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Current and expected data

2

BES-I ! BES-II 
New energies 

!  Fixed target program 
extends scan to lower 
energies 

!  Tested in 2014 

Rosi Reed - 2016 RHIC/AGS Users Meeting 16 2014 � √SNN = 3.9 GeV 

RHIC: BES-I  
     BES-II - Fixed target 

 (2.5 - 19.6) 
d+Au - (200, 62, 38, 20) 
Cu+Au (200, 62) 

SPS: NA49/NA61: (5.1-17.3)  
Lighter ions 

HADES: (2.6) 

FAIR: 2.7-8.2 

NICA/BM@N: 2-11 

J-PARC: 2-6.2 Wealth of data in hand and 
more coming soon

HADES

FAIR
NICA

SHINE



BES-I ! BES-II 
More Statistics 

!  BES-I exploratory scan 
was carried out to shed 
light on these questions 
!  Indications of  a CP with 

8 < √SNN < 20 GeV 
!  How can we capitalize 

on these results? 
!  More data 

!  Electron cooling 
!  RHIC Luminosity 

upgrade 
!  Needed for lower 

energies 
!  Many results statistics 

limited 

Rosi Reed - 2016 RHIC/AGS Users Meeting 15 
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Improving on current data
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Current low energy data:  
Hints that at low √s  

QGP turns off 
  1st order phase transition 
   Critical Point 
   Chiral symmetry restoration 

Future data: 
Examine regions of interest 
Maximizing fraction particles 
measured 
Probe lower √s  
High(er) luminosities

Turn trends and features 
into definitive conclusions

Comparison: Rates

CPOD 2016, Wroclaw, 30 May 
2016

Volker Friese 20

SIS300



Christopher Flores
QM2015 September 29, 2015

Rapidity Density Distributions of π

9

Results are not feed-
down or background 
corrected.

Forward/Backward asymmetries 

remaining after efficiency and 

acceptance corrections are included 

as systematic errors.

Distributions are fit with Gaussian 

functions with means fixed to y = 0.

Results are not feed-
down or background 
corrected.

Helen Caines - BES-INT - Oct 2016

Establishing the “basics”: Yields and spectra

4

(preliminary pions at QM2015 
 preliminary protons at DNP,  
 Kaons coming soon C.Flores) 

Christopher Flores
QM2015 September 29, 2015

Identified Pion Spectra at 19.6 GeV

6

Spectra corrected for 
detector efficiency and 
acceptance in each 
rapidity bin

Spectra Fit with two 
parameter Bose-Einstein

Fit is extrapolated into 
unmeasured region and 
integrated to obtain 
dN/dy

Points with mT-m0 < .5 

(Gev/c2) are obtained 
from TPC (dE/dx)

Points with mT-m0 ≥ .5 

(Gev/c2) are obtained 
from TOF (1/β)

STAR can measure 
forward and backwards

Inching towards full phase space  
measurements



Statistical Models 

A. Rustamov, CPOD 2016, Wroclaw, Poland 15 

ni =
Ni

V
= −T

V
∂lnZi

CE

∂µ
= gi
2π 2

p2dp
exp Ei − µi( ) T⎡⎣ ⎤⎦ ±10

∞

∫
Canonical ensemble for strangeness 

Statistical approach works in the energy range spanning by 3 orders of  magnitude! 

suppression factor =  

HADES data 

arxiV: 1512.07070 

		

I1 2z( )
I0 2z( )

z – sum of  single particle partition functions 
P. Braun-Munzinger, K. Redlich,  J. Stachel 
In *Hwa, R.C. (ed.) et al.: Quark gluon plasma* 491-599 A.R, M. I.  Gorenstein RLB731, 302 (2014) 

THERMUS V3.0:    S. Wheaton, J.Cleymans: 
Comput.Phys.Commun.180:84-106,2009 

Chemical Freeze out 
D. Mishra, QM 2015, Kobe, Japan 

• S. Wheaton & Cleymans, Comput. Phys. Commun., 180, 84-109 (2009) 
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• J. Cleymans et al. Phys. Rev. C 73, 034905 (2006) 
• A. Andronic et al. Nucl. Phys. A 834, 237C (2010) 

