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Physics goals of RHIC- sPHENIX

QUCH"k Gluon Plasma(QGP) phyS'i.CS The scientific illustration by Misaki Ouchida(Hokkaido Univ.)
- Parton energy loss
- Flavor dependence energy
loss
- Quarkonium spectroscopy
- Melting of different state
upsilons with RHIC
temperature
- Jet structure and modification

- Parton-QGP interaction

Jet structure Quarkonium spectroscopy

.

(s, @)

Cold-QCD study
- Spin structure of proton
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https://www.misakiouchida.com/

Time evolution of the collisions

> time
(1) Before  (2)Soon (3) Parton (1) oGP (5) Hadron (6) To detector
collision after scattering production
collision

QGP lasts for a very short time.

Therefore, QGP cannot be observed directly.

Also, it is not possible to use the probe from the outside.
The probe from collision itself is used.
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Jet quenching (Parton energy loss) puao) = — P
(N.--") dp
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Partons lose their energy while photons are not. Jet Ry, is smaller than hadrons at the same p range
p+p is the reference as non QGP matter. - The difference is described by the model with virtuality

Jet and Hadron R,, is increasing at higher p-

HF measurement — mass dependences
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Jet at sPHENIX
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SsPHENIX extends:
« Jet: p~70 GeV/c, Direct photons: ~ 40 GeV/c, hadrons: ~ 50 GeV/c,

o

« v - Jet : To study the modification of the jet in QGP

Can see the lower p; at RHIC

 single and jet sloss, s’loss, jet-substructure(R dependence), b-tag jet etc

« kinematics overlap with LHC and lower p;

2025/1/14

Y
L )‘. 4:| [ LI R N L R B B B L B N B ﬂ
| 8 g SPHENIX Projection ' n e
- < - JEWEL 2.2.0, T = 260 MeV 1) J
1 & 3f Years13,p!>30Gov Q‘j’ . w
-~ - ar -1 - ma2oium
- - - W 62 pb’ zamp. p+p ~
- 2.5/~ ¢ 32 nb"' samp. Au+Au (0-10%) _+_ . Jet Eloss
- 2F =
- 1.50 ¢ —¢—+=+: .
! : v + -
) 1:‘_ —— =
- —— -
] 05[- - T e -
U il ws S S_ . e gy
70 80 0 0.2 0.4 0.6 0.8 1 1.2 1.4
p. [GeV] s’loss
'§" 200GeV AusAu pi0 &
» 02 centrality 0-50% 20
s - '0
(n_%.ls:— bo
g F )
w 0.1~_—
008k
o ®W’Witﬂm snlon
0:— * anol-plare 7 240eVVc wat o "t en
: ¢5__n-ucnmnruo-v¢mv~l GV -
0,055

ATHIC2025@ Gopalpur MayaShimomura

00150200 280 s hy o gl
100 1
S

" Tparun' patout

5



Upsilon spectroscopy
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1600 4 1 ® SPHENIXY(1S)  gPHENIX Projection
% 0 + ©® SPHENIXY(2S) Years 1-3, 0-60% Au+Au -
1400 4 1™ @ sPHENIXY(3S) 21 nb™rec. Au+Au, 62 pb™' samp. p+p,
N SPHENIX Simulation 1 - STARY(1S) STAF data: PRL 130 (2023) {12301 :
S 1200 0-10% Au+Au s = 200 GeV 08— STARY(Z) ]
%’ 24 billion events J b e STAR Y(33) 6% Upper Limit i
1000 C :
= o(1s) = 100 MeV - N S R I B + + ?

05—

= 800 - = M .
- pp line shap - { . , -
€ 600} , , normalized toﬁq* 04 ‘l ] ]
Lfl . 1S 2 ~ ? -
400 : - 1
: E 02F ... + ]
200 ] - | ~
" J '] '-x - l A A l A A ! Ad 11 A l LAl l-
071111 111 AL llLL A LA Ll ‘U ] ! / U 9
8 9 10 11 12 13 Transverse momentum [GeV/c]

Mass(e’e) [GeV/c"2]
« Separate three Upsilon states (1s, 2s, 3s)

* Y(3s) is quantified if suppression is less
« Study centrality and p; dependence . ‘ ‘
* RHIC is more clean than LHC

* No regeneration of Upsilon at RHIC
2025/1/14 ATHIC2025@ Gopalpur MayaShimomura 6



multlpllc:lty

part ?

