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sPHENIX AND THE TIME PROJECTION CHAMBER

e sPHENIX @ the Relativistic Heavy Ion Collider RHIC in 2023

sPHENIX MIE supported by US DOE
Office of Science - Office of NP
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sPHENIX @ RHIC
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' Parton energy loss ' Upsilon spectroscopy Cold QCD
' Vary mass/momentum ' Vary size of the probe | Vary temperature
 of probe | of QCD matter
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sPHENIX @ RHIC

Excellent Momentum Resolution:
dp/p ~ 0.2% for p to > 40 GeV/c

Fragmentation Functions

Jet Substructure Excellent track pattern recognition

Distinguish Upsilon States Mass resolution: o, < 100 MeV/c?

Heavy Flavor jet tagging Precise DCA resolution 6, < 100 um

High Statistics Au+Au 200 GeV Handle multiplicity and full RHIC luminosity
Accomplished by

x 3-layer Si-pixel detector (MAPS)

x 4-layer Si-strip detector (Intermediate tracker)

x Compact Time-Projection Chamber (TPC)

TPC - continuous readout, small space charge distortion
Barrel solenoid magnet (Babar) dictates dimension of TPC
x 20 cm < radius < 78 ¢cm, 2n azimuthal coverage

« Total length = 211 cm - |n| < 1.1 polar coverage
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CHALLENGE: SPACE CHARGE IN sPHENIX TPC @ RHIC

e Head-on collisions Au-Au @ 200 GeV/nucleon at RHIC produce thousands
of particles

——
PH ENIX
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CHALLENGE: SPACE CHARGE IN sPHENIX TPC @ RHIC

o

e Head-on collisions Au-Au @ 200 GeV/nucleon at RHIC produce thousands
of particles

0% I1BF 1% IBF

Rho (IClem*3) o u W'c Z) 10’ n Wf. z) 10’
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CHALLENGE: SPACE CHARGE IN sPHENIX TPC @ RHIC

©
e Head-on collisions Au-Au @ 200 GeV/nucleon at RHIC produce thousands
of particles

e Focus on combatting Ion Back Flow IBF
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TIME PROJECTION CHAMBERS IN COLLIDER ENVIRONMENT 50 FAR

e

e PEP4 @ SLAC
o ALEPH/DELPHI @ LEP
e STAR @ RHIC
o ALICE @ LHC

All had in common: MWPC amplification readout
Today’s drawback

Spatial arrangement of wires -> spatial resolution
Slow ion signal

Ion backflow reduction only possible with active gating

Spatial resolution: E x B effect
Gate option limits high rate readout

o Solution: MPGD readout - overcome E x B, fast e~ signal, combat Ion Back
Flow w/o gating, ALICE TPC already upgraded!
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MPGD BASED TIME PROJECTION CHAMBER

e Time Projection Chamber (TPC) for
0 Momentum measurement
o Tracking
O Probably particle identification (PID), e.g., dE/dx
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MPGD BASED TIME PROJECTION CHAMBER
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sPHENIX AND THE TIME PROJECTION CHAMBER

INTT

Silicon strips, 2 layers
re-use of PHENIX FVTX electronics

Monolithic Active Pixel Sensors (MAPS),
3 layers, based on ALICE ITS IB detector
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sPHENIX AND THE TIME PROJECTION CHAMBER

INTT

Silicon strips, 2 layers
re-use of PHENIX FVTX electronics

Monolithic Active Pixel Sensors (MAPS),
3 layers, based on ALICE ITS IB detector
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sPHENIX AND IBF

Make the ions fast through mass *|!
T

Vion = K -E u (mobility) vs mass

with  K:ion mobility
E: Electric field

1  f f 2 f 3 -
Kot Ki Kz Ks o
- Choose primary gas component with low Gas K(y3—) wvp(E=130L) wvp(E=400L)
mass: Ne-based (e.g., Ne-CF, 90-10) Ar 151 196----. 604
Ar-CH, 90:10 156 { 203(STAR) 624
Ar-CO,90:10 145 189" 582
Ne 42 546 1680
Ne-CHy 90:10  3.87 503 s - Ta
Choose largest drift field possible Ne-CO,90:10  3.27 425 (_1307(ALICE) ;
He 10.2 1326 e 4080
He-CHy90:10  7.55 981 3019
He-CO, 90:10  5.56 i 2222
T2K 1.46 (_190(0ILC) 584

T ——
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sPHENIX AND IBF

)

Optimize amplification device’s operating point: Gain on first GEM determines desired
properties - compromise between energy resolution and IBF

