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Update on BES-II progress
Mini-PAC meeting

Helen Caines - Yale
STAR Last days of Run-20a

Huge thanks to Zhangbu whose term as 
(co)Spokesperson of STAR ended May 1

Looking forward to working for the next 3 
years with Lijuan
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BES-II: going into Run-20
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• Top priority for Run20 is measuring next two energies in BES-II at √sNN= 11.5 GeV and 9.2 GeV

• Finishing fixed target measurements at√sNN = 3.5,  3.9,  4.5,  5.2,  6.2,  7.7 GeV

Beam Use Request for Run20

Run20

Run20

“Good”

⩗

Top priorities for Run-20:
   √sNN = 11.5 and 9.1 GeV in collider mode
   √sNN = 7.7-3.5 GeV in FXT mode

2
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eTOF in Run-20
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System synchronization on level of 35 ps 
System time resolution better than 85 ps 
PID capability demonstrated
Physics analysis started

Shut-down mitigation work a success
stable eTOF operation during Run-20
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Run-20 summary
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Started 2-person shifts on 11/25
Cosmic data take started 11/26
First beam 12/5

Data taking interleaved with LEReC and CeC running
Run ended early - hoping to return to Run-20b
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Energy Start Finish First Run Last Run HLTgood Target
11.5 GeV Dec 10th Feb 24th 20056032 21055017 235 M 230 M

31.2 FXT Jan 28th Jan 29th 21028011 21029037 112.5 M 100 M

9.8 FXT Jan29th Feb 1st 21029051 21032016 108 M 100 M

19.5 FXT Feb 1st Feb 2nd 21032049 21033017 118 M 100 M

13.5 FXT Feb 2nd Feb 3rd 21033026 21034013 103 M 100 M

7.3 FXT Feb 4th Feb 5th 21035003 21036013 117 M 100 M

5.75 FXT Feb 13th Feb 14th 21044023 21045011 115.6 M 100 M

9.2 GeV Feb 24th TBD 21055032 21000000 32 M 160 M

7.7 GeV TBD  TBD 21000000 21000000 0 M none

Brief Summary of the 2020 Run

March 20th     45 M   

 (7.7)

 (5.2)

 (6.2)

 (4.5)

 (3.9)

 (3.5)

Were on target to reach all goals
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11.5 GeV Collisions
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Details of √sNN =11.5 GeV data-taking
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11.5 GeV Overview

• First Stand from Dec 10th to Jan 27th

• 37 days 
• Runs 20056032 to 21027019
• Accumulated 127 M HLTgood w/ 

eTOF

• Second Stand from Feb 10th to Feb 24th

• 14 days
• Runs 21041021 to 21055017
• Total 235 M between two stands

2010 predicted achieved
Average HLTgood event rate (Hz) 30 60-80 140
Data taking (hours per day) 12 15 14-18
Fill Length (minutes) 20 40 25
DAQ Rate at start of fill (Hz) 140 250 550
Ratio of HLTgood/triggers (%) 40%

10Daniel Cebra
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• Dramatic Improvements during the run

• Significantly exceeding predictions

Dramatic improvements during the run

Running conditions exceeded 
predictions
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Optimized RHIC and STAR operations
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  Data collection at √sNN=11.5 GeV 

<good event rate> ~ 75 Hz
(~x4 increase over the run)

<data taking hours> ~ 13 hr/day
sharing beam time with LEReC dev.

collected 235 M
exceeded the goal  

<good event/day> ~3.5 M
continuous increase 

FXT
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9.2 GeV Collisions
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9.2 GeV Overview
2019 predicted Achieved 

Average HLTgood event rate (Hz) 6.2 33-53 36

Data taking (hours per day) 8 14 15

Fill Length (minutes) 45 30 45

DAQ Rate at start of fill (Hz) 60 160 700

Ratio of HLTgood/triggers (%) 10% 25% 18%

Initial Test :
• January 30th 8:20 PM to 10:25 PM
• Runs 21030030 to 210330033
• Accumulated 35 k HLTgood70 events
• Good event rate = 8 Hz
Electron Cooling Commissioning :
• Feb 5th 6:30 PM to Feb 10th 8:00 AM
• Runs  21036022 to 21041013
• Accumulated 7.2 M HLTgood
• Good Event rate = 33 Hz
Physics Production :
• Feb 24th to mid-May-ish
• Runs: 2055032 to TBD
• Accumulated: 34 M to date Helen Caines - STAR - PAC Meeting - May 2020 

Details of √sNN =9.2 GeV data-taking
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Running conditions:
  Dramatic improvements compared 
to last year
   
Average statistics (and still improving):
  30 Hz good event rate 
  14 hours/day 
  1.6 M good events/day

Were expecting to reach goals by end of run
Have just over 1/4 events 

on tape
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31.2 (7.7) GeV FXT

10

FXT 7.7 GeV Collisions
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FXT running
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Fixed Target Runs (done)
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0

