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Electromagnetic Field in Heavy lon Collisions

O Ultra-Peripheral Collisions (UPC):

« Two ions pass each other (b > R, + R))

 Interaction dominated by relativistic electromagnetic field

O Photonuclear Interactions:

A, o A A A, A * One or both ions emit virtual photons absorbed
¢ % z by the other, causing nuclear excitation and
E é 2P B breakup
0 0
A T A * b " * Neutron emission occurs through a process

known oulomb Dissociation (CD
b). Single Coulomb dissociation (SCD) ¢). Mutual Coulomb dissociation (MCD) © as C ( )
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Isobaric Nuclei (Ru+Ru & Zr+Zr) Collisions

A =96 A =96 1.00
Z=44 Z =40 1.10
N/Z=118 N/Z =1.40 0.54
Key points:
L4 ’Y CC Z2 s (ZZRu /Zzzr) z1.21
- (N/Z) * (NZ)py < (N/Z)z
5/14/2025

[ Isobaric Nuclei: Ruthenium (A=96, Z=44) and
Zirconium (A=96, Z=40)
« Same mass number, different proton number
» Direct comparison of nuclear structures

» Probing the influence of proton number on

nuclear properties (y oc Z2)
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STAR-ZDC Detector
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0 STAR Experiment and ZDC Detector:
« The STAR experiment at RHIC is equipped with the ZDC detector

« The ZDC detects neutrons emitted in CD events

5/14/2025
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Data Processing

Data set:

m

"' 1 e
C;) p;scl:;:s Number of Event CSO IIQI(LSCI;I;S Number of Event
Runl8 RuRu/ZrZr @200 GeV
Ru+Ru 0.113 M Ru+Ru 4.935 M
Trigger :
Zr+7r 4.988 M Zr+Zr 4.843 M
ZDC-Mon
ZerObiaS zdc-mon (history) 37 |(Ii(}0017 |1.81K |8.81K
_______________________________________________ +ZDC-TAC

Neutron channels:

zdc-mon (history) --> Requirements:

+ZDC-E
+ZDC-W
-Laser-protection

60

19300 8B44.48K [4.18M

ZDC-Mon -> MCD {1n1n, 1nXn, XnXn} E ©scD ZEROBIAS (history)

ZB -> SCD {1n, Xn}

ZERQBIAS (history) --> Requirements:

-Laser-protection

5/14/2025
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Approaching method

1. Event Filtering: 2. Neutron tagging of UPC:
The BBC detector vetoing hadronic events: Neutron-tagged events are selected using the ZDC

« atleast one side BBC,=< 20 (ZDC-Mon) _ RutRu, |5, = 200 GeV
« atleast one side BBC,< 1 (Zero-Bias) !

250F=

ZDC West

BBCn = BBC coincidence tagging of hadrons, allowing neutron
emissions to pass through and be detected by the ZDC.

TOF + BEMC

200} % 10

150}=F

50

107"

0 50 100 150 200 250
ZDC East

3. Fitting Extraction

Perform multi-gaussian fit to extract 4. Cross-Section Calculation:
neutron emission distribution Calculate 6.4 for each neutron emission channel
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Counts

Neutron emission extraction

Ru (A=96, Z=44)

We extracted neutron emission by fiting function JotalFit = g1(x) + g2(z) + g3(z) + eg(x)

N e e Vo
Xn 1n 2n 3n >4n

1000 Hu+RU, 'JS_NN =200 GeV _ ) g , 1inin ‘E Hu+nu’ \lB_HN =200 GeV
STAR Preliminary 1 3
—a lngn O 300 STAR Preliminary 5 L DFTH
— g : nan L] 1
I = = — e%, >1n4n - \ — g, 0n2n
. — TotalFit, 1nXn " - g, 0n3n
| —— €eg, >0n4n
200 —— TotalFit, OnXn
150
100
50
. 10[3 10 . 250 . 50 ke 100 150 T 200 = 250
Neutron emission on both sides ZDC East Neutron emission on one side zDC East
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Multi-gaussian fit

