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Is there a Critical Point?

2

Latest from the lattice: 

Patrick Steinbrecher QM18

No indication of CP for µB < 250 MeV

The QCD crossover line

May 16, 2018 Patrick Steinbrecher Slide 15
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Nuclear matter phase diagram

3

             1st Order Phase Transition

         SIS100/FAIR

NICA-FXT

              NICA-MPD

             J-PARC

                                                         SIS18/HADES
 RHIC BES-II         RHIC FXT

        SHINE
Quark-Gluon Plasma

Color 

SuperconductorHadron Gas

The Phases of QCD

Critical
Point?

Vacuum
Nuclear 
Matter

0 200 400 600 800 1000 1200 1400 16000

50

100

150

200

250

300

Te
m

pe
ra

tu
re

 (M
eV

)

Baryon Chemical Potential μB(MeV)

RHIC

LHC200 √s = 62.4 GeV

27

14.5
19.6

11.5

9.1

7.7

3927
60



Helen Caines - PAC - June 2018 

Nuclear matter phase diagram
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The BES-II upgrades

4Helen Caines - QM17

STAR upgrades for BES-II

17

Endcap ToF

Enhanced Acceptance  
Enhanced PID mid and forward 
Enhanced Event Plane Resolution 
Enhanced Centrality Definition 
Enhanced √s range

iTPC,   EPD,   
eTOF (from CBM), 
Fixed target

C. Yang QM2017

Inner TPC Endcap TOF 

Event Plane Detector 
Upgrades for BES-II

7Qian Yang, Quark Matter 2018, May 13th - 19th 2018, Venice

inner Time Projection Chamber endcap Time-Of-Flight

Event Plane Detector

iTPC upgrade EPD upgrade eTOF upgrade
Continuous pad rows

Replace all inner TPC sectors
Replace Beam Beam Counter Add CBM TOF modules and 

electronics (FAIR Phase 0)
|η|<1.5 2.1<|η|<5.1 -1.6<η<-1.1

pT > 60 MeV/c Better trigger & b/g reduction Extend forward PID capability

Better dE/dx resolution
Better momentum resolution

Greatly improved Event Plane info (esp. 
1st-order EP)

Allows higher energy range of Fixed
Target program

2018/5/15
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The BES-II upgrades

4Helen Caines - QM17

STAR upgrades for BES-II

17

Endcap ToF

Enhanced Acceptance  
Enhanced PID mid and forward 
Enhanced Event Plane Resolution 
Enhanced Centrality Definition 
Enhanced √s range

iTPC,   EPD,   
eTOF (from CBM), 
Fixed target

C. Yang QM2017

Inner TPC Endcap TOF 

Event Plane Detector 

Upgrades for BES-II

8Qian Yang, Quark Matter 2018, May 13th - 19th 2018, Venice

inner Time Projection Chamber endcap Time-Of-Flight

Event Plane Detector

One iTPC sector has been installed Full EPD has been installed 3 eTOF modules have been installed 

2018/5/15
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iTPC: enhanced acceptance

5

2018/5/15

iTPC Performance 

10Qian Yang, Quark Matter 2018, May 13th - 19th 2018, Venice

9 Excellent performance in bench test for MWPC:  

9 Gas gain uniformity  < 1.5% (RMS) & Energy resolution is  < 20% (FWMH)

9 Reasonable stability under X-ray irradiation test

→ 500 nA leakage current without trip or any sparks

9 iTPC (one sector) performance in current isobar collisions :  
9 Maximum hits per track: 45 → 72

9 Lower transverse momentum threshold of 60 MeV/c

9 η coverage extended to -1.7

z iTPC sector
z Regular sector

pT (GeV/c)

dN
/d

p T

z iTPC sector
z Regular sector

η
dN

/d
η

z iTPC sector
z Regular sector

Event display

One sector has been installed and operated this year

Hits/track 45—> 72 pT threshold 60 MeV/c η coverage to 1.7

Excellent MWPC bench test performance
Gas gain uniformity < 1.5% (RMS)
            E resolution < 20% (FWHM)

Reasonable stability under X-ray tests
 500nA leakage current

    no trips or sparks

Performance so far reaching expectations



Event Plane Detector Performance

2018/5/15 14Qian Yang, Quark Matter 2018, May 13th - 19th 2018, Venice

9 Measure current in SiPM due to Strontium source

--Tile uniformity within 2%, Cross-talk less than 1% 

9 All 744 tiles are good

9 Good correlation between BBC and EPD → Right timing

9 Timing resolution is about 0.75 ns with fastest TAC method

--0.35 ns with average TAC method, Rough slewing correction

9 Second-order event plane resolution is 0.37 in 20-30% centrality events at top energy isobar collisions

See Justin Ewigleben’s Poster 20

and Issac Upsal’s poster 527

Preliminary
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EPD: enhanced event plane resolution

6

Full EPD installed for Run 18 All 744 tiles are good

is no saturation due to either effect for up to 4-MIP events. Scaling 200 GeV Au+Au data
from PHOBOS by Npart indicates that the only tile that will have a significant number of 5+
MIP events is the innermost tile, indicating that saturation is not a problem for the highest
energy isobar runs.

Figure 54: The EPD shown installed in STAR in preparation for the 2018 Run. The EPD
strongback is divided into sextants, each of which hold two supersectors.

For Run 18, the EPD has signal in all 744 of its tiles. The detector was timed in and the
bias voltages were set within the first day of operations so that the data from the EPD can
be incorporated into all physics analyses from Run 18. The performance of the EPD tiles
is extremely uniform, in Figure 55, the ADC spectra for the innermost tile (tile 1) is shown
for all twelve tiles in the east side. There is no additional normalization applied to these
distributions, the agreement between them is very good. The full ADC spectra for a single
tile and in relationship to the TAC is also shown in this figure.

Figure 55: (left) ADC spectra for all twelve innermost tiles (tile 1) on the east side. There is no
additional normalization in this plot. (middle) The full ADC spectrum for a single inner tile. The
blue distribution is the ADC spectrum for in-time hits. The red distribution is the ADC spectrum
from out-of-time hits. The level of saturation shown is not large. (right) The distribution of the
ADC versus the TAC distribution for tile one. The beam satellites can clearly be seen.

The EPD ADC can be calibrated by dividing the ADC in a given tile by the ADC value
of the single MIP peak. This will not yield a direct particle multiplicity, but will put the
outer tiles and inner tiles on equal footing. The sum of the calibrated EPD sum compared

53

Average TAC timing 
resolution 0.35ns

 EP resolution better 
especially in peripheral 

events

Extremely uniform tile 
operation

Timed in and operational within first day of operation
EPD in main data stream for whole run



Physics	– ya	gotta	deal	with	it	
•  √s	=	27	GeV	à	ybeam	=	3.4	

•  EPD:	2.1	<	|η|	<	5.1		

BulkCorr	meeting	6	June	2018	 6	

directed	flow	changes	sign	in	EPD	acceptance	

•  spectators	:	(η	~>	3.4)		:	positive	flow	
•  participants	(η	<	3.4)				:	negative	flow	

Voloshin	&	Niida,	PRC94	(2016)	021901	

•  Deflections	in	opposite	directions	in	EPD	
•  Should	not	“treat	all	tiles	equally!”	

