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Courtesy of Paul Sorensen and Chun Shen
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Quarkonium spectroscopy
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Berndt Mullerd$al Nz U4

(BNLEIFFE)

PHENIX upgrade plan

Current PHENIX SPHENIX ePHENIX
» Two sets of spectrometer | » Comprehensive upgrade » A capable EIC detector
for central and forward, | ) central rapidity: based on PHENIX upgrade
respectively Calorimetry and tracking » New collaboration will be
» Operating for ~10 years optimjzed for probing QGP formed
» 130+ published papers to using jets
date » Forward : new opportunity

“SPHENIXIZEICDDay-1t%ti3z"

Jin Huang <jhuang@bnl.gov> WWND 2014 6
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Brookhaven concept: BEAST

Jefferson lab concept: JLEIC

SPHENIXODOBFIAHICK D,

Argonne concept: TOPSIDE

Yoke
RICH
Crystal
calorimeter
Silicnn
Vertex detect:
.”l IIH ml‘Tr.
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sPHENIXO— R<wJ

*National Science Advisory Committee
2
20154 NSAC*TEU &Ml
20164 PHENIX XE&#% T - CDO
201858H CD1/CD3
2019 PD2/3
~ 20234 EERFLE

~50f8M

PHENIXD:E
P NG

Independent

Request Review to EIR for Major
PED Funds Validate PB System Projects
'
i Operating PED ‘_(m struction _"_()pmng_’
H Fund Fu ml Funds Funds

Imtlatu> Deﬁ> Execution >> Clo@

|
f | | |

CD-0 CD-1 CD-2 CD-3 LD—4

Critical Approve Approve Approve Approve Start Approve
Decision Mission Alternative Performance of Construction Start of
Need Selection and Baseline (PB) or Execution Operations or
! Cost Range i Project

i Completion
i ¢ Projects Report Earned Value > SS50M _ |

PARS II Reporting for Projects > $50M




SPHENIXGTIEIDEIR & &EH

y [m]
3
HCAL \ FHCAL
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EIC Detector/Technology Choice
| awena | ecce | CoRE

Magnet New 3T, ca 1.6m inner radius, BaBar 1.5T, ca 1.4m radius, 3.9m New 3T, 1m radius, 2.5m length
~4m length length
Central Tracking 3+2 MAPS(ITS3), 3+2 MAPS, 2 mRWell, AC-LGAD 3+3 MAPS
Mircromegas
FW /BWTracking 5 discs , GEM, mRWell 4/5 discs, AC-LGAD 6 discs, mRWell
Hadron PID Aerogel/AC- AC- AC-LGAD
(BW/Cent/FW) LGAD+DIRC/dRICH LGAD+Aerogel/AC- LGAD+DIRC/AC- TOF/DIRC/dRICH
LGAD+dRICH
EMCALS PbWO04/AstroPix PbWO4/SciGlass/P PbWO04/W Shashlik
Si+PbSciFi/W SciFi BSciFi Shashlik
HCALS FeSci/FeSci/FeSci -/FeSci/ Longitudinally -/-/STAR FCS
separated KLM only
| BACKWARD | BARREL | FORWARD |
202 1R DESPE TIxAE
(3D
CDOFRTDOEFETE

N3 "Detector-1"
(F—DDH

(ePHENIX) 31




Detector Choice
(Decision)

Detector Proposal Advisory Panel
*  Co-chairs
*  Rolf Heuer (CERN)

*  Patty McBride (FNAL)
e Members

*  Sergio Bertolucci (INFN Sezione di Bologna)
* Daniela Bortoletto (Oxford University)
*  Markus Diehl (DESY)

*  EdKinney (University of Colorado, Boulder)

Hadron Calorim.