High Energy 

Low Energy 

Stephen Horvat (YALE) HQ2016, South Padre Island 24 
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Establishing the “basics”: Hadro chemistry

5

Results need “ALL” strange hadrons 
included 

No significant difference seen in 
BES energies using GCE or SCE 

PHENIX results using Lattice in 
approximate agreement (arXiv:1506.07834)

Thermal fits work at √s = 2.6 GeV

All data fit smoothly into 
model expectations
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FIG. 37: Variation of Tkin with ⟨β⟩ for different energies and
centralities. The centrality increases from left to right for a
given energy. The data points other than BES energies are
taken from Refs. [43, 64]. Errors represent systematic errors.

peated for the SCE case and the conclusion remains the952

same.953

2. Choice on Including More Particles954

For the default results discussed above, the particles955

included in the THERMUS fit are: π, K, p, p̄, Λ, and Ξ.956

It is interesting to check if the results remain stable by957

including more particles in the fit. Figure 35 shows the958

comparison of extracted freeze-out parameters in Au+Au959

collisions at
√
sNN =39 GeV for GCE using yields as960

input to the fit. Results are compared for three different961

sets of particle yields used as input for fitting. When962

only π, K and p yields are used in fit, the temperature963

obtained is lower compared to other sets that include964

strange hadron yields. Also, γS is less than unity, even965

for central collisions. It can be seen that for all other966

cases, the results are similar within errors. However, the967

χ2/NDF increases with increasing number of particles968

used for fitting. The small values of χ2/NDF for the fit969

including only π, K, and p can be understood as follows.970

Since the number of particle yields for fit is only 6, when971

µQ is taken as fit parameter. The NDF is zero and the972

χ2 is strictly zero. When µQ is fixed to zero as in the973

present case, the degree of freedom is one. The χ2/NDF974

is close to zero.975

B. Kinetic Freeze-out976

The kinetic freeze-out parameters are obtained by fit-977

ting the spectra with a blast wave model. The model978

assumes that the particles are locally thermalized at a979
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FIG. 38: Top: Energy dependence of kinetic and chemical
freeze-out temperatures for central heavy-ion collisions. The
curves represent various theoretical predictions [76, 77]. Bot-
tom: Energy dependence of average transverse radial flow ve-
locity for central heavy-ion collisions. The data points other
than BES energies are taken from Refs. [43, 51–62, 64] and
references therein. The BES data points are for 0–5% central
collisions, AGS energies are mostly for 0–5%, SPS energies
for mostly 0–7%, and top RHIC and LHC energies for 0–5%
central collisions. Errors represent systematic errors.

kinetic freeze-out temperature and are moving with a980

common transverse collective flow velocity [43, 49]. As-981

suming a radially boosted thermal source, with a kinetic982

freeze-out temperature Tkin and a transverse radial flow983

velocity β, the transverse momentum pT distribution of984

the particles is given by [49]985

dN

pT dpT
∝
∫ R

0
r drmT I0

(

pT sinh ρ(r)

Tkin

)

×K1

(

mT cosh ρ(r)

Tkin

)

, (13)
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kinetic freeze-out temperature and are moving with a980

common transverse collective flow velocity [43, 49]. As-981

suming a radially boosted thermal source, with a kinetic982

freeze-out temperature Tkin and a transverse radial flow983

velocity β, the transverse momentum pT distribution of984

the particles is given by [49]985

dN

pT dpT
∝
∫ R

0
r drmT I0

(

pT sinh ρ(r)

Tkin

)

×K1

(

mT cosh ρ(r)

Tkin

)

, (13)
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Establishing the “basics”: Kinetic freeze-out
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Stronger collectivity at higher √s 

Central collisions: 
Lower T→ higher β

Nu Xu 8/24 “Critical Point and Onset of Deconfinement 2016”, Wroclaw, Poland, May 30 – June 4, 2016 

Critical Point and Onset of Deconfinement 2016
and

Working Group Meeting of COST Action MP1304

Wrocław, Poland
May 30th - June 4th, 2016

Wrocław is the largest city in western Poland. It is on the River Oder in the Silesian
Lowlands of Central Europe, roughly 350 kilometres (220 miles) from the Baltic
Sea to the north and 40 kilometres (25 miles) from the Sudeten Mountains to the
south. Wrocław is the historical capital of Silesia and Lower Silesia. See more from
wiki.

