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ITS3 - Stitched Sensor

=»Updated sensor specifications
Lol: RSU = 18.85 x 30 mm?, 9 RSUs per segment, active length = 270 mm
ER1: RSU = 14 x 25.5 mm?, 10 RSUs per segment, active length = 255 mm
ER2: RSU = 19.564 x 21.666 mm?, 12 RSUs per segment, active length = 260 mm

ER2 Stitched Sensor

ER2 Sensor aims to meet the ITS3 requirements

Layer 0: 12 x 3 repeated units+endcaps

Layer 1: 12 x 4 repeated units+endcaps /

—

Layer 2: 12 x 5 repeated units+endcaps

97,82
78,256

58,692
_ 19,564

| SEGMENT |~ |~ |~ |- |- |- [~ |- ﬂ

Repeated (Stitched) Sensing Unit

AZIMUTHAL WIDTH UPDATED
21,666

IB Layer Parameters Layer 0 Layer 1 Layer 2 259,992 Sensitive z-Iength

Sensor length [mm] 265.992

Sensitive length [mm)] 259.992 45 15
Sensor azimuthal width [mm| 58.692  78.256  97.820 265.992 Physica| z-|engt

Radial position [mm)] 19.0 25.2 3L.5 - ' -
Equatorial gap [mm] 1.0

Table 3.2: Design dimensions of the sensor dies and radial position.
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ITS3 - Stitched Sensor

/
=Sensor length considerations for Outer Barrel and Endcaps A
Concern over IR drop over the length of the stitched sensor
Mitigation is to supply power from both ends of the sensor; readout at one end
Need to allow for endcaps (periphery) at both ends (4.5 mm and 1.5 mm, respectively)
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If we restrict the EIC LAS to a maximum of 6 RSUs, it should be possible to power from one end only
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ePIC - SVT Barrel Layers

,

=Sensor length considerations

Current conceptual design based on ITS3 Lol

-

Outer Barrel (OB)

Inner Barrel (IB)

* 2 curved silicon vertex layers * 1 stave-based sagitta layer
* 1 curved dual-purpose layer * 1 stave-based outer layer
Layer r (mm) [ (mm) X/X_0 (%) | Area (m”2) | theta (deg) eta
LO 36.0 270 0.05 0.06 14.93 2.03
IB L1 48.0 270 0.05 0.08 19.57 1.76
L2 120.0 270 0.05 0.20 41.63 0.97
OB L3 270 540 0.25 0.92 45.00 0.88
L4 420 840 0.55 2.22 45.00 0.88
Proposed new layout based on ITS3 ER2 sensor Electron/Hadron Endcaps (EE, HE)
* 5disks on either side of the IP
Layer r(mm) | (mm) X/X_0 (%) | Area (m"2) | theta (deg) eta n_rsu T6 T5
LO 37.4 260 0.05 0.06 16.04 1.96
IB L1 49.8 260 0.05 0.08 20.97 1.69
L2 124.5 260 0.05 0.20 43.77 0.91
0B Opt 1 L3 260 520 0.25 0.85 45.00 0.88 24 4
L4 390 780 0.55 1.91 45.00 0.88 36 6
0B Opt 2 L3 270 520 0.25 0.88 46.08 0.85 24 4
L4 420 780 0.55 2.06 47.12 0.83 36 6
L3 271 542 0.25 0.92 45.00 0.88 25 5
OB Opt 3
L4 422 845 0.55 2.24 45.00 0.88 39 4 3




ePIC - SVT Barrel Layers /

=Sensor length considerations
Comments

Current conceptual design based on ITS3 Lol - Beam pipe radius = 31.76 mm
 New LO radius is +5.64 mm
« New (and old) IB radii assume no overlap