Helen Caines - PAC - June 2018 

EPD: directed flow over 10 units

7

Congratulations to 
the EPD team 

27 GeV ybeam=3.4
EPD 2.1< |η| <  5.1

Directed flow changes sign in EPD

Spectators (η > 3.4) positive v1 
Participants ((η < 3.4) negative v1 

Deflections in EPD in opposite direction 
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EPD: directed flow over 10 units

7

Congratulations to 
the EPD team 

Directed	flow	over	10	units	in	eta	

BulkCorr	meeting	6	June	2018	 10	

East	EPD	 West	EPD	TPC	

ybeam	 ybeam	

•  Smooth	function	over	entire	eta	range	
•  Evolution	from	(+)	to	(-)	flow	
•  small	asymmetry	exists;	under	study	

•  e.g.	v1(η=0)<0		[momentum	cons.]	STAR
internal

Au-Au
27 GeV

27 GeV ybeam=3.4
EPD 2.1< |η| <  5.1

Directed flow changes sign in EPD

Spectators (η > 3.4) positive v1 
Participants ((η < 3.4) negative v1 

Deflections in EPD in opposite direction 
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eTOF: enhanced forward PID

8

The endcap Time-Of-Flight upgrade

2018/5/15 12

9 Successfully commissioned in 2017 (one module)

9 Interface to STAR event builder & barrel TOF 

9 Engineering design for STAR module completed 

--Mounting scheme, HV distribution, Gas system layout, etc.

9 System integration successful → participating in data taking in 2018

9 Reasonable η-ϕ hit distribution → eTOF working properly

9 Time resolution 59 ps

9 System time resolution: 83 ps
9 Counter time resolution: 59 ps

Qian Yang, Quark Matter 2018, May 13th - 19th 2018, Venice

Overlap range 
of two MRPCs

Run 17 commissioning
Interface to STAR data completed
Engineering design completed

Participating 3 modules in data taking in Run 18

59 ps timing resolution established
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FXT: energy “upgrade”

9

21

FXT Energy Reach With Upgrades

Detector upgrades improve STAR PID and acceptance performance, for FXT energies up to 
7.7 GeV,  overlap energy with the collider mode

Yang Wu, Quark Matter 2018, Venice
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Executive summary

10

Executive Summary
This Beam Use Request from the STAR collaboration for RHIC Runs 19 and 20 is focused
on the NSAC endorsed [1] Beam Energy Scan Phase II (BES-II) program and is key to
the completion of the RHIC BES mission which started in 2010 and completed its Phase
I milestone in 2014. Collection of all the data outlined in 1 is STAR highest scientific
priority.

BES-II will dramatically enhance our understanding of the QCD phase diagram. The
proposed program involves dedicated low beam energy running and high precision measure-
ments of the observables that have been found to be sensitive to the phase structure of QCD
matter. In addition to the four lower energies from BES-I, STAR’s plan is to run a fifth
beam energy at p

sNN = 9.1 GeV. This energy will bridge the large gap in chemical potential
between the 7.7 and 11.5 GeV energies.

Table 1: Summary of all BES-II and FXT Au+Au beam energies, equivalent chemical potential,
requested event statistics, and run times.

Beam Energy p
sNN (GeV) µB (MeV) Run Time Number Events

(GeV/nucleon)
9.8 19.6 205 4.5 weeks 400M
7.3 14.5 260 5.5 weeks 300M
5.75 11.5 315 5 weeks 230M
4.55 9.1 370 9.5 weeks 160M
3.85 7.7 420 12 weeks 100M
31.2 7.7 (FXT) 420 2 days 100M
19.5 6.2 (FXT) 487 2 days 100M
13.5 5.2 (FXT) 541 2 days 100M
9.8 4.5 ( FXT) 589 2 days 100M
7.3 3.9 (FXT) 633 2 days 100M
5.75 3.5 (FXT) 666 2 days 100M
4.55 3.2 (FXT) 699 2 days 100M
3.85 3.0 (FXT) 721 2 days 100M

The collaboration proposes to extend its energy range further down to lower center-of-
mass energies by means of a fixed-target (FXT) program. The proposed energies for both
collider and fixed-target mode are summarized in Table 1.

Three upgrades were proposed for BES-II. Both the inner Time Projection Chamber
(iTPC) and the endcap Time of Flight (eTOF) are on schedule for full installation in Run
19; these increase the rapidity and low transverse momentum acceptance of STAR, and
extend our particle identification capabilities. The event plane detector (EPD) is currently
being commissioned as it was completed and installed prior to Run 18.

STAR’s highest scientific priority for Run 19 is the commencement of the RHIC
Beam Energy Scan II. The collaboration proposes to start with the two highest beam energies

i

STAR’s goal is the collection of all the data outlined below

Numbers updated from white paper given upgrades

Roughly equal spacing in µB given energies RHIC can circulate
Measure 7.7 in both collider and FXT mode
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Several standard 
signals disappear 
at √s < 15 GeV

High pT suppression gone 

B-M v2 separation gone

ϕ v2 ~ 0

v3 ~ 0

7.7 GeV

11.5 GeV

27 GeV

PRL 116 (2016) 112302

PRC 93 (2016) 14907

STAR

STAR
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BES-II: quark elliptic flow

12

Figure 39: Scaled v2 of the � meson showing the projected error bars for BES-II with the current
STAR TPC (blue band) and with the iTPC (red band).

2.5.2 Nuclear Modification Factor RCP

Another broadly discussed result from BES-I related to the onset of deconfinement is the
RCP measurement shown in Fig. 40 (for all BES-I energies) and Fig. 42 (for 7.7, 11.5 and
19.6 GeV). The high-pT suppression observed at the top RHIC energies is seen as an indi-
cation of the energy loss of partons in a colored medium, and the RAA measurements are
one of the clearest signatures for the formation of the quark-gluon plasma. This suppression
is expected to vanish at low collision energies, where the energy density becomes too low
to produce a significantly large and long-lived QGP. Because there was not a comparable
pp energy scan, the BES analysis has had to resort to RCP measurements as a proxy. Still
the study of the shape of RCP (pT ) will allow us to quantitatively address the evolution of
jet-quenching to lower beam energies.

A very clear change in behavior as a function of beam energy is seen in these data (see
Fig. 40); at the lowest energies (7.7 and 11.5 GeV) there is no evidence of suppression for the
highest pT values that are reached. This plot demonstrates the turn-off of net suppression
for high-pT hadrons produced in central collisions (0-5 %), relative to those produced in
peripheral collisions, (60-80 %), as expected for this signature of QGP formation. Fig. 40
clearly demonstrates that enhancement effects become very large at lower energies. This
does not exclude the possibility of QGP formation in the 7.7 and 11.5 GeV datasets, but
simply demonstrates that enhancement effects (Cronin type interactions, radial flow, and
the relative dominance of coalescence versus fragmentation for hadronization) might increase
faster than quenching effects at these energies. In order to identify at what collision energy

36

Precision measurement of the φ (and other) flow



Figure 27: Left: Comparison of the published BES-I 10-40% centrality net-proton directed flow
slope [52] with the BES-I error bar size for a much less populated centrality bin (10-15%), and
with the expected BES-II error bar size in the same narrow centrality bin. Right: Directed flow
slope from the JAM transport model [53]. The “JAM-1.0pt" in the legend denotes a first-order
phase transition, and “JAM-�-over" denotes a crossover, and the remaining option (green squares)
involves a purely hadronic equation of state. Note the ⇠5-fold difference between the vertical scales
of the two plots, and also note that below p

sNN ⇠ 15 GeV, there is negligible difference between
the definition of net-proton v1 (plotted on the left) and proton v1 (plotted on the right).

STAR’s 2014 BES v1 paper [52] prompted a series of comparisons with state-of-the-art
models, based on hydrodynamics or Boltzmann-type transport or a hybrid of the two, all
with realistic treatments of the QCD phases and the possible types of boundary between
those phases [53, 54, 55, 56, 57, 58, 59]. Overall, these recent model calculations all confirm
that directed flow at BES energies is quite sensitive to the assumed QCD equation of state
and to the assumed type of phase transition between hadronic and QGP phases, and they
all disfavor scenarios where only hadronic phases exist. On the other hand, agreement with
data is quite poor for all assumed QCD equations of state in all models; no model scenario
reproduces STAR’s observed minimum in proton directed flow in the relevant energy region
and there is disagreement among different theory authors on whether a crossover or first-
order phase transition is favored [60].

