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sPHENIX Collaboratlon' ~400 members 81 |nst|tut|ons 14 countries
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SPHE

% The first new major
detector at RHIC in
over 20 years

** First Au+Au data was
taken in Run-2023

% p+p data taking and
Au+tAu in Run-2024

“* Preparation for
Run-2025 data taking
Is ongoing
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sPHENIX Scientific Program srrefix

Courtesy of Misaki Ouchida (Hokkaido University)

Quarkonium spectroscopy

Y(25)

Jet structure

sPHE}RIIX

Cold QCD Parton loss
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sPHENIX Detector System

EMCAL

iHCAL

MAGNET

MinBIAS

U9t =weL

Limited acceéfdr‘\'Ce to measure Jet. o
S sPHER[IX

AR Detector J

J Designed to be ideal detector for Jet
A first hadron calorimeter in midrapidity at RHIC

J Acceptance of full azimuthal angle 2rtand [n|<l.l in |z|<10 cm
In| < 0.35 & 0.51t per arm for ¢ (PHENIX)

4r, but incomplete for jet without HCAL
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sPHENIX Detector System H@

SPHENIX Calorimeters SPHENIX Tracking Detectors
Full Electromagnetic and Hadronic system [
calorimeter \TPOT ¢ | TPC Outer Tracker
1 (TPOT)
TPC f calibration of space charge
distortions
Time Projection Chamber
Outer HCal \ / (TPC) 30 <r <78 cm)
Precise momentum
measurement
Magnet \\ // Intermediate Silicon Tracker
(INTT) (7<r<I12cm)
Improving momentum resolution
Inner HCal Large Acceptance \ |N1-7 Pile-up separation
. In| < 1.1 and full 27
EMCal EMOAL azimuthal coverage MAPS-based micro-VerTeX
[l , , MVTX
Designed to be ideal \ i / detector

detector for Jet (MVTX) (2.3 <r<3.9cm)
Center for i .
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Intermediate Silicon Tracker(INTT) e

A group of 56 silicon ladders assembled
in two layers in a barrel configuration.

- Each ladder has 26 readout FPHX chips
- Each silicon chip has 128 channels
resulting in a total of ~370k ch

- Fine strip width : 78 pm in ¢
For high spatial resolution

Type A Type B y (vertical
- Thin sensors 320 pm (~0.34% X)) Type A(B) :16 mm (20 mm) .. /;_'i\\ 16 x 2
For less multipl i ‘ /ﬁ’\\\\
ple scattering /// \ \
12 x 2
- Timing resolution less than 106 ns § ‘ East— | West =
For pile-up separation ) < \ \\ / / -
S
T\
m Eenterfor z \w/
HIVE e o 16-19'January 2025 CENUM Workshop ch 0 o ¥ Viow from vt o South



Intermediate Silicon Tracker(INTT) senelfix

Its precise timing resolution allows us
to reconstruct the tracks bunch by bunch

-> Necessary for Cold-QCD spin physics
programs

- Timing resolution less than 106 ns
For pile-up separation
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Test beam Experiment in 2021 spreflix

Dark box . . .
. | GeV positron beam at Tohoku University @
@
e* beam _ [l . 3 INTT ladders, LO, L1,and L2 were used. A=-m=~7N71" .
i residual
| gam) Fingertip ‘ , . Two plastic scintillators were installed upstream or ®
y scintillator Trigger Trigger LO L] L2
(vertical) scintillator1 scintillator2 downstream of the dark box.
*55005 = 1.021 5 0T T
O 450 _§ i --------------------------------------- j < - —-Data m
s0oF- I Ilinaras eat SRE PR B I b3 E
: Landau_MPV: 71.13:0.43 s 098l ! ] T 7
3500 + %2/ ndf: 34.77 1 25 s T T 107 E
= © oo ] - ]
300é — Total Fit . 096~ ‘\‘ - 102 —=
j ---Signal C ] ; ;
250% « Noise 0'94j -T" ] 107 - -
c . e C ---- Edge exclusion cut T ] E 3
F noise ratio: 0.3% ] C ]
2001 0.92~ - - - Effi. 99% line 7 0t _
150;%‘; 0 gi '__. ---- Beam-spot region j E E
F L ] 10° E
100 Eoo . %’—q L E
F 0.88~ . 7] O 4f H
= - ] B = C ]
501 - ] s , .
© c 3
- + 0.86— | o 5 B—— JTE LIRS, oY I | I A )
0*1 Ll 4'1'T"‘"m [T IR AT AT NN AU \T"'ﬂ»ﬂfﬁ'%’Yﬂ-l--ﬁ-w-l-u C \: | | L Ll L S 07 TI + - _++_ ]
0 20 40 60 80 100 120 140 160 180 200 -10 -5 0 5 10 E ]
DAC value Track-interpolated position [mm] -2 B i 2 0 02 04 0% o8 4
. . . . . . . Residual [mm]
Energy deposit distribution Detection efficiency of LI was defined as ) o
Signal :99.7% noise :0.3% N(LONLINL2) % 100% Residual distribution

N(LOL2) .