L | X/X_0 (%) | A A2) | theta (d t L :
2 r (mm) (mm) | X/X0(%) | Area(m?2) | theta (deg) |  eta « IB length is fixed by maximum 12 RSUs
LO 36.0 270 0.05 0.06 14.93 2.03 :
« Note that lengths are active lengths - do not
1B L1 48.0 270 0.05 0.08 19.57 1.76 include the endcaps (4.5 mm and 1.5 mm)
L2 120.0 270 0.05 0.20 41.63 0.97 pS (4. '
« OB Opt 1: smaller radii to keep same eta coverage
13 270 540 0.25 0.92 45.00 0.88 L g
OB « OB Opt 2: original radii with reduced eta coverage
L4 420 840 0.55 2.22 45.00 0.88 2 .
« OB Opt 3: original radii and eta coverage by
adding an additional sensor per layer
e T6 = , T5 =
Proposed new layout based on ITS3 ER2 sensor l 1,
Layer r (mm) | (mm) X/X_0 (%) | Area (m"2) | theta (deg) eta n_rsu T6 T5
LO 37.4 260 0.05 0.06 16.04 1.96
B L1 49.8 260 0.05 0.08 20.97 1.69
L2 124.5 260 0.05 0.20 43.77 0.91
OB Opt 1 13 260 520 0.25 0.85 45.00 0.88 24 4
L4 390 780 0.55 1.91 45.00 0.88 36 6
OB Opt 2 13 270 520 0.25 0.88 46.08 0.85 24 4
L4 420 780 0.55 2.06 47.12 0.83 36 6
13 271 542 0.25 0.92 45.00 0.88 25 5
OB Opt 3
L4 422 845 0.55 2.24 45.00 0.88 39 4 3




ePIC - Optimised disk layout
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»Updated size specifications

EIC Beampipe
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Original study Updated geometry

Z - ePIC R_bpipe x_offset R_inner R_outer Disk Z - ePIC R_bpipe x_offset R_inner R_outer
5n -1350 41.08 -5.30 46.1 430 ED4 -1050 36.52 -2.31 41.52 421.4
4n -1000 35.76 -1.81 40.8 430 ED3 -850 33.48 -0.32 38.48 421.4
3n -700 31.76 0.00 36.8 430 ED2 -650 31.76 0.00 36.76 421.4
2n -450 31.76 0.00 36.8 430 ED1 -450 31.76 0.00 36.76 415
1n -250 31.76 0.00 36.8 230 EDO -250 31.76 0.00 36.76 240
1p 250 31.76 0.00 36.8 230 HDO 250 31.76 0.00 36.76 240
2p 450 31.76 0.00 36.8 430 HD1 450 31.76 0.00 36.76 415
3p 700 32.86 0.56 37.9 430 HD2 700  32.86 056 37.86 421.4
4p 1000 40.58 7.85 45.6 430 HD3 1000 40.58 7.85 45.58 421.4

5p 1350 49.12 16.02 54.2 430 HD4 1350 49.12 16.02 54.12 421.4



ePIC Disk Layout Studies - Disk 0 (EDO/HDO)
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=Updated for new sensor size specification A

First look: two different lengths (foundry rule/limitation) 1x6 RSUs and 1x5 RSUs

EIC-SVT Disk-1 Tile ePIC-SVT EDO/HDO z=-/+250 cm
250 LAS 250 EIC LAS J—
T6:20 (1 x 6) T5:44 (1x5) | |
200| T5:12(1x5) 200| (T6:42(1x6) T4 ~
T4:8(1x 4) :-:::1:_3;:8":; N
150 Ig : 2 z Z; 150 r:l_ow =47.2 mm \\—
r_high =210.0 mm L - =
100| T4 (1x1) 100| r_max =240.0 mm
r_bp =31.8 mm Sensors: 86
r_min = 36.8 mm RSUs: 472 =
50 r_low = 45.4 mm 50 : | | | ]
r_high =190.1 mm
O|r_max =230.0 mm 0 ‘ l

-50 -50

\\\‘\\\\‘\\\\‘\\\\\\\+\\u~
s
e
|
(
|

~100[- ~100 /
—-150F -150 _\\ //_
C N e
—200[- ~200 ~ = 2 sensor layers
_25 :I 111 | L1l | L1l | L 111 | L1l | L1l | L1l | L1l | L 111 | L1l _25 L1111 | L1l | L 111 | L1l I:II:_:II:I L1l | L1l | L1l | L1l
°850 200 150 100 50 0 50 100 150 200 250 °850 200 150 100 50 0 50 100 150 200 250

