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STAR Experiment in 2014-2016
TPCMTDMagnet BEMC BBCEEMC TOF

HFT

HFT: -1<η<1
TPC/TOF: -1<η<1

EMC: -1<η<2
MTD: |η|<0.5

VPD
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Years Beam Species and 
Energies

Science Goals New Systems Commissioned

2014-16
p+p, p+Au, p+Al, d+Au, 

He3+Au, and Au+Au
at 200 GeV

15 GeV Au+Au

Heavy quark energy loss, flow, thermalization
Quarkonium studies

Transverse spin physics

Extract eta/s + initial quantum fluctuations 
Search for QCD critical point

STAR HFT
STAR MTD

STAR FMS pre-shower, PHENIX MPC-EX

Electron lenses
56 MHz SRF

2017
p+p at 510 GeV

Au+Au at 62 GeV

Transverse spin physics

Energy dependence of parton energy loss

STAR FMS post-shower
(PHENIX decomissioning)

2018
96 Ru+96 Ru and 96Zr+96Zr 

at 200 GeV
Chiral Magnetic Effects STAR EPD

2019-20 Au+Au at 5-20 GeV
(BES II)

Search for QCD critical point and onset of 
deconfinement

STAR iTPC, eTOF
Low energy e-cooling

2021 p+p at 510 GeV (?) Low-x gluon helicity, TMD fSTAR (?)

2022-23
p+p, p+Au, Au+Au

at 200 GeV

Transverse spin physics, gluon saturation,
nuclear PDF, longitudinal flow decorrelation, 
initial conditions, eta/s, multiple haromoics

Jet probe of parton transport and energy loss,
Color-screening of Upsilon 

fSTAR (?)

sPHENIX (+fsPHENIX?)

2024- No Runs Transition to eRHIC

RHIC and STAR Run Plan
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iTPC: inner TPC, EPD: Event Plane Detector, ETOF: End-cap TOF, FXT: Fixed Target 

STAR Upgrade Plan
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VPD
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2019-2020
BESII



STAR Upgrade Plan
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VPD

TOF MTD BEMC

DAQ1k

TPC

HLT

DAQ10k

Trigger/DAQ

FTS

EEMC

FCS

iTPC

2021-2023
pp/pA/AA

RP II* RP II*

Existing New

ETOF

FCS: Forward Calorimeter System, FTS: Forward Tracking System

EPD



Forward Calorimeter Upgrade

Z.Ye, 3/18/20177

• Requirement:
• Full azimuthal in 2.5 < 𝜂 < 4
• EM energy resolution ~ 10%/√ (E) 
• Hadronic energy resolution ~ 70%/√ (E)

• Current design (area 3x2 m2, z=8-10 m):
• EM section:  

• reuse PHENIX EMCal Pb-Sci towers
• SiPM read out

• Hadronic section: 
• Sandwich Fe-Sci
• SiPM or APD read out

2014 FNAL Test Beam



Forward Tracker Upgrade

Z.Ye, 3/18/20178

• Requirement:
• Full azimuthal in 2.5 < 𝜂 < 4
• good resolution in 𝜙 for charge separation 

and momentum measurement
• low material to reduce multiple scattering 

and conversional background

• Current design (Si only or Si+sTGC):
• inside TPC:  3 (6) Si disks at z=70-140 cm

• Single-sided double-metal pad sensor: 
pad size depends on (R, z) - minimum 
size is ~ 3 mm x 100 µm in R-ϕ

• APV25 FEE, HFT-IST DAQ and cooling
• 0.5-1.0% X0 per plane

• Outside TPC: 4 sTGC at z=2.4-7 m
• Modified ATLAS orward design
• Position resolution: <300 µm in x-y
• 0.5% X0 per plane



Forward Upgrade for pp/pA Physics
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pp/pA Forward Physics - ∆G 

Z.Ye, 3/18/201710

Di jet reconstruction at
mid-¡©-rapidity and forward
regions will provide access
to low x regime.

• Single pion and jet ALL at RHIC have provided the first indication of positive 
contribution of the gluon polarization for x>0.05 to the proton spin.

∫ d
x 
�

g(
x)

0.
00

1

0.
05

∫ dx �g(x)
1

0.05

Q2 = 10 GeV2

NEW FIT

DSSV*

DSSV

90% C.L. region

90% C.L. region

-0.5

0

0.5

1

-0.2 -0.1 -0 0.1 0.2 0.3

PRL 113, 012001 (2014)



pp/pA Forward Physics - ∆G 

Z.Ye, 3/18/201711

• Single pion and jet ALL at RHIC have provided the first indication of positive 
contribution of the gluon polarization for x>0.05 to the proton spin.

