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STARITHAER M BT HHK

R AE E T — HAT X R#%QCD. #H#xQCDY3E:
» RHIC run 2019-2021 » RHIC run 2022+
- QCD HHE. &&= FEHEEF - QCD¥IBHFiE % TNERLEH

B5Emk:
v FEREZEARKX (TPC)
v g $TRTEERMEE (eTOF)
v BEfIFEEMNE (EPD)

On both east and west of STAR

IEFEFHAT -

o BIERERFEEHRMIE (FST)

« BIEFERZERITHRNFZ (FTT)
- Hi=ERERF (FCS)

On west of STAR
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endcap Time-Of-Flight
i TR IE)ERMIEE

Event Plane Detector
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| iTPCupgrade | EPDupgrade | eTOFupgrade
Inl<1.5 2.1<|n|<5.1 -1.6<n<-1.1
pr >60 MeV/c Better trigger & b/g reduction Extend forward PID capability
Better dE/dx resolution Greatly improved Event Plane info (esp. 18- Allows higher energy range of Fixed Target
Better momentum resolution order EP) program
Fully operational in 2019 Fully operational in 2018 Fully operational in 2019
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Observables:
v" Inclusive and di-jets Forward-rapidity 2.8< n <4.2
v' Hadrons in jets
M

v Lambda’s A+A ... p*tA,ptp
v' Correlations mid-forward & forward-forward rapidity Beam: %\r .

] ] Full Energy AuAu (2023/25) 200 szi &,g and p+A
Requirements from Physics: Physics Topics: '

» Temperature dependence of Physics Topics:

v .
Good e/h separatlon viscosity through flow * TMD measurements at high x

0 ‘o . harmonics up to n ~4 o transversity - tensor charge
v Hadrons, photon, ¥ identification el o Sivers through DY, direct y and tagged

* Longitudinal decorrelation up jets
ton~4

_ o e - e
~10N0 ~20°
10%/NE 20%E Global Lambda Polarization > Rpafor direct photons & DY, and
_ ~509 +10° —— hadrons
50%/ \/E 10% + Test of Saturation predictions through

di-hadrons, y -Jets, di-jets

charge separation 0.2<p:<2 GeVic

photon suppression with 20-30% 1/pt

FY2022: 500 GeV polarized pp run
All other data taking in parallel to sSPHENIX data taking campaign 5
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Forward Calorimeter System
ECal HCal
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Forward Silicon Tracker (FST)

FST, 3 Silicon disks: at 146, 160, and 173 cm from IP

Built on successful experience with STAR IST
= Single-sided double-metal mini-strip sensors
v Granularity: fine in f and coarse in R
v Si from Hamamatsu
= Frontend chips: APV25-S1 - IST all in hand
= Reuse IST DAQ system and cooling system

FCS: 7 m from the IP

ECal: reuse PHENIX SHASHLYK 1496 Ch.
 Lateral tower Size 5.5 x 5.5 x 33 cm3® (18X, )
HCal: Fe/Sc (20mm/3 mm) sandwich 520 Ch.

« Lateral tower size 10 x 10 cm?2, ~ 4.5\

v in close collaboration with EIC R&D
Preshower:

« Existing EPD, with additional splitter

FTT, 4 sTGC disks:

at 307, 325, 343 and 361 cm from IP
= |ocation inside Magnet pole tip opening
v inhomogeneous magnetic field
= 4 quadrants double sided sTGC - 1 disk
v" sTGC technique developed by ATLAS
= Position resolution: ~200 um

» Readout: based on VMM-chips
https://drupal.star.bnl.qov/STAR/starnotes/public/sn0648 6



https://drupal.star.bnl.gov/STAR/starnotes/public/sn0648

BIEIsTGCIZ IR MEE (Forward sTGC Tracker) F4&

 Four layers, 16 (+4) modules (LX)
Module R&D
Mass production

Quality and performance tests

96 (+12) FEB + 16 (+2) ROD (FA§}X)
Electronics R&D

Mass production and test

DAQ system (BNL)

Electronics Integration

Integrations (BNL)
Support structure

Gas system
Installation, interlocks

Software (BNL+LLX)

Simulator

Cluster finder

Z
Z

Small-strip Thin Gap Chamber (sTGC): . . d
Originally designed by ATLAS and used in ATLAS NSW upgrade @%%%ﬁﬁ'—; $* "“‘*E H» 15'36'15'54’ Oct. 22"



BIEIsTGCEi#EiEMBE (Forward sTGC Tracker) F&

N B NERE TR,
= At SDU Lab in Sep.2020.