Wrocław was selected as the European Capital of Culture 2016. Throughout the
year there will be dozens of cultural events and festivals. Thanks to a number of
festivals ongoing in Wrocław during CPOD2016 (Ethno Jazz Festival and Simcha -
Jewish culture festival), we were able to provide you with a list of recommended
events. The list is presented in a handy form of calendar. You can find the basic
information about the events below, as well as ticketing informations.

Home
First Circular

Second Circular
Committees

Invited speakers
Registration

Schedule (preliminary)
Venue

Accommodation
Travel information
Tourist attractions

Poster
Contact

Bulk Properties at Freeze-out 

0 - 5%
60 - 80%

Au+Au collisions at RHIC

A. Andronic, et al., NPA834, 237(10)
J. Cleymans, et al., PRC73, 34905(06)
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7.7 GeV
11.5 GeV
14.5 GeV
19.6 GeV
27 GeV
39 GeV
200 GeV

(b) Kinetic Freeze-out

Au+Au at RHIC

Pb+Pb at LHC
2.76 TeV

1 2 3

Kinetic Freeze-out:  
-  Central collisions => lower value of 
   Tfo and larger collectivity βT  

-  Stronger collectivity at higher energy, 
   even for peripheral collisions 

Chemical Freeze-out: (GCE) 
 - Weak temperature dependence  

 - Centrality dependence µB! 
 - CP about µB ~ 300 – 400 MeV?  

ALICE: B.Abelev et al., PRL109, 252301(12); PRC88, 044910(2013). 
STAR:  J. Adams, et al., NPA757, 102(05); X.L. Zhu, NPA931, c1098(14); L. Kumar, NPA931, c1114(14)  

Nu Xu 37/56 “Quark Matter 2015  Student-Day”  Kobe, Japan, 9/27 – 10/3, 2015 

Bulk Properties at Freeze-out 

Kinetic Freeze-out:  
-  Central collisions => lower value of 
   Tkin and larger collectivity β  

-  Stronger collectivity at higher energy 

Chemical Freeze-out: (GCE) 
 - Central collisions.  

 - Centrality dependence, not shown, 
   of Tch and µB! 

Data: 5% Au+Au collisions
A. Adronic, et al.
J. Cleymans, et al.
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Baryonic Chemical Potential µB (MeV)

Au+Au Collisions at RHIC //STAR
//11 BESII//R

eferences//03/plot2_cfo_M
arch2014.kum

ac//

LGT: S. Gupta, et al.
LGT: Z. Fodor, et al.

(TC = 170 MeV)

Collective velocity <β> (c) 

STAR Preliminary 

STAR Preliminary 

Tkin~Tch  below √s ~ 7 GeV
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Current status of horn and step plots – properties of the onset of deconfinement 

mid-rapidity 4p new  For Pb+Pb sharp 

peak (horn) in K+/p+ 

ratio due to onset of 
deconfinement (OD) 
 (APPB 30, 2705, 1999)

  For Pb+Pb 
plateau (step) in the 
inverse slope 
parameter (T) of m

T
 

spectra due to OD 
(constant T and p in 
mixed phase)

 Even in p+p the 
energy dependence 

of K+/p+ and T 

exhibits rapid 
changes in the 
SPS energy range

S. Puławski (for NA61),  
PoS CPOD2014, 010, 2015; 

and 2015 update (4p)