Max. required length = 9 RSU
Shorter second sensor would lead to less overlap



ePIC Disk Layout Studies - Disk 0 (EDO/HDO)
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=Tiling first disk with different sensor variants -
Strategy #1 - use long sensors first to keep services to outer part of the disk
ePIC-SVT EDO/HDO z=-/+250 cm ePIC-SVT EDO/HDO z=-/+250 cm ePIC-SVT EDO/HDO z=-/+250 cm
250 EICLAS 250 EICLAS 20—gicLas —
T6: 84 (1 x 6) ] i T5: 44 (1x 5) i i T4: 48 (1 x 4) M =
200 r_b!:=31.8 mm 1 iy 200 T6:42 (1 x6) == ~ 200| T6:42(1x6) [ N
rmin=368mm || ~ r_bp =31.8 mm N r_bp =31.8 mm N
150 ri;,'igvr::géz_gmn?m N = 150 ::EI‘;:Z:: :::: \ 150| r_min =36.8 mm H || \
r_max = 240.0 mm r_high = 210.0 mm || | A r_low =47.2 mm
100 Sensors: 84 || || 100| r_max =240.0 mm 100 r_high =210.0 mm
L RSUs: 504 Sensors: 86 L r_max = 240.0 mm L
50; | 503 RSUs: 47|2 B | 50 S:ga:ﬁf: || L |
== f= =) JiEi=@)
~50F = 50\ || = ] so\| V| = LT ]
—100; — — —100; | | —100[-
~1500- N dily, RSN ~ 150 NG B B =
- ~ I - N = - N =
~200 \: j/ ~200F \r / ~200F \r /
:\\\\‘\\\\‘\\\\‘\\\\I\z\\\\\Z\I\\\\‘\\\\‘\\\\‘\\\\ E\\\\‘\\\\‘\\\\‘\\\\I\:\\\\\Z\I\\\\‘\\\\‘\\\\‘\\\\ E\\\\\\\\\\\\\\\\I\z\\ \\Z\I\\\\\\\\\\\\\\\\
_25—g50 -200 -150 -100 -50 O 50 100 150 200 250 _25—g50 -200 -150 -100 -50 O 50 100 150 200 250 _25_%50 _2‘00 -1 ‘50 -1 ‘00 50 0 50 1(‘)0 15‘)0 260 250
84 1x6 sensors 42 1x6 sensors 42 1x6 sensors
504 RSUs 45 1x5 sensors 48 1x4 sensors
r_high = 196.9 mm 472 RSUs 444 RSUs
r_high =210.0 mm r_high =210.0 mm

r_high = largest radius with full azimuthal acceptance



ePIC Disk Layout Studies - Disk 0 (EDO/HDO)
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=Tiling first disk with different sensor variants -
Strategy #2 - use sensors in combinations that minimise overlap
ePIC-SVT EDO/HDO z=-/+250 cm ePIC-SVT EDO/HDO z=-/+250 cm ePIC-SVT EDO/HDO z=-/+250 cm
250 EIC LAS — 250 EIC LAS 250 EIC LAS
T5: 80 (1 x 5) M m T4:80 (1 x 4) - T4:68 (1 x 4) M =
200 T6:6 (1 x 6) = ~] 200 T6:6(1x86) L+ T~ 200| T:22(1x5) [ ]
rfb.p =31.8 mm r bp =31.8 mm i \\\ r_b.p =31.8 mm
150 Frow =y \ﬁ 150| r_min=36.8 mm \ 150 From = ovamm \i
r_high = 210.0 mm || || L r"E'i°"r"’ = gZézsm:m r_high = 210.0 mm =
100 '—m::n;f:‘so:'gemm 100 r:mgx;240:0 mm 190 r_m::“zj'io:.gomm
50? RSUs: 436 n = 50 S:;Ls’cs::sgst;s N 50? RSUs: 382 | N ]
ol (Ql ot I IQD ! ol (Ql
- o |l [l -
-50\| | — a ~50F — -50F H
—100; | | —100; —100;
—150f— | = —150? N L —150f— | i ~ =
- —\ //— - o \\ // === - I:\ //:l
—200- \r / —200— \\\_z_,// —200 \r /
:\\\\‘\\\\‘\\\\‘\\\\I\z\\ \T‘\\\\‘\\\\‘\\\\‘\\\\ E\\\\‘\\\\‘\\\\‘\\\\\\\\\\\\\\\\‘\\\\‘\\\\‘\\\\ E\\\\‘\\\\‘\\\\‘\\\\I\:\\ \T‘\\\\‘\\\\‘\\\\‘\\\\
_25%50 -200 -150 -100 -50 O 50 100 150 200 250 _251%50 -200 -150 -100 -50 O 50 100 150 200 250 _25%50 -200 -150 -100 -50 O 50 100 150 200 250
Minimise overlap Minimise overlap Minimise overlap
6 1x6 sensors 6 1x6 sensors 22 1x5 sensors
80 1x5 sensors 80 1x4 sensors 68 1x4 sensors
436 RSUs 356 RSUs 382 RSUs