V, vs N

, <y’>-<x*> “\
€= > T <> [PHENIX: PRC107.024907(2023)]
! o [W. Zhao et al PRC107. 014904(2023)]

V : 503 ‘:H?irf :—alr% R fncn—u?zr;iéugl_r«unmn T HeAu @00ty 58%
o a -« &2PC: BR — 32PC: B3
Small < eccentricity > I_arge Y p2brAug00GEeY DE% . - 1_:ur-a:ua:jgzco BaV O5%
High «———multiplicity (dN/dn) —— Low =3 ] /e"" o
Large < Npart > Small _ Lot ..
Small V2 > Large ' P, [Se\}"!-:] T [~ IGC‘;"'C: v
Phys. Rev. C 92, 034913 * QGP seems to be formed in

With the same eccentricity small system collisions with
relatively large multiplicity.

€ Au+Au = & Cu+Cu

High <———multiplicity (dN/dn) =——— Low _ S
* A wide range of multiplicities

Large Noar > Small exists at fixed N_,, because of
Large < V2 > Small various effects like MPI, Multi-parton
different N, values, etc. interaction(MPI)
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vZ2 vs. 2D multiplicity (event categorization)

p .f.‘p .‘ H“m.. — — .,r'.l 10
‘:3..‘s.- 5 8 .mec : 10
ZDC Detector Spectstor neutron INTT detector ﬂ » .
) : 8 1200 o
e ]— ‘Q.\ N oo
MBD Praduced Producac MBD .E occ 0
detector . particles || particlas detector >
-‘\I ‘\‘ / I ; . w
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w =T
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INTT detector Spectator neutrons it o 7 o v 0 ,
- - 02 a3 D4 0L 06 07 08 0% 1
/. *'\\‘Q“Q o BELY Nax a8t
.................................... e ———————————— R} MBD multi ||C|t
P PP plctty

* Particles produced by collision are going into MBD(INTT). = Multiplicity

 Spectator neutrons are going into ZDC. > N__. + N_ .= Const.

par spec

« Measuring v, with 2D categorization of N ., and multiplicity.
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v, at different ZDCe event categorization Salen

With fixed ZDC bins, measure v, as a function of multiplicity. | V> <

Image of the initial geometry RS
01 Au+Au at |6, =200GeV ’E
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These v, seem to reflect initial geometry differences, but they have the same
multiplicity. >N, is different but multiplicity is the same.

sPHENIX with 2ridetector will give non-biased measurement at mid-rapidity.
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SPHENIX detectors

: Calorimeter
- | system
Tracking system
* Time Projection Chamber(TPC)
« Time Projection Chamber Outer
Tracker(TPOT)
* Intermediate Tracker(INTT) | i

* Micro-Vertex Detector(MVTX)

Calorimeter system \ “I’.-" /

_ | "4+ Electromagnetic Calorimeter(EMCal) \ : /
SPHENIX: First full jet & b-jet detectors at RHIC *Inner Hadronic Calorimeter(iHCal) \ ; /
- First HCAL + EMCAL at RHIC * Outer Hadronic Calorimeter(oHCal) 1 - \ ; |/
*  Acceptance: Ini<1.1, 2mtin ¢ Global detectors system
* 1.4T solenoid (BaBar) * Minimum Bias Detector(MBD) |
» High-speed DAQ: 15 kHz for all subdetectors « Event Plane Detector (sEPD) \_'_75”'”
* Inner layer tracking system « Zero degree Calorimeter(ZDC not shown) —

&
2025/1/14 ATHIC2025@ Gopalpur MayaShimomura / 12



sPHENIX: First full jet & b-jet detectors at RHIC
*  First HCAL + EMCAL at RHIC

*  Acceptance: Inl<1.1, 2rtin ¢

* 14T solenoid (BaBar)

*  High-speed DAQ: 15 kHz for all subdetectors
* Inner layer tracking system

2025/1/14

Calorimeter
system

2023

March: Detector construction completed
April: Commissioning begins with AuAu
collisions.