Helen Caines - BES-INT - Oct 2016

Horns and plateaus

7

RHIC data suggests 
horn less pronounced 

Same result for mid-
rapidity as total yield 

Similar plateau 
in Tkin for pp

Models show 
baryon density also 
peaks √s  ~7 GeV

K. Grebieszkow CPOD16
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FIG. 6. (Color online) The ET /Nch ratio as a function of√
s
NN

for central Au+Au collisions and Pb+Pb collisions at
midrapidity. The error bars represent the total statistical and
systematic uncertainties. The Large-Hadron-Collider, LHC,
data point has been obtained by taking the ratio of the CMS
dET /dη data [30] with the average of the ALICE [34] and
ATLAS [35] data. For (dET /dη)/(0.5Npart), data are taken
from FOPI [27], E802 [28], NA49 [29, 30], STAR [18], and
CMS [30]. For (dNch/dη)/(0.5Npart), data are taken from
FOPI [27], E802 [28, 31, 32], NA49 [29], STAR [18, 33], PHO-
BOS [17], ALICE [34], and ATLAS [35].

ply as ET /Nch, is a variable that is related to the av-
erage transverse mass of the produced particles [3]. In
previous measurements, this ratio has been observed to
be independent of centrality and independent of

√
s
NN

in Au+Au collisions from
√
s
NN

= 200 to 19.6 GeV [3].
Figure 5 plots the ET /Nch ratio as a function of Npart

for Au+Au collisions at various values of
√
s
NN

. For all
cases, the ratio is constant with Npart within the system-
atic uncertainties. The excitation function of ET /Nch

is shown in Fig. 6. Here, the Large-Hadron-Collider
point has been obtained by taking the ratio of the CMS
dET /dη data [30] with the average of the ALICE [34]
and ATLAS [35] data. The ratio increases below

√
s
NN

≈ 10 GeV, levels off, and then increases at
√
s
NN

=
200 GeV.
The energy density per unit volume in nuclear colli-

sions can be estimated from the energy density per unit
rapidity [37]. The Bjorken energy density can be calcu-
lated as follows:

εBJ =
1

A⊥τ
J(y, η)

dET

dη
(2)

where A⊥ is the transverse overlap area of the nuclei
determined from the Glauber model, τ is the formation
time, and J(y, η) is the Jacobian factor for converting
pseudorapidity to rapidity.

The Jacobian factor depends on the momentum distri-
butions of the produced particles, which are dependent
on the beam energy. The Jacobian factor for each beam
energy in the PHENIX acceptance has been estimated us-
ing the URQMD event generator, which well reproduces
measured particle spectra over the RHIC beam energy
range and, unlike HIJING, is valid at

√
s
NN

= 7.7 GeV.
Calculations of the Jacobian factor using URQMD are
consistent with previous calculations using the HIJING
event generator [3]. There is an estimated uncertainty of
3% for this calculation for all beam energies. The values
of the Jacobian factors are summarized in Table V.

TABLE V. Summary of the Jacobian scale factor estimated
for each beam energy.

Dataset J(y,η)

200 GeV Au+Au 1.25

130 GeV Au+Au 1.25

62.4 GeV Au+Au 1.25

39 GeV Au+Au 1.27

27 GeV Au+Au 1.27

19.6 GeV Au+Au 1.28

14.5 GeV Au+Au 1.30

7.7 GeV Au+Au 1.35

The transverse overlap area is estimated using the a
Monte Carlo Glauber model as A⊥ ∼ σxσy, where σx and
σy are the widths of the x and y position distributions
of the participating nucleons in the transverse plane. A
normalization to πR2, whereR is the sum of the rn radius
and a surface diffuseness parameters of the Woods-Saxon
parametrization

ρ(r) = 1/(1 + e(r−rn)/a), (3)

of the nuclear density profile, ρ(r), was applied for the
most central collisions at impact parameter b = 0.