In particular, the authors of papers based on the JAM transport model [53, 58, 59]
conclude that v1 comparisons tend to favor the EOS with a first-order phase transition.
The authors of the Frankfurt hybrid model (which features Boltzmann transport for the
early and late stages of the collision, and hydrodynamics for the intermediate hot and dense
stage) conclude that overall agreement with proton v1 measurements is still too poor to
draw conclusions about the preferred EOS [54]. Meanwhile, the authors of comparisons
with the Parton-Hadron String Dynamics (PHSD) model [55] (a microscopic approach with
equations of state constrained by lattice QCD) and with a relativistic 3-fluid hydrodynamic
model (3FD) [57] report that the crossover EOS option is favored.

There is a close connection between the search for a first-order phase transition and

24
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Softest point in EOS

13

Fine centrality binning possible with 
BES-II data

Recent calculations consistent with 
original 2005 prediction

JAM 1.0pt: First order phase transition
                         strong “wiggle” 
JAM X-over - Cross over

                      weaker “wiggle”
JAM             - No transition
                            no “wiggle”

Y.Nara et al. Phys. Lett. B769 (2017) 543

net-proton directed flow

Theoretical calculations do not yet 
match data
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Coalescence of “produced” particles

14

the search for a critical point. A confirmed observation of a first-order phase transition
would imply that a critical point must exist, by ruling out a hypothesized scenario where
the boundary between hadronic matter and QGP is a smooth crossover throughout the
phase diagram as accessed by heavy-ion collisions. Such an observation would also have
implications for the allowed and excluded locations in µB of the critical point. While model
comparisons to date have underlined the importance of further theoretical work in order to
reach a confident interpretation, new experimental data are also essential for a definitive
conclusion.

Figure 28: Collision energy de-
pendence of the ⇤ directed flow
slope (dv1/dy) for intermediate
centralities (10–40%) compared to
the prediction of the coalescence
sum rule for produced quarks. The
inset shows the same comparison
where the vertical scale is zoomed-
out by a factor of 15 [27].

Because of the strong non-monotonic behavior observed for protons and net protons
[52, 27], other baryon species like ⇤ hyperons [27] are of special interest, and will have
excellent statistics in BES-II. In STAR’s 2018 paper on BES v1, results for ⇤ and anti-⇤ have
been particularly useful in probing quark coalescence behavior, as illustrated in Fig. 28. We
now have a sufficient number of different particle species to test a set of assumptions: That v1

is imparted while quarks are deconfined, that specific types of quark have the same directed
flow in the QGP phase, and that the detected hadrons form via statistical coalescence. In
the limit of small azimuthal anisotropy coefficients vn, statistical coalescence of deconfined
quarks which have already acquired azimuthal anisotropy leads to the vn of the resulting
mesons or baryons being the summed vn of their constituent quarks [61]. The familiar
number-of-constituent-quark (NCQ) scaling follows from this coalescence behavior. The ¯

⇤

results in Fig. 28 are especially relevant for demonstrating that excellent agreement with a
scaling pattern based on the three assumptions above is observed for p

sNN = 11.5 to 200
GeV, while one or more of them breaks down at 7.7 GeV at the level of ⇠4.5� (statistical).
The enhanced statistics of BES-II will allow these patterns of quark-level behavior to be
probed more accurately and for several additional species.

Although BES-I statistics are insufficient for a systematic study of the centrality depen-
dence of directed flow, it is noteworthy that at low BES energies, proton v1(y) magnitudes
appear to increase by roughly a factor of 5 when going from intermediate centralities to
more peripheral centralities. Normally, anisotropic flow coefficients exhibit far less central-

25

Coalescence sum rule: “produced” particles

9

Assumptions:
y v1 is developed in prehadronic stage
y Hadrons are formed via coalescence: (vn)hadron = Σ(vn)constituent quarks
y (v1)ū = (v1)đ and (v1)s = (v1)
. y Constituent quarks of anti-p,

anti-Λ and K- are all
produced in the collision.
y For anti-Λs, prediction using
coalescence sum rule
agrees with measured v1
above √sNN = 11.5 GeV.
y Disagreement at 7.7 GeV
implies the failure of one or
more of the assumptions
below 11.5 GeV.

9STAR, Phys. Rev. Lett. 120 (2018) 62301Gang Wang

anti-Λ predicted from 
quark values deduced 
from K and p

Coalescence sum rule: “produced” particles

9

Assumptions:
y v1 is developed in prehadronic stage
y Hadrons are formed via coalescence: (vn)hadron = Σ(vn)constituent quarks
y (v1)ū = (v1)đ and (v1)s = (v1)
. y Constituent quarks of anti-p,

anti-Λ and K- are all
produced in the collision.
y For anti-Λs, prediction using
coalescence sum rule
agrees with measured v1
above √sNN = 11.5 GeV.
y Disagreement at 7.7 GeV
implies the failure of one or
more of the assumptions
below 11.5 GeV.

9STAR, Phys. Rev. Lett. 120 (2018) 62301Gang Wang

Fails for 7.7 GeV -
At least one assumption 
incorrect

What happens at 
lower √s?

   Finer centrality bins?
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13

Directed Flow Comparison Across Experiments & Energies

Proton v1 agrees with E895; Λ is close to proton
First " results shown for this energy range
"#, "$ ordering supports idea that transported quarks have bigger effect on "$ (See Gang Wang’s talk, May 16, 11:50)
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STAR PRELIMINARY

STAR PRELIMINARY

E895  PRL 84 (2000) 5488
STAR PRL 112 (2014) 162301

FXT statistical error only

Au+Au

FXT: 4.5 GeV

Au+Au
FXT: 4.5 GeV

Yang Wu, Quark Matter 2018, Venice

Run 18 (with EPD):
1 B events at 7.2 GeV
100 M events at 3.0 GeV

Fluctuation measurements below 7 GeV

v1 at 4.5 GeV:
p and Λ similar values
First identified π results
Suggestion of difference between π+ and π-

Transported quarks have stronger effect on π- 
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BES-II: directed flow improvements
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iTPC+ eTOF: 
Enhanced coverage at forward y 

Signal larger - role of baryon stopping 

[Simulation: UrQMD at 19.6 GeV]

Precision measurement of dv1/dy as function of centrality
Current data: Double sign change of v1 
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EPD Improvements 
!  Net proton v1 

versus √sNN at 
mid-rapidity 
!  BES I data from 

10-40% 

!  The grey bars 
indicate what the 
error bars would 
have been with a 
narrow centrality 

Rosi Reed - 2016 RHIC/AGS Users Meeting 26 

BES-I Data 
BES-II  
BES-II + EPD 

BES-II: directed flow improvements

16

iTPC+ eTOF: 
Enhanced coverage at forward y 

Signal larger - role of baryon stopping 

[Simulation: UrQMD at 19.6 GeV]

Precision measurement of dv1/dy as function of centrality
Current data: Double sign change of v1 

EPD: 
Enhanced 1st order EP resolution 

Reduced systematics
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Presence of Critical Point?
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Critical Points:  
divergence of susceptibilities 

e.g. magnetism transitions  
divergence of correlation lengths 

e.g. critical opalescence 

Correlation lengths diverge → 
Net-p κσ2 diverge

Top 5% central collisions:
Non-monotonic behavior 

Peripheral collisions:
smooth trend

Hints of Critical fluctuations

Comparison with STAR BES-I 

     red/black = unfolding (preferred method) + vol. flucs. corr. 
 

     green = evt-by-evt eff correction of factorial moments + vol. flucs. corr. 