- Fabienne Kunne (CEA) T — I CECCE# Electromagnetic Calo..
¢ Andy Lankford (University of California, Irvine) Dete ctor 1 C\f_ [/ e ?&ﬁ ’3‘ %

Cherenkov Counter

Barrel EM Calorimeter
DIRC
Solenoidal Magnet

*  Naohito Saito (KEK)

*  Brigitte Vachon (McGill University)
*  Scientific Secretary
*  Tom Ludlam (BNL)
* +EIC Detector Advisory Committee (ongoing detector R&D)

RICH Detector
Barrel Hadron Calorimeter

Transition Radiation Detecto
Preshower Calorimeter

Electromagnetic Calorimetel
Hadron Calorimeter Endcap

cCCe o




SPHENIX&EICDFE

2014 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022 | 2023 | 2024 | 2025 | 2026 | 2027 | 2028 | 2029 | 2030

Today
PHENIX
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¥ - #5% RER
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SPHENIX Detector
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9 sPHENIX Detector

sEPD

- BaBar EE&dD1.457XZVL/
- RERIA

* Hermetic coverage:

* In|<1.1,2min @

- KAz bhSvhH—& EM+
J\RO>HOUAX—-HFTED

« 15kHz DET—HUREL — b

« FSYFIISRFTAIFR K
U — Afedrt U

Tracking
system
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. BaBar EE&D1.452S5YL SEED

- RERIA

* Hermetic coverage:

* |nl<1.1,2Tin @

o KNIIAEZ SV H—& EM+
J\RO>HOUAX—-HFTED

« 15kHz DET—FUEL—

« FSYFIISRFTAIFR K
U— A&t U I

S il D= ; 1.
"':5‘;;:?; o X ""',w\ - ay ¢
’ B T\ 5 S TPOT
| MAGNET | , " 74 . TRC
I | Q / '\\. 3 ¢ !

9 sPHENIX Detector T

2023 : Commissioning Au+Au Tracking | B
2024 : p+p Vs =200GeV  system
2025 : Au+Au %
2023 Jan May ALIJg O::t
-------- 1 I I
Install Beam Commissioning Physics
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« BaBar EE&dD1.457ASYV L/ SEE0

- RERIA

* Hermetic coverage:

* |n|<1.1,2min @

- KAz bhSvhH—& EM+
\RO>AHOUA—-FTED

« 15kHz DET—HUREL — b

~9  sPHENIX Detector oy

. RSYELHTZFAGZ N L 2N Wz b
U—AFEHEL | - N = % b i
I = N 5"«,, R —— TPOT ’;"
2023 : Commissioning Au+Au Tracking | ¥ —
2024 : p+p Vs =200GeV  system -

2025 : Au+Au

2023Jan May Agg .
-------- I I I

Install Beam Commissioning Cosmic ,
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Valve box

leak - hole

RHICOBEE G X5 LD
EPE (C KD E— AEERAERF O R
B(CIRD T, FEHARIMEEN R
ADHT . POUEIFT2023FD
SFHET,
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Despite the many success of SPHENIX, we had our own set
of challenges, including:

The COVID pandemic shutdown BNL as well as many collabora;ng
ins;tu;ons for months followed by periods where only 25-50% of
the lab workforce was allowed on site.

The supply--chain crisis delayed many key sPHENIX components by
months, especially electronics chips and circuit boards

Our beam pipe was lost in a UPS warehouse fire. Fortunately
STAR had a spare that we used.
The TPC gas was planned to be Ne/CF4. Interna;onal conflict
created a huge shortage of neon. We switched to Ar/CF4 mix with
similar gain and drim proper;es

RHIC Run2023 ended 8 weeks early due to significant damage to a
cryo feed through in a valve box.

—

‘-\‘ ‘1 \__

" E. O brlen @ SsPHENIX QM2023

Engineering.com
ing.com » story »

Neon Supply is in Crisis. We Were Warned.
Jun 23, 2022 — A knock-on effect was the interruption in supply of neon, an industrial gas
produced as a by-product of the liquid air distillation used to ...

__ NextBigFuture.com
“ https://www.nextbigfuture.com > Energy &

Business Avoided and Fixed Neon Shortage From Russia- ...
Apr 14, 2023 — Supply of neon from Russia and Ukraine has been as high as 70%. The drop in
rare gas supply caused a surge in wholesale prices, particularly of ...

g Research & Development World
hitps:/Awww.rdworldonline.com » RD World Posts

Why there's a neon shortage — and why it matters
Apr 19, 2022 — The current disruption is making many re-evaluate the global neon supply
chain. It will likely lead to new entrants into the high-purity ...