Good Agreement with MC
Center for =99.33+0.04 (stat) = 0.06 (sys) % & Wi
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' 4%) Installation at SPHENIX Area ore@

Installation was done at Feb 28, 2023

INTT Barrel msertlon INTT ROCs
‘ Ly P : " ROC(Readout Card) from PHENIXVTX

- Signal processing
- Applying LV for FPHX chips
- Applying Bias voltage on Silicon sensors

INTT LV

ROCs South Ladders South Clock South

ROC N h de N l|’| Clnck Nnr(h
4slot

slo

Conversion
Cable BUS

?xtender

Silicon sensors

465.5 mm

signal < u— e—  signal
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Installation at sSPHENIX Area el

Installation was done at Feb 28, 2023
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ADC distribution for the entire silicon chips sPHEK ey
Dead chips ~ 30 out of 2,912 chips )
Live-Channel efficiency ~ 99%

Conversion
Cable BUS

?ﬂender X

465.5 mm

signal <« e— —  signal
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INTT Operation with Au+Au (Run-23)

SPHE

I X

Cluster multiplicity Correlation

between the Inner and the Outer Barrel

August 18, 2023
-
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- Well synchronized with Trigger detector
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INTT # of clusters

Multiplicity Correlation between INTT

clusters and MBD charge
September 01, 2023
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SPHENIX Preliminary
Au+Au \s, = 200 GeV
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MBD charge sum
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- Evidence of collision data
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102

The difference of Z vertex measured by
INTT and MBD

INTT zvertex - MBD zvertex [cm]

40

N
o

August 18, 2023

oy, |

'SPHENIX Preliminary T
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MBD South ** MBD North
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VA

12
calculated z vertex



| INTT Operation with p+p (Run-24) rrc@> ]

SPHENIX trackers operated in Trigger mode(w/o TPC) and streaming readout(with TPC) during pp runs

-> Streaming readout data QA must be done 9/13/2024 SPHENIX Preliminary
6007 L L B A B B A 9\/\13\/2‘0\2\4 ™ 350; Run 24 p+p 200 GeV o 7:
t SPHENIX Preliminary 1 . . F  INTT Streaming Readout b
L Run-24 p+p 200 GeV, Run 50889 - # of hlts for dlfferent INTT 300 Crossing angle : 1.5 [mrad] —
500 INTT Streaming readout ] i - —Crossing angle : 0 [mrad] 1 L .
- BCO 396912729035 ] internal clock (BCO) 250 ] INTT Z vertex distribution
400j —#INTT hits (100k strobes average) ] E E = =
o [ —#INTT hits (Single strobe) 1 200 ‘} — dependlng on beam CrOSSII'Ig
S goo- ~#INTT hits (Matching trigger timing) ] -> Clear peak matched with sPHENIX . 1 angle
o | ] global trigger timing 1505 E
200 ] 100/~ =
I ] Streaming data can be matched with g 1
100} g Calo system 50 E
i L. Necessary for Particle-flow jet Qhsoathintd ol S Mt ]
oO 20 40 60 80 100 120
INTT Local Clock [BCO] Uncorrected zINTT [em]
0.3 T T T T .3 - T T T T 0.3 T T T T 0.3 T T T T T
0.3 218/2024 w025k (1]80° <101 <90°]  _oast J|70°<10™TT1<80°] _oasp |[f 60°<10™TTI<70°] o2k []50°<10™TTI < 60°]
i +|+ SPHENIX Preliminary . S o2} i Sog i Sog i Sog 3
0.251- Sun'ggs%"ép 200 GeV B Sosk 1 Boast 1 Boast 1 Boast E
edL un 1 e 2 e e =y .
—_ i INTT Streaming readout | 2 0% 1 2°F 1 2°F 1 =2° 1 #bM—MIP eak position depending on
2 B 1 ©o.05F 1 ©oosp 1 ©oosp 1 ©oost 3 . . .
€ 02r —85° <" <90° . . . . , . l . __| different incident angle
3_ r INTT, ] GO’ 100 200 300 400 500 600 C()r 100 200 300 400 500 600 GO 100 200 300 400 500 600 CO 100 200 300 400 500 600
g r —40°< 0™ '1<45° 7 ADC [arb. units] ADC [arb. units] ADC [arb. units] ADC [arb. units]
% 015? —30°< |9|NTT| < 35° -] 03 i i i i i 03 i i i i i 3 i i i i i /132024
- L ] _ P o INTT, < o] . P o INTT, < ] . P o INTT < ]
% o1 ] go.zs 40°< 107" 'l < 50 %0 25 30°<10™"'1 <40 go.zs 20°<10™''1 < 30 SPHENIX Preliminary
o It b > 02 ER 1 E 3 1 Run-24, p+p 200 GeV
r 1 Boask { ®oasf { ®oasfp E Run 50889
0.05- — £ o i £ot 1 £t 1 INTT Streaming readout
r ] S0k 1 8,0k 1 8,4
P N e = ] o e oo o o o I:lExpected peak region
0 100 200 300 400 500 600 Q500 200 300 400 500 600 Q"06"200 300" 400 500 600 %906"200 300 400 500 600
ADC [arb UnItS] ADC [arb. units] ADC [arb. units] ADC [arb. units]
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Event display with p+p (Run-24)

