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Silicon Vertex Tracker for PHENIX

Front view of VTX
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RUN-12: p+p at 200 GeV
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Intermediate Silicon Tracker (INTT)
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SPHENIX Detector
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SPHENIX Intermediate Silicon Tracker

Tracking System: MVTX+INTT+TPC

- Charged Tracking in sPHENIX:
MVTX provides vertexing

600

p+p, 10 weeks

TPC provides p-resolution

500}~

INTT provides matching 4001 5. = 80 = 1.4 MeV

300f

- INTT has a unique role in the sPHENIX oo Mass Resolutio

tracking system being the only detector with r

100

sufficiently fast time response to be able to
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associate individual tracks and events. o

Event generator (simulated data): event pile up
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Technical Overview: Two Barrels Specification

R
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Two Barrels (4 Layers

TR i { [
= -
(horizontal) \ \ i Z \ }
BOLO: -(360/12/2)° = 15
\ \\ BOL1: 0°
\ \B1L0: -(360/15/2):11.25“// / /
B1L1: 0°
\\\0‘ ‘0(//

The design
(provided by Dan)

: 0 0 do QTYo g 0 g 0 o b Po d : d
g d ofe do deg P D patio . g
1 - - 24 - 100 1.8 2.0 79.88 0.50 2.16
1a (Inner) 71.88 1.37 12 0 52.7 0 0.6 39.94 0.25 1.08
1b (Outer) 77.32 1.31 12 0 49.4 0 3.4 39.94 0.25 1.08
2 - - 32 - 100 1.8 2.0 106.50 0.50 2.16
2a (Inner) 96.80 1.12 16 0 52.4 0 0.6 53.25 0.25 1.08
2b (Outer) 102.62 1.07 16 0 49.4 0 2.8 53.25 0.25 1.08
Total - - 56 - - = 11.88 186.38 1.00 4.32




INTT Technical Overview — Ladder Components and Assembly

Ladder =1 CFC Stave + 2 HDIs + 52 Chips + 4 Silicon Sensors

Cross Section of Ladder

—
| ——

— — * Chips (FVTX)
—

Silicon Sensors

CFC Stave
(M55))

CFC-Stave

Stave Endcap
(Carbon PEEK) Cooling Barb

(304 Stainless Steel)

HDI
(High Density Interconnect)




INTT Technical Overview

Lad?er

HalflLadder HalflLadder

Front View

10 chips > 16 chips 16 chips 10 chips

Carbon-Fiber Composite(CFC) Stave

Back View

HDI Cable

1.11 m Bus Extender

R. Nouicer



INTT: Silicon Sensors

Geometry

Silicon Strip Sensor:

Very fine pitch (9.984/128 = 78 um in ¢),
for good spatial resolution

High efficiency (>99%) and low noise
for excellent tracking

0.886
[225]

Excellent time resolution [-20 ns, 60 ns],
for no pileup

Thin-sensor/low mass, 320 um (~0.34% X,), .
for less multiple scattering

FVTX Chip:

Type B

Type A

0.050
0.786 [13]
[20.0)

B:

5.039 3937

= 1

!

I [100.0]

4.016
[102.0)

J [128.0]

......

Single cell [0.2)
6:; Type A: Single sensor = 8 x 2 cells

i 5 Type B: single sensor =5 x 2 cells
3 3
2Tt
2| & Y

~ A: 16 mm (B:20 mm{

Z-direction

128 channel Data push architecture
46 to 200 mV/fC 10 MHz beam clock (BCO)

60 ns peak time (programmable)

200 MHz data clock

3—bit ADC (programmable) Zero suppressed

Optimized for 1 to 2.5 pf

115e + 134e/pf
~ 70 to 140 uW/ch (Bias current)

Output 4 hits/chip in one BCO
Approx. 300 uW/ch

v p-implant on n-bulk, Ac-coupled, 1.5 MQ
polysilicon resistors

v Depletion voltage < 100V, Resistivity 3 to 5 kQ-cm

v’ Single cell geometry (active region):

v 128 strips (better resolution in ¢-direction)

v/ Strip width = 78 um

v ¢-length = 78 um x 128 strips x 2 cells =19.968 mm

v’ z-length = A: 16 mmx 8=128 mm (B: 20 mm x5=100 mm)
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INTT Ladders Assembly

S
Draft INTT Ladder A bly St . 12/16/2020)
Ladders assembled successfully N cederfesemy ZEps e

A. Carbon Fiber Flatness Inspection Steps

; [ o= . all fixtures from the OGP platen, except for B and the Pickup
[ 00 : SRy

