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— Heavy Flavor Tracker (HFT)

— Muon Telescope Detector (MTD)

Future Upgrade Program and Physics
— Inner TPC upgrade for BES Il and eSTAR

— Forward instrumentation upgrade for p+A and eSTAR

Summary
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Introduction -- STAR Physics Focus

Ve

\) ce- \) Polarized p+p program
. - Study proton intrinsic properties
> - - Qcb
> )

To (k)

Q®m  Qly/A
Linear

Forward program
N - Study low-x properties, initial
condition, search for CGC
- Study elastic and inelastic
i processes in pp2pp

BFKL

L Q2
(=
3 . 1) At 200 GeV at RHIC
s |3 C"t'@"’g | - Study medium properties, EoS
‘5 N : \ Hagrons :' - pQCD in hot and dense medium
8 u @*fg 2) RHIC beam energy scan (BES)
) /fv - Search for the QCD critical point
i ! — - Chiral symmetry restoration
N Nuclei Net Baryon Density

2014-4-12

The 30" WWND, April 6-12, 2014, Galveston, Texas



Introduction -- The STAR Experiment (2014+)

Tracking: TPC | [Particle ID: TOF Electromagnetié

Upgraded Calorimetry:
DAQ, Trigger BEMC+EEMC+FMS
' (A<n<4)

A

= |

Muon Telescope Detector
(runs 13/14)

e Heavy Flavor Tracker

Forward GEM Tracker
runs 12/13)

Large acceptance + Excellent PID + Fast DAQ
+ Wide energy range
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.| Hit Resolution .

Detector Radius R/ - Z (um - Radiation

(cm) length

um)

SSD 22 20 /740 1% X,
IST 14 170 /1800 | <1.5% X,
8 12/ 12 ~0.4% X,

PIXEL
2.5 12/12 ~0.4% X,
PIXEL

/ * 2 layers of thin monolithic active pixel sensors,
integration time ~ 180 ps
* 18.4x18.4 um pixel pitch
y T% * Provide ultimate pointing resolution that allows
for direct topological identification of charm.

SSD (Silicon Strip Detector) IST (Intermediate Silicon Tracker)
* Existing single layer of double sided strip sensors (electronic * 1 layer of silicon pad sensors
upgrade) * Guiding tracks from the SSD to the PIXEL
* Operate without significant event pile-up for
Track inward from TPC with graded resolution: 200 GeV Au+Au

~1 mm ~300 pm ~250 um

<30 um

TPC

SSD N PXL Vertex
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Recent Upgrades — HFT Physics Motivation

Direct HF hadron measurements (p+p and Au+Au)

(1) Heavy-quark cross sections: D%*, D¢, A, B, ...

(2) Both spectra (R, Rep) @and v, in a wide p; region: 0.5 - 10 GeV/c
(3) Charm hadron correlation functions, heavy flavor jets

(4) Full spectrum of the heavy quark hadron decay electrons
Physics motivation

(1) Measure heavy-quark hadron v,, heavy-quark collectivity, to study the
medium properties e.g. light-quark thermalization

(2) Measure heavy-quark energy loss to study pQCD in hot/dense medium
e.g. energy loss mechanism

(3) Analyze hadro-chemistry including heavy flavors
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Recent Upgrades — HFT Physics Goals (Run 14, 15)
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Recent Upgrades — HFT Physics Goals (Run 14+)

—~ 100 — .
95 ot Ak 100M 0-10% - STAR multi-year physics program
w b Eleesey 1 with the heavy flavor measurements
8 20 -1 requires high statistics data from
X o= = » B | I I~ . . .
ol 1 both p+p and heavy ion collisions
-
60 |
-80_ DO RAA ]
s 6 7 & 9 10
(GeV/c)
4 (RPD)AC » Expected errors for Lambda/Kaon enhancement AC: Iowest Charm ba r‘yon State’ C'E ~ 60um
(RCP)D‘f © Expected errors for no enhancement
£ 3 | u * First measurement of charm baryon in
s 2 heavy ion collisions
g W b * Hadro-chemistry with charm
& - | | + * Meson vs. baryon effect with charm
Au+Au 200 GeV, 250M central + 2000M minimum biais events h a d ro N S
e T e