HADES 
preliminary 

HADES 
preliminary 

STAR analysis:  Xiaofeng Luo et al., PoS (CPOD2014) 019 
                                                          arXiv:1503.02558v2 

QM2017      February 6 - 11, 2017        Chicago IL    20 

NB: Different y and pT ranges

 R. Holzmann QM2017
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iTPC
iTPC

BES-II: Critical fluctuations

18

iTPC: 
Increase Δyp acceptance
Δyp > Δy correlation 

Current data:  Suggestive of non-trivial √s dependence of net   

                                proton cumulant ratios

Subject actively pursued 
theoretically

Establish true nature 
of correlation

EPD: 
Improved centrality selection 

Use all TPC for measurement
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Light-ion FXT target?
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Question:

Does baryon stopping dominate net-proton fluctuation measurements?

Proposed Test:

Au+light ion collisions  
No QGP created but significant baryon stopping
If stopping is poisson in nature - correlation random

Under discussion:

Insert a Be target above the current FXT Au target 
- needs more detailed discussion with CAD

Can measure fluctuations in the target rapidity region

Determine if fluctuations all due to stopping



Helen Caines - PAC - June 2018 

Connection to fireball lifetime 

9/23/16� Hard Probes 2016, Wuhan China, B. Huang ��

!  Integrated excess yield normalized by dNch/dy, is proportional to lifetime of fireball 
from 17.3 – 200 GeV.  

Given that total baryon density is nearly constant and emission rate is dominant in the near�Tc region. 
 
R. Rapp, H. van Hees PLB 753 (2016) 586-590 

Low mass di-lepton excess

20

Low mass excess∝ fireball lifetime  
for large range of beam energies and 
centralities

Need to add more low 
energy data

Excess driven by convolution of total baryon density, hot dense medium 
effects and the medium’s lifetime

2.4 Dilepton Measurements and Search for Chiral Symmetry Restora-
tion

Dileptons are a crucial probe of the strongly interacting matter created in ultra-relativistic
heavy-ion collisions. Leptons traverse the medium with minimal interactions, but they are
produced during the whole evolution of the created matter. Different kinematic ranges of
dilepton pairs (mass and transverse momentum ranges) can be used to selectively probe the
properties of the formed matter throughout its entire evolution.

The observed dilepton yields have contributions from many sources integrated over the
entire evolution of the collision. In-medium properties of vector mesons (i.e. the mass
and width of the ⇢(770), !(782), and �(1020) mesons) can be studied via their decays to
dileptons in the low invariant mass ranges of lepton pairs (Mll < 1.1 GeV/c2). These in-
medium properties may exhibit modifications related to possible chiral symmetry restoration.
Observations at SPS and RHIC indicate enhancements of the dilepton yields at low pT and
in the low invariant mass range between the ⇡ and ⇢ mass. These enhancements cannot be
described with model calculations that involve only the vacuum ⇢ spectral function.

Figure 33: Total baryon density, represented by (p +
p)/(⇡+ + ⇡

�), vs. collision energy.

Dynamic models [66] show that the broadening of the width of the ⇢ can be attributed to
interactions with the surrounding nuclear medium, i.e. to the coupling of ⇢ to the baryons
and their resonances. These interactions affect the properties of the ⇢ even in the cold
nuclear matter. In hot nuclear matter, where temperature and/or baryon density is high,
these interaction are expected to cause the width to further broaden to the extent that it
becomes indistinguishable from the radiation continuum. This continuum coincides with the
dilepton thermal radiation from QGP at the phase transition temperature. Measuring the
temperature dependence of the dilepton yields at low mass would thus be a key observable.

To help further disentangle the various factors that play a role in measuring the dielectron
production in the low mass range, we show in Fig. 33 the charged baryon density vs. the
collision energy. Here, the total baryon density at freeze-out is approximated by the measured
ratio of the sum of proton and antiproton yields over the sum of charged pion yields. The plot
shows that above approximately p

sNN =20 GeV the total baryon density remains almost
independent of the beam energy. Consequently, the medium effect on the ⇢ meson and
its dielectron spectrum are independent of beam energy when the dielectrons are emitted

30

Above 20 GeV 
Total baryon density ~ constant
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BES-II: change total baryon number

21

ρ-meson broadening: 
different predictions for di-electron continuum (Rapp vs PHSD) 
iTPC: Significant reduction in sys. and stat. uncertainties  

Enables to distinguish between models for √s =7.7-19.6 GeV

Low Mass Region: 
iTPC: Significant reduction in sys. and stat. uncertainties  

Disentangle total baryon density effects

 T. Galatyuk, QM2017

HADES Prelim.0-40% 
0.3<Mee<0.7 GeV/c2
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Global Λ polarization
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Non-zero measurement now 
demonstrated 200 GeV

Also as function of centrality

Consistent polarization for particle 
and anti-particle (within statistical 
precision)

8
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Λ
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|<1, 0.5<pη|

FIG. 5. Λ (Λ̄) polarization as a function of the collision cen-
trality in Au+Au collisions at

√
sNN = 200 GeV. Open boxes

show systematic uncertainties.

that the polarization is generated by a rotation of the444

system and therefore does not have a strong pT depen-445

dence. One might expect a decrease of the polarization at446

lower pT due to the smearing effect caused by scattering447

at the later stage of the collisions and/or a decrease of448

polarization at higher pT because of a larger contribution449

from jet fragmentation, but it is difficult to discuss such450

effects given the current experimental uncertainties. Cal-451

culations for primary Λ from a hydrodynamic model with452

two different initial conditions (IC) [33] are compared to453

the data. The pT dependence of the polarization slightly454

depends on the initial conditions, i.e. Glauber IC with455

the initial tilt of the source [11, 31] and the initial state456

from the UrQMD model [34]. The UrQMD IC includes a457

pre-equilibrium phase which leads to the initial flow, but458

the Glauber IC does not include it, and the initial energy459

density profile is different between the two ICs, both of460

which would affect the initial angular momentum. The461

data are closer to the UrQMD IC, but on average are462

slightly higher than the calculations.463

Figure 7 presents the pseudorapidity dependence of the464

polarization for Λ and Λ̄. It is consistent with being465

constant within uncertainties. The vorticity is expected466

to be larger at forward and backward rapidities because467

of a stronger shear flow structure [9, 32]. However, due468

to baryon transparency at higher collision energy and469

limited detector acceptance, this effect might be difficult470

to observe.471

As mentioned in the introduction, the vorticity might472

be also related to anomalous chiral effects [13]. Similar to473

the Chiral Magnetic Effect, which is the induction of an474

electric current along the magnetic field in a medium with475
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FIG. 6. Polarization of Λ and Λ̄ as a function of pT for the
20%–60% centrality bin in Au+Au collisions at

√
sNN = 200

GeV. Open boxes show systematic uncertainties. Hydrody-
namic model calculations for Λ with two different initial con-
ditions (IC) are compared.

non-zero axial charge, a vector current can be generated476

by the system rotation, due to coupling of the vorticity477

to the particle spin, which is called the Chiral Vortical478

Effect. One the other hand, the axial current J5 can be479

generated in the medium with non-zero vector chemical480

potential µv by the magnetic field B (J5 ∝ µvB) where481

the particle spin is (anti-)aligned with the direction of482

B (known as the Chiral Separation Effect). Note that483

J5 is along the magnetic field in the case of µv > 0,484

but is opposite for µv < 0. Since the directions of the485

magnetic field and the initial angular momentum of the486

system are parallel, an additional contribution by J5 to487

the polarization might be observed, i.e., for µv > 0 (µv <488

0), the spins of particles (antiparticles) in J5 are aligned489

to the direction of B which can contribute to the hyperon490

polarization. One can test it by studying the dependence491

of the polarization on an event charge asymmetry, Ach =492

⟨N+ − N−⟩/⟨N+ + N−⟩, assuming the relation µv/T ∝493

Ach.494

Figure 8 presents the polarization as a function of the495

event charge asymmetry Ach, where Ach was normalized496

by its RMS, σAch , to avoid a possible centrality bias, since497

the width of the Ach distribution becomes wider in pe-498

ripheral collisions. The results have large uncertainties,499

but the dependence on Ach/σAch seems to be different500

for Λ and Λ̄. The data were fitted with a linear func-501

tion and the extracted slope values are shown in Fig. 8.502

The observed difference in slopes is a 1–2σ effect. The503

trend (slope signs) is consistent with a naive expectation504

that in the events with larger (smaller) J5, more (anti-505

Global	Polarization	and	Vorticity

19

• First observation of Λ global polarization at 200 GeV
• First observation of quadrupole structure of Λ polarization 

along beam direction
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BES-II: Magnetic field determination
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Non-zero measurement now 
demonstrated 200 GeV

