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Forward tracking at the 1st and 2"d dipole
A Design + Simulation + Performance

Future plan and summary



EicC detector conceptual design

Ultra Small Angle
Central Detector Forward Detector

r

Small Angle
Forward Detector

ﬂ Forward Dexctor

DIPOLE MAGNET FOR MOMENTUM
ANALYSIS OF COMPTON ELECTRONS
* Measurement Of Both Compton

Photons and Electrons SAME POLARIZATION
* Limit Systematic Uncertainties First Two Dipole Magnets

Compensate Each Other
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Depend on the scattering angle (0) of spectator protons:
1.large © ~ > 5-10 mrad: tracking stations (with dipoles)
immn o 2.small © ~ 5 mrad: Roman Pots
i 3. Minimum detectable scattering angle determined by beam width

e Beam To Tracking Detector

Spin Rotator &




Layout of ECCE Forward Detector

Off-Momentum - 1Ze'ro-Deg(ree o EMcal: Cryst?AlL(P(lj)W@g Jlr V\;/Si (based on
Detectors alorimeter (ZD ICE-FoCal-E
n Pots Hcal: Pb/S1 + Pb/Sci (Shashlik or
Ro‘fi‘_ﬁ_ﬂ Spaghetti)
BO-tracker 1} - (+ AC-LGAD?)
Roman Pot (RP) AC-LGADs
T , ZDC
__"_,,AJ! 3 Off-Momentum AC-LGADs
3= Beam line elements T Detectors (OMD)
IP T | Off-Momentum B0 spectrometer Tracker: MAPS or AC-LGADs
Detectors EMcal (PbWO4) or preshower?
Low-Q? tagger Tracker: AC-LGADS

EMcal: Crystal (PbWO4)

Detector (x,z) Position [m] Dimensions 0 [mrad] Notes

ZDC (0.96, 37.5) (60cm, 60cm, 2m) 0 <55 ~4.0mrad atp =7
Roman Pots (2 stations) (0.85, 26.0) (0.94, 28.0) | (25cm, 10cm,n/a) | 0.0 <0 < 5.5 100 cut.
Off-Momentum Detector | (0.8, 22.5), (0.85,24.5) | (30cm, 30cm,n/a) | 0.0 < 6 < 5.0 04 < x; <0.6

B0 Spectrometer

(x=0.19,54 <z < 64)

(26cm, 27cm, n/a) | 5.5 < 0 < 13.0 ~20 mrad at ¢=0




Layout of ECCE Forward Detector

Zero-Degree EMcal: Crystal (PbWO4) + W/S1 (based on
Calormmeter (ZDC) ALICE-FoCal-E)
Hcal: Pb/S1 + Pb/Sci1 (Shashlik or
Spaghetti)
(+ AC-LGAD?)
Roman Pot (RP) AC-LGADs
Off-Momentum AC-LGADs
Detectors (OMD)
B0 spectrometer Tracker: MAPS or AC-LGADs
EMcal (PbWO4) or preshower?
Low-Q? tagger Tracker: AC-LGADS

EMcal: Crystal (PbWO4)

Detector (x,z) Position [m] Dimensions 0 [mrad] Notes
ZDC (0.96, 37.5) (60cm, 60cm, 2m) 0 <55 ~4.0mrad atp =7
Roman Pots (2 stations) (0.85, 26.0) (0.94, 28.0) | (25cm, 10cm,n/a) | 0.0 <0 < 5.5 100 cut.

Off-Momentum Detector | (0.8, 22.5), (0.85,24.5) | (30cm, 30cm,n/a) | 0.0 < 6 < 5.0 04 < x; <0.6
B0 Spectrometer (x=0.19,54 <z < 64) | (26cm,27cm,n/a) | 5.5 < 0 < 13.0 ~20 mrad at ¢=0




BO spectrometer

Location: z ~ 6m

D

lon: ~26 cm
theta ~ 0.3-0
4 tracking disks (MAPS + AC

Imension

.75 degree

Coverage

LGADS)

z [em]

with EMcal or preshower
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BO spectrometer

» Charged particle reconstruction and photon tagging.

» Precise tracking -> need smaller pixels (20-50um)
than for the RP + vertex constraint.

» Require timing layer for the crab rotation and
background rejection.

» Four tracking layers + silicon preshower detector
for photon tagging.

_Space for detectors

INNER CRYOSTAT
DIPOLE COIL

HEATSHIELD




EicC forward detector requirement



Physics with the forward detector

Deeply virtual Compton scattering (DVCS):
* Roman pot: detect recoil nuclei at transverse momenta as low as 0.2 GeV.