Quad-GEM Solution for ALICE R. Majka
| Y ——
UpoWeea™08 UV, 5095
18 } -
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Figure 5.1: Sketch of the Munich quadruple GEM setup. 0'0 05 1.0. - 15 ‘2.0. * ,

T
lon Backflow current / Anode Current (%)
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sPHENIX AND IBF

Optimize amplification device’s operating point: Gain on first GEM determines desired
properties - compromise between energy resolution and IBF

Quad-GEM Solution for ALICE R. Majka
20 e yp————————————
1. GEM :%/umzo 8 U o =0.95

| low gairr™T Yeew™38Y == Uqg,, =238V 7
| Uy =255V  =0m==U_ =255V |

—O—UUM_:ZBSV e | :=285V
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1. GEM:
6 high gain
Figure 5.1: Sketch of the Munich quadruple GEM setup. 0.0 05 10. - .1f5. = 210. = .2j5A = ‘30

lon Backflow current / Anode Current (%)
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sPHENIX AND IBF

Optimize amplification device’s operating point: Gain on first GEM determines desired
properties - compromise between energy resolution and IBF

Quad-GEM Solution for sSPHENIX R. Majka
) Y S ——
; / UpoMoew™08  UpVpe, =095
Pd ——U_, S235V  ——U_ =235V ]
A ———U_, 7255V —o—U_ =255V ]
e ! ——U,_ =285V —o—U_, =285V ]
14 _dE/dX res. =8.5% -
dE/dx res. =8.0% i
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55Fe peak o/mea
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Figure 5.1: Sketch of the Munich quadruple GEM setup. 0'0 05 1'0. - 15 ‘2.0. * ,

T
lon Backflow current / Anode Current (%)
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sPHENIX AND IBF

o

Optimize amplification device’s operating point: Gain on first GEM determines desired
properties - compromise between energy resolution and IBF

Quad-GEM Solution for EIC Detector

Recover dE/dx when
environment allows

Figure 5.1: Sketch of the Munich quadruple GEM setup.
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sPHENIX AND IBF

Update design of field cage informed by current experience
Space charge distortions at maximum where space charge density has discontinuity - FC entrance windows
Analytical 3-D model based on work for ALICE TPC revealed large distortions close to inner FC
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= L HL presents an advantage when it

ol Y comes to SC distortions.
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sPHENIX TIME PROJECTION CHAMBER

e Field Cage - Inner/Outer for sPHENIX
o Hybrid between STAR and ILD oo [ Disassermbic spokes

M h able Foam 5
to release field cage.
\ w od
|LC ><
(sma llp otype) ><

Stackpole Electronlcs Inc.

B— = : [ ;
—~ —
§  pre— - 2.3 mm
) e — ———— e ==
; R
' [ e | 4
¥ —_— ———

NOTE: Thicknesses not to scale / Cu-clad FR4 (few mils)

12" Hexcell

HVPF Field Cage Board
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sPHENIX TIME PROJECTION CHAMBER

e Field Cage - Inner/Outer for sPHENIX

o Hybrid between STAR and ILD
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- Copper-Kapton Circuit Card
- Layered Kapton

- Aluminum-Mylar

Carbon Fiber

-~ Honeycomb
_~ End Ring = Inner
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sPHENIX TIME PROJECTION CHAMBER

N G |
| I

I 0
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72 modules Quad-GEM Gain Stage | 1 | o
“Wedge”

1.24 mm |0.1|5 mm

le

EBDC 1/DAM

256 pads/FEE Field Cage )
RHIC Modules 12+extra
ngr'ﬁ‘t’y FEE 624+extra
DAM 24+extra
EDBC 24+extra

S
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sPHENIX TIME PRCJECTION CHAMBER
SAMPA progress (FE) o K

 SAMPA v5 components were produced in a multi-project wafer (MPW) run

* Initial test shows a good linearity for 80nsec shapmg and 30mV/fC gain.
— Power consumption: 6mW/ch
— Noise: ~500e @ C,,=0, ~“600e @ C, =20pF

1, CSA+Shaping only
2, ADC only
3, Inclusive chain (FE+ADC)

80nsec shaping | .

aIHIHHIIII- all88kEin

FE_testboardl 30N80 Ch_0

Ll -
= a m.m
- — o — y=25,882147x + 4,643218
-ar @ >
-a . £
= -a ';'15@
L EL] b+
-a .- = a -, .g
—_— - - nen 81000
- - - = -—n E ase |
- _-— e i - :
- - e =\, ©
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sPHENIX TIME PROJECTION CHAMBER

ALICE Quadruple GEM schematics
9
sPHENIX Quadruple GEM schematics
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sPHENIX TIME PROJECTION CHAMBER

