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Experimental Measurement 
Categories to address EIC Physics 

Parton 
Distributions in 
nucleons and 

nuclei

Spin and 
Flavor structure of 

nucleons and 
nuclei

QCD at Extreme 
Parton Densities -

Saturation  

Tomography
Spatial Imaging

Tomography 
Transverse 

Momentum Dist.

inclusive DIS
• measure scattered lepton 
• multi-dimensional binning: x, Q2

à reach to lowest x, Q2 impacts 
Interaction Region design

à low mass detectors, 
excellent e/h separation

semi-inclusive DIS
• measure scattered lepton 

and hadrons in coincidence
• multi-dimensional binning: 

x, Q2, z, pT, φ
à particle identification over entire 

region is critical

exclusive processes 
• measure all particles in event
• multi-dimensional binning: 

x, Q2, t, φ
• proton pt:  0.2 - 1.3 GeV
à cannot be detected in main 

detector
à strong impact on Interaction 

Region design

∫Ldt: 1 fb-1 10 - 100 fb-1

QCD at Extreme 
Parton Densities -

Saturation  

10 fb-1

machine & detector requirements
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Detector General Requirements

q Large rapidity (-4 < h < 4) coverage; and far beyond in 
especially far-forward detector regions

q High precision low mass tracking
o small (µ-vertex) and large radius tracking 

q Electromagnetic and Hadronic Calorimetry
o equal coverage of tracking and EM-calorimetry

q High performance PID to separate p, K, p on 
track level
o also need good e/p separation for scattered electron

q Large acceptance for diffraction, tagging, neutrons from 
nuclear breakup: critical for physics program
o Many ancillary detector integrated in the beam line: low-Q2

tagger, Roman Pots, Zero-Degree Calorimeter, ….
q High control of systematics

o luminosity monitor, electron & hadron Polarimetry

EIC physics measurements require a detector with unique capabilities 

Integration into Interaction Region is critical
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EMCal
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Goals: 
• DIS kinematics 

(through scattered electron) 

• Decay electrons 
(e.g. from vector mesons and HF)

• Photons 
(e.g. from DVCS)

• π0 
(e.g. from SIDIS or exclusive DIS)

Challenges: 
• Dynamic Range

• Energy resolution
(particularly at high |η|, high p)

• Charged hadron suppression for eID

• γ/π0 discrimination
(Granularity, projectivity)

Limited space => dense, high granularity, high resolution EMCal



HCal
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Goal: 
• Jet measurements

• Hadron measurements

• Rapidity gap 
(tag diffractive events)

Challenges: 
• Energy resolution

(particularly at high |η|)

• Neutral/Charged cluster discrimination
(with help of tracking)

Limited space <=> Resolution



Calorimetry in EIC Detector
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Central Detector: 
EMCal&HCal: |η|<4

Far-Backward: 
EMCal for lum. det
EMCal for low Q2 tagger

Far-Forward: 
ZDC: EMCal&HCal
EMCal/PS at B0?

Space is at premium 
everywhere



EMCal in Central Detector
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E-endcup
-4<η<-2

E-endcup
-2<η<-1

Barrel
|η|<1

H-endcup
1<η<4

Resolution , !!
"

!%
#⊕(1-3)% $%

#⊕(1-3)% %&'%!%
# ⊕(1-3)% %&'%!%

# ⊕(1-3)% Important to minimize const
term

Min E, GeV 0.1 0.1 0.1 0.1 To measure decays

Granularity, Δθ <0.02 <0.02 <0.025 <0.01 Defines γ/π0 discr., helps for e/π

Projectivity Desirable Desirable Yes Desirable Affects γ/π0 discr and pos. res

Avail. space Δz=60cm Δz=60cm Δr=30cm Δz=40cm Including all services

MILOU DVCS
e+p 18×275 GeV

PYTHIA
18 x 275 GeV

DVCS photonsDIS e SIDIS π0

Barrel H-endcupE-endcup

PYTHIA
18 x 275 GeV



HCal in Central Detector
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E-endcup
-4<η<-1

Barrel
|η|<1

H-endcup
1<η<2.5

H-endcup
2.5<η<4

Resolution , !!
"

#$%
"
⊕6% &#%

"
⊕7% #$%

"
⊕6% '#%

"
⊕5% ?