A compilation of the Bjorken energy density multiplied
by τ for Au+Au collisions at various collision energies is
shown in Fig. 7. The value of εBJ increases with increas-
ing

√
s
NN

and also with increasing Npart. The value of
εBJ for the most central Au+Au collisions at

√
s
NN

=
7.7 GeV is 1.36 ± 0.14, which is still above the value of
1.0 for a formation time of 1 fm/c that had been the pro-
posed value above which the Quark-Gluon Plasma can be
formed in Bjorken’s original paper [37]. It is also above
the result of 0.7 ± 0.3 GeV/fm3 for the critical energy
density obtained from lattice QCD calculations [38, 39].
The excitation function of εBJ multiplied by τ is shown
in Fig. 8. The results are shown on a log-log scale to illus-
trate that εBJ follows a power law behavior from

√
s
NN

=

7.7 GeV up to
√
s
NN

= 2760 GeV, εBJτ ∝ eb×log(
√
sNN ),

where b = 0.422± 0.035.

Helen Caines - BES-INT - Oct 2016

Establishing the “basics”: Energy density

8

Energy density 
arXiv:1509.06727  

Stephen Horvat (YALE) 48 

• Bjorken energy density * τ > 1 GeV/(fm2 c) in central collisions 
for entire BES 

 
HQ2016, South Padre Island 

Can we establish !?

ET/Nch relates to average transverse 
mass of produced particles 

rises, plateaus, rises again 
constant as function of Npart

Leveling off starts around √s ~ 7 GeV

For central events: 
   Bjorken energy density*! > 1 GeV/fm2c 

   

arXiv:1509.06727

εBJ!∝eb×log(√sNN);  (b = 0.422 ± 0.035)

εBJ! < 1 for low energy peripheral events
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Disappearance of QGP? 

9

Several standard 
signals disappear 
at √s < 15 GeV
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High pT suppression gone 

B-M v2 separation gone

ϕ v2 ~ 0

v3 ~ 0

7.7 GeV

11.5 GeV

14.5 GeV

S.Horvat Hot Quarks 16



Nu Xu 9/34 “BEST2016 Topical Workshop on Beam Energy Scan”, Indiana University, May 9 – 11, 2016 

Directed Flow v1 Results 
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Net - Proton Net - Kaon

STAR: PRL112, 162301(2014) 
STAR: QM2015 

1)  Mid-rapidity net-proton dv1/dy 
published in 2014 by STAR, 
except the point at 14.5 GeV 

2)  Minimum at √sNN = 14.5 GeV for 
net-proton, but net-Kaon data 
continue decreasing as energy 
decreases 

3)  At low energy, or in the region 
where the net-baryon density is 
large, repulsive force is 
expected, v1 slope is large and 
positive!  

 - M. Isse, A. Ohnishi et al, PR C72, 064908(05) 

 - Y. Nara, A. Ohnishi, H. Stoecker, arXiv: 1601.07692   
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First order phase transition?

10

PRL 112,162301 (2014) 

Net-proton isolates directed flow of 
transported: 

Double sign change in dv1/dy 

14.5 GeV in published trend 

Not seen in kaons 

Many transport models have monotonic 
trend 

Softening of EoS ?

Beam energy baryon dv1/dy trend complex 
interplay of: 

v1 baryons transported from beam 

v1 from pair production
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“Dale” in longitudinal expansion

11
BES results for π+ and π-

Probe expansion 
dynamics: 

Width of rapidity 
distribution compared 
to Landau hydro. 
expansion predictions 

Minimum observed at 
√s = ~7 GeV 

Minimum in the speed 
of sound? 

cs2 ~ 0.26 

Christopher Flores
QM2015 September 29, 2015

STAR sees an increase in the ratio 

of the measured pion width to the 

predicted hydro width confirming 

trend of previous NA49 

measurements.

Dale Observable

12

E895: J. L. Klay et al, PRC 68, 05495 (2003)
NA49: S. V. Afanasiev et al. PRC 66, 054902 (2002)
BRAHMS: I.G. Bearden et al., PRL 94, 162301

STAR Data points include both 

statistical and systematic errors.
σ

y
(hydro): P. Carruthers and M. Duong-van, Phys.Lett. B41, 597 (1972)

All rapidity density spectra have been 
fit with single Gaussian Functions.