ALICE Quadruple GEM schematics

9
sPHENIX Quadruple GEM schematics
- ALICE
GEM 1 e o) L 1 B
| F—— | ET1 | D |
GEM 2= == _—
e Er |
GEM 3 L. L
— Ers —1
GEM 4 = L
— Eing readout anode N e
4
Pad plane [N

Strong back
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sPHENIX TIME PROJECTION CHAMBER

ALICE Quadruple GEM schematics
9
sPHENIX Quadruple GEM schematics

sPHENIX

GEM 1

3 mm
GEM 2-
GEM 3 3 mm
3 mm
GEM 4
2 mm
Pad plane
Strong back
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sPHENIX TIME PROJECTION CHAMBER

Standard pitch
not rotated

Large pitch
rotated

Large pitch
not rotated

Standard pitch
rotated

e IBF for these configurations
determined with X-ray
X 0.44%, 0.39%, 0.33%, 0.31%
e All configurations tested in
test-beam
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sPHENIX TPC: READOUT MODULES

GEM Modules in their
Proper Array
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sPHENIX TPC: READOUT MODULES

Proper Array

X

Iniversity of New York

Oct-26-2020
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sPHENIX TPC: READOUT MODULES
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sPHENIX TPC: READOUT MODULES
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sPHENIX TPC: READOUT MODULES
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sPHENIX TPC: READOUT MODULES

X Z? qiXi Charge clouds collected - x10° X
N e — on a single pad - L ”
Il ai ks S12- gy e
» - = "“L
8 ! 2/ ndt 2677111
10~ Constant_1 1.201e+04 + 8.620e+01
[ Mean_1 0.002179 + 0.000418
8- sgma_t ¢ 0.0703 +0.0005 70 um
6: Constant_2 1044 + 55.9
- Mean_2 0.007953 + 0.002530
4 Sigma_2 -0.2002  0.0046
Fig. 1 Sketches of two different readout patterns demonstrate 2:
charge sharing and its impact on the centroid calculation and the = )
related position error for a zigzag and rectangular pad geometry. [ """ %
: » TP PN ISR SR
6 channels are shown for each pattern with the same pitch. (The -%.6 0402 0 02040608 1 12 14
drawings are to scale.) Residual (mm)

* Low diffusion can cause single pad hits = poor resolution

e Zig-Zags not only minimize single hits, they achieve resolutions to a smaller fraction of pitch
than rectangles

o EXTENSIVE studies at BNL lead to several principle conclusions

* Incursion: percentage of pad

spacing by which one ZZ
O Incursions of nearly 100% are required for good linearity. penetrates its neighbor
o Tip-to-tip pitch must be controlled relative to avalanche spread. * 100% incursion means neighbors
o Best linearity when gaps are VERY small (<100 um). tip lfenetrates to nominal pad
center
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sPHENIX TPC QUAD-GEM MODULE
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e Test beam @ Fermilab

wm/Yemor u m/nsec
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sPHENIX TPC QUAD-GEM MODULE

e Test beam @ Fermilab

SDD L] I I L I I | I I | T T T T T T T I 1 i

2019 TPC Baam Test Praview

[ %  Scan2: Gap 300V, GEM 370V

V(89.4 um)? + (150 um/fem / /19,67
. Figld = 1.4T, 6, o, =40 um/{em

. Scand: Gap 150V, GEM 280V

V(91.0 umF + (150 pm/fem / YL/20.07

- Fiold = 14T, &

T, Ditugin = 40 WM ¥EM

lllllll

LEE
qua
lll-rll-.l."'..-.. =

Resolution, Cluster w/ 2+ pad [um]

4 s s |
60 80 100 120
Drift Length, L [cm]
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sPHENIX TPC QUAD-GEM MODULE

e Test beam @ Fermilab

Resolution, Cluster w/ 2+ pad [um]

SDD T 1 =T T 1 T 1 T 1 T 1 L L |
: 2019 TPC Beam Tes! Praview -
[ &  Scan2: Gap 300V, GEM 370V :
250" , _
B V(89.4 pmp® + (150 pm/Vem / YLA96F -
- . Field = 1.4T, 0y oo =40 um/{em
200+ ¢ Scand: Gap 150V, GEM 380V i
[ V(91.0 umP + (150 pm/fem / L2008 _
15[}:__ «« Figld = 1-4T.HT_WMI4UJJW'JE |
B Gint ~ 920 nm 7
100, e Negr - 20 §

Resolution Improved

T T T TN A B T T T T B T T N R T
EGD 20 40 60 80 100 120

Drift Length, L [cm]

‘\\\\ Stony Brook University | e seeunmersyornewverk

Oct-26-2020



CONCLUMION (S0 FAR)

