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The STAR Forward Upgrade T

Combines:

Forward Colorimeter System (FCS)
Electromagnetic Calorimeter
Hadronic Calorimeter

Forward Tracking System (FTS)
Forward Silicon Tracker (FST)
small-strip Thin Gap Chambers (sTGC)

Observables:

® inclusive and di-jets

® hadrons in jets

e Lambda Polarization

¢ correlations mid-forward & forward-forward

rapidity

Requirements from Physics:

® goo0d e/h separation

e photon, 7" identification

e faces blue RHIC beam

e rapidity coverage the same as EIC hadron ECal ~10%/\/E ~20%/\/E
Arm

HCal ~50%/E +10% —

Tracki Charge separation opr/pr ~ 20 —30 %
02/28/2022 Xu St SEiehinie photon suppression  for 0.2 < p; < 2GeVl/c



Forward Silicon Tracker Yﬁ&ﬂ

3 Silicon disks: at 152, 165, and 179 cm from IP
Built on successful experience with STAR IST
® Jocate inside STAR TPC cone
® Single-sided double-metal mini-strip sensors
© Granularity: fine in ¢ and coarse in R
~ Si from Hamamatsu
® Frontend chips: APV25
e Material budget: ~1% per disk
® Reuse
- IST DAQ system
- IST cooling system

STAR forward upgrade: 2.5 <n < 4
e faces blue RHIC beam

e rapidity coverage the same as EIC hadron
Arm
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FST Module Design ~ J

Each module splits into two regions
e Inner-radius region: S5<R<16.5 cm
1 Kapton flexible hybrid
~ 1 Si sensor: 128 x 4 (¢pxR) strips
> 4 APV chips

e Quter-radius region: 16.5<R<28 cm
cooling outer > 1 Kapton flexible hybrid
Lol 2l > 2 Si sensors: 128 x 4 (¢pxR) strips
© 4 APV chips

Mechanical structure is made of
e PEEK (main structure, tube holder)
e Stainless steel (cooling tube)

inner
hybrid

.

APV25 ¢ Aluminum (heat sinks)
Chips\ sk Module assembly is done at two sites
e e TiDC (NCKU): gluing inner/outer hybrids

and mechanical structures together
e e FNAL (UIC): mount/wire-bond APVs and
structure Silicon sensors on hybrids

inner /

silicon
sensor

material budget: ~1% Xo per disk
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FST Module Design

\

chips outer
\ silicon
sensor
mechanical
inner / structure
silicon
sensor
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FST Module Assembly at FNAL i‘\?“
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e Module assembly at FNAL from January 2021 to June 2021.
e 48 modules assembled: 43 good + 5 problematic.
e All the modules arrived at BNL on June 11, 2021.
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FST Module Pertormance Test at UIC i}ﬁﬂ

Inner Sensor Outer Sensor
FST Cosmic Test Stand at UIC R ATt seveesasnsnntong) Rappet I - SRR AL MMMt ar e
c %-iﬁ —————————————————————————————————  — I e et 1 S i s
e fooeenee QD e S $ §$ ***************************
o 5 ot AT
&= o8- : — = o8- Po ; u
w i w i i
i § [ & L]
0.6/ . 0.6 $ _
o417y L o4 oy .
FST Module | SR O R 17
02 i % 140V L] 02 1 %140V x
- N - Ay
N RN P TR IR . o oizpﬂvt\i”\H‘\H‘m”m”m”i”#ﬁf
40 60 80 100 120 140 160 180 140 160 180 200 220 240 260 280 300
. r (mm) r (mm)
R Residual ¢ Residual
U B [ TR S e LA -
1400 . Mean  -3.08 400 ! -0
r ! Std Dev  18.03 r D D td Dev 0.007954
C ] 350
1200_— ] r
L O Data ] 300 L | O Data
1000F i 3 :
- b |—me : 250F- ) |[—wmc
soo;— - = IST Proj Err. — 2005_ '. - = IST Proj Err.
600~ ; 4 = 150F
— 4005— Pt - 100;
o I
2100 750 0 50 100 004 002 0 002 004
rI’O - rproj (mm) q)ro - q)pI'Oj (rad)

e Performance of FST modules are evaluated with cosmic ray:

> All channels can be read out
- Efficiency higher than 90%
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FST pre-Installation and Test at BNL iﬁﬂ