Also as function of centrality

Consistent polarization for particle 
and anti-particle (within statistical 
precision)

8
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FIG. 5. Λ (Λ̄) polarization as a function of the collision cen-
trality in Au+Au collisions at

√
sNN = 200 GeV. Open boxes

show systematic uncertainties.

that the polarization is generated by a rotation of the444

system and therefore does not have a strong pT depen-445

dence. One might expect a decrease of the polarization at446

lower pT due to the smearing effect caused by scattering447

at the later stage of the collisions and/or a decrease of448

polarization at higher pT because of a larger contribution449

from jet fragmentation, but it is difficult to discuss such450

effects given the current experimental uncertainties. Cal-451

culations for primary Λ from a hydrodynamic model with452

two different initial conditions (IC) [33] are compared to453

the data. The pT dependence of the polarization slightly454

depends on the initial conditions, i.e. Glauber IC with455

the initial tilt of the source [11, 31] and the initial state456

from the UrQMD model [34]. The UrQMD IC includes a457

pre-equilibrium phase which leads to the initial flow, but458

the Glauber IC does not include it, and the initial energy459

density profile is different between the two ICs, both of460

which would affect the initial angular momentum. The461

data are closer to the UrQMD IC, but on average are462

slightly higher than the calculations.463

Figure 7 presents the pseudorapidity dependence of the464

polarization for Λ and Λ̄. It is consistent with being465

constant within uncertainties. The vorticity is expected466

to be larger at forward and backward rapidities because467

of a stronger shear flow structure [9, 32]. However, due468

to baryon transparency at higher collision energy and469

limited detector acceptance, this effect might be difficult470

to observe.471

As mentioned in the introduction, the vorticity might472

be also related to anomalous chiral effects [13]. Similar to473

the Chiral Magnetic Effect, which is the induction of an474

electric current along the magnetic field in a medium with475
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FIG. 6. Polarization of Λ and Λ̄ as a function of pT for the
20%–60% centrality bin in Au+Au collisions at

√
sNN = 200

GeV. Open boxes show systematic uncertainties. Hydrody-
namic model calculations for Λ with two different initial con-
ditions (IC) are compared.

non-zero axial charge, a vector current can be generated476

by the system rotation, due to coupling of the vorticity477

to the particle spin, which is called the Chiral Vortical478

Effect. One the other hand, the axial current J5 can be479

generated in the medium with non-zero vector chemical480

potential µv by the magnetic field B (J5 ∝ µvB) where481

the particle spin is (anti-)aligned with the direction of482

B (known as the Chiral Separation Effect). Note that483

J5 is along the magnetic field in the case of µv > 0,484

but is opposite for µv < 0. Since the directions of the485

magnetic field and the initial angular momentum of the486

system are parallel, an additional contribution by J5 to487

the polarization might be observed, i.e., for µv > 0 (µv <488

0), the spins of particles (antiparticles) in J5 are aligned489

to the direction of B which can contribute to the hyperon490

polarization. One can test it by studying the dependence491

of the polarization on an event charge asymmetry, Ach =492

⟨N+ − N−⟩/⟨N+ + N−⟩, assuming the relation µv/T ∝493

Ach.494

Figure 8 presents the polarization as a function of the495

event charge asymmetry Ach, where Ach was normalized496

by its RMS, σAch , to avoid a possible centrality bias, since497

the width of the Ach distribution becomes wider in pe-498

ripheral collisions. The results have large uncertainties,499

but the dependence on Ach/σAch seems to be different500

for Λ and Λ̄. The data were fitted with a linear func-501

tion and the extracted slope values are shown in Fig. 8.502

The observed difference in slopes is a 1–2σ effect. The503

trend (slope signs) is consistent with a naive expectation504

that in the events with larger (smaller) J5, more (anti-505

Global	Polarization	and	Vorticity
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• First observation of Λ global polarization at 200 GeV
• First observation of quadrupole structure of Λ polarization 

along beam direction

After the greatly improved BES-II measurements, any possible future explanation of v1

data in terms of purely hadronic physics would have to predict the detailed phenomenology
of the centrality, rapidity, and transverse momentum dependence of directed flow for various
particle species as a function of beam energy.

2.2 Global Polarization and Future Measurement of the Transient
Magnetic Field During Heavy-Ion Collisions

In August 2017, STAR published in Nature the first observation of global polarization of ⇤

hyperons in heavy-ion collisions [38] and a graphic based on the STAR result was reproduced
on the front cover. At intermediate centralities (20-50%), it was shown that the polarization
direction of the ⇤s is correlated, at the level of several percent, with the direction of the
system angular momentum. As a result of this coupling, global ⇤ polarization measurements
provide the first experimental access to the vortical structure of the “perfect fluid" created
in a heavy-ion collision.

STAR’s observation of a non-zero signal of the global polarization of ⇤ hyperons for
non-central Au+Au collisions at p

sNN = 7.7 � 39 GeV, was with the level of 1.1–3.6 times
statistical uncertainty at each energy. The fluid vorticity (non-relativistically defined in
terms of the curl of the velocity vector) created at RHIC is estimated to be about 9 ⇥ 10

21

s�1; 14 orders of magnitude higher than that of any fluid observed to date. Thus, relativistic
heavy-ion collisions produce not only record-setting temperatures and unprecedentedly low
viscosity (in dimensionless units), but we now have experimental evidence that high-energy
nuclear collisions generate unmatched high vorticity.

In 2016, Takahashi et al. [62] reported in Nature Physics the first observation of a
coupling between the vorticity of a fluid (liquid mercury) and the internal quantum spin of
the electron, opening the door to a new field of fluid spintronics. In their study, vorticity is
generated through shear viscous effects as liquid mercury flows next to a rigid wall. Thus,
STAR’s result at RHIC marks the first beginnings of the field of nuclear fluid spintronics.

Figure 30: The global polarization difference, ⇤̄ mi-
nus ⇤, is directly proportional to the magnetic field B

and varies inversely with the temperature T , as plot-
ted here on the vertical axis. Ten percent on this di-
mensionless scale corresponds to a magnetic field of
about 8 ⇥ 1014 Tesla. The points marked BES-I, along
with their error bars, are based on the measurements
published in [38], while the much smaller error bars
marked BES-II in the legend indicate the expected sta-
tistical errors for event samples proposed in the BES-II
whitepaper [45]. The plot includes a BES-I point at 27
GeV, and also an error bar for BES-II at this beam
energy based on 109 events, as planned for Run 18.

27

Difference ∝B-field/T 

10% on y axis corresponds to 8x1014 T

BES-II resolve >5σ difference 
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Updated event statistics requirements
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2 Proposal for Beam Energy Scan Phase 2
In Run 19, STAR proposes to initiate BES-II. Specific details of the physics goals and
required statistics at each energy are given below. In addition, STAR is proposing a fixed
target program to allow access to energies below those possible at RHIC in collider mode.