13.5 GeV19.5 GeV 5.75 GeV7.3 GeV31.2 GeV 9.8 GeV

• Long lasting stores with 12 bunch yellow beam

• Needed large β* lattice to reduce background at low energies

• Sustained clean (good event rate > 70%) and high rates (~1.5 KHz) 

• Beam orbit control (vertical bump) works well to keep the rate

• Event trigger and scalar rates feed back crucial for beam steering 

• Interleaved with LEReC development (9 MHz change)

• Achieved the Goals in planned time 

HLT Good (M) with EToF (M)

31.2 GeV 113.5 101.7

19.5 GeV 119.2 80.4

13.5 GeV 103.1 88.9

9.8 GeV 108.9 72.7

7.3 GeV 114.8 106.4

5.75 GeV 114.3 99.8

M
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Single beam (12 bunch yellow beam) - long stores
Sustained clean (good event rate> 70%) and high rate (~1.5 kHz)
Trigger and scalar rates feedback were crucial for beam steering

28Daniel Cebra
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Good Event fractions are very high for the FXT runs (75-80%)

All goals (including eTOF event 
goals) reached or surpassed
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in ⇡+⇡� pairs if only TPC dE/dx was to used for pion343

identification. Hence, the TOF 1/� identification is also344

used to suppress such contamination.345

Figure 5 shows the directed flow of ⇤ hyperons. The346

positions of the data points are corrected for the width347

of the bin. Six di↵erent sets of topological cuts are em-348

ployed, varying the the total number of p⇡� pairs from349

⇠540K to ⇠160K, to observe how sensitive the directed350

flow of ⇤ is to the size of the statistical sample. Two351

invariant mass windows ±2�M and ±0.5�M are studied352

separately to vary the signal-to-background ratio, as well353

as the choice of either TPC or BBC event plane, to check354

if the event planes are consistent with each other. This355

gives a total of 24 results for slope parameters, F , repre-356

senting the directed flow at midrapidity. Note that the357

error bars displayed in all the v1 and vS
1
plots are statisti-358

cal errors on parameters which are correlated. Statistical359

errors on v1 and vS
1
come from the upper and lower limit360

of slopes calculated using the covariance matrices of the361

cubic fits to the v1 and vS
1
data. The weighted average362

from these 20 fits is (7.9 ± 1.1) ⇥ 10�2 for ⇤ hyperons.363

The systematic uncertainty, calculated as the average of364

the di↵erences between the mean value of 7.9⇥10�2 and365

the nominal values from the fits, is 1.4⇥ 10�2.366

The directed flow of K0

S
mesons was treated simi-367

larly, except wider binning was used and three invari-368

ant mass windows ±2�M ,±1�M , and ±0.5�M . In to-369

tal, ⇠110K ⇡+⇡� pairs pass the tightest topological cuts,370

while ⇠370K pairs pass the loosest topological cuts. The371

weighed average of the total of 36 slope parameters F372

is (�2.9± 1.2)⇥ 10�2 for K0

S
and the systematic uncer-373

tainty is 2.1 ⇥ 10�2. The data points corrected for the374

bin widths are shown in Fig. 6.375

C. Beam Energy Dependence376

Figure 7 presents slopes dv1/dy |y=0, based on the377

above-described cubic fits, for five species (p, ⇤, K0

S
, ⇡+

378

and ⇡�) measured in Au+Au collisions in FXT mode379

at
p
sNN = 4.5 GeV. Note that the new proton v1(y)380

slope measurement at
p
sNN = 4.5 GeV lies within er-381

rors on a smooth interpolation between the same observ-382

able from STAR’s beam energy scan in collider mode383

[21, 24] and E895 [22]. The highest E895 energy point at384 p
sNN = 4.3 GeV agrees with the current FXT measure-385

ment within the uncertainties. Proton and ⇤ directed386

flow agree within errors at
p
sNN = 4.5 GeV. They fit387

into a pattern that was observed by STAR at
p
sNN =388

7.7 GeV and above [24], but not at E895 energy points389

for
p
sNN = 3.8, 3.3 and 2.7 GeV [29].390

IV. ELLIPTIC FLOW OF PIONS AND391

PROTONS392

The second term in the Fourier decomposition of any393

azimuthal distribution, elliptic flow, of identified parti-394

4 5 6 7 10 20 30 40
 (GeV)NNs

0

0.05

0.1

0.15

y=
0

/d
y 

|
1

dv

 (FXT)Λ 

p (FXT)

p (E895)

 (STAR BES)Λ

p (STAR BES)