H Advanced Science News

Understanding the science behind the neon shortage
Mar 15, 2022 — Roughly 70% of neon produced in the world is used in semiconductor chip
manufacturing, and a shortage might cause big disruptions.

mm Nikkei Asia
https://asia.nikkei.
TSMC to secure neon in Taiwan after Ukraine shock for ...
Nov 10, 2022 — Neon
disrupted by the war in Ukraine, since producers there control up to 50% of ...

com > Tech > Semiconductors > TS.

is essential for chip manufacturing but trade has been severely

—
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Hadron and EM Calorimeters
/

‘ —%:' A
v P

EMCal in position

Inner HCal Installation

sPHENIX will have kinematic reach out to ~
70 GeV for jets, kinematic overlap with
the LHC.
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Outer HCAL

Inner HCAL

Outer HCAL =3.5\
Magnet =0.31A,

HCal = 0.25\
EMCal ~18X~0.7\

HCAL steel and scintillating tiles with
wavelength shifting fiber

— Outer HCal (outside the solenoid)
— Inner HCal (inside the solenoid)
— AnxAdp=0.1x0.1
— 1,536 readout channels each
*  SiPM Readout

HCAL performance requirements driven by jet physics in HI collisions
eUniform fiducial acceptance -1<1<1 and 0<d<2mn
 Extended coverage -1.1<n<1.1 to account for jet cone
*Absorb >95% of energy from a 30 GeV jet (4.76 \)
eHadronic energy resolution of combined calorimetry:
: o 150% ;. o
* Jet resolution performance goal: < i (in central Au+Au collisions)

* Gaussian response (limited tails)
*OHCAL also serves function of barrel magnetic flux return

SPHENIXQM2023




adronic Calorimeters

==OHCalfactory at BNL

* Outer HCal Sectors double as barrel magnet flux return
* Absorber/mechanics tapered steel plates, thickness 26-42 mm each
* 32 sectors assembled into 2 barrel (inner radius = 1.9m, outer radius =2.6m)

* Completed sector is 6.3m long, 13.5 tons

Other parameters:

* 10 rows of 8mm scint. tiles (24 tiles per row), 12° tilt angle
*  5Sscintillators/tower

* A48 towers per sector

. 32 sectors;
* 1536 channels (7680 SiPMs) sPHENIX QM2023

Total Inner HCal Energy [arb. units]

—

0.8

0.4

0.2

0.6¢

T T T ‘ T T T T
__sPHENIX Preliminary
- AU+AU |y = 200 GeV -, o=

L1 I |

1

l
[Illll]lll

1

| — I |

T "

: 1 1 l 1 1
0 0.2

1 I 1 1 1 | 1 1 1 | 1 1
04 06 038 1
Total Outer HCal Energy [arb. units]

§ 10°

102
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“lectromagnetic Calorimeter (EMCal)  sehe

) N

1 X

2(tn) x 32 () = 64 Sectors

Electromagnetic calorimeter covering £ 1.1 inm and 2 in ¢

4x24=96 Modules
=1 Sector

24 Modulesin Z

1 Module =1 Block
with 2x2 towers

2D Projec;ve

* Blocks made of
tungsten-powder/epoxy
composite encasing
~2500 scintillating
fibers/block.

* Aluminum support
mechanics and shroud

* Sectors and blocks are
approximately
projective and tilted in
1 and ¢

9/4/23

3/7/2017

4 Modules in ¢

s
N

the Inner HCAL progress

EMCAL V.
Sector 7 "

Signal Cables

End cap

electronics
SIPM Daughter PCB

Sheetmetal

Interface PCB Strongback

Preamp PCB Block Supports

(Sawtooth)

Cooling Loops Light Guides

Blocks (1-24)

SPHENIXQM2023

®. 5 O %
Sector are supported off EMCal Insﬁa};]a;gﬁ._ i‘_n\_

o
PR 42
."/
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SPH

- INIX

| PHENIX STAR sPHENIX

M Cal D [ BE

Rapidity Coverage -0.35 <7< 0.35 -1<p<l -1l1<np<1l
Azimuthal
Coverage T 2 2
Segmentation 0.008 x 0.008
An % Ag (0.011 x 0.011) 0.05 x 0.05 0.024 x 0.024
I\/IoliEer Radius 30 ~ 40 15
mm]