August: Beam stops due to RHIC W

RES]

trouble. Commissioning continues with
cosmic rays. o I /
2024:Measurement of pTp and AuAu \ é

collisions (see next page) | Tracking
2025: March: AuAu collisions measured. \ §—system
March: AuAu collisions scheduled to \ ’ ,}
start. Priority is to collect sufficient e
amount of data for AuAu. Work on '\:i_/: i
additional programs such as pAu, pp, \_:7
OO, etc. as opportunities arise e

ATHIC2025@ Gopalpur MayaShimomura / 11
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Run for three years
| Year | Species | [Cryo-Weeks| Goal _

2023

2024
2024

2025

Au+Au

pT+p?
Au+Au

Au+Au
77

200

200
200

200

Commissioni

10.5 ng and
Au+Au

24 Au+Au
baseline and
3 Cold-QCD
physics

Au+Au large
2 8 dataset

sPHENIX data taking in 2024 successfully finished.

2025/1/14

ATHIC2025@ Gopalpur MayaShimomura

D
SPHE@

Commissioning and
1st physics Au+ Au 200 GeV

Reference p+p
Cold QCD/small systems

High statistics Au+ Au
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Run2024

Transversely polarized protonp 1 p 1

@y s =200 GeV

« Commissioning
« Physics data taking (2024/06 - 2024/09)
Commissioning for AuAu @y s = 200 GeV

» March: maintenance of TPCs completed. Set-up reconstruction
completed.

> April: commissioning by p T p T begins.

> June: Start of physical data collection ( ).

» August: start of stable operation of TPC. Start of physics data
collection with full set-up.

(All detector data, ).

» October: commissioning by AuAu.

sPHENIX Run 2024 pp 18=200 GeV
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Calorimeter Data
0 mrad crossing angle
Photaon/Jet trigger sampled: 107.4 pb 1

More than x2 stats achieved

5

L

R
Luminosity [pd”]

i z (
Sap-08 Sep-19 Oct~

: /

i i i i i i
Jul-02 Juk-14 Juk-25 Aug-08 Aug-16 Aug-28

1

+1.5 mrad, zwx < 10 cm
Cpeéen heavy flavor recorded: 2.90 pb-!
~40% of the run goal achieved

6

L)

4 , .

3 Tracker streaming data
2

1

}




INTT works well

9/13/2024 sPHENIX Prellmmary

B e RS NANA BARRS AREaa Annaa Ane + SPHENIX Preliminary INTT Streaming readout
OF :T\IUT“TZS p#p 20059\3 ] 15 Run- 24 p+p 200 GeV Run50889 15 Single crossing 9/13/2024
r treaming Readout b N T ] L N L N L BN L WL L
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250 - C / 1 1
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150; é 5 0:— I —: E. _:
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50? E -10F foey . 3
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g00—150—100 -50 0 50 100150200 Y PRI AR Y AU P SIS B ]
Uncorrected zy' " [cm] S5 -10 -5 [0 | 5 1018 o] 30
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Vertex and tracks E)yt !8'\50;'? clusters - a0 gnapon
g 40 o S 6] . S22 5000 SPHENIX Preliminary.
S, sPHENIX Preliminary " o i :ﬁ:‘zﬂ; ;";“;'3: ; - i Run-24 p+p 200 GeV]
x Au+Au \s,,, =200 GeV ', ¢ 14 . » AN ] ] JPHENTX Trachis
2 Xy m AL 500 INTT Stream a3 readcut 1 4000l :?\IL!PTQIQWQ d mode e
S 20F " fadeh ey 4 i - BCD 306912729035 1 rlggered mode
3 1] .I [ ] 1 B ) | ]
S “ I‘ 0 AD0 = —JINT™ hiz (100k stobes average) d ]
a§:\ ) T —#INT hes (SEngle strobe) 1 £ 3000j- N
.0 i an0  FINTT hes (Maching tgger sming) ] S ]
3 . b 1 8 ]
o} L 1 ol ] 2000j- o
2 200 1 ]
||: _20 I 1 If- : :
z Ty " (LY 1 1000 ]
T ﬁ-, e " ¥ 1 L 1
-40Q : i 107 2SS = ST r ]
0 1000 2000 3000 4000 5000 G0 B0 100 120 o) N N A N B T
INTT Number of clusters INTF Lnoal Glook (500 A 0 20 40 €0 80 100 120
Crossing relative to GTM [BCO]
MBD and INTT vertex correlation Streaming read out works. MVTX and INTT tracklet
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Detectors works well

