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: The sPHENIX Detector
Overview
T : valonEelr /5T The sPHENIX detector at RHIC
e sPHENIX is a new detector at BNL's Relativistic Heavy lon Collider (RHIC). | z L | comprises:
. . . = . MAGNET | ® Precision tracking detectors
e sPHENIX will enable an array of cold QCD measurements in polarized p+p collisions, in ~— - o MAPS-based vertex

-
addition to studies of the quark-gluon plasma in Au+Au collisions. iHCAL "\ | detector (MVTX)
) o Intermediate silicon strip
EncaL Bl ‘! tracker (INTT)
SEPD j o Time-projection chamber
(TPC)

e Hadronic and
Barrel Detectors: In | <1ll electromagnetic calorimeters

Precision Tracking 4 / ' e A 1.5T superconducting
Full Hadronic Calorimetry S solenoid magnet
High Rate DAQ: 15 KHz

e The measurement of transverse-spin-dependent asymmetries in the production of photons,

mesons, and jets will contribute to our understanding of the partonic and spin structure of the
nucleon.

® Measuring these asymmetries particularly relies on the sPHENIX calorimeter system, designed
for high-resolution measurements of photons, electrons, hadrons, and jets.

e This poster comments on the cold QCD opportunities at sSPHENIX, and presents the status of TPOT

TrackingLil ] with all detectors covering

system Ty ™| pseudorapidity |n| < 1.1 and full

™ azimuthal acceptance.
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BN Y. = ‘ SPHENIX is scheduled to run 2023-2025, with transversely polarized pp collisions in 2024.

commissioning the electromagnetic calorimeter after the first Au+Au beams have collided in '
SPHENIX.

Transverse-spin-dependent Asymmetries in Polarized pp Collisions The sPHENIX Electromagnetic Calorimeter
° Siz.eable traf\svgse-—spin-d?pendent asymmet.ries (TSAs) observed in R i 0 ' The sPHENIX electromagnetic calorimeter (EMCal) is designed to measure the energy of electrons, positrons and
azimuthal distribution of final-state hadrons, jets and photons 021 @ PHENIX, 15 = 62.4 GeV - photons. It is composed of 6,144 blocks of tungsten and scintillating fiber, arranged into a 2D-projective geometry
produced in transversely polarized p'p collisions [« STAR, Vs =200 GeV | = with.6d cectors oroo It
e Origin of TSAs still not well-understood g i;::’lx‘(ggz_°:£2”:“>§'iz
, , . : . 0.15) , 18 = SO0 e, <P=0% ==
® Measuring left-right asymmetry A, can shed light on partonic and spin - * STAR, Ya =500 GoV " Incoming electrons or photons produce an electromagnetic shower of secondary photons and e*e” pairs. The light
structure of the nucleon : ' e deposited in the scintillating fibers is read out by silicon photomultipliers (SiPMs), the signal from which is passed
4o _ 4o(S) —do(=S)) 0.9 : through analog-to-digital converters (ADCs) to obtain a measure of the energy contained in the shower. Each block
v = = . . .
2 . . gar(S) +@el—81) j } has four SiPMs, or “towers,” for a total of 24,576 readout channels. The corresponding granularity is An x A¢ =
h’Jet’ (Wi’y ) e : i
| 0.08F ﬁ 0.024 x 0.024.
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(Left, center) Definition of A in p'p — h X. (Right) A,in 7% production measured by several experiments at various center-of-mass energies.
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Structure of Sector

TSAs as Probes of Nucleon Structure y

TSAs can be interpreted in the framework of QCD factorization, in which w7

cross-sections are decomposed into a hard scattering term and a \._—7‘1~~-'"t:':f‘tti°”£:
non-perturbative portion. _ ﬁ/\
The latter encodes nucleon structure and the hadronization process in terms of ST AT i S i ceh bl ¢

parton distribution functions (PDFs) and fragmentation functions (FFs), pointed toward the interaction point.

_ The EMCal exposed during construction of sSPHENIX. Here
respectively. readout and high-voltage cables are visible.