4 5 6 7 8 910 20 30 40 50
 (GeV)NNs

40−

20−

0
3−10×

y=
0

/d
y 

|
1

dv  (STAR BES)+π

 (STAR BES)−π

 (STAR FXT)+π

 (STAR FXT)−π

 (STAR BES)+K

 (STAR BES)−K

 (STAR BES)s
0K

 (STAR FXT)s
0K

FIG. 7: (Color online) Beam energy dependence of the di-
rected flow slope dv1/dy at midrapidity for baryons (upper
plot) and mesons (lower plot) measured by several experi-
ments [21, 22, 24, 29]. The FXT points are slightly o↵set
horizontally.

cles (protons and pions) in Au+Au
p
sNN = 4.5 GeV, is395

now discussed. Elliptic flow of protons is compared with396

the earlier AGS data, while elliptic flow of pions had not397

been measured at the present beam energies before. The398

appearance of number of constituent quark (NCQ) scal-399

ing, the collapse of quark-number-scaled flow strengths400

for mesons and baryons onto a single curve, is considered401

to be a signature of QGP formation [30]. Further explo-402

ration of the region in beam energy where NCQ-scaling403

fails is important to measure observables at lower energy404

where QGP is not expected to be created. Protons, which405

have been analyzed both for higher energies [31, 32], and406
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(pre)BES-II: Flow and HBT
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Results to be submitted soon

First 𝛑  v1 and v2 results 
Difference in v1 slope for 𝛑+ and 𝛑-      
   Isospin and/or Coloumb dynamics 
becoming prominent
    Similar observation reported by FOPI at 
lower energies (arXiv:nucl-ex/0610025)
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FIG. 13: Projections of the correlation functions onto the
qout, qside, and qlong axes for ⇡�⇡� pairs. Transverse mass
dependence of Rout, Rside, and Rlong for three experiments:
E895 [48], STAR, and E866 [49]. Pairs for the STAR points
are created from negative pion tracks in the momentum range
0.15 < pT < 0.8 GeV/c from events in the 0-10% centrality
range. STAR points show both systematic (magenta boxes)
and statistical errors (black lines) while errors for E895 and
E866 are statistical only.

qµ ⌘ (E1 � E2,
!
q ), and K(qinv) is the squared Coulomb513

wave function integrated over a spherical source 5 fm in514

radius [43, 56].515

B. Results516

Fig. 11 shows fits of the form in Eq. 5 (red lines) to517

the experimental correlation function defined in Eq. 3518

(blue stars). The three panels show projections of the519

correlation function onto the qo, qs, and ql axes. Data520

here are for ⇡�⇡� pairs created from tracks with trans-521
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FIG. 14: The centrality dependence of Rout, Rside, and Rlong.
Errors are statistical only. Using ⇡+⇡+ and ⇡�⇡� pairs in
the momentum range 0.15 < pT < 0.8 GeV/c.
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FIG. 15: Rside vs. Rlong, which measures the prolate-
ness/oblateness of the pion emitting source when viewed from
beside the beam. ALICE [57] and STAR [58] points include
systematic errors; E895 [48] and E866 [49] show statistical
errors only. The various centrality, pT, and kT cuts used in
the di↵erent experiments are discussed in the text. For the
STAR fixed-target point, the same momentum and centrality
selection are applied as in figure 14. The grey curve indicates
the evolution of the shape, as the collision energy is increased.

verse momentum 0.1 < pT < 0.3 GeV/c, from events in522

the 0-10% centrality range. The transverse momentum523

of the pairs is required to be in the range 0.15 < pT < 0.6524

GeV/c. These cuts are chosen to match as closely as pos-525

sible those in the E895 experiment, which used the same526

pT cuts and corresponded to approximately 0-11% cen-527

trality [48]. There is a slight suppression at qs ⇡ 0 and528

FXT √sNN =4.5 GeV (~1.3M 0-30%)
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also in a similar energy region, allow us to compare to407

previously published results from Ref. [33]. The elliptic408

flow of pions is also published for the first time and com-409

pared with results at higher energies. Both positively410

and negatively charged pions are analyzed together.411

Two methods are used: (1) two-particle cumulants [11]412

and (2) the event plane method [8–10]. Resonance de-413

cays generate correlated particles. Such correlations are414

a non-flow contribution and they bias the elliptic flow415

measurement. Due to the low multiplicities at Au+Au416 p
sNN = 4.5 GeV, this bias is not negligible and addi-417

