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Outline

sPHENIX detector

TPC at sSPHENIX

TPC resolution

Electron drift and electronics response

Zig-Zag pad geometry (Hits) and Differential non-linearity (clusters)

Alignment
Distortions
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Steps towards achieving TPC design resolution

Resonance reconstruction. Already inspiring results! Sometime here
will be T as well!
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sPHENIX detector

Readout Planes

Laser Benches

MAGNET

Central Membrane

=

sPHENIX is the final experiment of the heavy ion era at RHIC.
Completion of the remaining measurements: Full Jets (HCAL); Open Heavy Flavor;
Resolved Upsilon
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Time projection chamber

™ Readout pads \ Track ' TPC
lon Backflow (IBF)

Particles ionize TPC gas, electrons drift to readout ions drift to Central
Membrane B=1.4 Tesla controls diffusion E =400 V' /cm guides e~
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TPC construction

72 modules
2(z), 12(¢), 3(r)

20 cm < r < 78 cm, |n| < 1.1 (2.11 meters long)
1022.88 cm drift length

Ar = 75% CF4 = 20% iC4H10 = 5%

Metallized central “membrane” held at 40 kV

Utilizes 4 stacked gas electron multipliers (GEMs) to produce signal from single
ionized electrons
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TPC resolution
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Peaking 80 ns (n=4)
ADC samples @ 20 MHz
Peak time
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Zigzag pad geometry

) I qix; Hit position of
Centroid: X = W charge cloud

‘ Tip-toTip
Distance

(For non-single pad hits)

(For single pad hits)

o Zigzag pad edges increase overlap between neighbors = induced
charge is shared

@ Fewer readout channels while keeping high spatial resolution via
charge interpolation

Hit - an ADC, recorded by a pad in a time bin
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Zigzag pad geometry. ldeal zig-zags

@ Pad pitch vs. charge cloud
size (diffusion, drift)

@ Zigzag period: should be

] small compared to pitch
i:w 1/ ndf 397/43 'E' X
St il B @ High conductor coverage
e, L fractio_n = smoother charge
3 2100 collection
o E @ Ideally, the collective
sb. S response of all fired pads is
wE X : linearly correlated to the hit
T PO OV VNG DO T position, with a differential
45 5 55 ] 65 T 75

X e Xommap 1] X s 1] non-linearity (DNL) ~ 0

Resultant resolution (~ 60 pm) for a 2D Gaussian charge cloud
(with ox = o, = 400 pxm) and the pad response for 2mm pitch
and a 0.5mm zigzag period, which incorporates a N/S = 2%

[m] = 8
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Differential non-linearity (DNL)
Cluster - set of hits, measured
point on track

01 @ Standard position:
_ 008 1 N
£ 0.06 Pelus = 77— Zi hits wigi, same
> 0.04 Nhits

for time bin

@ Non-linear relation between
electron true positions and
the interpolated centroid
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Resultant resolution (~ 60 pm) for a 2D Gaussian charge cloud (with o = o, = 400 um) and the pad
response for 2mm pitch and a 0.5mm zigzag period, which incorporates a N/S = 2%
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Cluster Position Correction

@ Straight centroid = non-linear
response (DNL)

@ Map reconstructed cluster position vs.
true cluster position from simulation

mini TPC model

@ Phase variable

2 400 8,
5 w0 Th | S Ol | — i
£ U:m =132um It
reco __ ¢maxADC ™ Ay 1 & conecte)
_ pad 21 /’/*11 ) 0 ggum
phase = el
A¢ pitch 5 N b /
2 WiEosoTos0sT Ao w0
h . . Position across Chevron (mm) Centroid Residual (microns)
trut centroin centroin
° - ( ) -
clust clust vs p hase clust

DNL correction from mini TPC model

DNL correction

@ Study how DNL depends on « and 6

angles of the track §
&
@ Correction of an order of % S

~ 0(100 pm)
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Residuals

Study of the r¢ residuals in the
tracking detectors, which are the
difference between the measured
cluster position and the expected
cluster position (from the fit)

rAqﬁ —r <¢g:2tser - (b?iltuster)

Knowing the residual values, one

can extract the corresponding angles
to aligne the tracking detector layer
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Tracks without magnetic field. TPC alignment

No E x B effects - Tracks are straight lines

@ Currently done - TPC alignment to the Silicon detectors
(MVTX+INTT)

r¢ residual, Sector 2, South side r¢ residual, Sector 2, South side r¢ residual, Sector 2, South side

@ Standalone TPC alignment

> Internal alignment of the modules with respect to each other
» TPC alignment to the beam axis
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Tracks in magnetic field. Distortions