Open: C \ .RTN
ate to S igur: = 0 nd enable Sa

mfp,
INTT-C

b This i ort startup. Check the

D,
CAINTT\Pred Reportst

1. Install the Carbon Fiber Stave on the 2 Fix (mounted to the OGP platen
located t¢ s the w ion A | Stey

Verify that all 2mm locating pins are installed in the Base Fixture and are
captured bon Fi

R. Nouicer 10



INTT Ladders Performance

Calibration Test (Pulse test for each channel)

<

ety e e - e s i - s s o gt
j j g i 1 P ! I I I g T ]
P : : : : : : ] ] ] ]
| | | | 14 LA | | : : 1 :
L ) - o o E \ - L Qe L Qe L t | - i - \ L L \ -
gy g g e s e > s e g
i1 ] ] ITII TN A ] i P I ] I ] ]
: oo ot : : : : ] ] ] ] ]
: IR : : : : : : : : : :
L - L .4 o L t L o L L - QF L | - L L - L i Il L Qe L
e — — — — —— — —— — — —
: o TR ) : o I S . : TR o R A R
By TR EX T BTy BTy EXT EXT EX Ty X e B B e 90 r r
oty e e apmts st s et i i s filghil filghil o I
F F F E E E P P 4 4 E E a:l F
FURTA, & I i 1 e o “k e o ik i M N

w chip ides25 chip ldmais 50— ghig Jd=e 1 50, ghig Jdmat 50, Ghin Jdasif 50, Ghip Jdaaib
[ New Snip kbt - b PP A iy

R R ST Loy WY TS s R TR EE T EE T EE T R h d d
hip_idesty hip_ldesid hlp_igesii foa :hip. ges? :hip Jiesg :hip Jiead :hip Jiead i e s hlp ldssd t IS side teSte
i §»~A‘w dnintheit Mg i ™
S— SN D SUNDIN B SU— — S S— S— — — — ——
ahip_jd=s26 ahip_jd=a2s ahip_jd=s24 chip_jd=a23 chip_jdea2? ahip_jd=s21 chip_jd=e chip_jde=19 chip_ld==ig chip_ld=slé chip |d=s15 chip_jd=ald
5 5 /- 5 5 5 5 5 5 ¢ 5 P o # / 5
i i i Pl S— i § frrr i ] ¢ 3 3 3 i
R S » S
o o g g g g g I a g g g g
| o) 19| [ [ [ [ [ [ [+ [+ [+ [+ [+
B — B o — e R e — e — - e - - B —
chip ldesid chip ldesid chip ldesii chip ldssid chip jdsat chip_ldesf chip_ldsa chip_ldssf chip_ldes® chip_ldssd chip_ldes? chip_ldesd chip jdssi

§ ") b ) § § § Pl P ¢ i I i P

Pl S— i i ] S— i " i ] ¢ ih i i i

T T A EE AR O EF e BT EErE B B IR T =g E =g

250

chan

200
150
100

50

E

2s000

o000

5000

tea0n



Barrels Assembly
We built ladders what next? = Build barrels

Barrel Assembly Concept

Half Barrel
Fully Assembled

* Dimensions
— 120 x 30 inch Platform

— Elevates from 31 inches to 48 inches
(Span of 17 inches)

— $2,026
* Hardware holes can be added to the

®

¢ Cart will host the half barrel
assembly and will safely transport
the assembly.

* Global Industrial Item # WBB54093

_4: layer 1b

2: layer la

¢ 3: layer la services

7: layer 2a services




Barrels Assembly: sSPHENIX Coordinates

(vertical)
+y —

Frir fice

reg

+Z (north)




Barrels Assembly: sSPHENIX Coordinates
_£Ilﬁ’(\iert|ca|)

Barrels Configuration s xR

in SPHENIX




Barrels Assembly

ANMAS
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Barrels Assembly
We built ladders what next? = Build barrels




Barrels Assembly: FEA Analysis

We built ladders what next? - Build barrels

Skin Thickness: 0‘.010" (0.25mm)
Cone Thickness: 0.063" (1.60mm)

! L ) Estimated Weight: 101b. (44.5N)
EndRing3  End Ring 1 End Ring 2 Both Sides Total: 20lb. (89N)

Barrel barrels concept
design and FEA done successfuly

Deflection - MAX: 0.0025 in (63.5 um) Stress - MAX: 170 psi (1.17 MPa)

Deflection - MAX: 0.0002 in (5 um) Stress - MAX: 12 psi (0.08 MPa)