tional corrections were required. Since particles from418

resonance decays are correlated both in ⌘ and �, we can419

reduce the non-flow contribution by measuring elliptic420

flow using particles which are not correlated in ⌘. The421

implementation of this idea is di↵erent in each method.422

For the event plane method, we divide each event into423

two sub-events. For the cummulant method, we require424

a 0.1 gap in ⌘ between all considered pairs. Both methods425

give results which are consistent within their uncertain-426

ties. Di↵erences between the cumulant and event plane427

methods are due to the increased sensitivity of the cum-428

mulant method to the non-flow contribution.429

Fig. 8 shows results from the event plane method430

compared to E895 results [33] obtained using the same431

method. We analyzed the 0-30% most central events. For432

pions and protons, we require |y � yCM| < 0.5. In this433

analysis we use tracks with 0.2 < pT < 2.0 GeV/c, but434

due to the STAR FXT geometry for Au+Au at
p
sNN435

= 4.5 GeV, we can not measure any protons with pT <436

0.4 GeV/c for |y � yCM| < 0.5 (see Fig. 2). The proton437

results are consistent with E895 results [33].438

We have found that the pion v2(pT) is larger than the439

proton v2(pT) in the low pT region, while for transverse440

momentum at about 1 GeV/c the proton and pion trend-441

lines cross. Fig. 9 presents v2 as a function of mT �m,442

both scaled by the number of constituent quarks. Similar443

behavior is observed for Au+Au at higher collision ener-444

gies [31, 32]. This shows that at
p
sNN = 4.5 GeV flow445

values scale with particle mass, as they do at higher en-446

ergies [31, 32]. The system created for Au+Au at
p
sNN447

= 4.5 GeV has, perhaps surprisingly, larger collectivity448

than we expected, and there is no significant di↵erence in449

identified particle elliptic flow behavior when compared450

to higher energies.451

Figure 10 shows the beam energy dependence of the v2452

values. The current results are consistent with the trends453

established by the previously published data.454

V. FEMTOSCOPY OF PIONS455

A. Methodology456

Femtoscopic correlation functions are formed by mak-457

ing distributions of the relative momenta
!
q ⌘ !

p1 � !
p2458

of pairs of particles. A numerator distribution N(
!
q ) is459

formed using pairs where both tracks are from the same460
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FIG. 8: Measured v2 of protons. Blue stars are STAR FXT
data (0-30% centrality) and green crosses are E895 data (12-
25% centrality) [33].
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FIG. 9: v2 scaled by the number of constituent quarks (nq) for
charged pions (red stars) and protons (blue stars) for 0-30%
central collisions. The pions are consistent with the protons
given nq scaling.

event, while a denominator distribution, D(
!
q ), is formed461

by constructing pairs where the two tracks are from dif-462

ferent but similar events [44, 45]. The shape of both dis-463

tributions will be dominated by the two-particle phase464

space distribution, but N(
!
q ) will also contain contribu-465

tions from Coulomb interactions and Bose-Einstein ef-466

fects. The correlation function is the ratio467

C(
!
q ) =

N(
!
q )

D(
!
q )

(3)

This distribution is sensitive to the space-time structure468

of the pion emitting source [46, 47].469

Care must be taken to account for the e↵ects of track470

reconstruction ine�ciencies on the correlation function.471

Single-track e↵ects are common to both N(
!
q ) and D(

!
q )472

Hint of NCQ scaling: large errors

At transition from oblate to prolate spatial source
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BES-II: Preliminary analyses
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Daniel Cebra
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STAR Collaboration Meeting 
Berkeley, CA (Remote) 3

Daniel Cebra
3/15/2020

Centrality Determination for BES-II and FXT Energies
Zach Sweger (UC Davis) 

Preliminary Centrality Cuts for:
3.0 GeV FXT
3.2 GeV FXT
3.9 GeV FXT
7.2 GeV FXT
7.7 GeV Collider
9.2 GeV Collider
14.6 GeV Collider
19.6 GeV Collider
200 GeV Collider

(See talk for details)

What is new?
Dependence of hardness on
beam energy

Expect:
Paper proposal in September

Identify and reject “pile up”:
Centrality and Glauber fit 
completed for 3.0 GeV

Preliminary studies made for other 
BES-II Run-19 datasets

FXT: 
 √sNN = 3 GeV 
(Run-18)

FXT: √sNN = 3 GeV 
(Run-18)

FXT: √sNN = 3 GeV 
(Run-18)

STAR Preliminary

STAR Preliminary

STAR Preliminary

Very clean V0 signals
EPD being used for reaction 
plane related studies 



Helen Caines - STAR - PAC Meeting - May 2020 

BES-II: Significant Lambda polarization
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STAR Preliminary

Non-zero polarization 
observed
    consistent with previous 
data trend

Indicates extremely large 
vorticies created even 
without QGP formation

Results going into GPC soon

Run-18:  FXT √sNN =3 GeV

HADES Preliminary (SQM19)
Au+Au at √sNN = 2.4 GeV
PΛ(%) = 3.672 ± 0.699 (stat.)
PBG(%) = 3.689 ± 1.133 (stat.)

kinematic vorticity: measures local angular velocity of fluid

thermal vorticity: determines spin polarization density of fluid at   
                           global equilibrium 

T. Niida, INT 20-1c: Criticality and Chirality

Collection of recent results
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FIG. 3. Initial kinematic vorticity at mid rapidity as a function of the
collision energy for impact parameters b = 5, 8, and 10 fm.

