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sPHENIX experiment

Collaboration of 320 members from 80 institutions in 13 countries
First data taking early 2023 3-year run plan

Superconducting Magnet (1.4 T solenoid)

formerly BaBar SUIERHESE
SC MAGNET
MAPS-based Vertex Tracker (MVTX)
Intermediate Silicon Tracker (INTT) INNER HCAL
Time Projection Chamber (TPC)
Calorimetry:

Electromagnetic Calorimeter (EMCal)

inner Hadronic Calorimeter (1IHCal)

outer Hadronic Calorimeter (oHCal)
High rate:

15 kHz Trigger, >10 GB/s DAQ
Large acceptance:

ENDCAP
full ¢ coverage; for |z| <10 cm: |n|=1.1 FLUX RETURN




sPHENIX physics goal

LONG RANGE PLAN
for NUCLEAR SCIENCE

Y(3s) 0.78fm

Y(2s) 0.56fm

Quarkonium spectroscopy
}/_\ vary size of probe j

Y(1s) 0.28fm

Jet structure | sPHEQIIX
vary momentum/angular
scale of probe

4 Cold QCD
’ study proton spin,
\ e transverse-momentum,
NI\ ! : " and cold nuclear effects
I . )

There are two central goals of measurements planned

at RHIC, as it completes its scientific mission, and at the
LHC: (1) Probe the inner workings of QGP by resolving
its properties at shorter and shorter length scales. The
complementarity of the two facilities is essential to this
goal, as is a state-of-the-art jet detector at RHIC, called
sPHENIX. (2) Map the phase diagram of QCD with
experiments planned at RHIC. 2015 US NP LRP

B\ Heavy flavor \
vary mass/momentum of probe

u,d,s

C



https://science.osti.gov/-/media/np/nsac/pdf/2015LRP/2015_LRPNS_091815.pdf
https://indico.bnl.gov/event/17455/contributions/70031/attachments/44057/74435/dvp-DNPOpenForum-10-25-22.pdf

sPHENIX TPC

Central HV Membrane Time Projection Chamber (TPC)

Compact: 20 < r [cm]| < 78 (acttve (>30cm)

Readout plane _ Gas: Ne/CE, = Ar/CF,

Nominal drift field E = 400 V/cm and magnetic field B = 14T

along z

Required spatial resolution: < 150 um
Charge collection via GEMs — ALICE SAMPA
Gateless and continuous readout (GEMs for IBF suppression)
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— 72 mdues Quad-GEM Gain Stage
2(2), 12(4), 3(r) Operated @ low IBF



Field cage

Iﬂﬂer ﬁeld Cage Copper-Kapton Circuit Card

Layered Kapton
Carbon Fiber
— Honeycomb

End Ring - Inner

Carbon Fiber

Inner field cage X _0[cm] cm
1/2 Oz Copper 1.4
kapton 28.6
1/2 Oz Copper 1.4
Kapton (coverlay) 28.6
Epoxy 35.7
Kapton (insulating) 28.6
Carbon Fiber 23.4

* TPC wall thickness is dominated by an insulating kapton layer 228487 35.7

Honeycomb 845.4
Epoxy 35.7
Carbon Fiber 23.4
TOTAL

* 45KkV at the “central membrane” & 18 layers of kapton




Zig-zag pad structure

2019 TPC Beam Test Preview

) Scan2: Gap 300V, GEM 370V

Centroid (mm)

Y(89.4 um)? + (150 um/ ycm x{L/19.62
............. Field = 1.4T, 6 piusion = 40 Hm/¥cm

Scan3: Gap 150V, GEM 380V

(91.0 um)? + (150 pm/ fem xYL/20.0)?
............. Field = 1.4T, 6 piusion = 40 Hm/ycm
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* Simulation expected the resolution of 134 um
*  On bench studies @ BNL have shown resolution of 100 um in 750 V/cm drift field and Ar-based gas
* Test beam (@ Fermi LLab Summer 2019 results provide average resolution of 90-130 pum for Ne/CF, 50:50


https://ieeexplore.ieee.org/document/8379440

Quad-GEM

* Planned gas after 2019 test beam: Ne/CF, (50:50)

* GEM 3 & 4 are adjusted to achieve a total effective gain of 2000
* GEM 1 & 2 provide effective gain of 1 and used to stop IBF

E i =400 V/cm

 drift
GEM foil U [V]| AV [V] | [V/cm]
G4b | 600 - -
G4t | 1098 | 498 -
G3b | 1128 | 30 95
G3t | 1578 | 450 -
G2b | 2778 | 1200 3750
G2t | 3110 | 332 -
Glb | 4310 | 1200 3750
Glt | 4578 | 267 -

E Shulga
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NTl=48.70cm oN =1590cm ,K=337 =
100 o Pri V-sec

Diff. Tran. @1.5T e Diff. Lo Piiil PG F iipid - ° Initialy planned gas Ne:CF4 90:10

O Diff. Tran. @1.4T e Drift Ve : : e i ; )
e Ty 80 = * Rejected due to the high attachment
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Diff. Tran. @1.5T e Diff. L
Diff. Tran. @1.4T e Drift Vel.