r_high =210.0 mm r_high = 203.6 mm r_high =210.0 mm



ePIC Disk Layout Studies - Disk 1 (ED1/HD1)
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=Updated for new sensor size specification
First look: two different lengths 1x6 RSUs and 1x5 RSUs

EIC-SVT Disk-2/3n Tile EIC-SVT ED1/HD1 z=-/+450 cm
LAS EIC LAS -
400| T6:124(1x6) == == 400 T5:80(1x5) | —TFRLITFIT—~
T5:16 (1x5) [FFEH(]] TTHE rTg;) 142 1(1ax r:r)n =g “E\%\\
Ta:8(1x4) | NS —P =90 NN
800 5123 N 500 " ow = 47.2 mm N
T2:4(1x2) P B || QA
200| Ti:12(1x1) 200 ::::g: ;2?:_'3 ,T:: H A
r_bp =31.8 mm Sensors: 226 L 1\
r_min = 36.8 mm RSUs: 1276 B
100 r_low = 45.4 mm 100: u T B
r_high = 389.3 mm = % , C =
O_Lmax=430.0 mm [ )41/1 I II 0:— { \_ ]
~100[ i 100\ \['L ]
= | ] -\ milly
-2 — _ C = L] ||| s
00F 2001 | [TH W
300/ § % 300] A &/
—300— ~ . —-3001— A= L
- || | LFe : SN A 3 sensor layers
—400F == B ~400 ==
'fl|IIII|IIII|IIII|III?hlllllllllllllllllllll 'tl|IIII|IIII|IIII|IIII|IIII|IIII|IIII||||||||
-400 -300 200 -100 O 100 200 300 400 —-400 -300 -200 -100 O 100 200 300 400
Max. sensor length = 6 RSUs = 180 mm Max. required length = 17 RSUs

Max. sensor length = 6 RSUs = 130 mm



ePIC Disk Layout Studies - Disk 1 (ED1/HD1)
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=Tiling first disk with different sensor variants