TotalF'it = g1(x) + g2(x) + g3(x) + eg(x
\ .= 91(z) +92(2) + g3(2) +eg(x)

Xn 1n 2n 3n >4n

e Gaussian Peaks (n-neutron events):

A e _ _
9i(z, i, 0;) = ———=—=exp (— (@ 5 /21’ ) ) fori=1,2,3 p2 =2p1, o2 =201 (2n peak)
TV 7 ps =3p1, o3=V30 (3n peak)

e Exponential Modified Gaussian (>4n):

A A T — g — \O3
eg(x, g, 04) = Ay | = | € —(2 +)\a2—2x)[1+erf( )]
o(a,a,a0) = Aa (5 ) exp ( 5 2ua + A2~ 22) e
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Efficiency and purity of 1n event
Ru (A=96, Z=44)

The 1n emission probably also contains 2n. Therefore, we calculate efficiency & purity

1 o €1n
N(corrected) = 91 (aj) o
- Pin
1n
Wlth € — Nln,selected (Efﬁciency) D= Nln,selected (Purlty)

Nln,total Nall,selected
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ZDC-Mon Luminosity

The STAR recorded data was analyzed to obtain luminosity of the ZDC-mon triggered events (Liemom)

zdc-mon RuRu 1.499

zdc-mon RuRu 600007 0.919 Collision

zdc-mon RURu 600017  1.480 Species Number of Event
zdc-mon ZrZr 1.530 Ru+Ru 5.113M
zdc-mon Zrir 6eeea7 9.001
zdc-mon Zrir 6eenl7 1.529 Zr+Zr 4.988M
o —- ZN(XH,XTI)Ru . decfcoinc(Ru) - 5.1 ].3M i 1.499 — -1
decmon[Ru](Xn ,Xn) YN se come(X 1, X Mga 6.956M ~ 1.101 U b

(Xn,.Xn)Zr . dec_coinc(Zr) — 4:989].\/.[ d 1530

~ -1
ZNch_coinc(Xn:XH)zr 7.090M 1'0761'1b

N
° decmon[Zr](Xnixn) = Z
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ZDC-Coincidence

Name Species Tid Lum [ub”~-1]
zdc-mon RuRu
zdc-mon RuRu 6000087
zdc-mon RuRu 680817

Zrir
zdc-mon ZrZr Geeea7
zdc-mon ZrZr 600817

The STAR recorded data enables to calculate the ZDC-coincidence cross-section, 6.,,. , which follow this
formula:

—_ choinc
Ucoinc - I

where > N is number of event of coincidence, and L is integrated luminosity

[URuz4.64 b] [UZF ~4.64 b J
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ZB Trigger Luminosity Estimation

We estimate luminosity of Zerobias trigger (L) with the (Xn,Xn) channel :

Zerobias

followed by ZDC coincidence cross-section, G ginc - thus:

. _ LN(Xn,Xn) _ 13381 _ -1
Lyieg(XnXn) = &7 o 2883.83 b

_)»N((Xn,Xn) _ 13304

Loggzn(Xn,Xn) = 2= —[4_64}=2867.85 b1
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Coulomb dissociation cross-section

We compute Coulomb dissociation cross-section by formula :

O — ENn—channel
cd — L.. ’
trigger

where > N, _ channer @ssociated with each neutron emission channels, for SCD (3, N g1,

> Nionxnp) @nd MCD (3 N 1n1rps 2 N panxnpy & 2 N xnxnp) include luminosity-trigger as L., and Lgmon,

respectively.
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Preliminary Result

Table 1: Mutual Coulomb dissociation (MCD) cross-section of Isobar data

Neutron Ru (mb) Zr (mb) Ratio (Ru/Zr)
Inln 14.21 +0.08 +=1.70 6.1 =0.05 =0.79 218 =0.02 =0.21
InXn 47.61 +0.14 £5.53 33.23 +£0.11 + 3.80 1.43 +£0.05 £0.12
XnXn 168.00 £0.39 #£20.95 190.19 £0.42 423.51 0.88 +£0.02 £0.09

