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Outline

ü Forward detectors at US-EIC

ü EicC forward detector requirement

ü Forward tracking at the 1st and 2nd dipole 

Å Design + Simulation + Performance

ü Future plan and summary

2



EicC detector conceptual design

3



Layout of ECCE Forward Detector
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Layout of ECCE Forward Detector



Location: z ~ 6m

Dimension: ~26 cm

Coverage: theta ~ 0.3-0.75 degree

4 tracking disks (MAPS + AC-LGADS)

with EMcal or preshower

B0 spectrometer
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B0 spectrometer
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EicC forward detector requirement
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Physics with the forward detector



Ratio relative to the 2 mrad cut:

5 mrad :  55.3%

10 mrad: 24.1%

27 mrad: 2.1%

ü EicC beam optics design needs to be optimized 

to reduce the beam emittance.

At small longitudinal momentum difference, a 

minimum detectable transverse momentum is 

needed for the scattered proton to go out of the 

beam. It is also interpreted as the minimum angle 

between the scattered and the original beam.

At current EicC beam element design, the minimum 

angle is 27 mrad.

Requirement from DVCS

10

EicC whitepaper

From Xu Cao

Angle relative to ion beam



11

Limited performance from central detector

Central detector (with endcap) has very 

limited potential to detect the small angle 

proton in DVCS.

Proton in DVCS

Proton in DVCS



Dipole 2:  z = 12 m   B = -2.69 T   L = 2.0 m

R2 = p*10/3./B2 = 20GeV*10/3./2.69 = 24.783 m

Bending angle = asin(L/R) ~ 0.08 rad = 80 mrad

30 mrad

A
B

O

C D

R2 

= 24.783m

R1 

= 26.455m

Dipole 1:  z = 5 m   B = 2.52 T   L = 0.8 m

R1 = p*10/3./B1 = 20GeV*10/3./2.52 = 26.455 m

Bending angle = asin(L/R) = 0.03 rad = 30 mrad

50 mrad

50 mrad

80 mrad
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1st and 2nd dipole for tracking
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Forward detector at 1st dipole

Distance to IP: 4-5 m

Length : 0.8 m

By ~ 2.52 T

Radius of ion beam pipe: 7+0.3 cm
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Detector design at the 1st dipole

1st Dipole

EDT (Endcap Dipole Tracking)

Four disks with pixel size of 10 ɛm 

same as the central vertex detector
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Detector simulation of EDT

Single particle gun: proton

Momentum : 19 ï20 GeV

Dipole magnet: 4.6 ï5.4 m

By : 2.52 Tesla
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Detector coverage of EDT

By counting the number of hits (n_hit) in the EDT, we 

define the efficiency by:

efficiency = N {n_hit >= 3}  / N {total}

Here the efficiency includes the detector acceptance.

mrad : ratio

16-34: 9.3%

16-60: 9.9%

5-16: 45.3%

2-5 44.7%

Proton in DVCS
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Track fitting of EDT
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Forward detector at 2nd dipole

Distance to IP: 12 m

Length : 2 m

By ~  -2.69 T

Radius of ion beam pipe: 5.5+0.3 cm
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Detector design at the 2nd dipole

EDT (Endcap Dipole Tracking) FDT (Forward Dipole Tracking)

Z: 5 m

B: 2.52 T

L: 0.8 m

Z: 12 m

B: -2.69 T

L: 2 m

10ɛm pixel size
Four disks with pixel size of 10 ɛm 

same as the central vertex detector
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Detector simulation of EDT + FDT
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Detector coverage of FDT

By counting the number of hits (n_hit) in the FDT, we 

define the efficiency by:

efficiency = N {n_hit >= 3}  / N {total}

Here the efficiency includes the detector acceptance.