2
N, =7150cm”,N =3150cm”,K=1.65 -
100 > Pri V-sec

80
60

40

E [V/cm]

2000 3000
E [V/icm]

Initialy planned gas Ne:CF, 90:10
Rejected due to the high attachment
Switched to Ne:CF, 50:50

Sucessful tests during test beam 2019
Beginning 2022: main Ne supplier
Ukraine 1s out of buisiness due to the
Russian agression

Need a new gas



2
N, =930 cm”,N =3150cm”,K=16§ -o—
Pri V-sec

52 SRR N * Initialy planned gas Ne:CF, 90:10

80 * Rejected due to the high attachment
0 R AN »  Switched to Ne:CF, 50:50

BRLE AR * Sucesstul tests during test beam 2019
* Beginning 2022: main Ne suplier

40

Ukraine 1s out of buisiness due to the
Russian agression
* Need a new gas

* Ar:CF, 60:40 1s a great candidate for

replacement

2000 3000
E [V/icm]




2
N, =940 cm™,N =3420cm’,K=134 2
o Pri V-sec

* Initialy planned gas Ne:CF, 90:10

* Rejected due to the high attachment

* Switched to Ne:CF, 50:50

* Sucesstul tests during test beam 2019

* Beginning 2022: main Ne suplier
Ukraine is out of buisiness due to the

v Russian agression

* Need a new gas as the price got 7
times higher

* Ar:CF, 60:40 1s a great candidate for

replacement
* Became our main gas ~2 months ago

2000 3000
E [V/icm]




TPC gas: IBF test

* Cu provides 8 keV and 8.9 keV lines at 15 kV

8.9 kev photon Entries 1000000 8 kev photon
Mean 29.3

Std Dev 86
Underflow 0 mean= 257

Mo et 0 7 N = B * Drift fields define GEM stack transparancy to ions
mean = 184 sigma = 5.8 !\
sigma =6.3

* Thus, only AV on GEMs is scaled

* 0.3 % IBF 1s measured for both gas mixtures

400 400
Number of Electrons Number of Electrons Edl’lft

GEM foil| U [V]| AV [V] | [V/cm]
i 0401 513944 e G4b | 600 } ]
G4t | 1168 | 568 -
G3b | 1198 | 30 95
e G3t | 1711 | 513 _
. G2b | 2911 | 1200 3750
LR G2t | 3289 | 378 -

" Sealing o e Glb | 4480 | 1200 3750

Glt 4793 305 :




Gain &

e
T = =
16
z

All modules are scanned for Gain & i
IBF characterization
IBF is correlated with gain
Gain 1s uniform
0.3 % IBF is measured for all

modules
The scans are used for IBF values
estimation for the digital currents
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IBF measurements
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, Distortion Monitors
Diffuse Laser

Direct Laser

Side View: End Views:
Pattern1 . H :

Average of CM Model R over Stripes per Bin

Laser

The phi coverage of one laser for theta in
[0°85°]

-600 -400 200 400 600

RS : 4 steerable lasers on each side of TPC

Almost all points can be reached by 2+ lasers
Creates straight-line tracks at ~Hz

T —

Al stripes on Central Membrane
kHz diffuse UV laser releases e

Reconstructed stripes measure distortion at CM
fast, interleaved with data = monitors fluctuations

-80 60 40 20 0 20 40 60 80
X (cm)

Reconstructed laser track measures distortion in volume
Slow, not used during run = monitors static distortion



Distortion Monitors: Digital Currents
Charge measured on the pads (1, ¢, t) as a proxy of the space-charge

density
Continuous data stream, stored in the calibration data base

Integration over fixed time intervals of ~1 ms
Grouping and robust averaging over several pads and pad rows
Required precision
Data size
Relation to the space-charge density
Local e
Drift-field distortions for 1ons
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TPC assembly

E Shulga 16



TPC assembly
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Summary

Cylindrical TPC adopting new technologies is built (@ SBU for the sSPHENIX tracking
The TPC will provide 70 to 150 pm depending on the drift length
Calibration systems are designed to address static and “event by event” distortions

It is instrumented and awaiting its turn to be installed (@ BNL

E Shulga
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Backup

E Shulga



Space charge effects

Drift
cathode
Particle tracks

cylinder

Outer field cage

Space charge (SC) is formed in the TPC
Electric fields are distorted due to SC
Tracking performance 1s affected

95 % of SC is Ion Backflow (IBF)
Minimization of IBF is our goal

ALICE Pb-Pb

distortion measurements

_—_—

ALICE performance
2018 Pb-Pb, |s, =5.02 TeV

interaction rate: 7.4 kHz
E, B field 1z/rl < 0.2

35
Sector



Monitoring Distortions Directly

Side View: End Views:

~laser —— __

The pki coverage o® one laser fcr thetain
[0°.85°)

Static Distortions mapped (full
3D) by line laser. B field also
mapped directly.

Fig. 2: Busshpe combiguralivn cor 26 Ouer Trucker modules lecwec vatsce of e TPC

Average distortions monitored (full 3D) by
tracking with TPOT after statics

removed.

Digital current provides
orthogonal, but indirect,
measure of SC distortion

Distortion fluctuations
monitored (2D) by CM
pattern/diffuse laser after
averages removed.



Central Membrane

“Hall of the Mountain King” by E. Grieg

All;_t\ marcia e molto mareato. s = 1s.
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The Stripe Pattern

Rectangular stripes, but with rounded ends Pattern1

Each stripe has a width of 1 mm and a length

of one pad width
Pad width = {5.59106385, 10.13836283,
10.90189537)

Start with centers, then
the corners

‘ 2 -600 -400 -200 0 200 400 600

Position of the stripes 1s predefined
Al pads on CM release charge when strobed with diffuse laser (15kHz) = calibration for SC distortions



Gain & IBF measurements
d v ‘

600

500

All modules are scanned for Gain &

400

IBF characterization

IBF is correlated with gain

300

The scans are used for IBF values

estimation for the digital currents
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