i 05282024 o
o SPHENIX Prebmirary | 1 §
5 pep 200 GeV [ d 3
e'm PN Rings- [1.3) { : >
~ d
£ 2
5 - 102 '-
a
3 |
C
(=] =
& E
w 10
20 au ou

Total MBD Charge [arb. units]

O
— Beam

polarization approx. 30%.
The results of the PHENIX
era were reproduced.
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Prescale Counts

MBD Coincidence/PHOTON

06/12/2024
T

L L LB B
SPHENIX Preliminary
p+p - s = 200 GeV
—— MBD >=1
— Jet 6 GeV
- Jet 8 GeV

— Jet 10 GeV

5

P
10
Maximum 0.8x0.8 Energy Sum (EMCAL + HCAL) [GeV]

L P
15 20 25 30 35

06/12/2024
R g F
E 3
107 SPHENIX  Preliminary | S0
p+p - s =200 GeV E| g £
b o 108
10° - £ 10 E
— MBD>=1 3 £
5 a 10°
10 —— Photon 2 GeV § E
10¢ — Photon3GeV  _] 10* e
— Photon 4 GeV 1 sl
10° = 10°E
7 N
10? 3 10
3 10
10 = E
) SR N AR AV AP W B W S f 1
0O 2 4 6 8 10 12 14 16 18 20
Maximum 8x8 Energy Sum (EMCAL) [GeV]
- 2F
2 E 5 18f
18 E S 16f
16 K 5 E
E El S 14
T4E E £ 12F
E 3 <] E
BT AT B
e B e il o T4 8 osf
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12 14

4 6 8 10 16 18 20
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Photon, jet triggers compared with MB.

TPC track is associated to the

calorimeter enerqies.
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SPHENIX measurement: n0v

2
e U —m—m————
p— — ———— 5 7T 9 6PHENIX 2023 : - 1— B
€ Centrality: 40 - 50% SPHENIX Preliminary - 0.25( A PHENIX PRL 106 (2010) 142301, Inl = 0.3& - E  sPHEMX Proliminery
§ 35000 25p) <5 GeV Au+AU |5, = 200 GeV : : E huashis |, - 200 GV
T . = N2k N A . 2 08 hx
g . -_;Csifxm:;ncd Fit 3 - +‘ . . % -
—B;’(;Ikgunnd #’_...-t"; 015 +‘ B 5 06— N
25000 - - : . =
..o-""* : 01: %
20000 — 005: A 3 = pa-
15000 = | of e 2" ST
10000 b, =01808V — E SPHENIX Prelinminary : 0.2 '_,’..’ te #.H
L Opnan =0.02 GEV = -0.05F Audhu 5 =200 GRV - A L ' * 1
SbooL  * /\ SR =034 - Py Py =2-5GeV,0.9< <13 % 500 1000 1500 2000
OF 1o A s " PR - I P b SFEEEEN SN W N S Total MBD Charge
0 0.1 0.2 0.3 0.4 0.5 o 10 20 30 40 50 G0
M, [GeV] Centraiity [%] _
MBD RP resolution
v ¥ vegrTYYg VY TH
B16C00L.  comex Protiminery — Uncomected {7
AurAu = 20 GeV
14600] Ly Compatly = 20-00% _:;‘::“ |
12000} \\ Jf(r B
ocool 1+ x0 is reconstructed. RP is calibrated.
1 : :
800
N /; « Event plane detector(sEPD) give better resolution for RP.
000 s Analysis is on-going.