Table 8: Event statistics (in millions) needed in BES-II for various observables. This table updates
estimates originally documented in Ref. [45].

Collision Energy (GeV) 7.7 9.1 11.5 14.5 19.6
µB (MeV) in 0-5% central collisions 420 370 315 260 205
Observables
RCP up to pT = 5 GeV/c - 160 125 92
Elliptic Flow (� mesons) 80 120 160 160 320
Chiral Magnetic Effect 50 50 50 50 50
Directed Flow (protons) 20 30 35 45 50
Azimuthal Femtoscopy (protons) 35 40 50 65 80
Net-Proton Kurtosis 70 85 100 170 340
Dileptons 100 160 230 300 400
>5� Magnetic Field Significance 50 80 110 150 200
Required Number of Events 100 160 230 300 400

In 2014, the STAR Collaboration released a white paper [45] in which the status of the
analysis results was summarized from the first phase of the Beam Energy Scan (BES-I)
and a second phase dedicated to low-energy running was proposed. In the following years,
this white paper was followed by several detector-upgrade proposals [46, 47, 48] which in
anticipation of Phase-II significantly improve STAR’s capabilities in terms of acceptance,
efficiency, and particle identification. At this time, the STAR collaboration has published
23 papers pertaining to beam energies at and below 39 GeV (one in Nature, 8 in PRL and
2 in PLB), has submitted 3, and has another 5 papers in advanced stages of preparation.
The results contained in these publications, while spectacular in many ways, point to several
unanswered questions of far-reaching importance.

A disappearance of QGP signatures was indeed seen in the breakdown of constituent
quark scaling of elliptic flow at beam energies below 19.6 GeV, in the disappearance of high
pT suppression for energies near 27 GeV and below, and in the collapse of charge separation
that is attributed to the Chiral Magnetic Effect below 11.5 GeV, to name a few. There
still remains some uncertainty in the interpretation of these observations, i.e., it can be
a challenge to unambiguously distinguish between a scenario where QGP production itself
disappears, and the alternative picture in which our sensitivity to a QGP signature fades
away. Hints of a first-order phase transition are seen in directed flow for baryons and net
baryons. The measured directed flow at intermediate centralities has moderately good sta-
tistical significance, but as will be detailed in the next subsection, comparisons with recent

22

Typically factor 20 more than for BES-I

+100M for each FXT energy

dileptons drive the event request
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BES-II extension into 2021
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in collider mode (19.6 and 14.5 GeV), as well as the associated FXT energies (4.5 and
3.9 GeV). Next, FXT energies starting at p

sNN =7.7 GeV should follow. Access to FXT
data at p

sNN =7.7 GeV will provide for an important cross-check with the collider-mode
data at that same energy. We list the Run-19 priorities and proposed sequence in Table 2

STAR’s highest scientific priority for Run 20 is the continuation of the RHIC Beam
Energy Scan II. The collaboration proposes to start with the highest beam energies in collider
mode, as well as the fixed-target energies that are associated with the single-beam energies
for those collider-mode energies.

The request for the start of the BES-II program considers the following scenarios:

• Scenario 1: 19 cryo-weeks in 2019 and and 24 cryo-weeks 2020 (Tables 2, 3)

• Scenario 2: 19 cryo-weeks in 2019 and 2020 (Tables 2, 4)

• Scenario 3: 24 cryo-weeks in 2019 and 2020 (Tables 2, 5)

• Scenario 4: 24 cryo-weeks in 2019 and and 19 cryo-weeks 2020 (Tables 2, 6)

With guidance from the Collider-Accelerator Department, each scenario has cryo-weeks
assigned to commissioning of Low-Energy RHIC electron Cooling (LEReC): six weeks in
Run 19 and five weeks in Run 20. For all scenarios we have to assume a third year of
RHIC running to follow, in order to allow the completion of the BES-II physics mission.
Specifically, the request of twelve weeks for p

sNN = 7.7 GeV will need to be collected in a
third year of BES-II. Moreover, some scenarios necessitate this third run to address parts of
the requests for the p

sNN = 9.1 GeV. Run 21 would thus combine the remainder of BES-II
with the start of STAR’s forward physics program which would see a

p
s =500 GeV polarized

pp run that year as proposed in [2, 3].
For scenarios 3 and 4, STAR proposes to split the cryo-week budget between a nineteen-

week run in the Spring of 2019 and combine the remaining five weeks with part of the
cryo-week budget of Run 20 to allow for second run in the Fall of 2019. Tables 5 and 6
provide more details. Consequently, the Beam Use Request for the first nineteen cryo-weeks
of Run 19 will be similar for every scenario and is listed in Table 2.

This BUR document is outlined as follows: first, as requested, in Section 1 we report
highlights from analyses completed since the last PAC meeting, with a focus on data from
Runs 14-17. Sections 2 and 3 detail the STAR Collaboration’s BES-II and Fixed-Target
physics programs which motivates the Run 19 and Run 20 beam use request. Next in
Section 4 we outline the status of the upgrades intended for both programs.

ii

For more details about running at 500 GeV see Elke’s talk
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Table 2: Scenarios 1, 2, 3, and 4 -Run 19 assuming nineteen cryo-weeks of running, including
six weeks of LEReC commissioning, and two weeks of cool-down/set-up time

Single-Beam p
sNN (GeV) Run Time Species Events Priority Sequence

Energy (GeV/n)
9.8 19.6 4.5 weeks Au+Au 400M 1 1
9.8 4.5 (FXT) 2 days Au+Au 100M 2 2
7.3 14.5 5.5 weeks Au+Au 300M 1 3
7.3 3.9 (FXT) 2 days Au+Au 100M 2 4
31.2 7.7 (FXT) 2 days Au+Au 100M 3 5

Table 3: Scenario 1 - Run 20 assuming twenty-four cryo-weeks of running, including five weeks
of LEReC commissioning, and two weeks of cool-down/set-up time.1

Single-Beam p
sNN (GeV) Run Time Species Events Priority Sequence

Energy (GeV/n) Spring 2020
5.75 11.5 5 weeks Au+Au 230M 1 1
5.75 3.5 (FXT) 2 days Au+Au 100M 2 2
4.55 9.1 7 weeks2 Au+Au 118M2 1 3
4.55 3.2 (FXT) 2 days Au+Au 100M 3 4
19.5 6.2 (FXT) 2 days Au+Au 100M 3 5
13.5 5.2 (FXT) 2 days Au+Au 100M 3 6
3.85 3.0 (FXT) 2 days Au+Au 100M 4 7

1 The BES-II request includes a 7.7 GeV run which requires 12 cryo-weeks. This data set
will need to be collected in a third year of BES-II.

2 The complete request is for 160M MB events and will take 9.5 cryo-weeks to collect
assuming design cooling performance. The remainder of the data will be collected in a
third year of BES-II.

iii

Expect installation and commissioning of upgrades to last until Feb 27th

See Flemming’s talk for more details 
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Table 2: Scenarios 1, 2, 3, and 4 -Run 19 assuming nineteen cryo-weeks of running, including
six weeks of LEReC commissioning, and two weeks of cool-down/set-up time

Single-Beam p
sNN (GeV) Run Time Species Events Priority Sequence

Energy (GeV/n)
9.8 19.6 4.5 weeks Au+Au 400M 1 1
9.8 4.5 (FXT) 2 days Au+Au 100M 2 2
7.3 14.5 5.5 weeks Au+Au 300M 1 3
7.3 3.9 (FXT) 2 days Au+Au 100M 2 4
31.2 7.7 (FXT) 2 days Au+Au 100M 3 5

Table 3: Scenario 1 - Run 20 assuming twenty-four cryo-weeks of running, including five weeks
of LEReC commissioning, and two weeks of cool-down/set-up time.1

Single-Beam p
sNN (GeV) Run Time Species Events Priority Sequence

Energy (GeV/n) Spring 2020
5.75 11.5 5 weeks Au+Au 230M 1 1
5.75 3.5 (FXT) 2 days Au+Au 100M 2 2
4.55 9.1 7 weeks2 Au+Au 118M2 1 3
4.55 3.2 (FXT) 2 days Au+Au 100M 3 4
19.5 6.2 (FXT) 2 days Au+Au 100M 3 5
13.5 5.2 (FXT) 2 days Au+Au 100M 3 6
3.85 3.0 (FXT) 2 days Au+Au 100M 4 7

1 The BES-II request includes a 7.7 GeV run which requires 12 cryo-weeks. This data set
will need to be collected in a third year of BES-II.