TPC for Heavy Ion experiments well in business
Heavily relied on ALICE TPC R&D and advice
Primary goal sPHENIX TPC

O provide momentum measurement

O no dE/dx program
O combat ion backflow

MPGDs are solution
Room for further improvement

TPC for sPHENIX - compatible with TPC-requirements @ EIC
0 @ EIC: most likely less IBF problem

o sPHENIX TPC designed with eye on EIC

o Equip idle readout region

o Change gas choice

o Alternative MPGD solution

Please visit: http://skipper.physics.sunysb.edu/~prakhar/tpc/ = Extensive set of simulations
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sPHENIX AND IBF

e Several ways to combat Space Charge
1. Make the ions fast through mass
2. Choose the largest drift field possible
3. Optimize amplification device’s operating point
4. Update design of field cage informed by current experience

__________________________________________________________________________________
- ~
’

Ol
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=
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1.  Remove “gain fluctuation” before amplification
ii. Increase number of amplification stages

6. Multi-layer gating grid
7. Accelerator parameters

o —
’
L L

R,

N
N

’
---------------------------------------------------------------------------------
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sPHENIX AND IBF

e FC design includes a

Thickness = 50 pm

“termination grid” to ensure sayg
uniformity of the field in the €, = 400V/cm g
drift volume
. . - 500 pm
e Multiple simulations: |
Wire mesh, I [
Photo-etched & :
Square/Round Hole
 Single conclusion: 12“:”“""”“"'”T""i””---. ‘EU'TES.aFe;ungcm]SEd-
Tune the field ratio L] S S S - E ] T S
: > [T O SR SR O IE--TNON S T T N
surrounding the mesh s *°f : | 1& st 30001
. ? . . . » .
to block many positive ¢ eof | 1% eof | S
o Transfer Field [V/cm) ] § - . . . . .
1 ~ s sE, #2xE, ®3xE, 1@ - |
10“5 E 40-— H l4KEﬂ --ERE,L, I'ERE,L, "_ E 40-'— Y Py . 3 ‘ .—-
8 _f ] [ .
w2 ' " 20 —
U;I‘....‘1"'I"“+“"'11”I'-; O:ruilluj.lj.ll.li|1|||1||.|!||.|:|11:
e 05 1 15 2 2’ o 05 1 15 2 25
B[T] B[T]
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sPHENIX TIME PROJECTION CHAMBER

400 V/cm drift field

R. Majka '
20 Standard Pitchgg

' U MNmo=08 U, N.,=095 { NOtrotated -
o ——U,S235V == =235V

== U, 7255V ——U,,, =255V | |arge Pitch
——U_ =285V —o—U =285V
rotated

-
=
T T

GEm:

_dE/dX res. =8.5% -

dE/dx res. =8.0% ] Large Pitch
not rotated

. 3
-
Y

-
o

\ -1

Standard Pitchs

o

1 A 1 A

>>Fe peak g/mean (%)

8 rotated
I I L R e st a2 2 & 3 pad plane
00 05 10 15 20 25 30
lon Backflow current / Anode Current (%) 90-10-5 Ne-CO,-N,

N. Smirnov, R. Majka
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sPHENIX TIME PROJECTION CHAMBER

= Dual-GEM + MicroMeGas Solution from Yale

R/A source(s)
_______________ Floating FLUKE 189
Cathode HV E IB T L] L] I T T T l L] T T 1 L] L T T T I L T T
— : Me + GO, (90-10) :
§mm Drift 0.4 kV/cm E . E,,=04kWicm-E_ _ =3.0kvicm-E_=0075kVem
18 |— ]
R T dv ~ (250-350) V 5 [ —— AVgg, =190V .
? Transfer ~2-4 kV/cm L —e— AVEE, =210V -
mm | GEM e ]
--------------- dv ~(200-250) v - —— AV, =220V i
- —h— AVEE, =230 V -
4mm Induction <0.1 kVem o - -
MMG mesh, 450 LP| [ — ’
- —_— i
125 um | ___ MMG Amplification 37-42kV/cm dv~ (460-520)V ol ]
Strip readout : ]
FLUKE 189 o B
To Shaper LA R i
Il I i i j I i I I i i I i
and ADC Ground 0.2 0.4 0.6 08 1
CSPA N. Smirnov, R. Majka IBF (%)
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sPHENIX LASER SYSTEM: TECHNICAL QVERVIEW

Layout of TPC End Plates entrance ports
» Two rings of 12 ¥4” NPT Feedthrough’s @

» 266nm light coupled
to fused silica fiber
with large N.A.