ST o T T e v, Vs, centrality agree to previous measurement.
v
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Calorimeter dE/d

dE /dn [GeV)

T T ] 13 l T L] T ] L] 13 ] 1 ' T ‘I T 0
SPHENIX Frelimirary
Au+Au 200 GeV
« |EMCal
10° - [ » |HCal A

2025/1/14

dE. /dn [GeV]

102

T T 1
SPHENIX Preliminary
Au+Au 200 GeV

[e ] Full Calorimeter
[ 1 STAR (Symmetrized)
] PHENIX

= SN PN . - —— e — —
g n R4S == =SS

5-10%— —————C I 1o 1191

13 ‘“““——."
(OO TOTO1Te |

== =
e elelerel® e

| 50-60%

-1

-0.5

0 0.5 1

ATHIC2025@ Gopalpur MayaShimomura

Successfully
obtained dE/ dy

dE/ dn by EMCal

and Hcal agreed
well.

Comparable results
with previous

1: T T T
0% = apHENIX Simvsation Praliminary
0.8 - HUING At 200 GaV
o : - - - - - ] "
(L
on : » CMCS
04 = « QHCH
! + HC
03 °
0z = 1
e @ @ o . . v
s
T a a “ B A -
D - 1 1
o 10 20 Ju 40 oo o
Cantralty I:?.-l
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summary

* sSPHENIX took p+p data and were
commissioned with Au+Au
collision.

* The streaming readout and trigger
readout are both working for the
tracking detectors.

* The analysis show the detectors
properly worked. Analysis for new
physics results in p+p are on-

gomg ‘ ‘ 'J 1| v |
« sSPHENIX is ready to take massive & &f
Au+Au data in this coming run.
...M é;ﬁ%ﬁ.@m
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End of Run24 p+p party (Sep 30) |

End of Run24 Au+Au party (Oct 21)

2025/1/14 ATHIC2025@ Gopalpur MayaShimomura 19
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Thank you.
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Back up



Effect of the ZDC detecting only
neutrons.

—_ width
Npart ==
gaus
120 Eniries 21 45
- Mezan 144.3
_ Std Dev 8.0n4
100 AR | nd 51.23 /47
. V| Prek 0.3112
- ' {\ Constant 1052 129
‘ an—- Mezn 144.3 £ 0.2
‘ - f ) Sigma 797 +0.13
2. o r |
[ ] |
| -
40— t \
» - |
1 A
L . 20 /
/ R
y el R/) ' b, ST |
1 111 1 L l 11 l 1 (" 100 120 140 160 180

Hio 1511 21 280
x

# of event 6.4M
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Heavy Flavors and HF-Jets

3 6T —— T ' o
& 4— SPHENIX Prcjection. D-10% Au+Au, Years 1-3 - '
T B.2pbh'str. pso, 21 rb'rec. AusAu 1
- n - - ; ),‘fl{
L - — B-mesar ] y
: - .,’ . = B-0' ] 0,
g T ST (0} 4 A
+. ‘ -o- Frompt D ,
08—~ @ nndary ~
; /artex - 4
_ - Q
— . -1 i Br 0t
0.6 — Lo /¢ !
- a * + *
r P at o
\)- ‘ - . . + 'lrl” B ,"v
0.2 T o ——. hd ‘ 00O W e U Distano: of
Lloseslt
[ 4 4 ojet Approach
1 1 1 1 L | B | /'/ - JLA)
CD 2 a 5 m 10 #*  Bhedror

M. orphoion
y

0.8,

0.6

$ | AL LU LS LB B . . . |
- SPHENIX Projection
— b jel Anti kT R=0.4, 0-10% Au+Au. Year 1-3
L p+p: 62pb” samp., 60% Efl., 40% Pur.
AuAu 21nb" rec., 40% ‘f 40% Pur.