2 The complete request is for 160M MB events and will take 9.5 cryo-weeks to collect
assuming design cooling performance. The remainder of the data will be collected in a
third year of BES-II.

iii

Table 4: Scenario 2 - Run 20 assuming nineteen cryo-weeks of running, including five weeks of
LEReC commissioning, and two weeks of cool-down/set-up time.1

Single-Beam p
sNN (GeV) Run Time Species Events Priority Sequence

Energy (GeV/n) Spring 2020
4.55 9.1 9.5 weeks Au+Au 160M 1 1
4.55 3.2 (FXT) 2 days Au+Au 100M 2 2
5.75 3.5 (FXT) 2 days Au+Au 100M 3 3
7.3 3.9 (FXT) 2 days Au+Au 100M 3 4
19.5 6.2 (FXT) 2 days Au+Au 100M 3 5
13.5 5.2 (FXT) 2 days Au+Au 100M 3 6
3.85 3.0 (FXT) 2 days Au+Au 100M 4 7

1 The BES-II request includes an 11.5 GeV and 7.7 GeV run which require 5 and 12 cryo-
weeks, respectively. These data sets will need to be collected in a third year of BES-II.

Table 5: Scenario 3 - combined Fall ’19 run with five cryo-weeks from Run 19 and nine cryo-
weeks from Run 20 assuming twenty-four cryo-weeks of running, including five weeks of LEReC
commissioning, and two weeks of cool-down/set-up time. Followed by a Spring ’20 run of the
remaining thirteen cryo-weeks.1

Single-Beam p
sNN (GeV) Run Time Species Events Priority Sequence

Energy (GeV/n) Fall 2019
5.75 11.5 5 weeks Au+Au 230M 1 1
5.75 3.5 (FXT) 2 days Au+Au 100M 2 2
19.5 6.2 (FXT) 2 days Au+Au 100M 3 3
13.5 5.2 (FXT) 2 days Au+Au 100M 3 4
3.85 3.0 (FXT) 2 days Au+Au 100M 4 5

Spring 2020
4.55 9.1 9.5 weeks Au+Au 160M 1 1
4.55 3.2 (FXT) 2 days Au+Au 100M 2 2

1 The BES-II request includes a 7.7 GeV run which requires 12 cryo-weeks. This data set
will need to be collected in a third year of BES-II.

iv
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Running in Fall of 2019
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Table 4: Scenario 2 - Run 20 assuming nineteen cryo-weeks of running, including five weeks of
LEReC commissioning, and two weeks of cool-down/set-up time.1

Single-Beam p
sNN (GeV) Run Time Species Events Priority Sequence

Energy (GeV/n) Spring 2020
4.55 9.1 9.5 weeks Au+Au 160M 1 1
4.55 3.2 (FXT) 2 days Au+Au 100M 2 2
5.75 3.5 (FXT) 2 days Au+Au 100M 3 3
7.3 3.9 (FXT) 2 days Au+Au 100M 3 4
19.5 6.2 (FXT) 2 days Au+Au 100M 3 5
13.5 5.2 (FXT) 2 days Au+Au 100M 3 6
3.85 3.0 (FXT) 2 days Au+Au 100M 4 7

1 The BES-II request includes an 11.5 GeV and 7.7 GeV run which require 5 and 12 cryo-
weeks, respectively. These data sets will need to be collected in a third year of BES-II.

Table 5: Scenario 3 - combined Fall ’19 run with five cryo-weeks from Run 19 and nine cryo-
weeks from Run 20 assuming twenty-four cryo-weeks of running, including five weeks of LEReC
commissioning, and two weeks of cool-down/set-up time. Followed by a Spring ’20 run of the
remaining thirteen cryo-weeks.1

Single-Beam p
sNN (GeV) Run Time Species Events Priority Sequence

Energy (GeV/n) Fall 2019
5.75 11.5 5 weeks Au+Au 230M 1 1
5.75 3.5 (FXT) 2 days Au+Au 100M 2 2
19.5 6.2 (FXT) 2 days Au+Au 100M 3 3
13.5 5.2 (FXT) 2 days Au+Au 100M 3 4
3.85 3.0 (FXT) 2 days Au+Au 100M 4 5

Spring 2020
4.55 9.1 9.5 weeks Au+Au 160M 1 1
4.55 3.2 (FXT) 2 days Au+Au 100M 2 2

1 The BES-II request includes a 7.7 GeV run which requires 12 cryo-weeks. This data set
will need to be collected in a third year of BES-II.

iv

Table 6: Scenario 4 - combined Fall ’19 run with five cryo-weeks from Run 19 and eight cryo-
weeks from Run 20 assuming nineteen cryo-weeks of running, including five weeks of LEReC
commissioning, and two weeks of cool-down/set-up time. Followed by a Fall ’20 run which
combines the remaining eleven cryo-weeks with those of a third year of BES-II1

Single-Beam p
sNN (GeV) Run Time Species Events Priority Sequence

Energy (GeV/n) Fall 2019
5.75 11.5 5 weeks Au+Au 230M 1 1
5.75 3.5 (FXT) 2 days Au+Au 100M 2 2
19.5 6.2 (FXT) 2 days Au+Au 100M 3 3
13.5 5.2 (FXT) 2 days Au+Au 100M 3 4
3.85 3.0 (FXT) 2 days Au+Au 100M 4 5

Fall 2020
4.55 9.1 9.5 weeks Au+Au 160M 1 1
4.55 3.2 (FXT) 2 days Au+Au 100M 2 2

1 The BES-II request includes a 7.7 GeV run which requires 12 cryo-weeks. This data
set will also need to be collected in a third year of BES-II, extending into Spring ’21.

v
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Run 18 brief report: Isobars
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Wed May  9 10:05:40 2018 day
13/Mar 27/Mar 10/Apr 24/Apr 08/May 22/May
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Blind analysis procedures in place and data QA underway

Very smooth running - fills lasted many hours with close to flat luminosity
 thanks CAD

Exceeded data taking goals for both isobars
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Run 18 brief report: FXT
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√s = 3.85 GeV: 
~300 M events with EPD

Fast offline: 

FXT location clear

Good EPD - TPC 
correlations 

Nice agreement with 
Glauber centrality 
estimates

Glauber	Model

5%40
%

60
%

10
%

20
%

Black	– Run	153931
Red		-- Running	total	

Centrality	
Selections

(√s =7.2 GeV 
Recorded during CEC 
commissioning -
~15M events)
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Run 18 brief report: Au+Au 27 GeV
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Currently have ~350M events (as of Wed)
Hope to reach 500—550M good events by end of run

Goal is 700M “Good” events.
 (NB: Run 11 68M events
  |vz| < 70 cm && >1 primary tracks)

MB trigger very open

Only ~50% are actual events

Only ~50% of those are flagged by 
HLT as good

|vz| < 50 cm && >4 primary tracks
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Summary
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Data taking during Run 18 very successful

Upgrades performing at or beyond expectations

BES-I  24 papers published (1 nature, 9 PRL) 
 2 submitted
 5 advanced stages

BES-II will likely run into 2021

Ready for BES-II
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BACK UP



Helen Caines - PAC - June 2018 

PAC recommendation for Run 18
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The PAC recommends for Run 18 the following: 

• √sNN = 200 GeV 96Ru+96Ru and 96Zr+96Zr, 1.2 billion minimum bias 
events in each system. This program has the potential to clarify a question of 
major significance in the field – can a signal of the chiral magnetic field be 
extracted from charge separation measurements in two isobaric systems. This 
is the highest priority for Run 18. 