Exclusive vector meson production in e+A: Incoherent/coherent separation:
* Roman pot: charged fragment;
* ZDC, B|: detecting decay photons from the nuclear

u-channel exclusive electroproduction of °:
« ZDC: Detection of the ° decay photons

Meson structure

 Sullivan process for pion structure:e+p > e’ +X+n
* Require ZDC to be a 60x60 cm? to achieve ~100% neutron detection efficiency.
* Sullivan process for kaon structure:e+p > e’ + X+ A
* A - n+n®need EM Cal before ZDC to distinguish the neutron and the two photons coming from ° decay.
* A= p+n- rely on BO tracker, the Off-Momentum trackers, and Roman Pots.

Deuteron DIS with spectator tagging: Free neutron structure and nuclear modifications
Diffractive J/W production on the deuteron with spectator tagging
Short-range correlations and EMC effect studies...




Angle/mrad

Requirement from DVCS
. EicC whitepaper

10-!

; Lepepy 3520 GeV” | ¥ =095 At small longitudinal momentum difference, a
1 0.01<<0.95, O* Seeeiiis? GeV C .. )

|| Pz ) : minimum detectable transverse momentum is
_ 10-2

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.

&

s 3

S 10+ - y 10-3
I

y=0.01 10-4

At current EicC beam element design, the minimum
10-5 angleis 27 mrad.

10-3 10-2 10-! 1
x

_—fﬁ: ____________________________

Ratio relative to the 2 mrad cut:
5mrad : 55.3%

10 mrad: 24.1%

27 mrad: 2.1%

U EicC beam optics design needs to be optimized
to reduce the beam emittance.

0
From Xu Cao P/GeV 10



Limited performance from central detector

TR ACKING S‘{STEM D<p<1 1<p<2 2<p<3 3<p<4 4<p<5 5<p<6 6<p<7 7<p<8 8<p<® 9<p<10 10<p<ll 11<p<l2 12<p<13 13<p<14 1d<p<i5

025 0.006047 0006189 0.006535 0.006891 0.007074 0.007430 0.007620 0.007887 0.008019 0.008109 0.008403 0.008632 0.008802 0.008954 0.009415
LGAD barrel pixel 0.50 G-0S040 006374 0.805EEL O A GO0RALL 0008910 0G4S 0OASTSE O AGSOSL O.AG0183 0869302

tracker 3:2 0.75 o671

Fonward pixel - = | Central detector (with endcap) has very =
= | limited potential to detect the small angle |~

== | proton in DVCS. o

3.00 0025863 0.024493 0.024524 0.024040 0.022795 0.024117 0.023971 0.023784 0.024848 0.023841 0.024472 0.025809 0.025241 0.025629 0.024888
3.25 0.033283 0.033066 0.032996 0.032208 0.031031 0.030474 0.030643 0.031265 0.030347 0.032329 0.030002 0.032330 0.0318589 0.032374 0.032710
3.50 0.047544 0.039325 0.041457 0.040765 0.043180 0.044857 0.043105 0.041147 0.039713 0.043154 0.043241 0.043451 0.041368 0.042901 0.044783
3.75 0.076296 0.071442 0.068845 0.065040 0.067904 0.064024 0.068629 0.061690 0.068607 0.072419 0.071357 0.068076 0.074262 0.079087 0.071602
4.00 0111762 0.110605 0.126143 0.140356 0.140986 0.130499 0.152091 0.159269 0.142391 0.137505 0.153428 0.136817 0.151920 0.144567 0.155258

10*
10°

10?




1st and 2"d dipole for tracking

Dipole1l: z=5m B=252T L=0.8m Dipole2: z=12m B=-269T L=20m
R1 = p*10/3./B1 = 20GeV*10/3./2.52 = 26.455 m R2 = p*10/3./B2 = 20GeV*10/3./2.69 = 24.783 m
Bending angle = asin(L/R) = 0.03 rad = 30 mrad Bending angle = asin(L/R) ~ 0.08 rad = 80 mrad

R1
:26.455m§




Forward detector at 15t dipole

Distance to IP: 4-5 m
Length : 0.8 m
By ~252T

u | | Radius of ion beam pipe: 7+0.3 cm



Detector design at the 1st dipole

1st Dipole

Four disks with pixel size of 10 em
same as the central vertex detector

EDT (Endcap Dipole Tracking)

14



Detector simulation of EDT

Single particle gun: proton
Momentum : 191 20 GeV

Dipole magnet: 467 5.4 m
B, : 2.52 Tesla

15



Efficiency

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.