Shower Max No Yes No

46



Hadron and EM Calorimeters

sPHENIX Experiment at RHIC

IX 7 ; \ Data recorded: 2023-07-16 00:54:00 EST

'Run / Event: 21707 / 3194
Collisions: Au + Au @ VSyN =200 GeV
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Tracking Detector
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SPHE |:<'

Silicon pixel detector (MVTX)

e 29 um x 27 um, pixels

e 25bcm<R<4.5cm

« 20 BLCK integration time
Silicon strip detector (INTT)

e [8um, strip sensors

e /cm<R<1lcm

« 1 BCLK timing resolution
Time projection Chamber (TPC)

e 20cm < R < 78cm

e Spatial resolution, ~100um

 Long drift time, ~13us
TPC Outer Tracker (TPOT)

 Calibrate TPC

LB B S B e | B S S S S i S

€ -
S 107 Aus+Au HUING b=0-4 fm |
S f INTT + TPC ‘
é e e MVTX+INTT + TPC
2 .
- ‘.
9 10—2 “
S E \ ]
O .
D -
-
102 - ———&; ————————————————————— =
- 10um —~
|

C 1 s 1
0 2 4 6 8 10 12 14 16 18 20
pY(GeV/c)

Tracking System

\TPOT

/

:

Cosmic Ray Track

Reconstruction

08/17/2023
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o
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MVTX
I—r

INTT

I T T T

SPHENIX preliminary
Cosmic data -
Run 25475

p, = 1.3 GeV/c

20 40 60

X [em]

08/17/2023

sPI-IIENI preliminary
Cosmic data
Run 25475




IPE Ass%n’ﬁbled at S% RS

.' \
B

Quad-GEM Gain Stage

72 modules N i
ey 2.11m 2(2), 12(4), 3(r) Operated @ low IBF ~ S

”Cathode Wedge”

A next—genera;on TPC operated in con;nuous readout mode using Gas—Electron

Mul;plier (GEM) avalanche w/ low lon Back Flow (IBF).

Field cages are Kapton--carbon fiber

End caps are aluminum SPHENIX Simulation
Central membrane is G-10-honeycomb . ] 4 Upsilon1s Inside of TPC field cage
sandwich 101 = 1146 = 1.8 MeVi:"% s
Internal chamber volume is filled with Ar—CF4 0 XuAu: ’
60/40 gas (4 m3 gas volume) %% /6 Central *
Electronics readout on each end % o« 50 kHz ,
ASIC modified SAMPA chip from ALICE i ‘
Charged Tracking in SPHENIX: 2001 w,.// "e_;’
TPC provides momentum--resolu;on A +9s wE

E. O’brien @ sPHENIX QM2023






Monolithic Ac:ve Pixel Vertex Detector (MVTX) serelix

The MVTX is a 230M channel, 3-layer MAPS--based pixel detector
The MVTX is a copy of inner 3 layers of the ALICE ITS w/ a custom design of service supports to meet sPHENIX needs
Staves and Readout Units produced at CERN w/ par;cipa;on from sPHENIX collaborators

7, \ \“ {t W) "
N AR
K7 \‘5' . \

E. O'brien @sPHENIX QM2023
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SPHE |:<'

sPHENIX Time Projection Chamber
ale: 2, 5 KV GEM, 45 kV CM, X-ing Angle: 2 mrad

07/ 1 1/2023

Tracking Detector Commlssmmng

erence frame 43

TPOT clusters

ol

.~ sPHENIX Preliminary
77 AusAu q— 200 GeV
I

TPOT clusters MBD total charge [A.U.]

sPHENIX Simulation

" p+p, 197 pb”
signal only
« TPC Event Display in Au+Au @ 200GeV Clear separation
« Multiplicity correlations between MBD-INTT-TPOT 000, Cys =83 = 1.2 MeV between 2S and 35S

« MVTX correlation between different layers states

« More correlation hits in Zhaozhong Shi’s talk on
Thursday 08/24

2S

U\ffs

P ikt el sstisse it ik Mk
G795 8 85 8 95 10 105 11
invariam mass (GeV/c®)
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SPHE