Strategy #1 - use long sensors first to keep services to outer part of the disk

EIC-SVT ED1/HD1 z=-/+450 cm EIC-SVT ED1/HD1 z=-/+450 cm EIC-SVT G#1/HD1 e-/+450 cm
EIC LAS EIC LAS EIC LAS
400| T6:226(1x6) | 400 T5: 80 (1 x 5) | 400| T4:116 (1x4) ]
r_b!: =_31.8 mm \\_\ I’Tg: 1:13}1;[\21 =] B SES T6: 144 (1 x 6) ‘,// N
300| w472 mm - D 300| 1 minz36.6mm ERd Asw 300| "-bp=31.8mm e AT
r_high=3849mm | ||| FTTTTLLLI N rlow=472mm LITT LN r_min =368 mm H 'NJ P N
r_max=415.0mm H aas = r_high = 384.9 mm NS r_low = 47.2 mm H NS
200|  sensors: 226 2z . 200| | max = 415.0 mm = 200 r_high = 384.9 mm H 1\5
RSUs: 1356 TTIL " Sensors: 226 aghi r_max =415.0 mm q A
r M u RSUs: 1276 u Sensors: 260 |
el i il e HHITITI L il s |][1]]]]1]]]TD
g ie== (@) H— = (@) ." e =i (@)
-100 \ \| H ~100 \ \['L ] ~100F- -S— —z
,200; N\ THLL LLHT LY —200; \\ | L | A —200; N\ L LT
C 4 L L dy, C SN L | e C =izl Al
~300F \K_>\\ LT //4_/ —-300 \\_ W = 7 _/ -300 S gy TE
_400f_| i \\ ot bl il 400 Leilons] \\ o Ll 400 R \/ il
400 —300 —200 —100 0 100 200 300 400 400 —300 —200 —100 0 100 200 300 400 400 —300 —200 —100 0 100 200 300 400
226 1x6 sensors 146 1x6 sensors 144 1x6 sensors
226 sensors 80 1x5 sensors 116 1x4 sensors
1356 RSUs 226 sensors 260 sensors
r_high = 384.9 mm 1276 RSUs 1328 RSUs
r_high = 384.9 mm r_high = 384.9 mm

Note large number of 1x1 sensors



ePIC Disk Layout Studies - Disk 1 (ED1/HD1) /

=Tiling first disk with different sensor variants -
Strategy #1b - use long sensors first to keep services to outer part of the disk (and exclude 1x1 sensors)
ePIC-SVT ED1/HD1 z=-/+450 cm ePIC-SVT ED1/HD1 z=-/+450 cm ePIC-SVT #D1/HD 1 %g-/+450 cm
EIC LAS EIC LAS EIC LAS
400 Te:214(1x6) | — — 400/ T15:68(1x5) | —7 - 400 T4:72(1x4) -
rfb!) =_31.8 mm ://,—— M~ N T6: 1_46 (1x6) :/,,—— ~ N T6: 144 (1 x 6) | ~—
300| 1 tow = 472 mm e B 300| { minz 56 mm — as 300| '-bp=31.8 mm - ]:Z
r_high=367.7mm | [ [ | T[T LU \ rilow =472mm L[ [[] ] | \ r*:.mn =2$g mm - ~~ . e _—
r_max =415.0 mm [ H r high = 367.7 mm o r_low =47.2 mm A
200| “gancore: 214 = 200| [Thoh = asT.r mm 200|r_high = 367.7 mm
RSUs: 1284 [] L " Sensors: 214 NN = r_max =415.0 mm \ A
C 1 M gl RSUs: 1216 u Sensors: 216 ™
A i O eeusnez ][I
o H I\A& 1 = o 1 ) 1 o4 1 ) I
C ' - L] 8 I M I - I A\ 1
-100F- \ |\ iy —100F- \ | \4 | ~100|~ | i
E o\ N LA C O\ LAD nlily C N 7
—200F | =il L i —200F i | | i —-200 | i
- NIAN T HA T iy, - o N TTHH LT B - NS THAH T
-300(— \\\ T | /// —-300 ; N | PZ —-300— N T PZ
400 Loyl \T“\: | ’-\“7\ L] 400 e = -4o0} vyl \Qﬁ%yw L]
el fev b b P B b Lo 1y bl Lo by b B by By Py P S NN SRR AR RS SR NN RN
—-400 -300 200 -100 O 100 200 300 400 -400 -300 200 -100 O 100 200 300 400 -400 -300 -200 -100 O 100 200 300 400

214 1x6 sensors 146 1x6 sensors 144 1x6 sensors

214 sensors 68 1x5 sensors /72 1x4 sensors
1289 RSUs 214 sensors 216 sensors
r_high = 367.7 mm 1216 RSUs 1152 RSUs

r_high = 367.7 mm r_high = 367.7 mm



ePIC Disk Layout Studies - Disk 1 (ED1/HD1)
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=Tiling first disk with different sensor variants A