Event Display with entire tracker system at sPHENIX

sPHENIX Tracking ] ) ' sPHENIX Tracking

o - No TPC distortion corrections — e No TPC distortion corrections
SPHERIX )

J . 2024-6-12, Run 41989 I X 2024-6-12, Run 41989

L BCO: 401966783047841 N - ! BCO: 401966783047841

200 GeV ptp . 200 GeV p+p

I T O T 0

Several calibrations are ongoing with TPC
Alighment with whole tracker & TPC spare charge distortion correction

Center for
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| X
SPHERIIX

sPHENIX is the first detector at RHIC with full calorimeter system.

INTT detector is crucial for pile-up separation which is necessary especially for
Cold-QCD Spin Physics program.

INTT took Aut+Au and p+p data , and working properly.

Run2025 preparation and various analysis with several calibrations are parallel
ongoing.
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Proton spin sum-rule

1 1
Proton Spin = — =—A2 + ...
2 2

Total quark spin A2 ~ 25% of proton spin measured by Deep Inelastic

Scatterinc Nucl Phys B 1989; 328: 1-35
at SLAC

mass - =2.3 MeV/c?

charge - 2/3 \
spin » 1/2 w

W 1 1 1 (1
5 575775
C @

down

W Extreme 16-19 January 2025 CENuM Workshop 19
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Proton spin puzzle Hﬁ

Proton spin sum-rule

| |
Proton Spin= —=—A2+AG+ L, + L
9 9 g q

Total quark spin A2 + gluon spin contribution AG + partons Angular Momentum
L, L
g q

AY ~ 2575008 BRI &pin / A Grom 40900 RO®N Spin

L,, L, These are crucial points to investigate the proton spin puzzle
How to measure ?

We need some special tools for the spin structure of the proton!

Center for

@A sz to0ls ? = Relativistie Heavy 16A Collider(RHIC) |~
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Observable for partons Angular Momentum Lg, Lq SPHE@
Phys. Rev. D 105, 032003 (2022)

L] ] <2 .
Trar;?\_/%gse single spin asymmetry(TSSA) A 4 —
AN - - 0'035_ pl +p — m+ X, (5= 200 GeV, Inl<0.35
O-L + O-R 0.02 |~ 3.4% Polarization scale uncertainty not shown
. { ‘
Left-Right Asymmetry oun*+%$# ..... — _T#
(One proton is polarized in the collision) OO L e e [ l ll,
002 E_ : :';1:2: r:;g‘:oa (2021), 052009
0.03 n qgq Contribution from Cammarota, et al '20
- B -x' qlgqlclonltril?utlior? frf)n; (:lar?rvTarpla.el al '20 L
nt'= Ay are consistent with theoretical predictions in measured range, but ~ **% ¢ & & w0 o
there is an indication that 7+~ behave differently T
K Phys. Rev. Lett. 127, 162001 (2021)
0.02 ,
. i - pl+p — v+ X, 1s =200 GeV, hi<0.35
TSSA of Direct Photon from QCD Compton Scattering(qg — yq )
The photons originate in the hard scattering subprocess and do not interact  o.01- PHENIX i
via strong interaction. ﬁtz : S S
Direct photon should be sensitive to the initial state! oo, g g TS
: : ggg 88::233::32 Model 1, min/max
-0.01;, 999 Coptribution Model 2, min/max .
. i 5 6 7 8 9 10 11 12
W H-need more various measurements to understand P, [GeVIc]
Extreme 16-19 January 2025 CENuM Workshop 21
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Left-Right Asymmetry