• Di-jet ALL at forward regions will provide access to lower x regime.
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pp/pA Forward Physics - Saturation

Z.Ye, 3/18/201712
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gamma-hadron correlations
• gluon saturation at low x and Q2 in 

p+p collisions
• A-dependence of gluon saturation 

in p+A collisions



Forward Upgrade for AA Physics

Z.Ye, 3/18/201713

STAR Public Note SN0648 : The STAR Forward Calorimeter System and 
Forward Tracking System beyond BES-II

https://drupal.star.bnl.gov/STAR/starnotes/public/sn0648

Physics Measurements Longitudinal
de-correlation

Cn(Δη)           
rn (ηa,ηb)

η/s(T),
ζ/s(T)

Mixed flow
Harmonics
Cm,n,m+n

Ridge

Event
Shape 
and
Jet-

studies
Detectors Acceptance

Forward 
Calorimeter 

(FCS)

2.5 < η < 4
(photons, hadrons)

One of these
detectors 
necessary

One of these
detectors 
necessary

Good
to have One of 

these
detectors 
needed

Forward
Tracking System

(FTS)

2.5 < η < 4  
(charged particles) Important Important

Table 2-1: Physics measurements in A+A collisions with the proposed forward upgrade and with
other STAR upgrades that are relevant to those measurements.



AA Forward Physics - 𝜂/𝑠(𝑇)

Z.Ye, 3/18/201714

Effects on elliptic flow co-efficient v2 due to different parameterization of viscosity
parameter indicating a better constrain on η/s(T) can only be performed by
measurements at forward rapidity.

Denicol et al. PRL 116, 212301 (2016)



AA Forward Physics – Large y

Z.Ye, 3/18/201715

Long-range ridge structure observed in the di-hadron correlation in peripheral Pb+Pb
and high multiplicity p+Pb and p+p collisions at the LHC

STAR preliminary Need precision measurements at RHIC on 
longitudinal invariance and full 3D fluid-
dynamic modeling of heavy-ion collisions

STAR preliminary



Fixed Target Program at STAR

Z.Ye, 3/18/201716

First successful operation in FXT mode:
1.3 M top central 30% events in Au+Au
collisions at 𝑠11 = 4.5 GeV
• Measurements of yield, directed and 

elliptic flow of pion, Kaon and Lambda.
• First measurement of dynamical 

charge number fluctuation for this 
energy range.1 mm thick (4% interaction probability) 

gold foil target



Using Forward Upgrade for FXT

Z.Ye, 3/18/201717
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FCS: Forward Calorimeter System, FTS: Forward Tracking System, FXT: Fixed Target



Using Forward Upgrade for FXT
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Using Forward Upgrade for FXT

Z.Ye, 3/18/201719

CBM-STS TDR Fig 2.20
Hyperon from 5x106 Au+Au
collisions at 10 AGeV

CBM-STS TDR Fig 2.21
D from 1010 and 109 central
Au+Au collisions at 25 AGeV.

What can the forward upgrade do for the FXT at STAR?



Summary and Outlook

• Forward upgrade at STAR provide excellent opportunities to 
study spin, initial condition, and QGP in 2021-2023
• p+p collisions: ΔG, transverse spin, AN

• p+A collisions: gluon saturation, nuclear PDF
• A+A collisions: 𝜂 𝑠⁄ (𝑇), longitudinal decorrelation, initial condition
• Fixed target: to be explored - hyperon, hypernuclei, charm meson …

• Potential interest for some joint efforts?
• Compelling and overlapping physics interests for CBM and STAR?
• Construct extra CBM-STS stations for STAR forward?
• Use CBM-STS stations for STAR forward?
• …

Z.Ye, 3/18/201720



Backup

Z.Ye, 3/18/201721



Particle Identifications at STAR

TOF

EMC

HFT

Neutral particles 

Multiple-fold correlations for identified particles at mid-rapidity! 

Jets

Heavy-flavor hadrons

MTD

High pT muonsJets & Correlations

Hyperons & Hyper-nuclei

e, µ

TPC

Z.Ye, 3/18/20174



pp/pA Forward Physics - AN

Z.Ye, 3/18/201723

• New work suggests that twist-3 
FF could explain large pion AN
and small jet AN

• Measurements of charged pions
and flavor-enhaced jets in the 
forward region would help 
confirm this approach.
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pp/pA Forward Physics - AN

Z.Ye, 3/18/201724

• New work suggests that twist-3 
FF could explain large forward 
pion AN

• Measurements of charged pions
and flavor-enhanced jets in the 
forward region would help 
confirm this approach.
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AA Forward Physics – HF Hypernuclei

Z.Ye, 3/18/201725

• Heavy-flavor states • Heavy-flavor hypernuclei
http://belle.kek.jp/belle/talks/moriondQCD10/p.pakhlov.ppt

How about baryon states?
D-+pèn+D0

D-+4He stable

Tolos 0905.1850

Predicted to exist (70’s)
Cannot be produced in pp, ep
EIC enough energy for D/B hypernuclei
Forward p+A and peripheral A+A?
Vertex detector at Fragmentation region
Displace vertex: 3cm

Discovery potential !



Location & Space Constraints

Z.Ye, 3/18/201726

fSTAR

Solenoidal Magnetic Field: B=0.5 T
Space:  3<r<45 cm,  68<z<230 cm



Layout with uniform width in 𝜂

Z.Ye, 3/18/201727

Material budget: <0.5% X0 per plane



CBM STS

Z.Ye, 3/18/201728

1400x2000x
1100 mm3



Occupancy

Z.Ye, 3/18/2017

Assume total track=2*primary tracks:

Occupancy ≤     5% (inner R) 
10% (outer R) 

in 0-3% Au+Au collisions at 200 GeV

29