Diagonal Readou

sTGC chamber sideview layout

Anode:

50 um gold-plated tungsten wire
1.8 mm wire pitch

Cathode: graphite (200kohm/2.5cm?) Horizontal Readout //aglonal Readout

350g wire tension
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Brookhaven National Laboratory

nt: M
Management rRERI AR

Chi Yang (Project Manager), Prashanth Shanmuganathan (Deputy Project Manager)

Module:
Changyu Li, Yingying Shi, Qinghua Xu, Chi Yang, Qian Yang, + Local engineers

Electronics:

Ge Jin, Feng Li, Peng Miao, Lijuan Ruan, Zebo Tang, Shuang Zhou, Yingjie Li
DAQ:

Timothy Camarda, Tonko Ljubicic

Integration:

Felix Archampong, Michael Capotosto, Alexei Lebedev, Rahul Sharma, Prashanth Shanmuganathan, John
Scheblein, David Tlusty, STSG + Students + ......

Software and simulation:

James Daniel Brandenburg, Zhenyu Chen, Zhen Wang

Supported by DOE, NSFC and SDU. o
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From 2018 till now:
v Three versions of module prototypes
v Three versions of electronics prototype

Integrations & DAQ: BNL
Commissioning & software: BNL, SDU

Shipped | __Installed _

30 x 30 cm? prototype

1st prototype

2 pr
60 x 60 cm? prototype prototype

3rd prototype

Final module

Module Production: SDU

Oct.2018

Jan.2019 Jun.2019
Jan.2019 Jul.2020 May 2021
Oct.2020 N/A N/A
Jun. 2021 Jun.2021 Oct.2021

Electronics: USTC

10



Forward sTGC Tracker — E&IHN 14 &E

event

S15_C18-Back layer-2900V

Up Scintillation Detector < 500F R é £ Y T I
E _Stop time: 2021.4.15.10:34 - 2021.4. | ; .
450 ‘5“00_ i [ €ntries : 7650
Strip current signals 400:_ : e e
[N FEE(ID:25) Badl i 4 r200f wink  ale
Q :f - z E 1000; Constant 1429 + 24.3
S | FEE(ID:26) Rad 300F : Mean 3457102
& ’3 P O 250_ B Sigma 1502+ 0.15
E = ook
& a ' FEE (ID: ... - 200 E N oy i FWHM=102%
2 : oi¢ I 5 ImRE il i
5 | FEE(ID:..) Rad - 150¢ a0l
100 . o .
. 0" TR R R T TR DO 0 100 200 300 400 500 600  700° T
0 2 4 6 8 10 12 14 16 18 20 22 24 A oA
ol time (hours)
PMT output signals I NIM X%d_é%:}: %:t ?3 ?.‘+
e — ZRImAE L TATH
(CAEN N4s$) AR - A
DAQ (Linux OS, DMA Efficiency in X
with RORC board)
€ L
2 C 1272 1262
VerticleMid NoAligmentX PR VerticleMid NoAligmentY PR = = 100
200 h1 5 h1 1200 S&S 4
r Entries 957 § L Entries 2402 I
F Mean -0.1721 L Mean -0.2661 r 80 I'I
2500 StdDev  0.1711 =001z Std Dev 0.1625 1000 I
r x?/ndf  4.033/5 C x?/ naf 129.8/8 | I
E Prob 0.5446 C Prob ~  3.13%e-24 - Totle Event: number of events both layer 1 and 2 with hits. 60 I i
200 Constant 272.6 400~ Constant 569 L i .
E gligi:la _%7177?: E '\Sni;ﬁ:]a _gfigg 800 :‘ Signal Event: All three layers have hit points. @ I su pportlng
1500 300:_ L Cut condition: X_, - x"’.x”"“< 10 mm I bars
; ' 600~ -
100 200~ N Eﬂiciency:i.g:'::mt 99.2% 2 I
sof- 100 400 W:nl nhsZz 0 0
r N N 7'(/}\ X 29 ’\’98 A) 0 9 18 27 36 45 54 63
0: : | : i G: ; : : | - VYMM_4 Channels Hits
MEETE R S RS | o b bt b 200 . o
o, ~ 142um " o,~117um " - (KPP: >95%) CHELEIS