-
o
o

1 8 4, Proton in DVCS < 10° |
£ ) - E mrad : ratio
08? ,,,,, %’1 . )
- c A - T i
- <
0.6/ 16-60: 9.9%
0.4
0.2
07||\\|||| - - . . . : .
0 10 20 30 40 50 60 70 80 90 100 19 19.5 20
P/GeV

Angle/mrad
16



Track fitting of EDT

Momentum resolution close set

3500 1
3000 1 ‘

Sigma=-0.0025 | n
2500

Mean=-0.0000 | |
2000 |
1500 1

1000 -

500 : 1

L o P

0 T T T T T T T T T
-0.020-0.015-0.010-0.005 0.000 0.005 0.010 0.015 0.020
AP /P




Forward detector at 2"d dipole

Distance to IP: 12 m
Length : 2 m
By ~ -269T

u | | Radius of ion beam pipe: 5.5+0.3cm



Detector design at the 2"d dipole

- Z:12m
{@ B:-269T
Z:om L:2m

B:252T

Four disks with pixel size of 10 em
same as the central vertex detector

B I -

EDT (Endcap Dipole Tracking) FDT (Forward Dipole Tracking)
19



Detector simulation of EDT + FDT




Efficiency

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.

g 100
1_ o - Tracking at Dipole 1 H
: J o = Mrad : ratio
i ] —— Tracking at Dipole 2 ~—
- | N - O
3 ‘ g
0.6 16-60: 9.9%
04 5-16: 45.3%
0.2
0 'S Lol b [N I N | _ - - t - = - T |
0 10 20 30 40 50 60 70 80 90 100 19 19.5 20
Angle/mrad P/GeV
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Track fitting of FDT

Momentum resolution far set

200 1

175 1
0| | Sigma=-0.0010 | |

125 Mean=-0.0000 ‘ _

100 1 ‘
751
50 i

25 1 |

0 I- —_— l_ . -_Y—_’.—A. -rr‘ a T II_l-- L L] =
-0.020-0.015-0.010-0.005 0.000 0.005 0.010 0.015 0.020
AP /P




Impact of beam pipe

23



L

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

Beam pipe design

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

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
i 5. lon beam pipe

Material: Al
Shape: Cone
Radius: 2.9 7.8 cm
Length: ~3.5 m

4. Connection part
Material: Al
Shape: Cylinder 2* Cylinder
Radius: 7.86 cm
Length: 2 mm
Position: 2.045 m 24



Beam pipe design




Efficiency

Impact of beam pipe -- efficiency

—h

——— FDT - no beampipe

-k

A e —— EDT - no beampipe

,,,,,,,,,,,, FDT - with beampipe - EDT - with beampipe

0.8 0.8

Efficiency

0.6 0.6

0.4 1 0.4

0.2 0.2

T T T T T T T T T T T

0IJLIi.l\\II‘\II\‘\-ii'i---l-—J--"-JIl--L---LlJJLJ OILLL-.‘I{\EI\l\I\l\l\l\l\l‘l\l\‘I\:‘"J.—;L.IL.LIJILIJIJILI

0 5 10 15 20 25 30 0 10 20 30 40 50 60 70 80 90 100
Angle/mrad Angle/mrad
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Impact of beam pipe -- resolution

Momentum resolution close set
3500

00 J With pipe

2500 Sigma=-0.0025 | ]

Mean=-0.0000 |
2000 )

1500
1000 F |

500

1

0 T T L T T T = T T
—-0.020-0.015-0.010-0.005 0.000 0.005 0.010 0.015 0.020
AP /P

Momentum resolution close set

3500

| No pipe

Sigma=-0.0025 | \
2500

Mean=-0.0000 | |
2000

1500 | !

1000

04— - — - e - -
-0.020-0.015-0.010-0.005 0.000 0.005 0.010 0.015 0.020
AP /P




Impact of beam pipe -- resolution

160

140

100

120 1

201

Momentum resolution far set

| With pipe
Sigma=0.0011 ’
Mean=-0.0001 |
|
[ 11
il
P nprt, J_M ) L]L__ .