Vertex Reconstruction & Ce ﬂtra\|tyspHEN.xs.mu|at.on

INTT-MBD Z-vertex Reconstruction

August 18, 2023

'SPHENIX Preliminary el
Au+Au V =200 GeV '

l.lfl h ]

10

INTT zvertex - MBD zvertex [cm]

107"

1000 2000 3000 4000 5000

INTT Number of clusters

Confirmed fairly consistent
z-vertex reconstruction
between two independent
detectors

MBD-ZDC Centrality
7/21/2023
T ‘ T ‘
SPHENIX Preliminary
'.AL_J+_P'\H_._\/ISR =200 GeV

) 3
4000 “ZDCN:rigger 10

10?

ZDC S Energy [arb. units]

10

Il
" x10°

100 200

Total MBD Charge [arb. units]

Phys. Rev. C 71, 034908 (2005)

= Published
E Centrality plot
; in PHENIX

Charge in BBC [arb units)

2
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0.6/— 2
N * STAR Prelim. Y(2S+3S) ]
0.4} —
O_I LA L l ER l Ll eteal. l (R l AL AL L I LA L L l Ll etk l Rl l A A AL ] -l l—
(] 1 2 3 4 5 6 7 8 9 10

Transverse momentum [GeV/c]

59



SPHENIXDX @k (HAEE

I R e R T R S N
s 'y
"‘.- < t»)'*x/‘\,",__/ 2

X

sPHENIX 2% — a state-of-the-art jet detector at RHIC —
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Quarkonium spectroscopy

Pr
» s S o
SPHE I X ' \‘ """""" o] ,,' +p
\ ! signal onl
‘ ‘

sPHENIX Summary \
+ Large and hermetic EM and hadronic calorimetry. gy
» Highly precise tracking. s /
« 15kHz trigger rate and stream readout for trackers. =)
- Wide range of physics covered in sSPHENIX iz

* Alot of progress in 2023 commissioning with
Au+Au Collision at v/s =200GeV and getting ready
for 2024 Run.

Wil address on cold QCD in 2024!
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1004B Blue Ring Valve Box

M-Line

Magnet
cooling line,
contains all
SC busses

electrical tests acquired under “as-is” (e.g. cold) conditions indicate failure is localized to inside the valve box vessel
* Main Blue dipole circuit shorted to ground, believe to have ruptured M-Line pipe (as evidenced by Helium in vacuum vessel)
* Remaining 4 cryo circuits in valve box vessel (not shown) are intact

in progress
+ careful warm-up of sector 4 magnet string (expected completion end of this week)
* work planning, pre-inspection, preparation for initial opening and inspection

+ assembly of foreseen materials for repair: superconducting bus cable (special process spares), magnet line flex lines
(re-inforced bellows assemblies for pressure systems), piping, fittings, gas-cooled leads, splice material, insulation

repair plan development the week of August 28t

length of repair is TBD

<" Brookhaven
National Laboratory 26

M. Minty DOE 2023 RHIC Science & Technology Site Visit




Feedthrough tube rupture
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D et Physics

Probing the QGP with precise jet, direct photon, and hadron measurements

Yield / 2.5 GeV

1010_|YY T T L2 e 2

Trrvs

LI B R LB B B LR R [ S FTe oo Es

g L L B BB B
107 SPHENIX Projection p+p - 221 OZ: Au+Au, Years 1- 3 R
8 Years 1-3 O Jets . pb~ samp. p+p i)
107 3 [ Direct Photons 21 ;zb tr)e1c AU+A: " T
10 B or 32 nb' samp. Au+Au |
10° ; Dﬁe Pz ;u::\argejotdms 0.8~ -= directy -
u - ° B -
s Dﬁg}, ® Jets T ]
10 = D{f}g ® Direct Photons 06? E3R2R hi gl
10* - DD‘;. J{?}g. ® Charged Hadrons B : ] I -
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2 “Cate R E .
10 i . IE Il
®_%e e 0.2 .
10k !* k] Dg? - ]
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p, [GeV] p. [GeV]

v'High data rates & hermetic EMCal+HCal offer wide pt range for jet reconstruction.