All rapidity density spectra have been 
fit with single Gaussian Functions.

Another indication of 
softening of EoS?

SHINE see minima in similar place 
for pp data

C. Flores QM15
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Eccentricity at freeze-out

12H. Masui / LBNL /32

Freeze-out eccentricity from BES, STAR

• Monotonic decrease from 7.7 to 200 GeV from STAR
‣ No minimum around 20 GeV

23

10+$years$of$asHBT$systemaDcs$

ma$lisa$($Workshop$On$FluctuaDons,$CorrelaDons$and$RHIC$Low$Energy$Runs$($Brookhaven$NaDonal$Lab$($Oct$2011$

2000$:$E895/AGS$
$PLB496$1$(2000)$

2004:$STAR/RHIC$$
$200$GeV$
$PRL93$012301$(2004)$

2008:$CERES/SPS$
$PRC78$064901$(2008)$

2010$(WPCF$Kiev):$
$STAR/RHIC$62.4$GeV$

2011$(QM$Annecy):$
$STAR/RHIC$
$7.7,$11.5,$39$GeV$
$arXiv:1107.1527$

2011$(WPCF$Tokyo)$
$STAR/RHIC$
$19.6$GeV$

2011$(WPCF$Tokyo)$
$PHENIX/RHIC$
$200$GeV$

Soon:$ALICE/LHC$

!?((Something$special?$

!?((A$real$minimum?$–$speculaDon$of$P.T.$$(Lisa$et$al,$New$J.$Phys$2011)$

!!!?((A$real$sharp$minimum$at$the$“special”$kink/horn/step$energy?$

Uh(oh$
27$

PHENIX – WPCF 2011 (10-30%) 

εf

Sensitivity to the EoS  
trend smooth over all √s 
STAR data does not confirm CERES data

Accessed via azimuthal HBT

No evidence of 
change in EoS
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What (was learned in) BES-I? Net-proton multiplicity cumulant ratios... 

STAR net-p PRL  
L. Adamczyk, et al., [STAR Collaboration], Phys. Rev. Lett. 112 (2014) 032302. 

C. Athanasiou et al., PRD 82, 074008 (2010) 
M.A. Stephanov, PRL 107, 052301 (2011)	

Non-linear  
σ model: 

~100 MeV gap in µB... 
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0.4<PT<0.8 GeV  
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Presence of Critical Point?

13

Top 5% central collisions:
Non-monotonic behavior 
Enhanced pT range → enhanced signal

Peripheral collisions:
smooth trend

5-10% central collisions:
in between

UrQMD (no Critical Point):
shows suppression at lower energies 

- due to baryon number conservation

STAR PRL 112 (2014) 32302

STAR Preliminary

Critical Points:  
divergence of susceptibilities 

e.g. magnetism transitions  
divergence of correlation lengths 

e.g. critical opalescence 

Possible scenario

Correlation lengths diverge → Net-p κσ2 diverge
Hints of Critical fluctuations

HADES and Fixed target data: sketch  →  reality 
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HBT and the CP 

14

(R2out - R2side) sensitive to emission duration 

If softening of EoS:

Non-monotonic pattern as function of √sNN 

Finite size scaling effects can be used to 
extract location of deconfinement transition 

Plot of (R2out - R2side)  as function of initial 
transverse size of the system 

Slope and intercept give information on the 
location of CP at infinite volume and the 
critical exponents

R. Lacey, PRL 114, 142301 

165 MeV, 95 MeVcep cep
BT µ: :

2nd order phase transition

Infinite volume √sNN  =47 GeV 
(√

s N
N

) 



Isaac Upsal – Oct. 2016 15

•Measured Lambda and 
AntiLambda polarization

• Positive signal!

