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EIC forward detectors
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ZDC at around z = +35m
Aperture: ~ 4mrad
Available space: 60 x 60 x 200 cm 

• Charged particles: 
Roman pots, off-momentum detectors, 
B0 tracker/EM preshower

• Neutrals (n, 𝛾, 𝜋0): B0, ZDC

ePIC far forward system
ePIC Detectors: Central Barrel  14

• Mid/fwd system covers | |< 4 

• Far forward means  > 4 in 
the p/A going direction, 
corresponding to  < 2.10  

η
η

θ
			 FAR FORWARD→
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Zero-Degree Calorimeter

• 35 m away from the vertex  
• ~60x60x200 cm space available  

• Measure , , and   γ π0 n

Zero degree calorimeter



• The performance plot was made in the old version detector design 
(prior than March 2023), and already meet the YR requirement 23

Zero-Degree Calorimeter
Photon energy resolution Neutron energy resolution

Physics 
requirement

Physics 
requirement

Performance
Performance

Credit to Shima Shimizu (JSPS/RIKEN) 

• Meets basic physics 
requirements from the 
Yellow Report.

• Optimization work 
needed on imaging 
system.

From	S.	Shimizu	

Detector requirement
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ZDC-e design

18ZeroDegree Calorimeter 

LYSO Crystals

50 LYSO crystals were produced

8x8 LYSO
crystal array

beam test at ELPH in February 2024

W+Si pad Layers for 
tracking (ALICE-FOCAL)

W+Si pad Layers for tracking (ALICE-FOCAL)
ALICE-FoCAL beam 
test@CERN

Neutron irradiation at 
RIKEN RANS 

From T. Guji
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ZDC-h design (proposed)

• ALICE	Focal-h	as	the	reference	

• Fiber	size	:	1mm

• Spacing	=	2.5	cm

• Good	energy	resolution	

• Mix	with	Quartz	fibers	can	be	resilient	against	radiation	damage

(Sejong	U.	&	Korea	U.)

Hadron calorimeter 
• 2nd design 

• No Pb-Si imaging calorimeter 
• Pb-(Scintillator + Fused silica) by Korea group 

• Capillary design 
• 46mm x 46mm x 250mm tower 

• Longitudinal segments? 
• Each tower has 30 x 30 fibers 
• 1 on 1 SiPM: each SiPM connected to single fiber 
• Or grouping SiPM: each SiPM to 9 fibers 

• Position resolution study by ePIC Forward HCAL 
group (UCR) 

October 9, 2023 9
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600mm

600mm
1500	mm	~



motivation: Jet quenching 
in  

ollisions 
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e+p DVCS

J/Ψ

coherent/incoherent 
J/- production in e+A

e+d exclusive J/Psi with p/n
tagging

8

spectator tagging in light 
nuclei

Quasi-elastic electron 
scattering

u-channel backward exclusive 
electroproduction

…and MANY more!

(some) Far-Forward Processes at the EIC 

Sullivan process

Physics sensitive to ZDC
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• AN is left-right cross section asymmetry of particle 
production in p↑ + p collision   

• Spin dependence of forward hadrons is still in puzzle  
• AN is crucial input for 
• Transverse Momentum Dependent PDF 
• Polarization in fragmentation function  

• RHICf collaboration measured two AN  

• 0 (PRL 124 252501 (2020)) 

• Neutron (Preliminary result)
π
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RHICf measured very forward 0 at  GeV
• pT < 1 GeV and 0.25 < xF < 1.0 
• Diffractive hadronic process is dominant in this region
• Observed non-zero AN as much as measured at less forward regions 