v'sPHENIX can precisely measure the low pt region, which is challenging at the LHC.

v'sPHENIX will have kinematic reach out to ~ 70 GeV for jets, kinematic overlap with the LHC.
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Polarized single spin asymmetry

Heavy Flavor . 5
- e ) R S R N ) s S G S M S R ”‘

SPHENIX BUP 2022, 0-10% Au+Au, Years 1-3

1.4F .
6.2 pb' str. p+p, 21 nb™' rec. Au+Au RIGHT \
1.2~ ' — B-meson 0710
E o - B—D" pT +p—->D"/D"+X
""" —e- Prompt D’

N
7
]

lllllllllllll]llllllll]lllllll
A

0.8F —n C ]
= 0.0 SPHENIX BUP 2022, p'+p—D"/D +X, P=0.57
0'6; H 0 023_ —— 6.2 pb'str. p+p, Years 1-3 E
0.4 : Kang, PRD78, 1, =14=0 :
0.0 0.01F  mmmmmenmsm Kang, PRD78, 1, = A,=70 MeV
: A l A l l l ' l A : :
% 2 4 6 8 10 o + ¢ +———+— + ]
Pyleev] e e — 3
_0.02f e —:
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v’ Cleanly separate open bottom via DCA. Y T T N T T T B Y S vy st

v Study mass dependence of energy loss and collectivity. Statistical projection of D¥/B0 p. [GeV]
. T

v/ Bottom quarks and light quarks are expected to be measurement at SPHENIX.

different for Raa and vz for pr s 15 GeV. Explores gluon spin contribution to proton spin



Cold QCD : Gluon TMD with Direct photons

pl+p—y+X

Much improved direct photon TSSA -> gluon TMD

0.02 - - - o \/_ —
P +p o> v+ X, \s =200 GeV, n|<0.35
<ZO'015_'I""I""I'"'I""I""l""l""l"_ -
N sPHENIX BUP 2022, Years 1-3 7] B
o ZEHEMK BUP 2020, Yo 13 o PHENIX L
- pb”'samp. pl+p— vy + X, P=0.57 . B
0'005:_ .......... _: ‘62 -
: MM M X R i N M X M :Z]; < —
RE i _ « oL
-0.005F o ' — | === qgq Contribution
- == qgq Contribution (D.Pitonyak) ] | — — ggg Contribution Model 1, min/max
_0.01F -+~ Frigluen Gentribution-Medet 1- (S Yoshida) ----—---- ---= ﬁ-_m--——-l-wmw-IQQQ-COPtﬂbUﬂ?n-MOqeLmeFI/maX-I ---------- .
0015 o e 2 (5 Yo 2 5 6 7 8 9 10 11 12

6 7 8 9 10 11 12
P, [GeV]

o

P, [GeV/c] PRL 127 (2021) 162001
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~irst Data from Commissioning:

« Clear pi0 peak seen in the di-photon invariant mass spectrum

-MCal

Q :l | ERU I I L I L L I | I R I | I I LI I 7 PR NER | ] | Y P R
S 1401 SPHENIX Preliminary ~ 6/13/2023
© - Au+Au |sy = 200 GeV 56k events
% 120F-5 ADG ey < 275,000 + + *
3 100 # # + * +
: f't
74 o . ﬁ #+ + s
o M WW# -
a0 ¢ M f =
¥ - # cluster ADC > 500
\ 20:_ ) n photonI <0.7 E
0_1 | - — l | I — I | I l L1 1 1 l | I l ] Ry e | l | I — l_l
0 100 200 300 400 500 600 700

Di-Photon Mass [ADC]
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| . . .
“’HE@ Hea\/y F\aVOr Polarized single spin asymmetry

At SPHENIX BUP 2022, 0-10% Au+Au, Years 1-3
6.2 pb™' str. p+p, 21 nb™' rec. Au+Au
- — B-meson
> - B—D°
e Prompt D°

1.2 RIGHT

p'+p— DD+ X

lll'llllllllllll
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001 e -
v' Cleanly separate open bottom via DCA. o ]
v' Study mass dependence of energy loss and collectivity. S002

0 05 1 15 2 25 3 35 4 45 5

Statistical projection of Do/D° p_[GeV]
measurement at sPHENIX.

v/ Bottom quarks and light quarks are expected to be
different for Raa and v2 for pt < 15 GeV.

