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* 2021+ Unique Physics cases ' =t
* nPDF
forward jets/y/DY
* Viscosity [n/s(T)]

multiple harmonics and
rapidity correlations

* Vorticity

Rapidity dependence of Global
Hyperon Polarization

* Luminosity
dilepton yields,
resolving photon puzzle
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Current STAR Detector System

NSAC 2015 RECOMMENDATION #l:
The upgraded RHIC facility provides unique
capabilities that must be utilized to explore
the properties and phases of quark and gluon
matter in the high temperatures of the early
universe and to explore the spin structure of
the proton.

x103 increases in DAQ rate (4000Hz) since 2000, most precise Silicon Detector(HFT 2014-16)



STAR Major Upgrades for BES-II

24 tiles in Ring 4 of East Wheel

iTPC: ' P R -
* Rebuilds the inner AS [ L.
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EndCap TOF:
* Rapidity coverage is critical
*PIDatn=09to 1.5

* Improves the fixed target program
* Provided by CBM-FAIR
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Tracking and PID
From rapidity+1 gLE2:
Extend to (£)1.5 p (GeV/c)
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Detector and pA AA
The STAR Forward Upgrade i o T

HCal ~60%/E
Tracking charge separation 0.2<pr<2 GeV/c with 20-30%
photon suppression 1/py

Forward Tracking System:

Side View

3 Silicon disks: at 90, 140, 187 cm from IR

Built on successful experience with STAR IST

= Single-sided double-metal mini-strip sensors
= Existing IST FEE, DAQ and cooling system

EXISTING UNISTRUT IN CEILING
)

4 sTGC disks: at 270, 300, 330, 360 cm from IP
= Position resolution: ~100 mm ;
= Readout: reuse current STAR TPC electronics . ' i
= I8tsTGC prototype to be installed in STAR in 2019 l T ﬂ

= 1/4 size of ATLAS sTGC

Forward Calorimeter System:

ECal:
0 reuse PHENIX PbSC calorimeter with new readout on front phase

HCal:
O sandwich iron-scintillator plate sampling Calo

Same readout for both calorimeters = cost

FCs
SIDE VIEW 5-4-18




Nuclear PDF and Initial Conditions for A+A collisions

measure nPDF in a x-Q? region where nuclear effects are large
Forward upgrade essential
Q? > Q% over a wide range in x
Current knowledge

pA@RHIC: unique kinematics
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Forward DY and Photon Measurements

P, (GeV/c)
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Temperature Dependent Viscosity

%“ L. Ad k etal 1701.06497
5 w100 . Adamczyk et a :
2015 US Nuclear Long Range Plan (#22): § 80 F STAR AUSAU 200 GaV
comparative analyses of the wealth of bulk observables = a—= , _ Data -e-
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Multiple Flow Harmonic Correlations

» Sparse RHIC data for higher order x10® L Adamczyk et al 1701.06497
flow harmonics (vs, v4, v5) & rapidity 6 & (v3v9vs cos(Tq + 2Ty — 3Ta))
density correlations/fluctuations 4 % |

{ 2 1
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Why do we need wider window in rapidity? 4 |

» Flow like correlations are early time
long-range > large An ' ' ' ' '
40 - —
> Background comes from Jets & non-flow (v3v4 cos(2Wa + 2Ws — 4W,))
- small An 30 F
Precise extraction of flow (azimuthal correlations)
requires measurements over wide window of rapidity
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Rapidity Decorrelation and Initial State Fluctuations

= STAR Preliminary —

|

Torque/twist of event plane

02 \ @2

Forward upgrade + EPD
essential
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Global Hyperon Polarization in QGP

new tool to study QGP and relativistic

Quantum fluid Vorticity in general

Non-zero global angular momentum
transfer to hyperon polarization

P, [%]

- ——primary --- primary+feed-down
- AMPT, A
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Nature548.62 (2017)
oA OA

PRC76.024915 (2007)
+A SA

this analysis
*A YA
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First observation of quadrupole

structure of polarization along beam
direction;
"sign" opposite to hydro prediction
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Rapidity Dependent Global Polarization

Polarization increases with viscosity and decreases
with thermalization,
Rapidity dependence is key;

N -

----------- - Different models predict opposite rapidity trend
i Forward upgrade + EPD + iTPC essential
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Quantifying Chiral Symmetry Restoration

and Thermal Radiation o

QUARK—-GLUON PLASMA AND HADRONIC PRODUCTION
OF LEPTONS, PHOTONS AND PSIONS

A+AIp+p =y, + X o=1.25
#] Pb+Pb, {Syy = 2760 GeV PHENIX
B Au+Au, s, = 200 GeV
® Au+Au, sy, =62.4 GeV
0! Au+Au, |5y, =39 GeV
¥ Cu+Cu, Sy = 200 GeV
O p+p, Vs =200 GeV
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o
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T

Received 16 March 1978 10_2

The best known example is dilepton production
(u¥u~, ete™), in which deviations from the Drell-Yan
model [1] for dilepton mass M < S GeV reach a factor

N, scaled prompt photons

p+p fit, ¥s = 200 GeV
=pQCD, Vs = 2760 GeV
=pQCD. \s = 200 GeV
=pQCD, Vs =62 GeV

1073

dN,/dy (p. > 1.0 GeV/c)
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Important to resolve the puzzle Mo Gevi p, (GeV/c)
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Heavy 1on collisions as a source of the strongest
magnetic fields available in the Laboratory

10° | . . . T .

In a conducting

o o
Il
00

=12 fi e

Also: | plasma, Faraday
V. Skokov, induction can make
V. Toneev, S 0| the field long-lived:
A.Illarionov... & K Tuchin, arxiv:1006.3051
2 2
v 10 F

N 1 NB: magnetic flux

QGP as conductor 101 | N — | 1is conserved in
T ~_ | MHD! - expect the
DK, McLerran, Warringa, 10" . effect at LHC
| Phys A803(2008)227 o
Nucl Phy 7 (fm) D. Kharzeev

'r I A 2

/ ALK i 4 m
Fig. A.2. Magnetic field at the center of a gold-gold collision, for different impact o ’f\’;h\’fgrlﬁa//
parameters. Here the center of mass energy is 200 GeV per nucleon pair (Y, = 5.4). :



Probe Magnetic Field and QGP
Conductivity

e+e- pair from Photon-photon collisions
nuclei, accompanying formation of QGP
Spectra peaks at pr=30-50MeV,

right magnitude to be very sensitive to
magnetic field

Clean probe with unique characteristics
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Summary on STAR future 2021+ | f

* Quantitatively improve
nuclear PDF

Quantifying QGP pro erhes of
Viscosity, understandi
mechanics of VOPTICITY and
polarization

Quantifying degree of freedom
and resolving photon puzzle

Potential new study of QGP
properties: Conduchvu‘ry

Jets, Quarkonia, Beam Energy
Scan phase IT and many
other measurements