Transverse Momentum P, (GeV/c)
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Recent Upgrades — HFT Commissioning in 2014
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Multi-gap Resistive Plate Chamber (MRPC):
gas detector, avalanche mode

A detector with long-MRPCs covers the whole
iron bars and leave the gaps in-between
uncovered. Acceptance: 45% at |n|<0.5

122 modules, 1464 readout strips, 2928 readout
channels

Long-MRPC detector technology, electronics
same as used in STAR-TOF
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Recent Upgrades — MTD Physics Motivation

The large area of muon telescope detector (MTD) at mid-rapidity allows for the
detection of

e Di-muon pairs from QGP thermal radiation, quarkonia, light vector mesons,
resonances in QGP, and Drell-Yan production

e Single muon from the semi-leptonic decays of heavy flavor hadrons

e Advantages over electrons: no y conversion, much less Dalitz decay
contribution, less affected by radiative losses in the detector materials,
trigger capability in Au+Au collisions

e Trigger capability for low to high p; J/y in central Au+Au collisions and
excellent mass resolution results in separation of different upsilon states

* e-u correlation can distinguish heavy flavor production from initial lepton pair
production
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Recent Upgrades — Quarkonia from MTD

. Trigger capability for low to high p; J/p in central Au+Au collsions
. Excellent mass resolution, separate different upsilon states
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Recent Upgrades - e- correlation from MTD
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Recent Upgrades — MTD Performance

Commissioned single muon, e-muon and o
muon triggers (event display for Cu+Au

e-muon

di-muon .

collisions)

Optimized threshold setting, ~90% efficiency

Intrinsic timing resolution: < 100 ps

Spatial resolution: 1~2 cm
Status (Ended in March, 2014):

2012 —10%, 2013 — 63%, 2014 — 96-100%
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Charged hadrons

Jets & Correlations High p; muons Heavy-flavor hadrons

Neutral particles

Multiple-fold correlations among the identified particles!
Nearly perfect coverage at mid-rapidity
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Future Upgrade Program (2016+)

Detector Upgrades:

e TPC Inner Sector Upgrade

e Forward EM+Had Calorimeter System

e GEM or Si tracking in the very forward region

e PID Detector — Meson/Baryon separation
Physics Focuses:

e Beam Energy Scan Phase Il program (critical point)

e Forward photon/electron/jet(leading hadron)

e p+p -- transverse spin dynamics (transversity function and
Collins FF, twist-3)

e pp/pA -- Drell-Yan, h-h, gamma-h correlations (initial conditions,
gluon saturation)
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Future Upgrade — Physics Goals of BES Il Program

e QCD matter has a complex phase structure
e Heavy-ion collisions allow one to explore this structure by varying collision energy

Three Goals of BES program:

e Turn-off of QGP signatures
e Find critical point
e First order phase transition.

KG2
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Future Upgrade — Physics Goals of BES Il Program

e QCD matter has a complex phase structure
e Heavy-ion collisions allow one to explore this structure by varying collision energy

Three Goals of BES program:
« Turn-off of QGP signatures VSy(GeV) 7.7 9.1 115 146 19.6
. .. . B (MeV 420 370 315 250 205
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e Current pad plane layout with 13 rows and gaps

<> only 13 maximum possible points iTPC Upgrade (2016+):
<> only reads ~20% of possible gas path length 1. MWPC (_SDU/S'NAP)
_ _ 2. Mechanics (LBL/BNL)
* Inner sectors essentially not used in dE/dx 3. Electronics (BNL/ALICE)
e Essentially limits effective acceptance to |n|<1 4. Schedule 2017

{uter Fads
6.2 mm x 183 mm
Total ef 3,940 Fads
6.7 x 2Imm Centers

. Terer Pads

[ - . 2.BS mm x (1.5 mm
[ S Total of 1,750 Pads

] -

ey
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Future Upgrades — TPC Inner Sector Upgrade (iTPC)

Fill all inner sector with active pads -> better momentum resolution, better dE/dx
resolution, higher track reconstruction efficiency and improved PID at |n|=1.0-1.7

region, broad impact on:
* transverse spin physics

* hyperon and exotic particle ' i ] -
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Future Upgrades — Forward Instrumentation Upgrade

proton nucleus >2016

Tracking: 2.5<n<4

Forward Calorimeter System (FCS)

Pb-Sc HCal

“Powder EMCal

B |
I I Baryon/meson separation?

