon
Case-2: Clustering fixed orientation

— T
Woods Saxon —
Clustering fixed - ]

..
pO
.
.
...
———

0 20 40 60 80 100
.7 Woods saxon —
I §+= 2(.:0_ 4.0 (fm) Clustering fixed -
1.5
1
\ \ \ Ll \ Ll
0 20 40 60 80 100

Femtoscopy
measurements can be
sensitive to the clustering.

We are planning to extend the
study to the SRC effect.
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¢ Motivation
The shape of the nucleus 1n nuclear physics 1s often modeled with a nucleon
density profile of the Woods-Saxon p(r, 8, ¢).

1+ Y50

» Y}, o are spherical harmonics L+ Balsp 1+ BaYao
» 3, are deformation parameters //[“\\\\\\\
g /in I\\\\\\
v n=2 -> Quadrupole _ ?ﬂ'ﬂﬁ‘\‘i\t‘\\
v n=3 -> Octupole lllﬂi’
v’ n=4 -> Hexadecapole Uy

_ Po
p(r,0,¢) = 1 + elr —R(6,0)/aq]

R(6,¢) = R, (1 + [2Y20(0,0) + B3Y30(0,¢) + B4Y, (6, Cb))
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s* Motivation

In heavy 10n collisions;
| n=1 | n=2

2
€n
( > 3§$§§_3 B2 =0.018432 %53 = 0.23983
(indep. rotation)

The ratio of the elliptic and triangular flow shows
differences reflecting the 5, and the (5
dependence of Zr and Ru

n=3

J. Jia

Phys. Rev. C 105 (2022) 1, 014905
J. Jia et al.
Phys.Lett.B 833 (2022) 137312

| n=4

2048 2 _ 2
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s* Motivation

» What can we learn about the nuclear shape and structure (a clustering)?

v" Can a particles be the building blocks of some nuclei?
v' Has direct experimental evidence ever been provided?

a. He-4 = o particle

b. Cluster model for Be-8 nucleus

1\ rotation axis

c. Cluster model for C-12 nucleus

Nature Communications, 13, 2234 (2022)
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s* Motivation

Phys.Rev.C 104 (2021) 4, L041901

. . . 0 -0 syx= 200 GeV
In heavy-ion collisions; 007, 2

00e

B Woods~Sacen @ Wooss-Sacen+guinks A & -chstening

a5 »

0051 &
-,

0.04 1
£

] = e

&

L3

> No difference was observed between a0z ¥ e
Woods-Saxon and a clustering 00| B grag. R T

Q.00+

mere

0-0syy=6.5TeVv

B W -Sasn 8§ WO -Saun+uinss A a-custenn

Clustering 1n heavy-ion collisions 1s too cosl A -@°T0Q -
' . °
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£ s -
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¢ Motivation
» EIC can be a unique tool for understanding the nuclear structure

v" Understanding the nuclear deformation v" Understanding the o clustering
1IN
im N&
PN @ 0000
'.' . < © proton QQ Qo
@ neutron
He* = a particle Be® =2 a particles  C1? =3 a particles

% . o, . 1 ¢
@ Can EIC provide additional constraints on nuclear deformation and @@
the a clustering? K: |

» Using the BeAGLE model

v Modifying the nucleus information in the model