EDT

Mrad : ratio

16-34: 9.3%

16-60: 9.9%

5-16: 45.3%

2-5 44.7%

FDT
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Track fitting of FDT
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Impact of beam pipe
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2. 
Material: Be
Shape: Cone
Radius: 3.22- 14.87 cm
Length: 1.5817 m
Position: 0.336- 1.918 m
Thickness: 1- 2 mm

1. Be Chamber
Material: Be
Shape: Cylinder
Radius: 3.22 cm
Length: 0.6723 m
Position: 0 m
Thickness: 1 mm

3. Tilted window
Material: Be+Al
Shape: Cone
Radius: 14.87- 7.86 cm
Length: 0.127 m
Position: 1.918- 2.045 m
Thickness: 2 mm

4. Connection part
Material: Al
Shape: Cylinder 2* Cylinder
Radius: 7.86 cm
Length: 2 mm
Position: 2.045 m

5. Ion beam pipe
Material: Al
Shape: Cone
Radius: 2.9- 7.8 cm
Length: ~3.5 m

Beam pipe design
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Beam pipe design
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Impact of beam pipe -- efficiency
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Impact of beam pipe -- resolution

With pipe

No pipe
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Impact of beam pipe -- resolution

With pipe

No pipe



Summary

Å In the current beam optics, the minimum angle is 27 mrad. An angle of 5 mrad is desirable

from the detector side.

Å Dipole-based forward tracking detector is important for EicC physics. With EDT (FDT),

~10% (45%) of the DVCS events can be recovered.

Å The forward detectors will be optimized following the update of the beam optics design.

Å We proposed one design of beam pipe, and studied its impact. A later more realistic beam

pipe design may change the detector configuration and performance.

Å If the angle can be optimized to be smaller than 5 mrad, Roman Pot can be installed to

increase the acceptance.

Thank You
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Impact of beam pipe -- efficiency

Dear area: 2mm ion beam pipe @ 13-14 mrad
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Impact of beam pipe -- efficiency

Low efficiency: @ >50 mrad



34



35



36

boxGen->SetPhiRange(180., 180.);                            // Azimuth angle range [degree]

boxGen->SetThetaRange(2.85, 2.9);

Proton with same direction as the beam but different momentum
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No beam pipe

With beam pipe
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beam pipe X3



16-34: 9.3%

16-60: 10.0%

5.4-16:  41.4%

5-5.4 3.9%

2-5 44.7%
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Dipole 2:  z = 12m   B = 2.69T   L = 2.0m

R2 = p*10/3./B2 = 20GeV * 10/3./2.69 = 24.783m

= asin(L/R) ~ 0.08 rad = 80 mrad

30 mrad

A
B

O

C D

R2 
= 24.783m

R1 
= 26.455m

Dipole 1:  z = 5m   B = 2.52T   L = 0.8m

R1 = p*10/3./B1 = 20GeV * 10/3./2.52 = 26.455m

= asin(L/R) = 0.03 rad = 30 mrad

50 mrad

50 mrad

80 mrad
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A

R1 
= 26.455m

B

O1

O1   
z1 = 5m  x1 = - 1 * z*atan(0.05)

O2

O2   
z2 = 12m  x = - 1 * z1*atan(0.05) (z2- z1)*atan(0.08) 
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Beam pipe 

1. Be Cylinder 3.22cm 0.6723m 1mm 25mrad
2. Flare Cone Be opening angle 73.5mrad 3.22- 14.87cm 1.5817m

0.3362mĄ 1.9179m 1- 2mm
3. Taper Cone BeAl opening angle - 30deg 0.1266m 14.87cm- 7.56cm

1.9179- 2.0445m 2mm
4. Exit Window Cylinder Al 7.56cm 2mm 2.0445m

electron ion
5. Ion Cone Al 50mrad opening angle 12.4mrad 4.9306m 2.42
- 8.53cm 2.045507.9m 1- 2mm
5 3.5m 2.42- 7.3cm 1- 2mm z 2.0445+3.5/2

Be
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Plans for the forward detector

ZDC: for neutral particles

Ting Lin (SDU) take charge

Forward tracking: Roman pots and B0 tracker

for small angle protons in DVCS and other charged particles

physics requirement Ą detector and dipole configurationĄ

magnetic field calculationĄ detector simulationĄ track 

reconstructionĄ performance back to physics

Eventually, we fix the required beam parameters.

Aiqiang, Yutie (IMP) and Weizhi Xiong (SDU) short of man-power



Layout of ATHENA Forward Detector
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