enough (our computation suggests a turning point aroundp
sNN ⇠ 3 � 5 GeV depending on centrality), the particles

near the mid-rapidity are not effective angular-momentum
carriers and most of the angular momenta are carried by the
particles with large rapidity (but at large rapidity the angu-
lar momentum may not be necessarily manifested as fluid
vorticity) and leaving the mid-rapidity region approximately
boost invariant. With

p
sNN growing to be very large, the

mid-rapidity region respects a good Bjorken scaling struc-
ture which does not support the fluid vorticity. We note that
in recent preliminary results reported by HADES Collabora-
tion [42], the ⇤ polarization indeed appears to be very small atp
sNN = 2.4 GeV. Recalling that the global ⇤ polarization atp
sNN = 7.7�200 GeV measured by STAR Collaboration [1]

and at
p
sNN = 2.76 and 5.02 TeV by ALICE Collabora-

tion [39] is decreasing with
p
sNN, our results combined with

the previous studies in, e.g. Ref. [40], are consistent with the
current experimental data if we adopt the vorticity interpreta-
tion of the global ⇤ polarization.

We show the time evolution of the thermal vorticity in Fig. 4
for two different centralities given by b = 5 fm and b = 8 fm.
It exhibits similar time dependence comparing to Fig. 2 for
the kinematic vorticity. It was shown that if a fluid is at global
equilibrium the thermal vorticity is responsible for determin-
ing the spin polarization density of the fluid [6, 8, 26, 58]. In
low-energy heavy-ion collisions, we must emphasize that the
system may not reach thermal equilibrium and may not have
a well-defined local temperature in the thermodynamic sense.
Thus, the temperature and in turn the thermal vorticity shown
in Fig. 4 may not have the same physical meaning as that given
in a system at equilibrium. So in this situation we do not ex-
pect that the thermal vorticity we show here can determine
the spin polarization. However, it could still be regarded as
the low-collision-energy counterpart of the thermal vorticity
defined at high collision energy and thus can give some hint
about the spin polarization at low collision energies.

In parallel with Fig. 3, we show the energy dependence of
the thermal vorticity at mid-rapidity for Au + Au collisions
in Fig. 5 which also exhibits non-monotonic feature. We here
note that the energy dependence of the thermal vorticity at
low-energy range was also calculated recently by using the
three-fluid dynamics (3FD) model [59]. They adopted a dif-
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FIG. 4. Time evolution of the mid-rapidity thermal vorticity at dif-
ferent energies and impact parameters in the simulation with the
UrQMD model.
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FIG. 5. Initial thermal vorticity at mid rapidity as a function of the
collision energy for impact parameters b = 5, 8, and 10 fm.

ferent definition for the origin of the time axis so that our vor-
ticity at t = 0 roughly corresponds theirs at the peak value;
in this sense, their results are qualitatively consistent with
ours. We note that although the initial thermal vorticity is non-
monotonic, the thermal vorticity at late time (e.g., at t = 14
fm) is roughly a decreasing function of

p
sNN; in order to be

consistent with the measured ⇤ polarization, this suggests that
the ⇤ hyperons are mostly generated in the early stage of the
collisions when

p
sNN is small.

Finally, we show the spatial distribution of the vorticities in
the transverse plane, i.e. the x-y plane, in Fig. 6 and Fig. 7.
We can observe from Fig. 6 that the kinematic vorticity is
roughly negative in the overlapping region consistent with the
direction of the angular momentum. As the system expands,
the vorticity at the center of the overlapping region becomes
smaller and smaller; this is more clearly seen in the bottom
panels for

p
sNN = 10 GeV as the system expands faster than

that of
p
sNN = 2.5 GeV shown in the top panels. One may

also notice that there are regions (near the periphery of the nu-
clei) with strong positive vorticity which is a corona effect due
to the sharp density difference at the boundary. Very similar
phenomena are also shown for the thermal vorticity in Fig. 7.

IV. SUMMARY AND DISCUSSIONS

In summary, we have computed the kinematic and thermal
vorticities in low-energy heavy-ion collisions in the energy
range

p
sNN = 1.9�50 GeV in the framework of the UrQMD

Energy dependence of kinematic and 
thermal vorticity with UrQMD 
X.-G. Deng et al., arXiv:2001.01371
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FIG. 3. Initial kinematic vorticity at mid rapidity as a function of the
collision energy for impact parameters b = 5, 8, and 10 fm.