(PHENIX, STAR)
• AN is consistent with zero only at very low pT < 0.7 GeV 

π s = 510
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the variation in the beam center position and the smear-
ing e↵ect for xF and pT were considered. The beam cen-
ter is obtained by extrapolating the direction of the blue
beam to the detector as follows. In the first method,
the high energy neutron hit distribution was fitted by
the two-dimensional Gaussian function. In the second
method, the neutron asymmetries were scanned as a
function of their mean vertical position by using the fact
that very forward neutrons have zero asymmetry at the
vertical position of the beam center [23]. The di↵erence
of the two determined beam centers was less than 1.3
mm and the corresponding systematic uncertainty was
0.0003⇠0.0089 depending on xF and pT which is assigned
to the systematic uncertainty of AN .
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FIG. 3. AN of the very forward ⇡0s as functions of (a) pT
for several xF ranges and (b) xF for several pT ranges. Only
forward AN was presented in (a). Error bars represent the
statistical uncertainties, and the boxes represent the system-
atic uncertainties.

The e↵ect of smearing due to the resolutions of xF

and pT was studied in detail with GEANT4. The de-
pendence of ⇡0 asymmetries on xF and pT were artifi-
cially generated using weights. Single ⇡0s were generated
considering the detection e�ciencies matching the recon-
structed energy and pT distributions of the data. The
simulation was tuned to the data for the beam profile,
detector noise, signal attenuation, and measured fluctu-
ations including the cross talk e↵ect in the GSO bars

described in Ref. [24]. The data analysis code was also
used in the simulation for the reconstruction of ⇡0s and
the calculation of the asymmetry. The contamination
level defined by the ratio of the incorrectly and the le-
gitimately reconstructed events in a given (xF , pT ) bin
was estimated in the simulation, where the reconstructed
xF and pT values of the incorrect events were out of the
range for the bin and the true values belong to. The con-
tamination level for Type-I and Type-II ⇡0 are all less
than 35%, and more than 90% of the migrated events
are from �xF < 0.025 and �pT < 0.035 GeV/c of the bin
boundaries. The di↵erences between the reconstructed
and true hxF i, hpT i, and AN values of each bin due to
smearing are less than 0.008, 0.009 GeV/c, and 0.0015,
respectively, which are negligible. This result is in agree-
ment with our expectations because the resolutions of
xF and pT of the detector are much smaller than the bin
sizes.
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FIG. 4. Comparison of the RHICf data with the previously
measured AN of the forward ⇡0s as a function of xF .

Furthermore, to find any missing systematic e↵ects
having not been considered, the “bunch shu✏ing” analy-
sis was performed by randomly assigning the bunch num-
bers given for a fixed polarization pattern. Ideally, the
calculated asymmetries and their fluctuations after the
bunch shu✏ing should be centered around zero with the
width of the statistical uncertainties of the asymmetries.
The bunch shu✏ed asymmetries were consistent with
zero with comparable fluctuations with statistical uncer-
tainties. Therefore, we, finally, concluded that there are
no noticeable fake asymmetries introduced in the exper-
iment and analysis.
Figure 3 and Table I summarize the AN values of very

forward ⇡0s as functions of xF and pT . In addition to the
systematic e↵ects described above, additional systematic
uncertainties of 0.0005⇠0.0092 were caused by the vari-
ation of the determined beam polarization. Because all
discussed systematic uncertainties are independent, the
quadratic sums of them are considered as the total sys-

AN > 0

More 0 π

Less 0 π
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• AN of 0 may come from both diff. and non-diff process 
• Similarity of magnitude of AN in the wide pT range suggests a 

common underlying production mechanism for diffractive and non-
diffractive process

π
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Neutron production at forward region 
• One Pion Exchange (OPE) model explains xT differential cross 

section well in which p -> n process is dominant 
• Yet, AN was not reproduced quantitatively
• Adding a1 exchange made up this gap and now can reproduce the 

data at least qualitatively in the PHENIX measurement range 
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Neutron AN

)� �3�2C<2=692:?�������2,��

Neutron(measurement(at(RHICf(

�
���

)� �3� 2C<2=692:?� 92.>@=21� ?52� :2@?=;:� �%� 6:� ?52� 56452>?� <+� 0;�
A2=.42�2A2=�92.>@=21�F����2,
0	�
�
)� �3�1.?.�0.:�:;?�;:8D�/2�0;9<.=21�B6?5�?52�'��% -�1.?.�/@?�.8>;�
?2>?�?52�K�.:1�.��2C05.:42�9;128�6:�.�B612�<+�0;A2=.42	��

! 
 