• Includes results from 
previous STAR null result 
(2007)

Global polarization measure

STAR preliminary

Isaac Upsal – Oct. 2016 22

• Fig. depicts vortical and 
magnetic polarization

• Includes results from 
previous STAR null result 
(2007)

• Yields from THERMUS

• Reminder – negative 
magnetic component means 
magnetic coupling

Magnetic and vortical polarization

STAR preliminary

STAR preliminary
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The spinning QGP

15

Marginal significance for each energy 

Ensemble and trend add confidence 
anti-Λ > Λ 

Both EM and vorticity

P
vortical

=
1

2
(P⇤ + P⇤̄)

PEM =
1

2
(P⇤ � P⇤̄)

Feeddown corrected

First observation of global 
hyperon polarization

I. Upsal (INT BES 2016)
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STAR upgrades for BES-II

16

Endcap ToF

Enhanced Acceptance  
Enhanced PID 
Enhanced Event Plane Resolution 
Enhanced Centrality Definition

iTPC,   EPD,   eTOF
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iTPC

17

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.                              
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Enhanced tracking and dE/dx performance

18

Increased coverage, efficiency and dE/dx 
resolution out to |η| < 1.5
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Event Plane Detector: EPD

19

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
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Endcap Time-Of-Flight: eTOF

20

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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BES-II: Softening of EoS

21

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
BES-I: Double sign change of v1 



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 
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BES-II: Softening of EoS

21

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
BES-I: Double sign change of v1 

EPD: 
Enhanced 1st order EP resolution 

Reduced systematics



iTPC
iTPC
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BES-II: Critical fluctuations

22

iTPC: 
Increase Δyp acceptance
Δyp > Δy correlation 

BES-I:  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



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 

Excess radiation 23

Hard Probes 2016 - Patrick Sellheim - 24/09/2016

HADES
Preliminary

Excess yield scales like
≈A1.3

part

The excess yield rises 
with the size of the 
collision system.
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Low mass di-lepton excess

23

HP2016 J. Butterworth (STAR) P. 
Sellheim (HADES)

In Au+Au excess scales 
as A1.3part

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

Looking forward to adding HADES, 
BES-II and LHC data into trend plots 

Results suggest excess from total baryon driven hot dense medium effects 
and the medium’s lifetime



Helen Caines - BES-INT - Oct 2016

BES-II: Change the total baryon number

24

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
J. Butterworth HP2016
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BES-II: Vorticity and Initial B-field 

25

BES-I: First measurement of Λ Global Polarization

Unique measurement of B 
Significant input to CME/CVE 

interpretations

10-40%

EPD: 
 Improved EP resolution 

BES-II: 3σ effect

Vortical + Magnetic Contributions: 
Current data barely stat. significant 

BES-II
BES-II + EPD

10-40%
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BES-II: Onset of deconfinement

26

NA49 - onset of deconfinement at  
√s = 7.7 GeV 

eTOF+iTPC: 
Forward acceptance in fixed target 
mid-rapidity range 

 Reach 7.7 GeV for fixed target too 

Fixed target program 
Collider can’t run below 7.7GeV 
Target in beam pipe at z=210cm 

Will perform dedicated short runs 
More efficient 
Successful tests completed 

Precision investigation 
with new techniques and 

same detector

2014 − √SNN = 3.9 GeV

Daniel Cebra 
10/06/2016 Slide 32 of 30 INT Beam Energy Scan Workshop 

Institute of Nuclear Theory, University of Washington 

p 
Daniel Cebra 
10/06/2016 Slide 32 of 30 INT Beam Energy Scan Workshop 

Institute of Nuclear Theory, University of Washington 

p 
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Summary

27

Significantly extended detection capabilities 

iTPC → enhanced y- pT acceptance        - Project en route to success 

EPD → crucially improved EP resolution - Hopeful support will be found  

eTOF → significant improvement to PID  - Hopeful support will be found  

eCooling → higher beam luminosities,  better statistics 

Also new data from SPS, FAIR and NICA on the horizon 

    In conjunction: Turn trends and features into definitive conclusions 

High statistics exploration of QCD phase diagram and its key 
features

Strong theoretical interest: BEST Collaboration & this Workshop


