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SPHENIX Science Mission
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Short
Wavelength

How does QGP work?

pQCD kinetic plasma

H
Scale

What is its microscopic structure?

"y
THE HORIZON \L,s”g There are two central goals of measurements planned
avelength
RIS s vcigs mill (1) Probe the inner workings of QGP by resolving
its properties at shorter and shorter length scales. The
s complementarity of the two facilities is essential to this
1 ’Q& goal, as is a state-of-the-art jet detector at RHIC, called
The 2015 Section 2.2, page 22
LONG RANGE PLAN
for NUCLEAR SCIENCE ﬁ
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sPHENIX Science Program
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Cold QCD
Spin-orbit correlations in
transversely polarized
nucleons

Cold nuclear matter
effects and hadronization
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) State of the art detector for:
lets
Upsilons
Open heavy flavor

S P HE}RIIX

Hadronic Calorimeter(s)
Electromagnetic Calorimeter
Minimum Bias Detector (MBD)
Time Projection Chamber (TPC) —

Intermediate Tracker (INTT)

MicroVertex Detector (MVTX)
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sPHENIX Hybrid Streaming DAQ

Calorimeters,
MBD

' TPC, MVTX,
INTT
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Extending the stream time for
the tracking detectors gains
track-only MB events.
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Run Plan 2023-2025

Year | Species | y/syn | Cryo Physics Rec. Lum. Samp. Lum.
[GeV] | Weeks | Weeks |z| <10 cm |z| <10 cm

2023 | Au+Au | 200 | 24(28) 9 (13) 3.7 (5.7) nb~! 45 (69)nb~!

2024 | pTpt 200 | 24(28) | 12(16) 0.3 (0.4) pb~! [5kHz] | 45(62) pb~!

4.5 (6.2) pb~! [10%-str]
2024 | p'+Au | 200 s 5 0.003 pb~! [5 kHz] 0.11 pb~!
0.01 pb~! [10%-str]
2025 | Au+Au | 200 |24 (28) | 20.5 (24.5) 13 (15) nb~! 21 (25) nb~!

https://indico.bnl.gov/event/7881/attachments/30176/47160/sPH-TRG-2020-001.pdf

sPH-TRG-2020-001

sPHENIX Beam Use Proposal

August 31, 2020




The Big Picture from RHIC to the EIC...

DGLAP
o+A Collisions & w » ‘ ~ How do collective, many-body
-— - phenomena arise from first-

' principles QCD?

=
...
3 -

pT+pT Collisions
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EIC Connections...

8/30/2018

EIC Yellow Report, page 17

Measurements at the EIC are also expected to deliver important input for several
areas of astroparticle physics. Fields such as cosmic-ray air showers and neutrino
astrophysics will benefit from better constrained models of hadronic interactions.
Deeply inelastic scattering and photo-nuclear processes have natural ties with the
physics of hadronic collisions. These relate to the issue of small-x gluons and fac-
torization in e+p and e+A versus p+p and p+A, and to the implications of the deter-
mination of parton distributions for p+A collision for an improved understanding
of the initial conditions in heavy-ion collisions. Similar, the accurate characteriza-
tion of parton distributions in nuclei provided by the EIC can directly benefit the
neutrino physics program. In return, neutrino scattering can help better under-
stand the parton structure of nucleons and nuclei, where the nucleon strangeness
content is one example.

CFNS: From sPHENIX to the EIC



The sPHENIX Cold QCD Program

Many unpolarized and polarized _
measurements in p+p and p+A are U npOIarlzed
possible utilizing the jet, heavy Quarkonia Polarization : /EY
flavor and direct photon strengths Nuclear PDF : h, jet, di-jet, y-jet, DY
of the sPHENIX barrel: o o o ,
Hadronization in Nuclear Env. : hin jet, di-jet, y-jet
Polarized
Hadron Ay, p+p vs. p+A: h
Transversity x Collins FF : h in jet
Transversity x Interference FF: di-h
Sivers asymmetry : 1-jet, jet-jet
Gluon Dynamics (Twist-3) : %, HF (DS, etc.)
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Unpolarized Photon, Hadron, Jet Yields

Yield / 2.5 GeV
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TMD Factorlzatlon
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. trig
direct photon pp'®

Di-hadron and photon-hadron correlations studied in PHENIX.
Predicted to violate TMD factorization due to quantum-correlated
partons between colliding hadrons due to color flow.

Behavior of non-perturbative component of p_,, consistent with DY —
no clear qualitative evidence for factorization breaking effects.

sPHENIX:

* Full jet reconstruction — access to better proxies for parton
kinematics

* Spin asymmetries in photon+jet — breakdown of factorization can
lead to additional spin asymmetries

* Spin asymmetries in pt+A - nuclear dependence changes color
exchanges

See talk by Zhongbo Kang 12
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Prompt photons and HF

TSSA's sSPHENIX -y and HF | Weeneon
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Parton Correlations sPHENIX -> EIC

Direct access to the tri-gluon correlator
unique to hadron collision data!
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Other highly sensitive measurements of higher twist available at EIC

EIC Yellow Report Fig. 7.27

T Neutron
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Twist-3 PDF g?(x) sensitive to quark-gluon-quark correlations!

Derived from A : é+p' > e’ +X
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SPHENIX measurements help start the
process of constraining transversity

Transversity x IFF sPHENIX -> EIC
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and tensor charge.
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Process Dependence: p+A to e+A

Complicated initial state!

Deep Inelastic
Scattering,
SIDIS, etc.