0+— T r T T e T -
—0.020-0.015-0.010-0.005 0.000 0.005 0.010 0.015 0.020

AP /P

Momentum resolution far set

200

175

150

125

100

75

50

25

'L No pipe
Sigma=-0.0010 '
Mean=-0.0000 J

N e .l

0 — ¥ T o= T —=
—-0.020-0.015-0.010-0.005 0.000 0.005 0.010 0.015 0.020

AP /P



Summary

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

from the detector side.

Dipole-based forward tracking detector is important for EicC physics. With EDT (FDT),
~10% (45%) of the DVCS events can be recovered.

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

A 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.

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

—h

——— FDT - no beampipe

............ FDT - with beampipe

Efficiency

o
(-]

0.6

0.4

1 .L--J-HJ-P-] L1l |

20 | 25 30
Angle/mrad

32



Efficiency

Impact of beam pipe -- efficiency

™~

1— ——— EDT - no beampipe
: ------------ EDT - with beampipe
0.8
0.6
0.4
0.2
O_IIlll;élIIII|IIJ|ILIIllllLJ.--l.lllllllJlll
0 10 20 30 40 50 60 70 80 90 100
Angle/mrad

Low efficiency: @ >50 mrad
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O=<p<l 1l=p=<2 2<p<3 3<p<4 4<p<5 5<p<6 6<p<? T7<p<8 8<p<9  9<p<l0 10<p<il 11<p<l2 12<p<l3 13<p<ld  14<p<ls

0.25 0.006047 0.006189 0.006535 0.006891 0.007074 0.007430 0.007629 0.007887 0.008019 0.008109 0.008402 0.008632 0.008802 0.008954 0.009415
0.50 0.006040 0.006374 0.006681 0.006980 0.007224 0.007514 0.007711 0.007898 0.008211 0.008210 0.008487 0.008732 0.008924 0.009183 0.009322
0.75 0.006065 0.006861 0.007118 0.007309 0.007696 0.007849 0.008216 0.008382 0.008511 0.008608 0.008894 0.009096 0.009153 0.009376 0.009671
1.00 0006527 0.007446 0.007532 0.007998 0.008052 0.008506 0.008694 0.008684 0.008990 0.009214 0.009271 0.009543 0.009610 0.010037 0.009993
125 0.007438 0.008440 0.008768 0.008795 0.009093 0.009112 0.009384 0.009726 0.009838 0.010181 0.010138 0.010492 0.010602 0.010647 0.010851
1.50 0007158 0.007045 0.006689 0.007197 0.007199 0.007538 0.007822 0.007886 0.008028 0.008326 0.008220 0.008190 0.008481 0.008796 0.008721
1.75 0.008082 0.007793 0.008037 0.008090 0.008230 0.008080 0.008474 0.008705 0.008795 0.009029 0.009118 0.009253 0.009426 0.009404 0.009504
2.00 0.009285 0.009256 0.009569 0.009645 0.010167 0.010282 0.009887 0.009934 0.010243 0.010124 0.010592 0.010138 0.010376 0.010309 0.010001
225 0.011458 0.010749 0.011383 0.010716 0.010802 0.010738 0.010619 0.010995 0.010559 0.010870 0.010972 0.010919 0.010742 0.011135 0.011296
250 0.013940 0.013843 0.013085 0.013419 0.013564 0.013675 0.014190 0.013809 0.013650 0.013539 0.013909 0.013983 0.014312 0.013687 0.014139
275 0.019724 0.018033 0.018129 0.017593 0.017011 0.017372 0.017329 0.016943 0.017812 0.017647 0.017338 0.017724 0.018017 0.018031 0.018016
3.00 0025863 0.024493 0.024524 0.024040 0.022795 0.024117 0.023971 0.023784 0.024849 0.023841 0.024472 0.025809 0.025241 0.025629 0.024888
3.25 0.033283 0.033066 0.032996 0.032208 0.031031 0.030474 0.020643 0.031265 0.030247 0.032329 0.030002 0.032330 0.031859 0.032374 0.032710
3.50 0.047544 0.039325 0.041457 0.040765 0.043180 0.044857 0.043105 0.041147 0.039713 0.043154 0.043241 0.043451 0.041368 0.042901 0.044783
3.75 0.076296 0.071442 0.068845 0.065040 0.067904 0.064024 0.068629 0.061690 0.068607 0.072419 0.071357 0.068076 0.074262 0.079087 0.071602
4.00 0.111762 0.110605 0.126143 0.140356 0.140986 0.130499 0.152091 0.159269 0.142391 0.137505 0.153428 0.136817 0.151920 0.144567 0.155258