enough (our computation suggests a turning point aroundp
sNN ⇠ 3 � 5 GeV depending on centrality), the particles

near the mid-rapidity are not effective angular-momentum
carriers and most of the angular momenta are carried by the
particles with large rapidity (but at large rapidity the angu-
lar momentum may not be necessarily manifested as fluid
vorticity) and leaving the mid-rapidity region approximately
boost invariant. With

p
sNN growing to be very large, the

mid-rapidity region respects a good Bjorken scaling struc-
ture which does not support the fluid vorticity. We note that
in recent preliminary results reported by HADES Collabora-
tion [42], the ⇤ polarization indeed appears to be very small atp
sNN = 2.4 GeV. Recalling that the global ⇤ polarization atp
sNN = 7.7�200 GeV measured by STAR Collaboration [1]

and at
p
sNN = 2.76 and 5.02 TeV by ALICE Collabora-

tion [39] is decreasing with
p
sNN, our results combined with

the previous studies in, e.g. Ref. [40], are consistent with the
current experimental data if we adopt the vorticity interpreta-
tion of the global ⇤ polarization.

We show the time evolution of the thermal vorticity in Fig. 4
for two different centralities given by b = 5 fm and b = 8 fm.
It exhibits similar time dependence comparing to Fig. 2 for
the kinematic vorticity. It was shown that if a fluid is at global
equilibrium the thermal vorticity is responsible for determin-
ing the spin polarization density of the fluid [6, 8, 26, 58]. In
low-energy heavy-ion collisions, we must emphasize that the
system may not reach thermal equilibrium and may not have
a well-defined local temperature in the thermodynamic sense.
Thus, the temperature and in turn the thermal vorticity shown
in Fig. 4 may not have the same physical meaning as that given
in a system at equilibrium. So in this situation we do not ex-
pect that the thermal vorticity we show here can determine
the spin polarization. However, it could still be regarded as
the low-collision-energy counterpart of the thermal vorticity
defined at high collision energy and thus can give some hint
about the spin polarization at low collision energies.

In parallel with Fig. 3, we show the energy dependence of
the thermal vorticity at mid-rapidity for Au + Au collisions
in Fig. 5 which also exhibits non-monotonic feature. We here
note that the energy dependence of the thermal vorticity at
low-energy range was also calculated recently by using the
three-fluid dynamics (3FD) model [59]. They adopted a dif-
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FIG. 4. Time evolution of the mid-rapidity thermal vorticity at dif-
ferent energies and impact parameters in the simulation with the
UrQMD model.

 (GeV)NNs
1 2 3 4 5 6 7 10 20 30 40

〉 y
ϖ-〈

0
0.02
0.04
0.06
0.08

0.1
0.12
0.14
0.16
0.18

b=5.0 fm

b=8.0 fm

b=10.0 fm

Au+Au
 

FIG. 5. Initial thermal vorticity at mid rapidity as a function of the
collision energy for impact parameters b = 5, 8, and 10 fm.

ferent definition for the origin of the time axis so that our vor-
ticity at t = 0 roughly corresponds theirs at the peak value;
in this sense, their results are qualitatively consistent with
ours. We note that although the initial thermal vorticity is non-
monotonic, the thermal vorticity at late time (e.g., at t = 14
fm) is roughly a decreasing function of

p
sNN; in order to be

consistent with the measured ⇤ polarization, this suggests that
the ⇤ hyperons are mostly generated in the early stage of the
collisions when

p
sNN is small.

Finally, we show the spatial distribution of the vorticities in
the transverse plane, i.e. the x-y plane, in Fig. 6 and Fig. 7.
We can observe from Fig. 6 that the kinematic vorticity is
roughly negative in the overlapping region consistent with the
direction of the angular momentum. As the system expands,
the vorticity at the center of the overlapping region becomes
smaller and smaller; this is more clearly seen in the bottom
panels for

p
sNN = 10 GeV as the system expands faster than

that of
p
sNN = 2.5 GeV shown in the top panels. One may

also notice that there are regions (near the periphery of the nu-
clei) with strong positive vorticity which is a corona effect due
to the sharp density difference at the boundary. Very similar
phenomena are also shown for the thermal vorticity in Fig. 7.

IV. SUMMARY AND DISCUSSIONS

In summary, we have computed the kinematic and thermal
vorticities in low-energy heavy-ion collisions in the energy
range

p
sNN = 1.9�50 GeV in the framework of the UrQMD
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BES-II: Identified protons - real data

15

Boxes: kinematic range of previous kurtosis analysis
Missing coverage could be recovered with iTPC run

Proton coverage similar for FXT 3 GeV and collider at 7.7 GeV 

Identification via dE/dx @3 GeV  purity(pT>1 GeV/c) >95% 

 (Run-10
BES-I ) (Run-18)
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BES-II: Online QA/analyses

16

Run-18 FXT √sNN =3 GeV:

Run-20 √sNN =11.5: 

Excellent statistics

Heavy fragments up to 7Be

c𝞃 in agreement with PDG



Helen Caines - STAR - PAC Meeting - May 2020 

BES-II: Online hypernuclei

17

Run-18-20:

At FXT energies
  - yields of fragmentation nuclei rising. 

