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Key Upgrades to STAR

ITPC: completed 2018

EPD: completed 2017

improved tracking efficiency, improved EP resolution, forward

momentum resolution, higher # coverage
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Forward tracker + calormeters
(FTS + FCS):

2.5<n<4.0, completion expected in 2021
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Physics Plan

High statistics + mid/forward rapidity coverage + low material

2018: iTPC and EPD upgrades completed

2021: Completion of forward upgrade

2021/2022: p+p 500 GeV - mid/forward quarkonium production
- quarkonium production mechanism

2023+: Au+Au 200 GeV, p+p/A 200 GeV
- cold/hot QCD medium properties

Future Heavy Flavor Physics Goals

* Precision quarkonia p+p data for deep understanding of production mechanism

* Wide kinematic region coverage in p+p/A collisions for gluon nPDF

e High statistics Au+Au data for hot QGP properties (J/y v, and Y R 4)
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Inclusive Charmonia Production in p+p
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J/yw Polarization / in-jet Production

J/yr polarization
- STAR (@) | p+p Vs =200 GeV (b)
O Jip—ete, HX, lyl<1.0 4+ - Jhp—ete’, CS, lyl<1.0
-~ @ J/y—u*u, HX, lyl<0.5 (® Jp—u*u, CS, lyl<0.5

[ ]ICEM (promlpt) 1.2<m<1.5 GeVI

p+p Vs =500 GeV (1 fb™)
[ e Jhp—e'e’, HX, projection
[ e Jhp—u'u, HX, projection

p+p Vs = 500 GeV (1 fb™) (d)
¢ Jhp—e'e’, CS, projection
¢ Jhp—u*u, CS, projection

L (prompt)

-0.5~ NLO NRQCD1: lyl<1.0 [£iilyl<0.5 (direct)
- NLO NRQCD2: lyl<1.0 E=lyl<0.5 CGC+NRQCD: [/ lyl<1.0 lyl<0.5
o 5 10 — 5 10
P, (GeV/c) P, (GeV/c)

e Significantly improved precision in J/y polarization measurement

e J/y~in-jet extended to lower z range & lower jet pt range
-MTD allows J/y pr reach down to 0
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J/y, Y in High Multiplicity p+p Collisions

Jly

_ pp collisions @ 500 GeV
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—4— Y(1S) PYTHIAB8 HF tune projection 1 fb™

f

3:_ ¥ STAR proj. : L =1.0fb / 30
- PYTHIA8.183 default —
o
1 - STAR preliminary »
e STAR data points - —L
It — +15% onr-sided error‘ along botlf x- and y- :1irection 0 1 2 3 4 S 6 / 8
0 et T v Lo bvav g Lo by v Lo aan by a g N r~/<N >
0 0.5 1 1.5 2 2.5 3 3.5 4 c ch

Event activity

e Discrimination power for different models at high multiplicity events
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Open Charm in p+p Collisions
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p+p/A Quarkonia Production in Forward Region
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Forward quarkonia (and DY) production at STAR
- unique kinematic access to gluons at small-x region
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J/y v, in Au+Au 200 GeV

Previous pub.: 360M MB + 1 nb- Projection w/ 6B MB + 120 nb-

0.14— Au+Au 200 GeV 0-80%, STAR 2023-25 projection
. - -1
- Au+Au 200 GeV 0-80 % o Jiy 0.12 6 billion MB events + 120nb ' HT sample
3 A 0 ’ -o- 2010

o charged hadron 0.1} —* 2023-25

0.2 -
3 MOCOCO % ¢ 0.08|— H+

01 { (' ¢
3 003 * 0.04|
E o + 0.02} J/ 1/

maximum non-flow -
T T E -0.02}— EPD (2.5<|n|<4.0) remove/reduce

_ _0.04 non-flow contribution

11 [11 L —— e — Ll' - e —— e
0 1 2 3 4 5 6 7 8 9 10

p:"” GeV/c

Projected J/y v,
1

- - STAR, PRL 118 (2017) 212301

S [ eD° oa  STARAu+AU |ls, = 200 GeV
0.1 initially produced [31] S " AT oK 10-40%
e goalescence from thermalized cc [32] S 0.1 [ ° j
- -.-.-.=.=.= [nitial + coalescence [33] © B *d:r_ — g 5 o —_
L — . — initial + coalescence [34] £ i gsFTL0T 2 5 7 < .
-0.2 | © - n
| — — — hydrodynamic [35] S 005 |- é*ﬂ'“ $ ?T
0 2 4 6 8 10 2 !
P, (GeV/c) £ fi 0
T — D
< ~ | | | |
0

|
0.5 1 1.5 2 2.5

STAR, PRL 111 (2013) 052301 (m_my) /i, (GoVic

July 1, 2020 Snowmass Meeting EFO7 HF Session Xin Dong / LBNL 10



Upsilon R, , in Au+Au 200 GeV

iTPC + TPC (w/ CF4)

- momentum resolution improve by ~x2
Au+Au 200 GeV 0-10%

x10°
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High statistics + improved momentum resolution + low material budget
- centrality / pr dependence of Y(1S), Y(2S) R, 4
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Photoproduction of J/y in Peripheral Au+Au Collisions

centrality (%) Au+Au 200 GeV
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- Model: W. Zha et al, PRC 97 (2018) 044910

e Centrality dependence: powerful to distinguish different scenarios

e t-dependence:
- significant to identify interference and incoherent contributions
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Summary

2014-2016 2017 2018  2019-2021 2022
OpenHF, ¢ yQcD 1sobar  BES-I  Cold QCD Quarkonia,
Quarkonia ; ; ; Dileptons, Jets
HFT, MTD  EPD  iTPC, eTOF  FTS+FCS

High statistics + mid/forward coverage + low material

2021/2022: p+p 500 GeV - mid/forward quarkonium production
- quarkonium production mechanism
2023+: Au+Au 200 GeV, p+p/A 200 GeV

- cold/hot QCD medium properties
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Forward Upgrade

(] Detectors from BES-Il upgrade (iTPC and EPD) will keep going

U The forward (2.5 <n< 4) upgrade includes Trackers (silicon microstrip tracker & small-strip
Thin Gap Chamber) and Calorimeters (ECAL & HCAL) dedicated to study nuclear

structure, QGP.
Detector pp and pA AA
Forward Tracker
O 3silicon disks ECAL ~10%/VE ~20%/VE
O 4 sTGC layers HCAL ~60%/VE —

Photon suppression | with

Tracking | Charge separation 0.2<pr<2GeV/c

20 — 30% 1/p-

Preparing for

Forward Calorimeters
L Pre/post-shower: scintillator
(L ECAL: PbSc towers (18 X,)

J HCAL: FeSc plates (4.5 A)

data-taking
from 2021+
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