I: Copy of Static Structural
“otal Deformation

C: Copy of Static Structural
Equivalent Stress

C: Copy of Static Structural C: Copy of Static Structural ype: Total Deformation Type: Equivalent (von-Mises) Stress
Total Deformation 2 Equivalent Stress 2 It in Unit. psi
Type: Total Deformation Type: Equivalent (von-Mises] Strass ime: 1 Time: 1
Unit:in unit: psi 3172020 9.34 AM 3/31/2020 9:35 AM
Time: 1 Time: 1
Af1/2020 3:22 PM 4/1/2020 3:22 PM I 0.0024295 Max 168.59 Max
R — s B omorss M s
96843e-5 10369 I h
90032 5 90729 i ggg‘ll‘éj ;;2';3
— 84821e-5 1777 | | ! o
Teotes a8t M ooo010738 74931
iz o185 = 000080982 56,198
66 1894 000053988 37465
&0 35 I 0.00026554 18733
SA767eS 2976 0 Min 0.00011123 Min
4.8756e-5 Min 0.001741 Min 0000 5.000 10,000 (in) @000 5000 10,000 (in)
Q000 2,500 5000 (in) 0000 2.500 5.000 (in) - — — —
2.500 7.500 2500 7.500

1250 3750 1250 3750

Boundary Conditions: Carbon fiber cones fixed-fixed, HDI weight added

R. Nouicer




Barrels Assembly: BOLO

oomnn | e | o |l cohn| e || S | R BOLO Layer

o Troren T 1 o 4 INTT Position  Ladder

s T T Layer 1a Name

7 T 1 | EAST BOLOOO | PB1-L008
mETE 30001 | 7511005
W z - BOLO02 | PB1-L031
ROy - 0 BOLO03 | PB1-L010
N T B > BOLO04 | PB1-L027
s Trmoe |+ (e BOLOO5 | PB1-L009
ey WEST BOLOO6 | PB1-L034
= [l s BOLOO7 | PB1-L020
=T T e - BOLOO8 | PB1-L017
s L 5 BOLO09 | PB1-L013
T - 3 BOLO10 | PB1-L006
me== . se=E oo
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Barrels Assembly: layer BOLO

Assembly Team: Assembly of First Layer BOLO

R. Nouicer 19



Barrels Assembly: layer BOLO

TEAST
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Barrels Assembly: BOLO Services

R. Nouicer 21



Barrels Assembly: Testing

First Layer BOLO: Fully Tested

R. Nouicer



Barrels Assembly: Cooling

R. Nouicer



Barrels Assembly: Testing

R. Nouicer 24



Barrels Assembly: Testing

Final Layer BOLO Status

Hardware Componenents

Calibration Test

Survey, Cooling, and Grounding

Final

D D Ladder Ladder HDI BEX Conversion
Position Name South/North | South/North| Cable SIN
1 BOL0O0O | PE1-LO0OB 201/202 0281025
2 BOLO01 | PE1-LOO5S 0381039 0261023
3 BOL002 | PE1-L0O31 281/288 004/003
4 EAST BOLO003 | PE1-L013 2171218 018/019
5 BOL004 | PE1-L0O27 279/280 022/005
6 BOLO005 | PE1-L0O0OS 199/200 0241021
7 BOL006 | PE1-L034 3021307 016/017
8 BOLO007 | PE1-LO20 282/283 014/015
9 BOL008 | PE1-LO17 213/214 010/011
10 WEST BOLO09 | PE1-LO1D 197/198 006/007
11 BOL010 | PE1-L0O06 040/206 008/009
12 BOLO11 | PB1-LO21 284/285 012/013

R. Nouicer

Current
SAISB [nA]

TAITE
[Celsius]

File Name

Current
SAISB [nA]

TATB
[Celsius]

File Name

Status

Survey
Status

Glue TC | Cooling Silver
Connector Test Epoxy

Grounding
Confirmed

Barr
Statu




Barrels Assembly: Survey

First Layer BOLO: Fully Surveyed

R. Nouicer



Barrels Assembly: BOL1

Assembly Team: Assembly Second Layer BOL1

4 |

A / 4 ( A 7 ;
e N &
@\%jﬂ(\\gg’ i/’ y

Ly
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Barrels Assembly: B1LO

Assembly Team: Assembly of Third Layer B1LO
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Barrels A
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Barrels Assembly: Ideal Geometry for Physics

Video: silicon sensor survey using OGP machine with precision of 4 um over 30 cm
T8 MeasureMind 30 MultiSensor - INTT-Ladder Survey-East RTH
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Barrels Assembly: Two Halves INTT
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Barrels Assembly: INTT Halves Assembly

NDLING
STEMS
ERNATIONAL
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Summary

SPHENIX INTT Tracker is on his prime time of
construction

May tasks need to be done such as .

- Finishing barrels assembly

- Survey and analysis data to make Ideal Geometry for physics analysis
- Barrels Testing

- Installation, and commissioning wo/w Beam

- Many other tasks

This Is excellent timing for students to join INTT and
gain expertise in the silicon detector construction,

knowing that silicon detectors open many job
opportunities in the NP and HEP.
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