LS == | \L .:L
11L E—. 57 #y:{" 0 Totle Event Signal Event

KPP: >98°
(KPP: <200um) ( 98%)
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sTGC module production at SDU

Mass production:

March. 9th — Jun. 8th, 2021
25 modules produced

23/25 passed QA

Production, Testing and Commissioning

sTGC module test at SDU

2nd prototype installed at STAR in Run21

12
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Critical Lift: successfully done on Oct. 14t 2021
Pushed into the pole tip: Oct. 19t" 2021
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Silicon ECal HCal DAQ Software
| BROOKHFUEN  BROOKHAWEN
o Y UCLA
AT CHICAGG ] UiC

NATIONAL LABORATORY

KENTUCKY INDIANA UNIVERSITY UNIVERS'TY
AIM OF ILLINOIS
/ TEXAS AGM AT CHICAGO
VALPARAISO UNIVERSIT Yo
UNIVERSITY 11} [i1]
INDIANA UNIVERSITY o ENTUCKY  INDIANA UNIVERSITY
INDIANA UNIVERSITY EJ M
BROOKHAVEN ABiLENE  VALPARAISO MU [@f .Y AIM
UNIVERSITY

BROOKHFAVEN CHRISTIAN

UNIVERSI

TEXAS A&M

UNIVERSIT Ye

NATIONAL LABORATORY

RUTGERS

Q/‘Aﬁ KL’N@
fx‘ 01 .@I I“ 'I'H A M
: ; H 5 TE TEXAS A&M
% 4 ABILEN [I o ke
¥ 4 CHBRllléTI/EN «

UNIVYERSITY

XEFRMFFA RS S B

Integration

BROOKHIAEN

NATIONAL LABORATORY

Calibration

RIVERSIDE

EE TEMPLE

a8 UNIVERSITY"

Slow Controls

Y

VALPARAISO ABILENE
UNIVERSITY  CHRISTIAN
Creighton

UNIVERSITY

Efficient and professional collaborating within STAR collaboration!
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RHIC-STARITHRER N zE BRI ARIHNISE:

EICRE RIS TR
HCal+SiPM readout same as EIC-fHCal (joint STAR EIC R&D) LINAC

TURREBISTT  rEenig

Silicon technique for EIC tracker o OOV

sTGC technique for EIC trigger/tracker

aR53 EICYIIERYFREH

Inform the physics program

Quantify experimental requirements

AZIESE

Several tens of the graduate/undergraduate students involved




Summary and Outlook

- STARAELHZERHIC-STARITHIR AT R B X IR M EA R P M TR Tk

« EFHAETEsTGCIRMN AFHIRIRIAHI X B FFEHFIIE RiASEm, RMUFRECLERIINBFREE
STARL.

- Bal, STARFBIEFRNMBZHECETTAREBRETS, EEHTER, E&11BFRHITEE.
« STAREIEHFZARHICHIARMEICKEZEZET “HR”

sTGC for STAR

16



Backup
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N-Pentane+CO, Gas Mixing System -- Backup

Page 1
( PS_G L’i’if ) Purge , ;56(3‘ \
T &) 7
- Vent 4
CO2 delivery for e T —
55% of mixing o . S R0 AN
RV1 S5u psi
. s L 2 CV1 fiter s —
32 psi — 5 AV = qui
LA e % L & B g g detector ey
Cu 8 &) Q Vega e ) : 4, |
Bleed (&) I_Q_] = = 61 o e
= r~
Loy fee 1 = XS To STAR
MV15 = SVB 10 psi 1J=Heai‘.‘l 10 psi AR e *:Ztr?
L:f) CEM — [ Cu
iz exchanger
Mixing & s e 10 po
S o Dryer
“Gas pad / O K 2u filter = & -
T s . Quality control
‘ T Purge
N2 sof point -DA .. 05u MV5 ¥lo] sv2
L a0psi | CV2  fiter T |
N o o ) Mvz A = A=
(—}f ;_> & MV4 [il‘—')'ﬁ\vlf\u |
_ = ‘., <L | Transfer — an
-~ - Tank I i
Z ! ‘ PG \ Pressure — ‘ —i=s : " =
= = [ = V/ R - MV10 p:’:, f “ = PG [ P1
— A PR2 | Z\ MV6 7 2 M e )GE
<7 2.z % & [ ] S el
i , STAR - sTGC Gas System
5 o] | 1> | — < P Fill .
S ca MV12 AR MV3 Gas Cabinet
Rev: 9.0 (03/11/2021)
w000 [ S.Prashanth
. . Ranane Fomans :mgiz.ssure are approximate, will be adjested when in use
quu'd Pentane flow Tank 1 Tank 2 2. CO2 pressure is slighty higher than pentan pressure