Strategy #2b - use sensors in combinations that minimise overlap (and exclude 1x1 sensors)

ePIC-SVT ED1/HD1 z=-/+450 cm

ePIC-SVT ED1/HD1 z=-/+450 cm ePIC-SVT ED1/HD1 z=-/+450 cm
EIC LAS EIC LAS EIC LAS
400 T R F 400 Ts:152(1x5) | 400| Ta: 124 (1 x 4)
300 rmin=368mm [ rT:'; 7_43(11 8)(:1)m =1 SN T6: 104 (1 x 6)
=S [ 30| min-asomm | [ e ] TR 30/ in< 368 mm
200)  sensors: 214 200| Ia= o Y 200/ high = 365.0 mm
C - - Sensors: 226 o T r_max =415.0 mm
100~ N 100 RSUs: 1204 m 100 Sensors: 228
et g - e
= . of- .'.; ) ] | —
—100;— \H _100; 1 il —100;
~200 7 <N | [T | -200 — O “--_ _--“ ay -200 —
~3001 N T ///./ _300F NN | | T T | Lk _300F
g T - Sestl} A :
7400; 1 I L1 ‘ L1 ‘ L1 ‘ L1 ‘ L1 ‘ L1 ‘ L1 ‘ L1 I L1 _400 :_ | ‘ ‘ ‘ ‘ ‘ ‘ ‘ | _400 :_ | ‘ ‘ ‘ ‘ ‘ ‘ ‘ |
—400 -300 -200 100 0 100 200 300 400 -400 -300 -200 -100 O 100 200 300 400 -400 -300 -200 -100 O 100 200 300 400
214 1x6 sensors 74 1X6 sensors 104 1x6 sensors
214 sensors 152 1x5 sensors 124 1x4 sensors
1284 RSUs 226 sensors 228 sensors
r_high = 367.7 mm 1204 RSUs 1120 RSUs
r_high = 384.9 mm r_high = 365.0 mm

Maximum acceptance No overlap but smaller acceptance



Summary
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=Barrel layers
« ITS3 ER2 wafer-scale sensor has larger width and smaller active length than suggest in the Lol
« Means that the inner barrel (IB) radii are slightly larger, eta acceptance is smaller
« Quter barrel (OB) layers can be accommodated most easily with 4 (L3) and 6 (L4) 1x6 RSU sensors
« Smaller radii to keep eta acceptance, or smaller eta acceptance to keep current radial positions

« Can keep both current radial positions and eta acceptance using combination of 1x6 and 1x5 RSU sensors

*Endcaps
« An additional sensor layer is needed for each disk if we limit ourselves to maximum 1x6 RSU sensors
« Investigating optimum choice of sensor variants (1x6 plus one other)
« Two tiling strategies studied:
1. Use long sensor first to keep services to outer part of the disk - introduces more sensor overlap
2. Use sensors in combinations that minimise sensor overlap - favours shorter sensors
« Eliminating 1x1 sensors helps to reduce overlap but tends to reduce azimuthal acceptance

« Based on experience with ITS3 ER1 wafers 1x1 sensors may come for free, so could be added if needed



EIC-LAS Sensor Variants
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=Sensor layout on wafer (one sensor variant per wafer)

EIC-LAS EIC-LAS EIC-LAS

150 150 150

1001 100 100

50 501 50}

o oF of

—-50f 501 50}

—~100f

~100H —100}

]

]

FF=1x6

]

FF=1x4

FF=1x5

_150_| \‘\\\\\\\\ I _150_I \\‘\\ I _150_| \\‘\\

| | | | [ | [ | | ‘ [ [ | | [ ‘ | [ | [ | | ‘ [ [ ‘ | [ | [ | | ‘ [ | | [ [ ‘ | [ | ‘ [ [ I
-150 -100 -50 0 50 100 150 -150 -100 -50 0 50 100 150 -150 -100 -50 0 50 100 150
1x6 LAS 1x5 LAS 1x4 LAS
18 sensors 22 sensors 28 sensors

108 RSUs 110 RSUs 112 RSUs