"5:-;9 03 B The momentum of a charged track is determined by its trajectory (curvature)
N Hit resolution * The formula: p = 0.3 RB, R is the radius of the track, B is the intensity of the
0.025/~ ___ Multiple scattering magnetic field
0.02 I Total » Practically, we measure the sagitta to determine the R:
/]
s=R <1 - cos E) = 0.3BL*/8p
0.015
* The relative momentum resolution is:
0.01 9 L 8p P
C P s 03BL2"S
C To improve the momentum resolution:
0.005—
r * Reduce og;:
o : 111 I 111 | 1111 | L1 11 I | I 111 | | 111 | ‘ 1111 | 1111 | 1111 ‘ Reduce Mu'tiple-scattering effeCt
0.5 1 1.5 2 25 3 3.5 4 :{geV!c)s « Better detector spatial resolution
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Efficiency

Proton with same direction as the beam but different momentum

boxGen->SetPhiRange(180., 180.);
boxGen->SetThetaRange(2.85, 2.9);

1

0.8

0.6

0.4

0.2

I\I\|[1I

I[1|II\|1\

6

8

10

?

|

12 14 16 18 20
Momentum / GeV

/[ Azimuth angle range [degree]

'c [ — 10-13 GeV
T, }_ o 1314 GeV
S 6000 lerson
5000
4000
3000
2000
1000 -
- I e il ||J_AJ’|_[1_'L; ‘-1‘..;'..:.\-.'! e bbb, Lo Loy

0”:“ sy NPT
0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5

Momentum difference / GeV
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3500 1

3000 1

2500

2000 1

1500

1000 1

500 A

3500 1

3000 1

2500 A

2000 4

1500 {

1000 1

500 A

Momentum resolution All

Sigma=0.0025
Mean=-0.0000

—-0.020-0.015-0.010-0.005 0.000 0005 0010 0015 0020

AP /P

Momentum resolution All

Sigma=0.0025
Mean=-0.0000

0 T T f T T T F T T
—0.020-0.015-0.010-0.005 0.000 0005 0010 0.015 0.020

AP /P

3500

3000

2500

2000

1500

1000

500

3500

3000 1

2500 1

2000 1

1500 1

1000

500 1

Momentum resolution close set

Sigma=-0.0025
Mean=-0.0000

L

—-0.020-0.015-0.010-0.005 0.000 0005 0010 0.015 0.020

AP /P

Momentum resolution close set

Sigma=-0.0025
Mean=-0.0000

0 T T T T T T f T T
—0.020-0.015-0.010-0.005 0.000 0.005 0.010 0.015 0.020

AP /P

200

175

150

125

100

75

160

140

120 1

100 A

-0.020-0.015-0.010-0.005 0.000 0005 0.010 0.015 0020

Momentum resolution far set

Sigma=-0.0010
Mean=-0.0000

No be

J P 0 Y | |

AP/P

Momentum resolution far set

Sigma=0.0011
Mean=-0.0001

With bes

o

el

0 T T T T T T T T T
—0.020-0.015-0.010-0.005 0.000 0.005 0010 0015 0.020

AP /P

am pipe

M pipe
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Momentum resolution All

Momentum resolution close set

3000 1

2500 1 Sigma=0.0025

Mean=-0.0001
1500

1000 -

500 1

—0.020-0.015-0.010-0.005 0.000 0.005 0.010
AP /P

Momentum resolution P€[10,13]

250 3000
2500
200l | 0=0.0033
m=-0.0033 2000
150 4
1500
100
1000
50 500

—0.020-0.015-0.010-0.005 0.000 0005 0.010 0015 0.020
AP/P

0.015 0.020

160
3000 140
2500 — - 120
Sigma=-0.0026
2000 - Mean=-0.0001 100
80
1500 1
60
1000 1
40
500 - 20
[Tl

Momentum resolution far set

Momentum resolution PE[13,14]

—-0.020-0.015-0.010-0.005 0.000 0.005 0.010 0.015 0.020

0=0.0021
m=-0.0014

—0.020-0.015-0.010-0.005 0.000 0.005 0.010 0015 0.020

AP /P

Sigma=0.0011
Mean=-0.0001

L 4

beam pipe

AP /P

Momentum resolution PE[14,15]

4000 4

3500
0=0.0022

m=-0.0008

3000

2500

2000

1500 1

1000

500 1

oo —ly
T

—0.020-0.015-0.010—-0.005 0.000 0.005 0.010 0.015 0.020

AP /P

Momentum resolution PE[15,16]