Table 2: Single Coulomb dissociation (SCD) cross-section of Isobar data

Neutron Ru (b) Zr (b) Ratio (Ru/Zr)
Onln 2.05 +£0.02 £0.20 1.25 £0.01 +=0.13 1.60 +0.02 =4 0.04
OnXn 448 +0.02 £0.45 436 £0.02 +0.44 1.03 £0.06 +0.02

OnXn+XnOn 896 +0.04 £0.90 8.72 =0.04 +=0.89 1.03 =£0.06 = 0.02
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Summary

O Conclusion

 The first measurement of Coulomb dissociation in STAR Isobar data include the cross-section calculation of both
SCD and MCD events

« The ratios 1.60 + 0.02 (1n SCD) & 2.18 + 0.02 (1n1n MCD) of (Ru/Zr) demonstrate:
» Clear Z-dependence, exceeding Z2 scaling (Z2g, / 22, =1.21)

> At Low-energies, 1n emission results may be explained by Giant Dipole Resonance (GDR) excitations, where
cross-section is enhanced for higher proton of Ru-96.

» Hints at nuclear structure effect of the Isobar

 The ratios 1.03 £ 0.06 (Xn SCD) and 0.88 £ 0.02 (XnXn MCD) of (Ru/Zr) are near unity. It indicates:
» Both Isobars are geometrically identical (A=96)
» No Z-dependence which may indicate no significant EM effects

O Outlook
«  We will perform model calculation for neutron emission with Giant resonance, Quasi-deuteron, and higher energy

pomeron contribution to cover photon energy up to RHIC regime.
Thank You!
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Counts

1000

800

600

400

200

1nXn (Ru

— Ru+Ru, s, = 200 GeV
. STAR Preliminary
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VS Zr)

m -
— g inin g S»GU_— Zrﬂr,@:EM GeV
1’ o il
— 9, 1n2n o | STAR Preliminary
—— g, 1n3n :
—— eg, >1ndn 400|—
—— TotalFit, 1nXn "
300—
200}—
10—
100 50 200 250 % 50

ZDC East

—_ g1, 1nin

S gz, 1n2n

— 0, 1n3n

—— eg, >1ndn
—— TotalFit, 1nXn
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XnXn (Ru vs Zr)

Sy

200 GeV

/Sy

Zr+Zr,

250

ADC East

150

100

n = 200 GeV

Ru+Ru,

™, TTETE

I

250

ZDC East

150
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200
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Counts

OnXn (Ru vs Zr)

5/14/2025

Ru+Ru, s, =200 GeV
STAR Preliminary

—_ g1, Onin

— gz, On2n

— g, On3n

—— eg, >0ndn
—— TotalFit, OnXn

200 : 250
ZDC East

Lounts

250

150

100

Zr+Zr, (s, = 200 GeV
STAR Preliminary
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——g,0nin

— g, 0n2n

—— 0., 0n3n

—— €eg, >0n4n
—— TotalFit, OnXn

ZDC East
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Counts

Neutron emission extraction
Zr (A=96, Z=40)

We extracted neutron emission by fiting function JotalFit = g1(x) + g2(z) + g3(z) + eg(x)

Xn 1n 2n 3n >4n
sool— Zr+Zr (Syy = 200 GeV o 0
E STAR Preliminary g, nin f‘; Zr+Zr, |8,y = 200 GeV
s — gz, 1n2n | STAR Preliminary —g, onin
=, = = —— g, 1n3n \ —— g, 0n2n
1 . —— eg, >1n4n - —— Qi, On3n
0 | —— TotalFit, 1nXn i | —— eg, >0n4n
300—
i —— TotalFit, OnXn
mui— ; 10
|
100|— |
] J -
% . 100 T T 250 g o Tog™ C T r
. . . ZDC East
Neutron emission on both sides 220 Easl Neutron emission on one side
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