 
! 
 

0.2( 0.4( 0.6( 0.8( 1.0(

pT((GeV/c)(

-0.05(
-0.1(

-0.15(
-0.2(

0(

A
N
(

'��% -��
����2,��

-0.25(

Neutron production at forward region 
• One Pion Exchange (OPE) model explains xT differential cross 

section well in which p -> n process is dominant 
• Yet, AN was not reproduced quantitatively
• Adding a1 exchange made up this gap and now can reproduce the 

data at least qualitatively in the PHENIX measurement range



13

Neutron AN

)� �3�2C<2=692:?�������2,��

Neutron(measurement(at(RHICf(

�
���

)� �3� 2C<2=692:?� 92.>@=21� ?52� :2@?=;:� �%� 6:� ?52� 56452>?� <+� 0;�
A2=.42�2A2=�92.>@=21�F����2,
0	�
�
)� �3�1.?.�0.:�:;?�;:8D�/2�0;9<.=21�B6?5�?52�'��% -�1.?.�/@?�.8>;�
?2>?�?52�K�.:1�.��2C05.:42�9;128�6:�.�B612�<+�0;A2=.42	��

! 
 
 
! 
 

0.2( 0.4( 0.6( 0.8( 1.0(

pT((GeV/c)(

-0.05(
-0.1(

-0.15(
-0.2(

0(

A
N
(

'��% -��
����2,��

-0.25(

AN(of(the(very(forward(neutron(

��
���

 :�56452=�C���?52��%�6:0=2.>2>�6:�9.4:6?@12�B6?5�<+�@<�?;����2,
0	�
�
+52=2�>229>�.�C��12<2:12:02�6:�?52�56452=�<+�=246;:	��

! 
 
! 
 
 

RHICf((
at(510(GeV(

PHENIX(at(200(GeV(

• pT < 0.25 GeV
• No dependence on xF 
• Consistent with PHENIX 

result 
• pT > 0.25 GeV

• Monotonic increase of AN 
magnitude

• Data indicates finite xF 
dependence

• Final result will be reported 
soon
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Diffraction process at EIC
Forward(neutron(production(
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ZDC physics motivation
• Spectator tagging for:

– HI studies
– nuclear effect in DIS

• Tagging 𝛾 from de-excited scattered ion
– to increase the purity of quasi-elastic 𝑒𝐴 collisions

• Meson structure function through Sullivan process
– a.k.a. OPE = One Pion Exchange model for pion exchange

• Production mechanism of nucleon in the 𝑒𝑝 final state
– through semi-inclusive measurements

4

OPE

RHIC & RHICf
• p↑ + p 
• p↑ + A

EIC
• e↑ + p 
• e↑ + A 

• EIC can shed light on meson structure function more clearly
• Tagging scattered electron 
• Tagging X -> exclusive measurement 
• Measurement of forward photon, 0, and neutron is highly appreciated π



Outlook for forward ZDC R&D
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• Participation in far-forward calorimeter  

• Rich  physics in the structure of p/A and diffraction interaction 

• Tagger for the many processes, e.g. DVCS, exlusive VM production, etc 

• Direct observables, e.g. spin asymmetry of neutron production  

• Related to other fields, e.g. astroparticle physics  

• Detector R&D 

• Participation in the ZDC-h design and performance study  

• The final designs for ZDC will be converged by the ePIC collaboration soon 

• We are considering various aspects for contribution, including the tower 
construction and the readout chip development 
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