Significant increase of observed 
hypernuclei

After corrections can merge dataset to get 
precision lifetime measurements.

Can use lifetime can extract yields vs √sNN

 

3 GeV,  285M 3.2 GeV, 150M 3.4 GeV, 12M 9.2 GeV, 23M

11.5 GeV, 216M 14.5 GeV, 180M 19.6 GeV, 60M 27 GeV, 300M

3 GeV,  285M 3.2 GeV, 150M 3.4 GeV, 12M 9.2 GeV, 23M

11.5 GeV, 216M 14.5 GeV, 180M 19.6 GeV, 60M 27 GeV, 300M

3 GeV,  285M 3.2 GeV, 150M 3.4 GeV, 12M 9.2 GeV, 23M

11.5 GeV, 216M 14.5 GeV, 180M 19.6 GeV, 60M 27 GeV, 300M

3 GeV,  285M 3.2 GeV, 150M 3.4 GeV, 12M 9.2 GeV, 23M

11.5 GeV, 216M 14.5 GeV, 180M 19.6 GeV, 60M 27 GeV, 300M

Unique studies possible
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Summary

• Very successful data collection
– RHIC performing beyond expectations
– No major detector or operations issues
– eTOF working well in Run-20

• Retake early FXT data with eTOF and iTPC present?
– 11.5 GeV data set completed, exceeded goal
– 6 FXT data sets completed
– 9.2 GeV on route to completion by end of run

• 1/4 events collected so far
• First BES-II results heading to publication

– More than I was able to show today

18
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Challenging goals

19

 Run20 operation

4

• Challenging Goals: need

• all the luminosity increase and optimization from the machine

• efficient data taking to maximize yield

• Many energy settings to cover: timing and trigger setup

• Frequent changes between physics data taking and development: minimize overhead with machine operation 
and data taking 

• Tracking the goal with “effective good event”:  HLT good event rates with z vertex in ±70cm and ±150 cm 
(with assumed efficiency for physics 30% in 70-150cm) 
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√sNN =11.5 GeV

20

5

• Beam from Tandem for smaller emittance. 28 MHz RF (h=363) concurrently with 9MHz for longitudinal 
focusing and reducing debunching

• Continuous increase of luminosity during the run

• tune (“working point”) change/optimization  

• AGS intensity limit increase by 20% (8- 8.8 -9.6*109 Au ion per cycle)

• dynamic working point (injection, store) to count for intensity/space-charge dependence 

• store length optimization: 30m - 25m

• “Effective good event” rates ~1.22 * rates in good event rates in ±70cm                         
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  Beam at √sNN=11.5 GeV (done)
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√sNN =9.2 GeV -  RHIC stopped

217

• Au from EBIS (large longitudinal emittance for 9MHz RF)

• First LEReC in operation for physics

• AGS bunch 4-1 merge (12-3) for higher bunch intensity

• Luminosity improvement and optimization
• β squeeze 4.5 - 3.5 - 3 meter  (in 0-15-30 min) during store (with cooling)

• 9MHz RF voltage ramping down 180kV - 120kV during store for better lifetime and cooling 

• new (lower) working point and compatibility with cooling: under development

• vertex z fine adjustment (cogging)

• “Effective good event” rates ~1.29 * rates in good event rates in ±70cm                         
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  Beam at√sNN=9.2 GeV (ongoing)

after β-squeeze
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9.2 GeV data taking

22

9

  Data collection at √sNN=9.2 GeV 

<good event rate> ~ 30 Hz
and improving

<good event/day> ~1.6 M 
<data taking hours> ~ 14 hr/day

collected 31 M
on track to reach the goal 160M  
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FXT and eTOF summary

23

4
Daniel Cebra
3/13/2020

STAR Collaboration Meeting
Berkeley, CA (Virtual)

Energy HLTgood w/ eTOF Target w/ eTOF
31.2 FXT 101.7 M 100 M

19.5 FXT 80.4 M 80 M

13.5 FXT 88.9 M 70 M

9.8 FXT 72.7 M 65 M

7.3 FXT 106.4M 50 M

5.75 FXT 99.4 M 70 M
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BES-II: Online Hypernuclei

24

Run-18-20:

Yields increase 
with decreasing 
energy.
•At low energies 
of the fixed 
target program 
the yields of 
nuclei fragment 
production is 
raising. This 
leads to 
significant 
increase of 
observed 
hypernuclei (~10 
000) and opens 
new 
perspectives in 
their studies.