Two schemes exist for explaining the observed azimuthal asymmetries:

e, =
Transverse-momentum-dependent (TMD) Scheme g = 2 - 5o L —
” P X k ST * P X kT —~ ° . °
The collinear leading-twist model is extended to T 7) ( ) o~ sPHENIX EMCal CommISS|on|ng
incorporfate parton transverse momentum. Azimuthal @_@ 0 @_ E The 2023 RHIC run (April-August) served as the @ 0.025r I U PB PP
gm‘)cdulatmns Iare gen.eratedt by nqnzerc; corrtelat|ons _— ' — Boer-Mulders S commissioning period for sSPHENIX. Ongoing 5 ~ SPHENIX Preliminary  6/13/2023
etween nucleon spin, pz?r on spl.n and parton | Sivers TMD PDF Kyl E efforts to understand and calibrate the EMCal S .02 Au+Au Vs = 200 GeV 56k events
transverse momentum (right). This scheme requires e 2 - T ADC__ . < 275,000
two scales Q, K Q.. ' < ~ e n>0
0.015__ @ T]<0 @ |
Example channels in p'p collisions: = ® lIdentifying and masking “hot” towers B * ¢ £
. . . O o |
e A in WA Z° production and Drell-Yan process P Io!entn‘ymg e ~ .anle 1] TESONANCES 1 the 0.01~ * +
(Sl\ilvers TMD PDF) di-photon mass distribution (right) B + i
e Azimuthal distribution of hadrons within a jet ¢ Determining the EMCal energy scale, i.e. the 0.005— * + cluster ADC > 5007
(transversity PDF x Collins TMD FF) . St - (k X Pyr) c;onr;\;glsmn e oM ADC value to units of - *h M otonl < 0-7 -
. . B 1 +l 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 l 1 1 1 1 l 1 1 1 1 |
transversity PDF ® Collins TMD FF I e Deriving a position-dependent correction % 100 200 300 400 500 600
factor to account for non-uniformity at block .
<20-015fl RS S E N A R R B EE E R Collinear Twist-3 Scheme N cector boundaas Y Di-Photon Mass [ADC]
B SPHENIX BUP 2022, Years 1-3 1 | Azimuthal modulations are generated by quantum Diphoton mass distribution from 2023 AuAu collision data, in units
0'01:_ - 62 pb”'samp. p'+p— y + X, P=0.57 1 A mechanical interference of multi-parton states, in of ADC value. The peak near 100 corresponds to the T°.
- R 1 | particular nonzero quark-gluon-quark and tri-gluon
0.005:— '2* / \22_; correlations. Only one scale is applicable in this scheme.
g e Summary and Outlook
B L i | 1  Example channels in p'p collisions:
_0.0055 1 | ® A, ininclusive jet, direct photon (left) and ® The newly constructed sPHENIX experiment at RHIC took first data in April 2023 and will run until 2025.
' - —— qgq Contribution (D.Pitonyak) - heavy-flavor meson production e SPHENIX will enable a range of new and improved Cold QCD measurements during the 2024 polarized pp
—~0.01F 7/ Trigluon Contribution Model 1 (S.Yoshida) — — (Efremov-Teryaev-Qiu-Sterman [ETQS] function) RHIC run:
C 2\ Trigluon Contribution Model 2 (S.Yoshida) 1 | ® Angular correlations of dihadrons (interference o Transverse-momentum-dependent effects can be probed via the distribution of hadrons within a jet.
_0_0157;3: L .é. Ly % L .é. Ly 'g';' L 1110- Ly .1|1. L 11121 ] fragmentation functions) o Related higher-twist collinear effects can be probed via A, in inclusive jet and direct photon production.
GeV] ® Such measurements will help further illuminate the spin structure of the nucleon.
p_[Ge
Projection plot for statistical uncertainties in A for direct
photon production at sPHENIX.
These two schemes are not unrelated. For example, at leading order the twist-3 ETQS function F_(x,x) can be Acknowledgements
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