 • 3 weeks of √sNN = 27 GeV Au+Au collisions accumulating 1 billion events 
to measure effects of global polarization of Lambdas and anti-Lambdas with 
high statistics, assuming RHIC operates with 15 weeks of cryogenic running 
in 2018.  

 • 2 days of √sNN = 3 GeV Au+Au collisions in fixed-target mode to accumulate 
approximately 100 million events in order to investigate net proton 
fluctuations at an energy between its BES I run and the lower energy 
HADES runs.  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Event Plane Detector: EPD
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Determine Centrality away from mid-rapidity 

Better trigger & background reduction 

2.1 < |η| < 5.0 

Replacing BBCs 

16 radial and 24 azimuthal sections

Greatly improved Event Plane Resolution  

especially 1st-order EP

Event Plane Detector

REAL data

Note EP resolution much better
in peripheral events
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27 GeV (2018) Magnetic Search         

Significance of Lambda-Anti-Lambda
●  27GeV (based 

on BES-I 
uncertainties)

●  Assuming 
 R

EPD
 = 2R

BBC

●  Z axis depicts 
the significance 
of the gap in 
between the 
Lambda and 
Anti-Lambda 
Polarizations

BUR

(PΛ−PΛ )

Rough avg of data
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Lambda polarization statistics
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Isaac Upsal – June 2018 5

Extracted physical parameters

• Magnetic field and vorticity can 

be extracted for some thermal 

medium of temperature T

• Significant vorticity (ω) signal

– Hints at falling with energy, 

despite increasing Jsys

– 6σ average for 7.7-39 GeV

– 

• Hint of a magnetic field (B)

– 

–positive value, 1.=σ average 

for 7.7-39 GeV

PΛprimary
= ω

2T
∼=%

μN≡
eℏ

2mp

, where mp  is the

proton mass

recent studies

recent studies

Clearly, very exciting development 
Signal and BES dependence need more data 
Au+Au 27GeV in run 18 with EPD  

To establish if there is a difference 
Result will guide BES-II studies 

Hint of Bfield: 
1.5sigma average for 7.7-39GeV
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27 GeV (2018) Magnetic Search         

Significance of Lambda-Anti-Lambda
●  27GeV (based 

on BES-I 
uncertainties)

●  Assuming 
 R

EPD
 = 2R

BBC

●  Z axis depicts 
the significance 
of the gap in 
between the 
Lambda and 
Anti-Lambda 
Polarizations

BUR

(PΛ−PΛ )

Rough avg of data

Today

Projected stats
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dilepton 27 GeV
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Figure 36: Comparison of the measured ⇤ and ⇤̄ global polarization as a function ofp
sNN to estimates of the enhanced precision of the measurements using 1B MB events

and the EPD to enhance resolution of the first order plane.

)2 (GeV/cllM
0 1 2

-1
/d

y)
 (

2
0

 M
e

V
)

ch
/d

M
/d

y)
/(

d
N

2
(d

N

-910

-810

-710

-610

-510

 = 27.0 GeV
NN

sAu+Au at 
data
data Run18/19 400M
data Run18/19 700M
Sum
HG_med
QGP

Figure 37: STAR preliminary measurement of the acceptance-corrected dielectron invari-
ant mass spectrum for p

sNN = 27 GeV. The hadron cocktail has been subtracted. The
dotted and striped curves depict calculations by Rapp et al. that include a hadron gas
(HG) and quark-gluon plasma (QGP).

includes the projected improvement of ⇠1.9 for the Au-beam luminosity in Run 18 at 27
GeV, as well as an estimate of the performance envelope of the STAR DAQ rates based on
Run 15’s performance (saturate at 1.7 kHz). The scenarios involve two cases: (i) running
for 2 RHIC weeks at a data-taking efficiency comparable to what was previously achieved
for the same energy during Run 11 and (ii) running for 3 full weeks. These scenarios yield
approximately 400M and 700M events that pass the analysis criteria for both scenarios,
respectively.

As a result, we expect the average uncertainties to reduce by a factor of 2.4 (2-week
scenario) up to 3.2 (3-week scenario). Model calculations [105] show that for dielectron
masses above that of the � meson the main contribution to the dielectron spectra arrives
from the QGP component. The projected improvements in either scenario allow for a first
measurement in this intermediate mass range, thus allowing a first potential measurement
of the temperature of the hot medium at this energy.

41

Above phi mass QGP dominated

400 M factor 2.4 reduction in average uncertainties
700 M factor 3.2 reduction in average uncertainties

First measurement of T at this energy
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Di-lepton error estimates - 27 GeV
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Error Bars 
• How much will they shrink?

• Run 11: 68M
• 2 Weeks:  2.6x, 2.4x(cyan)
• 3 Weeks:  3.2x(red), 2.96x

• (dN/dy)/(dNch/dy) [M:0.4-0.75GeVc-2]
• Run11:  5.21552e-06 ± 2.13466e-06(stat) ± 9.84061e-07(sys)
• 2Weeks(2.4) :   ±8.89e-07
• 3Weeks(3.2) :   ±6.67e-07

Acceptance Corrected Excess

(500M  —> 2.7x)

 390 M        
 700 M         

Figure 36: Comparison of the measured ⇤ and ⇤̄ global polarization as a function ofp
sNN to estimates of the enhanced precision of the measurements using 1B MB events

and the EPD to enhance resolution of the first order plane.
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Figure 37: STAR preliminary measurement of the acceptance-corrected dielectron invari-
ant mass spectrum for p

sNN = 27 GeV. The hadron cocktail has been subtracted. The
dotted and striped curves depict calculations by Rapp et al. that include a hadron gas
(HG) and quark-gluon plasma (QGP).

includes the projected improvement of ⇠1.9 for the Au-beam luminosity in Run 18 at 27
GeV, as well as an estimate of the performance envelope of the STAR DAQ rates based on
Run 15’s performance (saturate at 1.7 kHz). The scenarios involve two cases: (i) running
for 2 RHIC weeks at a data-taking efficiency comparable to what was previously achieved
for the same energy during Run 11 and (ii) running for 3 full weeks. These scenarios yield
approximately 400M and 700M events that pass the analysis criteria for both scenarios,
respectively.

As a result, we expect the average uncertainties to reduce by a factor of 2.4 (2-week
scenario) up to 3.2 (3-week scenario). Model calculations [105] show that for dielectron
masses above that of the � meson the main contribution to the dielectron spectra arrives
from the QGP component. The projected improvements in either scenario allow for a first
measurement in this intermediate mass range, thus allowing a first potential measurement
of the temperature of the hot medium at this energy.

41
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Endcap Time-Of-Flight: eTOF
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Compressed Baryonic Matter Experiment 
(CBM)  

1/10th TOF modules installed inside East 
pole-tip 

Large-scale integration test of system for 
CBM

TPC dE/dx effic. drops rapidly in this 
range due to pZ boost  

eTOF

Single TOF module for Run-17 
- integration test

Forward PID over iTPC η range
−1.6 < η < −1.1 
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iTPC
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Increase in #channels in 24 inner 
sectors by ~factor 2 

Provides near complete coverage 

New electronics for inner sectors 

Outer Inner

Enhanced rapidity coverage
      Old                  New 

                               better dE/dx; 
    -1 < η < 1            -1.5 < η < 1.5; 
pT >125 MeV/c     pT > 60 MeV/c.                              