Min E, GeV 0.5 0.5 0.5 0.5 To minimize bias in jets, 
and JB kinematics reco

Granularity, cm2 10×10 10×10 10×10 10×10 To separate charged 
from neutrals

Avail. space Δz=~100cm Δr=120cm Δz=120cm Δz=120cm Including all services
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• All hadrons need to 
be reconstructed 

• n and KL only in HCal

Jacquet-Blondel for DIS kinematics

H-endcupBarrelE-ecup



EMCal & HCal in Far-Forward
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θ < 5.5 mrad
0.6×0.6×2 m3

HCal: !!
"
= #$%

"
⨁5%

𝜎&∼
'()*+

"

EMCal: γ down to 0.1 GeV
High res, e.g. PWO

5.5 < θ < 20 mrad
Tracking
EMCal/PS

Neutrons 

Photons  

HCAL EMCAL

~Continuous coverage from central to 
far-forward region is anticipated



EMCal in Far-Backward
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electronγ

e

Luminosity Detector: e + p ➝ e + p + γ
EMCal: energy&position for γ, e- and e+ γ energy distr. γ angular distr.

EMC

EMC

EMC

Exit
windowDipole

photon

electron

positron

photon

Low Q2 tagger
EMCal: High granularity

High precision energy&position for e
Tagger 2Tagger 1



YR: Detector options
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Homogeneous EMCal: PbWO4
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eRD1: T.Horn

X0 = 0.9cm => Compactness
Rm = 2cm => High granularity
"(
# = (0.4 − 1)%⨁ (%&')%

# => High resolution

>1000 krad => Radiation hard
d(LY)/dT = -(2-3)%/℃ => Temperature sensitive

Jlab-PrimEx eta/NPS PWO EMCal prototype

𝜎"
𝐸 = 0.4%⨁

2.6%
𝐸
⨁
1.9
𝐸

An ideal EMCal for EIC Detector

Scintillating light => photo sensor



Homogeneous EMCal: SciGlass
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eRD1: T.Horn

PWO SciGlass

X0, cm 0.9 2-3

Rm, cm 2.0 2.2 – 2.8
!!
"

, % (0.4 − 1)%⨁
(2 − 3)%

𝐸
Similar for the same 

length in X0

Rad. Tolerance, krad >1000 >1000

d(LY)/dT, %/℃ 2-3 0

Ø Scaling up to ~20X0 in 2021
With acceptable mechanical and optical properties

Ø Test beam in 2021
Ø Prepare for the large scale production

Alternative to high resolution (expensive) EMCal

Scintillating light => photo sensor

Simulation

50cm

40cm



Sampling EMCal: W/SciFi eRD1: C.Woody & O.Tsai

sPHENIX barrel EMCal: 
Ø Compact: X0 = 0.7cm
Ø High granularity: Rm = 2cm
Ø Sampling fraction: ~2.3%
Ø Modest resolution

Can be improved by increasing the sampling 
fraction, at the expense of larger X0 and Rm
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𝜎#
𝐸 ~3%⨁

13%
𝐸

BNL-sPHENIX: W/SciFi

Light generated in scintillating fibers, 
embedded in an absorber (W/epoxy mix), 
is transported to photo sensor

R&D: 
Improve light collection 
eff. and uniformity

Close to satisfy EIC Detector 
requirements in barrel and  forward region



Sampling EMCal: W/Sc shashlik 
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eRD1: C.Woody&E.Kistenev

Ø Each fiber readout by its own SiPM
Ø More detailed info on shower 

development within a tower
Improve position resolution
Improve energy res. (const term)
May improve γ/π0 discrimination

Ø Tunable resolution through the change 
of sampling fraction and/or frequency:

𝜎#
𝐸 = (1 − 2)%⨁

(6 − 16)%
𝐸

Ø Test beam data in 2021

Light generated in scintillating tiles 
transported through the WLS fibers to 
photo sensors

X0 ~ 0.9cm  Rm ~ 2cm

Satisfies EIC Detector requirements everywhere 
except for the most backward region



Refurbish existing EMCals
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PbSc-Shashlik
~15k towers from PHENIX (5.5×5.5 cm2)

!4
" ~

#%
"⨁2%

Each fiber readout would make it of high granularity
Shower core is << Rm !  

