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) e Installation completed on May 2023
| X e First collisions in the brand new detector

occurred on May 18, 2023
e See first performance plots showcasing

SPHE

EXPERIMENT AT RHIC sPHENIX journey through commissioning

sPHENIX
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https://www.sphenix.bnl.gov/PerformancePlots
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PHYSICS PROGRAM 2

e Wide array of physics topics at sPHENIX from hard probes to “softer” physics, plus

spin physics!

Cold QCD Heavy flavor Quarkonia Jets Collectivity
i - . "-'.'H"tgﬁ"
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PHYSICS PROGRAM 3

e Wide array of physics topics at sPHENIX from hard probes to “softer” physics, plus
spin physics!

e This talk will focus on flow related measurements at sPHENIX

Collectivity

.*'\-
....--"'"'. - Tk
_S< =
-
.
" .
.y —
"
— i o
/
,
e
P
.
.
e
L7 )
v

Ejiro Umaka, Brookhaven National Laboratory RHIC/AGS AUM | June 11, 2024



FLOW IN HEAVY ION COLLISIONS “)

In the initial state, y P
for mid-central - - : D i
: Anisotropic pressure ”

collisions, the gradients

Stronger pressure
gradients and
expansion in-plane.

shape of the < ¢0-Y¥,,.. Particlesareboosted
overlap region in-plane more than
is elliptical out-of-plane

‘/; <4— Reaction Plane
Position space anisotropy Momentum space anisotropy

e Anisotropic flow/collective behavior: correlations with respect to the event plane.
Encapsulates the systems response to azimuthally asymmetric conditions in the initial state.
e Can be described by Fourier expansion of the azimuthal distribution of produced particles

N(¢) = No{1+ 2v1cos(¢p —¥) + 2v2c0s[2(¢p —¥)| + ...}
vn = {cos[n(¢ — "))
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METHODS FOR ANALYZING ANISOTROPIC FLOW 5

e The event flow vector Q, is a 2D vector in the N i

transverse plane:

Onx = ZWgCOS(n(Di) = Q, cos(n't,),

Directed flow

Ony = Zwisin(n(bi) = Q,sin(n¥,), Directed flow

e The event plane and observed vq: Elliptic flow

e Whereas, the scalar product method uses
¥ = arctanZ(Qn?y, Q”lv‘f)/”? the magnitude of the flow vector as

obs weights
T, cos|n(¢; — ¥,
(p y) < [ (¢l H)]> (QaQb > < ZMaMb>
e The event plane resolution and final flow coefficients:
vaS o (Qnu;,i(napt»
n 'U’n,(napt) _

e Vi = aNb*
% _<COS[ (.Pn IPRP)]) ) c@n arXiv:0809.2949 [nucl-ex] 2\/<QRQ”>
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https://arxiv.org/abs/0809.2949
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DETECTOR 6

o Tracking subsystems: ‘77| < 1.1
o MVTX, INTT, TPC, TPOT

MAGNET

e Calorimeters:

o EMCAL, HCAL

e 1.4T magnet EMCAL

oHCAL

e Forward subsystems used for iHCAL
centrality and event plane : SEPD
measurements: ' T~ | MgD

> SEPD i
> MBD |
o ZDC/SMD

| y
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DETECTOR 7

e Tracking detectors:

o MVTX, INTT, TPC, TPOT

_ MAGNET
e Calorimeters:

o EMCAL, HCAL
e 1.4T magnet

e Forward detectors used for

centrality and event plans € i ‘ | 55
measurements: Sy | J MBD
> SEPD —~— D
o MBD
o ZDC/SMD : sPHENIX Experiment at RHIC

Simulated HIJING event
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) sPHENIX Experiment at RHIC
Data recorded: 2023-07-16 00:54:00 EST
Run / Event: 21707 / 3194

Collisions: Au + Au @ VSy\ = 200 GeV

SPHENRIX

sPHENIX is currently in the
commissioning phase. This talk will
focus on the commissioning of the
subsystems used for flow
measurements and recent results
with the commissioning data.