:\
_\ o i-‘-

« Study radiative and collisional energy loss w/ broad p- range

* First b-tagged jets at RHIC
 Jet + displaced vertex

2025/1/14 ATHIC2025@ Gopalpur MayaShimomura

0.4 — |
|| LIDO, arXiv:2008.07622 [nucl-th]
0.2 pQCD, Phys.Lott, B726 (2013) 251256 .
qlll«
0- ||||J||-|-|2|q||||||||| ' I I | I_
15 20 25 30 35 40 4
Py [GeV]
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Sloss/ SIoss,in and SIoss,out

Ix

Sloss,out
Inclusive pr10Ss {y p; loss depending on azimuthal angle |- Out-of-
plane
R Nucleus
= | AAout-of-plane N .- O /4R RP
> > N
5 g Sy
3 s #A07 |
) = -----‘-
Z 13 z|3 . -
S | S < |5 in-plane
T ,
© = ’ ‘
o S 1 NCWVYNL S T T ’Sioss,in
Dy
2025/1/14 ATHIC2025@Gopalpur MayaShimomura 2 4



Fitting function
S S VS. I__, dNCh/dn’ N f(x)=p0>x<xp1+p2

part
*Similar results for the measured p regions (4-10GeV/c)

loss 7 “"loss,in " loss,out
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better than L and dN/d».
- indicates the importance of initial particle density dependence. 25
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Elliptic flow (v,) in Au+Au

V, is the strength of the elliptic anisotropy of produced particles.

A sensitive probe to the properties of the hot dense matter produced by heavy ion collisions.

non central collision

[PHENIX: PRC92.034913]
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- V, is the coefficient of the second term v, of different centrality is scaled by Npqq'".

« Elliptic flow (v,) is scaled by N__..or dN/dy ?
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PHENIX Detector

* PHENIX completed the data taking in 2016. Analyses are ongoing.
« The data of Au+Au collision at Vsnn = 200GeV taken at RHIC-PHENIX in 2014 is analyzed.

Central Arm (CNT)
- Track selection

v, =< cos{2(qb -- 1//2)} >

mz ANk e AN - Azimuthal angle(¢) of the tracks

Beam Beam Counter (BBC)

- Multip.licity Silicon Vertex Tracker(VTX)
- Reaction Plane () - X,Y,Z vertex
- Z vertex

Forward Silicon Vertex Tracker (FVTX)

. X - Multiplicity
(s

Zero Degree Calorimeter (ZDC)

- Energy of spectator neutrons («Nspec)

-
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Results: v, vs. multiplicity without any ZDC cut

With new categorization, we expect the slope

K — T T T T becomes positive if the same N, but larger
0.1 Au+Au at |5\, =200GeV _|  multiplicity gives larger v,.
i h<0.35 —— |
o PH ENIX -

T preliminary - e} 1

o % Inlegraled ZDCe ?7°? Same «------- Nooi - >  Same
P P S T T Same <---- Eccentricity ------- > Same
0.2 0.4 06 er% wm_H] Small <---- Multiplicity ------- - Large

racks © ' racks ?? Small &--------- Vo, ======----- > Large ?7?

* v2 without ZDCe event categorization
decreases with multiplicity.

* Consistent with the initial geometry.
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Results: v, vs. multiplicity with new ZDC categorization
at central collision

o - ' — = 1 ' 7
> i J
- Au+Au at \s,,,=200GeV _|
0.1+ .35 VSn=2 q | .
posan pH. ENIX - Red: without ZDCe event categorization
‘_ o preliminary | Bjue: with ZDCe event categorization
0.05- - | (300<ZDCe<310) which is corresponding to the
i T 1 collision centrality ~ 2%
- =+ Integrated ZDCe e
0~ —*— 300<ZDCe<310 (2%) —
1 L A ] 1 i M | A : |
0.2 0.4 0.6 0.8

EVTX FVTX_HI
Ntracks / Ntracks

. ThetZE)C categorization makes the slope flatter, but does not invert it to positive at very
centra
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