Initial State Effect (Silvers effect) Nk'r,parton
Distribution of partons inside a polarized proton depends on p
the parton’s transverse momentum and spin direction of proton. |

P
Final State Effect (Collins effect) ;\

The correlation between the transverse polarization of a quark and its ‘\W\ B
transverse momentum 1s related to the fragmentation direction. Sq X‘m

Center for
W Extreme 16-19 January 2025 CENuM Workshop 22
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' TSSA of Direct Photon rrclix

TSSA of Direct Photon ‘ é*@cﬁ
4s — 79 right

The photon originate in the hard scattering subprocess and do not interact via
strong interaction, which means that the final state effect is not present.
(Only initial state effect)

Direct photon is a clean probe of gluon structure within the prgio
Phes Rev. Lett. 127, 16200'1) 9 P the-2022-001

F 0015
002 e p = Y + X, Is =200 GeV, hi<0.35 ; SPHENIX BUP 2022, Years 1-3 -
i 0'01:_ 62 pb”' samp. p'+p— y + X, P=0.57 .
0.01- PHENIX 0.005/ -
52 [ - :
< I Of : G
Un ] . 2
| s qgq Contribution _0'005:__ Contribution (D.Pit K —:
| — — ggg Contribution Model 1, min/max : qgq Contribution (D.Pitonyak) -
-0.01-, - 999 Contribution Model 2, min/max ~0.01  Trigluon Contribution Model 1 (S.Yoshida)
5 6 7 8 9 10 1 1 12 . Trigluon Contribution Model 2 (S.Yoshida) -
I EPETEPETS AP EPETETS APET ST B ETETETS PErErEre ArSrErarel SPErErare S

p; [GeV/c] Stk PR R, RO S WP | NS TR T

U/ Extreme 16-19 January 2025 P; [GeVds
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JSSA of ¥ + Jet e

Detecting both photon and jet simultaneously can give more specific constraint for theorical
expectation.
Enabled by hlgh stat. calorlmetrlc jet/photon detection provided by sPHENIX

ltshouldbee' " = voiw " 2rs effect in gluons.
v e
B FAA RHIC/AGS AUM 2022
- 7 £ o4f
N \ g - | SPHENIXydetprol.  _ 40Gev<M <80Gev
p, . 8 03| Vs=200Gev —— 30GeV <M, <40 GeV
VAT o 5 N mi<1 —— 20GeV <M, <30 GeV
S = = L=62 pb” P=0.6
S— ‘ » 02
- e -
m s < 0.1—
5 e
e ."...’_ _0_1:_
Yield (y-jet) :
T 02
b e -0.3—
w.. .0~ _0.4:111111111lllllllllllllllllllllllllllll

Center for g 08 -06 -04 -02 0 02 04 06 08
(7} Extreme y.”el -
NucIearMatte€O|d QCD TG - 10/20/2020
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HFHENIX central arm

ceall

In| < 0.35 and 7 coverage for ¢. 2012 PHENIX Detector
PC3  Central
EMCal: primary detector for photons. pcy Magnet TE

EMCal trigger: select high energy particles.

DC: measure charged particles.
PC3: track matching.
RICH: PID from Cerenkov light.

Center for
Extreme
Nuclear Matters

TOF-W

Aerogel

West Beam View East
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FITLEINTEA DCICCor

PC3 Central 1 (?‘( .
Mag
PC2 agnet

FAV ) A

Mid rapidity, central arm: |n| < 0.35 = charged hadrons
with PID, 1t°, n...

Forward rapidity, muon arms: 1.2 < |n| < 2.4 = charged

hadrons, muons, J/Y... orie
Forward rapidity, muon Piston Calorimeters: 3.1 <|n| < 3.9
=T1° N

Very forward rapidity, in Zero Degree Calorimeter: |n| > 6.8

= neutron
| R“||‘l||||

ZDC South
=]

w6l

U9z

y

RIX |"

ZDC Noath
=

MulD |

Beam View

Central Magnet

ot =wea0l

Side View North
ISSm= 601

(Marie Bogr)
Transversity conference, December 11 - 15, 2017,
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