SEPD COMMISSIONING 9

sPHENIX Event Plane Detector 05/28/2024
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1.2 cm thick plastic scintillators with MIP peaks Commissioning in p+p
embedded WLS fibers. 2.0 < |eta| < 4.9 in Au+Au
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PROSPECTS WITH THE SEPD 10

AuAu Vs =200 GeV

W|th up comlng Au+Au data

=
......... ] « 0.25— -
0.9 1resolution:“2 (cos(2[lPN— LN} . —@— sEPD (optimised truncation) > - ]
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Projection for D° v, in Au+Au (right) with D v, will allow for the study of heavy flavor
the expected event plane resolution of the collectivity in the quark gluon plasma

sEPD in simulations (top) 1. Statistical error bars may be larger than depicted
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ZDC/SMD COMMISSIONING 11

Zero degree calorimeter
and shower max detector

The ZDC is made out of 3 tungsten-fiber modules located
Fu_ symmetrically at z = +/- 18 m. The SMD is located between the first
T . and second ZDC module and has 2 layers of scintillator strips, which
provides (x,y) positions for where the neutrons hit the ZDC. The
ZDC/SMD system provides measurement of direct flow of neutrons in

HICs. 6/13/2023 6/7/2024

o L g %) A A U L LA A R L LA

% 6000 SPHENIX Preliminary N - = i f.q. SPHENIX Preliminary -

= | Au+AuU |/s, =200GeV . . Nl 8 0.012 g p+p, 200 GeV

£ ZDCS trigger, 14 bit readout " - - = N . ": ®ZDC South |

S, [ e o, aam Tmw a3 0tr y [} B . mZDC North |

N 0.01 h '

g l = L . y

B e i ]

g 4000 50008 o ] .

7 Z i ) 2 i

7 - v _

] 0.006: ) :

2000 . 0.004)- .

— 0.002f -

0 B iy il jsers ,i"1- F"- Rl | O__i_hl ol b b b by by by _
0 2000 4000 6000 20 40 60 80 100120140160180200

ZDC S [arb. units] ZDC Energy (GeV)
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PROSPECTS WITH THE ZDC/SMD 12

. D+, 200 GeV SPHENIX Preliminary with up coming Au+Au data’
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MBD COMMISSIONING 13

The Miniumum Bias Detector e July 28, 2023
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MBD EVENTPLANE MEASUREMENT

14

y_in MBD North
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arXiv:nucl-ex/9805001
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https://arxiv.org/abs/nucl-ex/9805001

FLOW MEASUREMENT WITH MBD EVENTPLANE 15

Number of clusters in INTT MBD Event plane resolution
% = N L L UL (L L L L (R L O L L L L LA = ’a"‘ 1_ : | J | ! | ' ]
= ¢ 1 € | sPHENIX Preliminary i
° [ 1 = ~ Au+Au /sy, = 200 GeV ]
1P SPHENIX Prelminary | @ 08 NN =
= = e i
= Au+Au (S =200GeV ]  E ]
L - S 0.6 N
[ N ) I i
10 = March.15.2024 o [ ]
= 7 =

L i R _ o 000" Se00®

: : = i o* o*® ”‘.””¢¢¢¢¢ o i
C g2 e §+++ + ++
1 |'| —= "o ¢¢' + .
SETTI PR T FEETI PRI R T PR T Y | P = K J + :
0 1000 2000 3000 4000 5000 6000 7000 8000 9000 Ol’ N N R
n_cluster 0 500 1000 1500 2000
With Au+Au commissiong data Total MBD Charge
SPHE
Charged hadron v, (WIP) standa dle

e INTT clusters in phi correlated with MBD psi, using the event plane method (ongoing analysis)
e Repeat of the PHENIX analysis, but new for sSPHENIX as part of commissioning both subsystems
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FLOW MEASUREMENT WITH MBD EVENTPLANE 16

sPH-CONF-BULK-2024-01

Neutral pion elliptic flow
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e di-photon clusters reconstructed with EMCAL
e Pi0 v, extracted with scalar product method. MBD north/south treated as 2 subevents.
e New sPHENIX results as afunction of centrality is in good agreement with the previous PHENIX results (in red)
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https://www.sphenix.bnl.gov/sPH-CONF-BULK-2024-01
https://www.sphenix.bnl.gov/sPH-CONF-BULK-2024-01

) sPHENIX Time Projection Chamber
2024-05-11, Run 41967 - Event 5055

p+p 200 GeV, 1.4 T Magnetic Field
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CURRENT STATUS 18

e SPHENIX subsystem commissioning in p+p collisions is making good progress
e High statistics Au+Au physics data expected after p+p running
e Stay tuned for new flow measurements from sPHENIX!
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Thank you!

QUESTIONS?
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