@ Static Distortion
» external E, B fields: non uniformity
and alignment
» expected to be O(1 — 2cm)
» does not change
» mixes with module alignment, module
edge effects, etc

@ Average Distortion:

> average spacecharge

> expected to be O(1 — 2mm)

» changes slowly with lumi. and
ambient conditions

@ Event-by-Event Distortion:

» fluctuations in spacecharge
» expected to be < O(100 pum)
» changes rapidly (78ms for full refresh)
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Distortion corrections

. . Static distortions from _ '
Static distortions from the Line laser Average distortions from

magnetic field diffuse laser
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Steps towards achieving designed TPC resolution

TPC standalone alignment

@ Internal alignment of TPC modules with Field-off

SlmUIatlon cosmic data
@ Implement zig-zag geometry for pads @ Alignment of the TPC to the beam axis with low
@ Correct pulse shape luminosity Au+Au Field off data
@ Verify gain normalization @ Verify with line laser and diffuse laser pattern )
@ Zero suppression implementation H . .
PP P Static distortions due to E x B effects
@ Verify that track reconstruction software flow is the
@ Fine tune existing corrections based on simulation with
same as for real data
- known E and B field maps
ClUSter P05|t|0n5 @ Produce data-driven static distortion corrections using
@ Differential non-linearity Ry éhie
O 2 disir peshitn @ Produce a data-driven correction map of distortions at
the edges of modules in r and ¢.
@ Correction of the cluster centroid in 3D using track o
Al ) Average and fluctuation distortions
@ Derive average corrections from diffuse-laser data
@ Other steps for distortion corrections
v
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Resonance reconstruction. Already insniring resinltsl

. 40X10° 41212025 x10° 03/27/2025
< s T T T
® . ° 2 + Data E
S 35 + Data E 2 I
= __Fit Z 138 —Fit
omb. N
5;“' P 9. % 14f Comb. Bkg. 1
3 SPHENIX Preliminary S SPHENIX Preliminary -|
& 20 p+p Vs =200 GeV S
S =59 MoV 8 1 ptp 15=200GeV
15 08" . G =4.4MeV
10| 0.6 O
5 0.4 E
. 02 E
L 1 L L 1
04 045 05 055 06 1102 104 106 108 1.4
m(r'm) [GeV] m(K'K) [Gev]
—25xI0° 04/02/2025 41212025
3 E 'SPHENIX Preliminary
= + Data = p»p §=200GeV |
T 2 —Fit 1 3 2.0£0.6 MeV
2 Aspi g c(‘;)-13&k|9MeV E
s Comb.Bkg. | &
k] E
8 SPHENIX Preliminary E
|3 p4p 15 =200 GeV 13 H—
05 6=3.9MeV oalf | t
2 el
& TV PO T PP 1 7Y
| . ‘ ‘ ] Jrbe pvietiy
108 11 112 1.14 116 1.8 [ S o P
m(pn’) [GeV]

Candidates / (12 MeV)

Candidates / (10 MeV)

Pull

Mariia Mitrankova Achieving TPC design resolution

4/3/2025
r T T 3
550 * i Data 3
5001 —Fit E
E D’ Krt+co. ]
4505 { + Comb.Bkg.
400~ 3
350( E
3005 E
250;_ ©=105% 17 MeV 4
200:_ Yield = 248+ 44
. \ L \ .
5F
EX} PRSI J% S SN SO PRI Y
dpddes gty +
st ]
17 18 R
m(K'r) [GeV]
04/06/2025
T T
L + Data SPHENIX Preliminary
[ — Fit pip V=200 GeV
180~ AopKtecc, 1= 2285 4 MoV
£ Comb. Bkg. 0=128+36MeV
L Yield = 10133
160

| PRI T S

120
100
L il } 1 } } |
5 e
ol .. PSPPI TP )
pemetereg eyt ey ¥ LKl
sl
217 215 22 225

23 = 235 2.4
m(pKr++c.c) [GeV]

September 19, 2025 16 /17



First run Au+Au 2025 results!

June 9", 2025 - first collisions of Run 25!

June 16", 2025 - first resonances reconstructed with full tracking system
Please, find all the public sSPHNIX results here: https://www.sphenix.bnl.gov/PublicResults
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https://www.sphenix.bnl.gov/PublicResults
https://www.sphenix.bnl.gov/sites/default/files/2025-06/sphenix-perf-6-25-RDataframeToRoofit_K_S0_mass.pdf
https://www.sphenix.bnl.gov/sites/default/files/2025-06/sphenix-perf-6-25-RDataframeToRoofit_Lambda0_mass.pdf