X3

2000
0=0.0028
1500 m=0.0000
1000
500

—0.020-0.015-0.010-0.005 0.000 0005 0.010 0015 0.020
AP /P

0-+— ; ‘ - - : - - ;
—0.020-0.015-0.010-0.005 0.000 0.005 0.010 0.015 0.020
AP /P
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The momentum of a charged track is determined by its trajectory (curvature)
+ The formula: p = 0.3 RB, R is the radius of the track, B is the intensity of the
magnetic field

Practically, we measure the sagitta to determine the R:

6 2
s=R 1—cosE = 0.3BL*“/8p

iciency

Eff

0.8

0.6

0.4

0.2

* The relative momentum resolution is:
9 % 8p
P T s

., . To improve the momentum resolution:

Reduce o:

L * Reduce Multiple-scattering effect

« Better detector spatial resolution

Il|l.l...i—hJ_IIIIl\\II|II\I|I\\JlllliL‘\Illll\\Jlllll

10 20 30 40 50 60 70 80 90 100
Angle/mrad
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Dipole 1: z=5m B =2.52T L=0.8m Dipole 2: z=12m B=2.69T L=2.0m
R1 = p*10/3./.B1 = 20GeV * 10/3./2.52 = 26.455m R2 = p*10/3./B2 = 20GeV * 10/3./2.69 = 24.783m|

= asin(L/R) = 0.03 rad = 30 mrad = asin(L/R) ~ 0.08 rad = 80 mrad

50 mrad
R2
=24.783m
R1
= 26.455m§ D
el ey 80 mrad
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o1 02
z1 =5m x1=-1*z*atan(0.05) z2 =12m x=-1* z1*atan(0.05) (z2-zl)*atan(0.08)

40 ,77/;;&...........

v
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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
0.3362mA 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. lon Cone Al 50mrad opening angle 12.4mrad 4.9306m

-8.53cm 2.045507.9m 1-2mm

5 3.5m 2.42- 7.3cm 1-2mm Z 2.0445+3.5/2

2.42

£ p—
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TABLE I. Summary of Downstream (lon-Side) Beam Pipe Design, from the IP to the first
quadrupoles in either beamline. The detector coordinates XY Z are defined as follows: The Z-axis
is along the solenoid axis, with the electron beam in the —Z direction, and the nominal IP position
at the origin. The nominal incident ion momentum P is in the XY-plane with P - Z > 0 and
P - X < 0 Each element is rotated by angle ©, about the +Y-axis. Conical opening angles 0 are
the half-opening angle. Radii are the inner radii at the two ends of the element. If a single z
coordinate is given, it is the offset of the center of the element; when two z-coordinates are given,
they refer to the two ends of the element. In each case, the z-coordinate values are local, before
rotation by angle ©,. Thickness is the radial thickness.

Item Form Material Oy Length Radii Offset 2 Thickness
Rotation Opening or (21, 22)
(rad) (rad) (m) (mm) (mm) (mm)
Vertex oo Be | —0.025 0 06723 32.2 0 1
Chamber
‘;rtex Cone Be | —0.025 0.0735 1.5817 (32.2, 148.7) (0.3362,1.9179) 1 — 2
are
Vertex loone BeAl | —0.025  —30°  0.1266 (148.7,75.6) (1.9179,2.0445) 2
Taper
Vert'ex Exit Cyl. Al —0.025 0 0.0020 0 2.0445 75.6
Window
-
e™ Entrance Cyl.  —Al 0.0 0 0.0020 0 2.0445 21.0
Aperture
SynchIOFIOH Cone Cu 0 0.0107 1.700 (15.0,30.0) 1.4000 2
Rad. Shield
Ton Exit
Cyl.  —Al | —0.050 0 0.0020 0 2.0445 25.2
Aperture
lon BeamPipe|Cone Al | —0.050 0.0124 4.9306 (24.2,85.3) (2.0445,7.0) 1 — 2
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Plans for the forward detector

Zero-Degree Calorimeter

BO Silicon Tracker and Preshower : ﬁg;ii}'_}-fi?fﬂ"‘; \

ZDC: for neutral particles
Ting Lin (SDU) take charge

Forward tracking: Roman pots and BO tracker
for small angle protons in DVCS and other charged particles

physics requirement A detector and dipole configuration A
magnetic field calculation A detector simulation A track
reconstruction A performance back to physics

Eventually, we fix the required beam parameters.

Aigiang, Yutie (IMP) and Weizhi Xiong (SDU) short of man-power
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Layout of ATHENA Forward Detector