—

e FST modules installed into the support structure in the clean room (April - July 2021).
e Survey was done after each half plane completed (mid-plane has surveyed both sides).
e Readout and cooling test in the clean room for all 36 installed modules.
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F allatio at BNL ?ﬁ&ﬂ
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e FST Installation completed on 08/13/2021 and partition closed on 08/31/2021.
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FST Cooling System
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FST Operation
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e Each FST disk 1s readout by 2 ARC & 6 ARM boards, reused IST system
e Operation HV: 140V for inner sensor and 160 for outer sensors
e FST 1s commissioned and currently taking data at STAR run 22
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small-Strip Thin Gap Chamber is\&ﬂ

4 sTGC disks: at 307, 325, 343 and 361 cm from IP
® Jocate inside STAR Magnet pole tip opening

~ 1nhomogeneous magnetic field
® 4 quadrants double sided sTGC => 1 layer

~ diagonal strips to break ambiguities in the sSTGC
e Position resolution: ~100um
e Material budget: ~0.5% per layer,
e Readout: based on VMM-chips

=> following ATLAS design

STAR forward upgrade: 2.5 <y < 4

e faces blue RHIC beam

e rapidity coverage the same as EIC hadron
Arm
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sTGC Design G

e Provides tracking and position resolution
less than 100 pum, at high luminosity and
background
Pad 7 e Anode (HV): 50 um gold-plated tungsten

wires held at a potential of ~2900 V

> TPC 20 um wires

e Working gas: n-Pentane+CO2=45:55%
= by volume

: [ AEEN— e Cathode(Ground): graphite-epoxy

mixture with a typical surface resistivity

Strip (pitch 3.2 mn of 100 to 200 k€ sprayed on G-10

e Readout: Small copper strips,
perpendicular to anode wires, behind the
cathode
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sTGC Assembly at SDU PG
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e Four planes, each consisting of four
55cm™*55cm pentagonal modules
~ Double-sided sTGC with diagonal strips
~ Position resolution < 100 um
~ performed cosmic ray test at SDU
e Material budget ~0.5% Xo per layer
e 19 pentagon modules are produced and arrived

at BNL on 08/06/2021.
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STGC Electronics Design at USTC iﬁﬂ

FEBs are designed based on VMM chips. 4 VMM chips/
board, 212 channels.

e 96 Front-End Boards => 24 FEBs for each layer.

e 16 Read Out Driver Module => one for every 6 FEBs.

e ROD modules are designed based on Standard VME 6U
Crate (with DC power supply).
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STGC Installation at BNL 7/%‘“
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sTGC Gas and Safety System at BNL i}’f"‘

Gas Cabinet Gas Distribution Panel Gas Purity Analyzer

Gas Purity Analyzer

n-Pentane in (02 A

p .\\1\%*\\ \\*\\'

e sTGCs use a mixture of CO; and n-pentane
~ n-pentane 1somer formula C5H12
- Extreme care needed for the highly flammable n-pentane!
~ Flash point —49 °C; explosive limits 1.5 — 7.8%
~ Boiling point of 36.1 °C further complicates things
e Has operated extremely well through major power failures
and big storms
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sTGC Operation

sTGC HV Slow Control

| sTGC Horizontal Strips, Plane 1 (hits / Strlp)|

B N AT e

l

. Status Colors 10C Trip Temperature [C) >
worweaton il oo il S TGC - 600
V Channet O interiock BOATC
== Calibrate Currents  [ESRRN i 400

n | Trip
— soscs 2 [
Plane 1 E] e kh
Cabie VoRaoo [V ' 1 Catle \olase 200

Voltage [V] Current [uA] Cadle Votage

1 DEEEE 30.818 ﬂ 3000
R 3000 N40.508 KR 3000

(=]

-200

BER 3000 M51.440 3000
B 3000 W42.159 RN 2999

aaaa‘
N N v

-400

Plane 3 m Plane 4 3

Cabis Voitage (V] Cumrent [HA] Cesle  Vonrage (V] Current [RA) Catie VoRage [V] Cumrent [RA] Cadie Votage [\ wrrent ' 600
2000 3 oY Q0 2% 020
m 2999 32.289 9,120 2999 32.938

_T_III'U'IIIT1IITIIITIII—I1ITT_

2999 43,660

18~ PEEE 44,847 3000 M46.343
I8 3000 W50 120 MEERN 3000 §29.166

2999 M54.997

600 400 200

Thu Jan 27 06:31:58 2022

1 dd

i Ak

2999 51.648

m 2999 1.158 m 3000 47.398

| sTGC Vertical Strips, Plane 1 (hits / Strip) |

Write data to file? INORMEEE]  Writing! > 00 [ ]
4000
Operation HV: 1500 V for standby and 3000 V for data taking 2%
Safety and gas mixing 1s automated through interlock logic o |
Refill pentane, every three weeks by experts 2001 |
CO2 change every two months by experts oy |
Backed up by reserve tank online—no run out 4005 | B

sTGC 1s commissioned and currently taking data at STAR 70 R R N O O R
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Simulated Performance of the Forward Tracker

vertex resolution = 500 um
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e (Charge mis-ID rate less than 6% (8%) for pr <5 GeV/c and 500 (200) um vertex resolution
e pr resolution better than 35% for pr <5 GeV/c for both beam energies