* Forward instrumentation optimized for p+A and transverse spin physics

— Charged-particle tracking
— e/h and y/n® discrimination
— Possibly baryon/meson separation
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Future Upgrades — Physics Deliverables (EIC white paper)
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Map the physics cases from EIC whitepaper to eSTAR!
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Future Upgrades — Forward Instrumentation Upgrade

p/nucleus  electron >2020

Tracking: 2.5<n<4

Forward Calorimeter System (FCS)

Pb-Sc HCal

“Powder EMCal

Baryon/meson separation?

Forward instrumentation optimized

eSTAR specific upgrades: . .

« GCT: low mass tracking for p+A and trar'msverse '-spln physics
« EToF: e, i, K identification — Charged-particle tracking

* ETRD: electron ID and hadron tracking — e/h and y/n° discrimination

* BSO:5GeV, 10 GeV electron beams — Possibly baryon/meson separation
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Summary

1) STAR at RHIC: Dedicated facility/Detector for studying matter
with QCD degrees of freedom:

- Properties of QGP

- Sea quark and gluon contributions to nucleon spin
2) Recent: HFT, MTD (finished in 2014)

- Heavy flavor production, collectivity and energy loss

- Resonance-Medium interaction, Chiral symmetry restoration
3) Middle term: BES-II, forward upgrades (~2016)

- QCD critical point, phase boundary, transition to eSTAR
4) Longer term: eSTAR (~2020)

- Partonic structures of nucleon and nuclei

- Dynamical evolution from cold nuclear matter to hot QGP
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Summary - STAR’s Future is Bright!

p

- HFT: Charm - QCD Critical Point AA: HFT": B, A,
- Di-lepton - Phase boundary HF jets, y-jet
sQGP properties Phase structure pA: CNM, spin

P

Phase structure
with dense gluon

A -
End of HI
e-Cooling, iTPC H BESII “

at RHIC
HFT’, Forward Tracking, EM/HCAL

HFT/MTD

eTOF, EMCAL eSTAR

RHIC
N Y,

Jlab ep/eA E_ =12 GeV

| 4
FAIR CBM Vs, < 12 GeV

| 4
LHC ALICE VSNN =5.5TeV ITS, TPC upgrades
1| 4
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Backup
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STAR Recent Upgrades - PIXEL

Carbon fiber sector tubes (~ 200um thick)

Ladder with 10 MAPS sensors (~ 2x2 cm each)

RDO
buffers/
drivers

Aluminum conductor Ladder Flex Cable

< 20cm
The ladders will be instrumented with sensors

thinned down to 50 micron Si.

Novel rapid insertion mechanism allows
effective exchanges and repairs (~12 h)
Precision kinematic mount guarantees
reproducibility to < 20 microns

v
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STAR Recent Upgrades —Ist

Silicon sensor:
* Sensor from Hamamatsu Co.
g ——— B e Full depletion voltage ~ 70 V
= #1880 - Thickness: 300 um
e Sensor area: 40.0%¥76.9 mm?
Active area: 38.0%75.3 mm?
* Pad dimensions: ~0.6*6.3 mm?

: o
f m

APV25-515

: APV25-S1:
IST consist of 24 staves e 0.25 um CMOS, radiation hard
IST staves = Carbon fiber ladder + Liquid cooling tube * 128 channels parallel sampling
+ Kapton flex hybrid + Passive components 40 MHz sampling rate
N * 4 us analogue pipeline
+ 6 silicon pad sensors + « >15:1 signal to noise ratio

+ 3 x 12 APV25-S1 readout chips

Electrically divided in 3 units to reduce chance of failure of a full stave
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STAR Recent Upgrades -ssb

s Q] O

Ladder cards
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Introduction -- The STAR Experiment

Magnet MTD BEMC TPC TOF

|

Experiment

The best mid-y collider experiment:
Large acceptance

Excellent PID
Fast DAQ
Wide energy range

2014-4-12 The 30" WWND, April 6-12, 2014, Galveston, Texas 31



ntroduction — STAR Latest Results
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