Optical bench
supported by wagon
Laser wheel

Tracks

Diffuse Light
at membrane

_____

- Rigid “light pipe” delivers laser beam at controlled @ Laser tracks
angles (w/ large N.A.) into TPC volume @ Diffuse laser light

- Micro-actuated mirror allows a single laser beam to ® Gas/Services
sweep an entire quadrant of the TPC volume q
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sPHENIX TIME PRCJECTION CHAMBER }
SAMPA progress (ADC, FE+ADC) &)@

« ADCand FE+ADC components 15.5 MSPa.
* ENOB of ADC is found to be better than that of SAMPA v4 Amplitude | pcys | ADCVS
— Improvement at 18MHz is seen and is close to expected — > maximum) ENOB®its) L
* Pulse shape is successfully measured by FE+ADC 40 9.2 9.2
. S0 8.6 9.1
1, CSA+Shaping only o a6 8.0
2, ADC only
90 8.2 8.7
3, Inclusive chain (FE+ADC)
_ 80nsec, 30mV/fC
- J""rg Re"??““"""""“p; charge injection InpulSm‘N Peakmc_;;mm;ﬁns:[Ts] Psc;;xr::;l
= [T = : _ 18 15 5510 745154 |
-— e T30 | 59s8 | 1258460 |
“llll'W T e 45 8020 | 1764282 |
= I 60 54+7 21290+ 70A

equation |

—T—- -1
’}f+ 1*1 " s *:I,I.“

» Table parameters represents the average
of 100 pulses fit with its standard
deviation

d‘!“l;”!””“;””h ;: == v e f‘omputed~|thsem|gaus<lanbeslf!

ADC out

CIRRRTRRREN Y Cpprnnnennnnennnnnn

Bost Fit

AR ERERE

Samples
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sPHENIX TPC CONSTRUCTION

e We are also building the TPC

O Mandrel
Inner FC
Outer FC
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sPHENIX TPC CONSTRUCTION
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sPHENIX TPC CONSTRUCTION
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sPHENIX TPC CONSTRUCTION
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sPHENIX TPC CONSTRUCTION
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sPHENIX TPC CONSTRUCTION

Y Ready for
take-off
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sPHENIX TPC CONSTRUCTION
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SPHENIX LASER SYSTEM Charge Cluster R/O madules

\ Outer Field Cage

e Laser calibration
O Determine drift velocity throughout TPC volume
o0 Determine electric field distortions

o Determine precise alignment of field cage w.r.t. endcap
and magnetic field

e Strateqgy

o Shine diffuse laser light onto central membrane and S T et --//- ------ >
liberate clusters of charge

Position dependent drift time

Central Membrane

O Shoot laser beams into TPC volume to mimic straight
particle tracks Inner Field Cage

o Compare straight tracks to displaced/distorted tracks Diffuse laser light
= Beam ON vs OFF (space charge effect)
= B-field ON vs OFF (E x B effect)

e Drift velocity

o Charge from central membrane travels full drift distance
—> absolute integrated drift velocity

o Single sweeping laser beam = continuous sampling of
drift velocity/quadrant of the TPC volume

o Integrated drift time - hard constraint for point by
point determination of drift velocity

Laser beam tracks ~MIPs
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R1

Pattern of Al dots
(low work function
>release of e-’s)
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sPHENIX TPC FAST QUTER LAYER: CALIBRATION

Bridge card ] FEE card

- — \ — z strips

Gas volumes @ strips
Resistive Micromegas on both sides

h
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sPHENIX TPC FAST QUTER LAYER: CALIBRATION

Two tiles

One on each side of the
central membrane

In front of one GEM
sector

Four tiles 12 tiles at mid-rapidity
Covering full z In front of each GEM sector
acceptance Monitor Gain/IBF fluctuations
In front of one GEM Enables some physics at mid
sector rapidity

Allows to monitor the Suffers from dead area due
full z extend of the to central membrane
distortions

‘\\\\ Stony Brook University | e sueunesyet newtore

24 tiles

12 on each side of the
central membrane

One tile in front of each
GEM sector

Same as 12 Tiles but no
dead area from CM
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sPHENIX TPC FAST QUTER LAYER: CALIBRATION
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sPHENIX TPC: READOUT MODULES

e R2 GEM structure
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sPHENIX TPC: READOUT MODULES

=)

e R2 GEM structure

1

1206 Resistor
Placeholder
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sPHENIX TPC: READOUT MODULES

e R2 GEM structure

1206 Resistor
Placeholder

B Resistor roof

» Strength restored.

* Fill with epoxy to limit fields
f—— ‘
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sPHENIX TPC: READOUT MODULES
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