8/30/2018

Multiple scattering/eloss
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“Clean” measurement theoretically,
sensitive to partons in nucleus and
possibly final state effects
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Yield/ 2.5 GeV

Hadronization in a Nuclear Environment

Phys. Lett. B577, 37 (2003)
Phys. Lett. B684, 114 (2010)

Hadron production in e+A suppressed
compared to e+p — must be a
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H ad rO n AN i n S P H E N IX Hadron A combines a variety of effects — but

the nuclear dependence is a tool separate them!

0.04 () PHENIX e :
I D+p VSNN= 200 GeV 0'06:_ sPHENIX Projection, Years 1-3 B
003 B h', (1).:1<XF<2.121 0.05 B:2pb’str. pl+p— '+ X, P=0.57 -
A<n<2. - .
0.02 __ 0.04 ® X=0.20-0.25
Z 0.01 0_035_ + ? & xF=O.15—0.20_f
< ‘ : :
0 DtAU 0.02 @ & ® x¢=0.10-0.15
_0.01 B 0 0.01§— o o o + ¢ xp=o.05-o.1o—§
- f(A1/3) _ An ~ Shown only points with 8(A ) <~ 1% .
A1/3)O( oL—— [y ™y oy ey [ I T R
-0.02 - ( 0 2 4 6 8 10 12
| I 1 I | I | | | I | I |
1 2 3 4 5 6 oy [GeY]
1/3
A
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H ad rO n AN i n S P H E N IX Hadron A combines a variety of effects — but

the nuclear dependence is a tool separate them!
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Hadron Ay in sSPHENIX -> EIC
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sPHENIX Projection, Year 1-3
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EIC impact on u
and d-quark
Sivers, as a
function of x

and k.
Imagine this
also as a
function of A...
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But walit, there's more...

* Inclusive jet TSSA
« sSPHENIX can measure at level of 104

* Dijet measurements
 Sensitive to parton intrinsic k; , TMDPDF's

« Charge-tagged jets
« Tag jets with jet charge Q, separate u/d quarks
« TMDFF from jet substructure

* Flow in small systems
« See talk by Ron Belmont, Prithwish Tribedy

8/30/2018 CFNS: From sPHENIX to the EIC
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Challenges...

Unlike previous RHIC experiments, sPHENIX have a very definite

timeframe in which to carry out its physics program:

* sPHENIX brings new capabilities, BUT quick and efficient
commissioning will be essential

* Challenging to exploit these new capabilities in limited time

* Need cryo weeks, smooth operations

Year | Species | \/snn | Cryo Physics Rec. Lum. Samp. Lum.

[GeV] | Weeks | Weeks |z] <10 cm |z] <10 cm
2023 | Au+Au | 200 | 24(298) 9 (13) 3.7(5.7) nb~! 45 (69)nb~!
2024 | pTpt 200 | 24(28) | 12(16) 0.3(04) pb~! [5kHz] | 45 (62) pb~!

45 (6.2) pb~! [10%-str]

2024 | p'+Au | 200 - B 0.003 pb~! [5 kHz] 0.11 pb~!

0.01 pb~! [10%-str]

sPHENIX Beam Use Proposal - Addendum for 20-Cryoweek Scenario
2025 | Au+Au | 200 | 24(28) | 20.5(24.5) 13 (15)nb™! 21 (25)nb~! May 30, 2021 (DRAFT)

https://indico.bnl.gov/event/7881/attachments/30176/47160/sPH-TRG-2020-001.pdf




The ECCE Detector L CCEL

ECCE ELECTRON ENDCAP STRAWMAN

Tracking: MAPS, Micro Pattern Gaseous Detectors (MPGD)

ECCE ”St rawma n” Electron Detection: PWO&SciGlass
. . . » Inner part: PWO crystals (reuse some)
deSIgn eVOlVIng rap|d|V! » Outer part: SciGlass (backup PbGl)
h-PID: mRICH

» From yellow report
HCAL: Steel from magnet or PbSc or Fe/Sc
» Not instrumented and only serve as flux return?

» Instrumented \w reduced thickness (lower energies)

ECCE CENTRAL BARREL STRAWMAN

Strategic re-use of
1.4T solenoid and flux
return steel...

Tracking: Silicon barrel tracker (optional Si/GEM hybrid)
Electron PID: SciGlass (backup: W/Sc (Pb/Sc) shashlik)
> SciGlass remains to be demonstrated
> Several backup options — lower resolution though
h-PID: hpDIRC & AC-LGAD
» Compact
» AC-LGAD never been shown for barrel configuration
» AC-LGAD backup: dE/dx (needs more space)
HCAL: magnet steel (reuse) - Fe/Sc

.. AND ...

the intellectual
curiosity of our HI
collaborators to gain a
deeper understanding

Of emergent > ;:(lj)rz’c;:gparate electrons from high momentum

ph enomena in QCD I Electron PID: W/ScFi, Pb/Sc or W/Sc shashlik
HCAL: Fe/Sc

ECCE HADRON ENDCAP STRAWMAN

Tracking: MAPS, Micro Pattern Gaseous Detectors (MPGD)
h-PID: dRICH&TOF
e/h separation: TOF & aerogel

» Alternative for improved resolution: dual readout, high-

https://www.ecce-eic.org granularity
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Conclusions

 The sPHENIX physics program offers a number of key
measurements in p+p and p+A that pave the way to the EIC.

* Do NOT underestimate the value of early measurements to guide the
more comprehensive program at the EIC!

» Complementarity is key!

« Understanding the same fundamental physics in different reaction
processes is essential.

» Challenging timescale and run plan
« Capitalize on existing investment in sPHENIX