=> Good candidate for h-endcup

PbGl
A lot of modules from previous experiments:

!4
" ~

%%
"⨁1%

Good e/π separation
=> Good candidate for e-endcup (η>-2)



Sampling HCal for endcup

17

eRD1: O.Tsai
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BNL-fSTAR: Fe/Sc HCal (20mm/3mm)

 beam energy [GeV]+πIncident 
0 5 10 15 20 25 30 35HC

al
+E

m
Ca

l e
ne

rg
y 

re
so

lu
tio

n 
[%

]

0

10

20

30

40

50

 + 8.6%
E

49%  ~  E
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 + 5.6%
E

60%  ~  E
Eσ Real data:  

Tail-Catcher as a veto

Tail-Catcher
(to mitigate long. leakage fluctuations)
Ø Improves the energy resolution 
Ø Detection efficiency loss

10% loss for 6 GeV pions
50% loss for 60 GeV pions Tail-catcher (last 3 layers) as a veto

Shashlyk + 36 layer Fe/Sc

Close to satisfy EIC Detector requirements 
everywhere except for the most forward region



Sampling HCal for barrel
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4x4 cm region within one SPACAL block
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Fig. 3. A measurement of the linearity of the energy response for electrons
in the EMCal. A position dependent energy correction was applied to the
data using beam position information from the hodoscopes (black) and from
EMCal clusters (red). The bottom panel is the ratio of the measured energy
to the input energy of the beam.

well within the sPHENIX requirement of 15%/
p
E but this

is an idealized resolution for this detector since these clusters
are selected such that they hit the center of the tower which
is not realistic in the eventual sPHENIX environment.

For the 2016 test beam we relaxed the requirement that
the beam be centered on a tower and reported the energy
resolution which one would expect to achieve in the actual
sPHENIX experiment. However, when the requirement was re-
laxed for the 2017 prototype, which used the first 2D SPACAL
blocks ever produced, a degraded resolution was measured.
This effect is attributed to poor block boundaries that were
observed in the early production of the 2D SPACAL blocks.
Since improvements to the production of the 2D SPACAL
blocks have been achieved, a more accurate measurement
of the resolution for the expected sPHENIX performance is
expected in the 2018 prototype of with new blocks. While
the data and simulation show reasonable agreement, quantified
comparisons and conclusions from the 2017 test beam should
not be made until the test beam results of the improved 2018
prototype are measured.

V. 2017 HCAL PROTOTYPE PERFORMANCE

First, results for the hadronic calorimeters without the
EMCal in front are discussed. In the 2016 test beam, data
was only collected for the negative charged pions. In 2017
data was collected for both negative and positively charged
pions. Those results are shown in Figure 4. The data are
consistent with expectations from GEANT4 and indicate no
significant difference in the HCal response to positive and
negative charged particles.

To assess the sPHENIX calorimeter response to hadrons,
the energy resolution for pions with the all calorime-
ters in place is measured. Since the response de-
pends on where in the calorimeter the shower devel-
ops, the resolution for pions that start showering in the
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Fig. 4. The energy resolution for positive (black) and negatively charged
pions (red).
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Fig. 5. The energy resolution for hadrons which start showering in the EMCal
(black circles), inner HCal (red squares) and outer HCal (blue triangles).
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Fig. 6. The linearity of the energy response for hadrons which start showering
in the EMCal (black circles), inner HCal (red squares) and outer HCal (blue
triangles).

2017 test beam data

Scintillator plate with embedded WLS fiber
BNL-sPHENIX: Fe/Sc HCal

Close to satisfy EIC Detector requirements in barrel



Summary
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arXiv:2103.05419

Ø Detector requirements defined by YR Physics Working groups

Ø All requirements initially defined for EMCal can be satisfied with 
the existing technologies

§ Different technologies can be used in each kin. regions

§ Space is at premium; larger space would allow more options

§ Active R&D for different technologies

§ Existing EMCals to refurbish

§ Preshower may help to enhance EMCal capabilities



Backup
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YR: Detector Requirements 
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EMCal: Projectivity
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“Non-projectivity” term
(from long. shower fluct.)
d~X0

25

Pos. res. vs η

e/γ 1 GeV
e/γ 15 GeV

Dashed - projective
σ X E,θX( ) =σ X E, 00( ) ⊕ d sin θX( )

For projective 
geometry

GEANT4: 
Forward EMCal with 
granularity ~0.008
(2.5×2.5 cm2 at z=3m)

Significant loss of γ/π0 
discrimination power at lower 
rapidity in non-projective EMCal

Position resolution is dominated by 
“non-projectivity” term