3. Gas lines are 1/4" otherwise noted
4. Dewar/Cylinder valves are not shown
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Forward Silicon Tracker, fSTAR

. Three disks, 36(+12) modules (NCKU/UIC)
Mechanical structure (NCKU)
* Flexible hybrid (SDU/IU)
 Silicon strip sensors (UIC/BNL)
 APV25 frontend chips* (UIC)
* in-hand and probe-tested

* Integration (BNL)

e Mechanical supporting structure
* Installation tooling

* Cooling system (BNL/NCKU)

* Cooling lines
* Cooling manifold
e Rack (cooler, pumps)

 DAQ system (BNL/IU/SDU)

* Inner signal cables
* Outer signal cables, patch panel boards, readout modules,
readout controllers, crates

/)

Blue: existing Red: new

19



Forward Silicon Tracker, Module Design

heat sinks

Each module splits into two regions cooling tube

v Inner-radius region: 5<R<16.5 cm
« 1 Kapton flexible hybrid
1 Sisensor: 128 x 4 (¢ xR) strips
« 4 APV chips

v" Outer-radius region: 16.5<R<28 cm
« 1 Kapton flexible hybrid
« 2 Sisensors: 128 x 4 (dpxR) strips
« 4 APV chips

v' material budget: ~1.5% X, per disk

Mechanical structure is made of
v' PEEK (main structure, tube holder)
v' Stainless steel (cooling tube)
v" Aluminum (heat sinks)
Module assembly is done at two sites
v" TiDC (NCKU): gluing inner/outer hybrids and
mechanical structures together /
v" FNAL (UIC): mount/wire-bond AVPs and Silicon inner silicon
sensors on hybrids sensor

outer hybrid

inner hybrid

APV25 chips

)

outer silicon sensor

N

mechanical structure

20



Forward Silicon Tracker — Prototype Module Performance

Sensor0 Sensor1
> T T T > T T T T T T
e L e + — 9
-q_) wme_:___ q_) ____:_ 9- e []
Q P Q T~ % T
= ¢ = L i+
L g L 1
1
1 i 1
1 1
oHV70V , ¢ oHV70V
L os- !
oHV100V 1 1 oHV100V
oHV120V ? - g oHV120V 1
e HV140V ' 1 - ] eHV140V ]
PP R 1.:f]gﬂ qula:.. P I ..+T
100 150 50 200 250 300
R (mm) R (mm)

FST FST

| mFstProjRiesR_2Layer

" |Entries 74223
Mean -0.8187
Std Dev  9.745

O Data
— MC
|- - IST Proj Err.

O Data
= MC
= =|ST Proj Err.

Mo = Fproj (MM)

Performance of two fully assembled prototype

modules evaluated with cosmic ray:

v" All channels can be read out (KPP: > 85%)  Key Performance Parameter
v' Efficiency higher than 90% (KPP: > 90%)

Installed on STAR in Sep. 2021.
Pre-Installation at BNL In commissioning. 21
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: 7 pin and\bushin'g* Qrk great!



FCS Requirements

Forward Calorimeter System, fSTAR

Detector

pp and pA

AA

ECal

~10%/\E

HCal

~50%/NE+10%

~20%/NE

Module Installation

DEP installation

Forward Calorimeter System (FCS)

v' ECal — 1496 channels ~ 8 tons

v' HCal — 520 channels ~ 30 tons

v' SiPM Readout Bias ~ 67V

v" New digitizers + Trigger FPGA = DEP
boards

v’ Total of 48+18+12 = 78 DEP boards

v' 3 DEP-IO boards for triggering

https://www.bnl.qgov/newsroom/news.php?a=217681

FCS fully operational in Run21.
Works great out of box!
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