02/28/2022

Xu Sun—WWND 2022

19



Forward Calorimeter System T

Location: 7 m from the IP on the “FMS platform”
Readout: S1PMs

e Used in Trigger

e Split in 2 movable halves inside and outside of ring
e Slightly projective

ECal:
e reuse PHENIX PbSC calorimeter
~ 1496 channels: 5.52 x 5.52 x 33 cm3
© 66 sampling cells with 1.5 mm Pb/4 mm Sc
- 36 wavelength shifting fibers per cell
~ 18 Xo; 0.85 4
e replaced PMTs with SiPM readout

HCal:

e Fe/Sc (20mm/3 mm) sandwich.
~ 520 readout channels: 10 x 10 x 84 cm3
o ~452

e Uses same SiPM readout as ECal

¢ 1n close collaboration with EIC R&D

Entire FCS (ECal + HCal + electronics) was installed

during 20.20. . Preshower:
¢ Commissioned during Run 21 Use EPD => Splitter prototype tested and final ones
¢ Extensive running with Au+Au at Vs = 7.7 GeV currently built

e Brief runs with O+O and d+Au at Vsan = 200 GeV

02/28/2022 Xu Sun—WWND 2022 20



Forward Calorimeter System 7/%“'

Location: 7 m from the IP on the “FMS platform”
Readout: S1PMs

e Used in Trigger

e Split in 2 movable halves inside and outside of ring
e Slightly projective

ECal:
e reuse PHENIX PbSC calorimeter
~ 1496 channels: 5.52 x 5.52 x 33 cm3
© 66 sampling cells with 1.5 mm Pb/4 mm Sc
- 36 wavelength shifting fibers per cell
~ 18 Xo; 0.85 4
e replaced PMTs with SiPM readout

HCal:

¢ Fe/Sc (20mm/3 mm) sandwich.
~ 520 readout channels: 10 x 10 x 84 cm3
o ~454

e Uses same SiPM readout as ECal

¢ 1n close collaboration with EIC R&D

Entire FCS (ECal + HCal + electronics) was installed
during 2020
® Commissioned during Run 21

e Extensive running with Au+Au at Vsxy = 7.7 GeV

¢ Brief runs with O+O and d+Au at Vsan = 200 GeV
02/28/2022 Xu Sun—WWND 2022 21

Preshower:
Use EPD => Splitter prototype tested and final ones
currently built



Forward Calorimeter System (FCS)

e ECal — 1496 channels ~ 8 tons

e HCal — 520 channels ~ 30 tons.

e SiPM Readout Bias ~ 67V

e New digitizers + Trigger FPGA = DEP boards

Forward Colorimeter System T

Assembling FCS in Autumn 2020 at BNL

Large group of STAR collaborators actively engaged in all aspects of the project:
ACU, BNL, UCLA, UCR, Indiana University CEEM, UKU, OSU, Rutgers U.,
Temple U., Texas A&M U., Valparaiso U.

02/28/2022 Xu Sun—WWND 2022 22



02/28/2022

Xu Sun—WWND 2022

23



FCS Readout and Commissioning, Run 21 i%ﬂf

e During Run21:
- Exercised the on-line machinery, monitoring
systems, and slow controls
~ Oft-line and Monte Carlo machinery also in place
~ Trigger system was commissioned
e Was ready to go on Run 22 Day-1 (except for some

gain tweaks)
LED Test

| Ecal View from Back Hcal View from Back |

<Row (Bottom <-> Top)
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- 10
-18F = ;]
20— A
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FCS Performance AR

7° reconstructed by Di-photon from ECal MIP peak from Hcal (Matched with Ecal MIP)
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e FCS 1s commissioned and currently dY =Yg, — Yy, roiected em

taking data at STAR run22
ECal MIP candidate matching HCal MIP candidate

shows peak around dY=0, Vertically aligned

02/28/2022 Xu Sun—WWND 2022 25



Summary ar

e Despite of COVID, all the Forward upgrade subsystems were installed on time
e All forward detectors were commissioned on time and taking data
¢ Many Thanks to those who are all involved to make this happen!
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STAR Forward Upgrade Institutions i‘iﬂ

Dedicated manpower with large expertise for each subsystem

sTGC Silicon ECal HCal DAQ/Readout Software
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and the STAR collaboration, which stands enthusiastically behind the upgrade
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