3 GeV,  285M 3.2 GeV, 150M 3.4 GeV, 12M 9.2 GeV, 23M

11.5 GeV, 216M 14.5 GeV, 180M 19.6 GeV, 60M 27 GeV, 300M
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Event statistics requirements: Collider

25

Typically factor 20 more than for BES-I

2 Proposed Program

2.1 Continuation of Beam Energy Scan Phase 2
RHIC has already begun the BES-II physics program. Specific details of the physics goals
and required statistics for each goal at each collider energy are given below in Table 7.
Because in the RHIC collider mode, the lowest collision energy available is psNN = 7.7 GeV,
the BES-II collider program has been expanded to include a fixed target program. The
beam energies used in the fixed-target part of the program have already been developed for
BES-I or will be used in the BES-II collider program. Details of the fixed-target physics
statistics requirements for each physics goal at each energy are shown in Table 8, which
also includes the single-beam total energy, the center-of-mass rapidity, as this gives insight
into the acceptance of STAR for a given energy, and the expected chemical potential, which
indicates the region of the QCD phase diagram to be studied.

Table 7: Event statistics (in millions) needed in the collider part of the BES-II program for various
observables. This table updates estimates originally documented in STAR Note 598.

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

As noted, the BES-II program has already started and the achieved performance in the
energies completed or in progress can be used to refine the estimates of performance in the
upcoming two years. For the collider program, we review the performance for the 27 GeV
run from 2018, the 19.6 GeV run completed in 2019, and the data currently being taken at
14.6 GeV1. For the fixed-target part of the program we will review the performance for the
3.0 GeV run and the 7.2 GeV test run, both of which occurred in 2018, and a brief test at
3.9 GeV which took place this year.

For the collider system at 27 GeV, we expected a luminosity increase of a factor of 3.3.
Based on the good event rate of 190 Hz achieved in the 2014 run we hence inferred a data

1In 2014, collisions were run at a collider energy of 14.546 GeV, which was rounded to 14.5 GeV. This
year, we are running at a slightly different energy, 14.618 GeV, which is rounded to 14.6 GeV.
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Event statistics requirements: FXT
Table 8: Event statistics (in millions) needed in the fixed-target part of the BES-II program for
various observables.

p
sNN (GeV) 3.0 3.2 3.5 3.9 4.5 5.2 6.2 7.7

Single Beam Energy (GeV) 3.85 4.55 5.75 7.3 9.8 13.5 19.5 31.2
µB (MeV) 721 699 666 633 589 541 487 420
Rapidity yCM 1.06 1.13 1.25 1.37 1.52 1.68 1.87 2.10
Observables
Elliptic Flow (kaons) 300 150 80 40 20 40 60 80
Chiral Magnetic Effect 70 60 50 50 50 70 80 100
Directed Flow (protons) 20 30 35 45 50 60 70 90
Femtoscopy (tilt angle) 60 50 40 50 65 70 80 100
Net-Proton Kurtosis 36 50 75 125 200 400 950 NA
Multi-strange baryons 300 100 60 40 25 30 50 100
Hypertritons 200 100 80 50 50 60 70 100
Requested Number of Events 300 100 100 100 100 100 100 100

taking rate of 627 Hz. The rate of good events achieved for the 2018 run was 620 Hz,
consistent with these expectations. Although in the 2018 isobars run STAR achieved an
average of 15 hours per day of data taking, the average for the 27 GeV run was only 9 hours
because beam time was shared with Coherent electron Cooling (CeC) development.

For the 19.6 GeV collider system, we had two ways to project the expected performance.
First, we could extrapolate the performance from the 19.6 GeV run in 2011. In that run,
STAR achieved a good event rate of 100 Hz; the expected increase in luminosity was a factor
of 3.3, which suggested we should expect a good event rate of 330 Hz. Second, we could scale
the performance of the 27 GeV run from 2018; the performance of RHIC typically scales as
�
2 for accelerated beams; scaling the 620 Hz achieved for 27 GeV by (9.8/13.5)2 predicted

a good event rate of 335. The actual achieved rate in 2019 was 400 Hz as seen in Fig. 31a,
which exceeded expectations. The average data taking time per day for the 19.6 GeV run was
11 hours; this time this was below 15 hours per day due to time share with the development
of Low Energy RHIC electron Cooling (LEReC).

For the 14.6 GeV collider run, we could not really scale from the 2014 performance
because the achieved event rate of 17 Hz had been unusually low due to the challenge of
separating the good events from the background off of the small beam used while the Heavy
Flavor Tracker was installed in STAR. RHIC performance typically scales as �

3 for beams
below the nominal injection energy. Scaling the expected performance at 19.6 GeV of 335 Hz
by (7.3/9.8)3, we expected a good event rate of 138 HZ. Scaling the achieved performance at
19.6 GeV of 400 Hz, we expected a rate of 160 Hz. The achieved rate has now approached
160 Hz as seen in Fig. 31b. Thus the performance for 14.6 GeV is as expected.

For the projections for the newly proposed 16.7 GeV run, we have scaled the achieved
19.6 GeV performance of 400 Hz by (8.35/9.8)3 to project a good event rate of 245 Hz.
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