Explores gluon spin contribution to proton 7so|oin



SPHE

hadron(-) rejection at 90% elD efficiency

L —_ B
= ‘% U
e oy

'y
O r—r—rrr
L

3

9 Quarkonium spectroscopy

24 billion events

reconstruction

sPHENIX Simulation
0-10% Au+Au s = 200 GeV -

I & < TTrTy I 4.0 I LB B I | B Bt W | I LB I llllllllllll I llllllll
: € [ SPHENIX BUP 2022 * Y(1S)
- Years 1-3, 0-60% Au+Au * Y(29)
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bbbt}

* STAR Prelim. Y(2S+3S)
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£ SPHENIX Simulation
: Single particle

e
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sl il
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¢ Trad. cuts |
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12
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L
.
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L
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Transverse momentum [GeV/c]

v Suppression with clear distinction of three Upsilon states. Color
dipoles probing the QGP at three length scales.

v' The centrality dependence and particularly the p; dependence
are critical measurements for comparison between RHIC and
the LHC.

v" Signal enhancement with ML tools (BDT) is expected.
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EIC X0 =>1—)L

/3 Call for \

i EICUG
The Electron-lon Collider
Proposal
A machine that will unlock thgsecrets of the strongest force in Report ATHENA .
(physics/Det Decision on )
CDO Approval -ECCE CD4"
ector) Detector(s)

\ | j !CORE | j

2020-Jan. = 2020-Nov. 2021-July = 2023
e e e e e e e e e

2019-Dec. 2020 2021 2021 Mar. 2024

d smartphones we use every day depend on what we
atom in the last century. All information technology—and
ymy today—relies on understanding the electromagnetic a CT scanner for atoms. The €

atomic nucleus and the electrons that orbit it. The the quarks and gluons that ma

ce is well understood but we still know little about the The force that holds quarks togethe Site Expression of

the protons and neutrons that make up the atomic force in Nature. The EIC will allo Selection at Interest CD1 Approval CD2?
y Brookhaven Lab is building a new machine—an and the role of gluons in the g BNL

er, or EIC—to look inside the nucleus and its protons and from the EIC could powe

2 |learn from EIC will open a new frontier in physics 2g
73
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A simple model to illustrate that spin-orbital angular
momentum coupling can lead to left right asymmetries
in spin-dependent fragmentation:

Proton spin _
is pointing up! " picks up L=1 to
compensate for the
pair S=-1 and is emitted
\ Y to the right.
..:::;ﬁu'"'|b("|vf ! ‘l**
’ String breaks and
a dd-pair with spin

u-quark absorbs
photon/gluon and
flips it’s Spin.

-1 is inserted.
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Naive Sivers Interpretation

Sivers effect is an interference
with a final state interaction of
quark with spectator system.

Can be understood as
soft-gluon exchange in
final state.

cumrent

quark jet

final state
inleracton

spectator

(Int.J.Mod Phys.A18:1327-1334,2003)
M. Burkardt
/AR
o) EERRRN\
.L.ELE% ?)ﬂ}.. Sivers effect generates single spin
030 g . ,/, _",- .
=/ asymmetries scattered off transversely
o polarized target.

(Nucl.Phys. A735 (2004) 185-199)
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Sivers effect and Orbital Angular Momentum

Semi-classical picture :

If quarks have . , probability to find quark which carries
momentum fraction of “X” is different between left & right
sides in the nucleon (viewed from virtual photon).

Quark density

X ' M. Burkardt

-)Slvers functlon can be wewed an
impact-parameter dependent PDF.
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Single Spin Asymmetry
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Cold QCD : Gluon TMD with Direct photons

pl+p—y+X

Much improved direct photon TSSA -> gluon TMD

0.02 - - - o \/_ —
P +p o> v+ X, \s =200 GeV, n|<0.35
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o ZEHEMK BUP 2020, Yo 13 o PHENIX L
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Collins dominate?

04 Ay from twist-3 fragmentation
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