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Hadronic Gas

JBES phase I at RHIC
» Study the onset of de-
confinement and phase
boundary
» Search for the QCD critical
point
» Turn-off of QGP signals
» Softening of the equation of
state
» Find evidence of the
possible first-order phase
transition
dSystematic study of Au+Au
collisionsat?7.7,11.5,14.5,19.6,

0 250 500 750 10CC
Baryon Chemical Potential i, (MeV] 27,39 GeV
STAR: arXiv:1007.2613 (BES Phase'I)
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Motivation for the Fixed-Target Program

Temperature (MeV)

Quark-Gluon Plasma

0 250 500 750 1000
Baryon Chemical Potential jig (MeV)

d NA49 has reported that the
onset of deconfinement may
occur at 7 GeV, the low end of
BES range.

J How to achieve low energy?

» By installing a target inside the
beam pipe and using RHIC
beam as a projectile.

» It can extend the pp range from
400 MeV to about 720 MeV

» Provide control measurements
for searches of the critical point
and onset of deconfinement

Need to probe lower energies!
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Control Measurements for CEP Signatures

Preliminary HADES result, Quark Matter 2017
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Fixed-Target Geometry
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Results from FXT Au+Au Collisions
at SNN - 4.5 GEV
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O In STAR, the acceptance for particles and anti-particles is the same. Thisis not
normally true for an experiment with a dipole magnet. 9




Particle Reconstruction in Au+Au at

£ 1200
=}
o)
(6]
1000

600
400
200

0

800 —

0-5%

0.35 0.4

0.45

- STAR preliminary

0.5

0.55

0.6 0.65 0.7
Invariant Mass (GeV/c?)

[ =
: “PESTAR preliminary A
© 4000
3500 - 0_5% N\ -> p + 11
3000 -
25002—
2000
E 0
1600 F- !
1000;— b
500 - )
OE_ | | | | | v
T2 106 106 108 11 1i2 4 ie. a8 12 122

Invariant Mass (GeV/c?)

1, K, p areidentified by dE/dxin TPC. Secondary vertex reconstruction.

" STAR preliminary

3 -
S 1o

~ —
o]
d

0-30%

September 23

1.34 1.35 1 36
Invariant Mass (GeVic?)

() =

FWHM 10MeV

E895 data

0-7%

Mm H

=4.5 GeV

- ¢ E895+PhysReVLett 91. (2003) 202301+

129 1.3 131 132 133 1.34 1.35

Inv. Mass (GeV/c?)

Muhammad Usman Ashraf




Pion Spectra and dN/dy Distribution

n Rapidity Density
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mm, and dN/dy spectra of K§ and A in Au+Au at

1/SNN =45 GeV
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Amplitudes and
widths of rapidity
density, dN/dy, are
in a good agreement
with AGS
experiments.
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Particle Yield comparison in Au+Au
at \/Syn = 4.5 GeV with different experiments
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O The excitation function of integrated yield, dN/dy, at mid-rapidity, scaled by
the average number of participants.

A K. points arescaled by factor of 10.

O STARdata arein a good agreement with various AGS and CERN experiments.
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Directed flow of protons and pions in Au+Au
Collisions at \/syy = 4.5 GeV
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Directed flow of K9 and A in Au+Au

Collisions at \/Syy = 4.5 GeV
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Directed Flow Comparison Across Experiments and Energies

T I | T
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 First m results shown for this \/sSyy = 4.5 GeV.
dThe mesons continue the trend of negative flow seen at higher
energies.
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Directed Flow Comparison Across Experiments and Energies
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*15-30% centrality bias is not corrected

[ First m results shown for this energy range.

dThe mesons continue the trend of negative flow seen at higher
energies.

dProtons and Lambdas are consistent with positive flow indicative of
compression.
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Elliptic Flow of Pions and Protons
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[ First measurement of

pion elliptic flow for
this energy range.

4 Proton v, shows good

agreement with E895.
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Dynamical Relative Charge Number Fluctuations
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d FXT measurement continues the decreasing trend towards lower
energies and is in a good agreement with UrQMD.
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Conclusions from First FXT Run at /Syy = 4.5 GeV

 First pion dv;/dy results obtained for this energy range.
They continue the trend of negative flow for mesons.

J First pion v, results obtained for this energy.
d First v4,, result obtained for this energy range.

4 Spectra and yields, HBT radii, proton dv,/ ccfl)y, and proton
v, results are consistent with results from AGS
experiments.

- STAR operates well in FXT mode!



Results from FXT Al+Au Collisions
at ./Syy =4.9 GeV



Centrality Determination for Al+Au

at N/SNN =

4.9 GeV
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Particle Reconstruction in Al+Au at ,/Syy = 4.9 GeV
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mm, and dN/dy spectra of K§ and A in Al+Au at

VINN

4.9 GeV
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Comparison of m-m, spectra and dN/dy with
Au+Au and Al+Au
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iTPC Upgrade: EndCap TOF Upgrade: EPD Upgrade:
v Improved dE/dx resolution v Mid-rapidity coverage is critical Better trigger
v Better momentum resolution”. Needed for PID at m1d—rap1d1ty v Reduces background
v Extendsn coverage from ¥ -1.6<n<-1.1 v' Improves event plane

v i .
1.0to1.5 ?)?’?Wi Ohlihrir energy range of resolution
v pr>60MeV/c P v 21<|n|<5.1
v' Readyin 2019 eady mn
Star Note 0644 : Technical Design Report for the iTPC Upgrade https://arxiv.org/pdf/1609.05102. pdf Star Note 0666 : An Event Plane Detector for STAR
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FXT Energy Reach With Upgrades

n=224

pr (GeV/c)

0.75

0.5

0.25

— 1 1 1 1 1 1 |
0 0.5 1 1.5 2 25 3 YIab 3 YIab

Current Acceptance Current Acceptance
Acceptance with upgrades Acceptance with upgrades

d Detector upgrades required to extend STAR FXT up to
7.7 GeV, an overlap energy with the collider mode.
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- Outlook: FXT Program in Run 18

Preliminary HADES result, Quark Matter 2017

0-10%
(QM 2017)
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data o
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' Collider

Au +

Au Collisions at RHIC
0-5% centrality
lyl <0.5, 0.4 < p, <2 (GeV/c)
STAR
PRELIMINARY
@ net-proton
A anti-proton
O proton

BES-II error for net-p
UrQMD for net-p

Systematic uncertainties
included

here!

A
# T
2 5 10 20 50 100 200

Colliding Energy Vs,,, (GeV)

LCpLlIeIIIvel <o

Q100 M (~2 days) events
of Au + Au collisions at

VSnn = 3.0 GeV .

d The Event Plane
Detector will be ready and
available for flow analyses.

] Can obtain a fluctuation

measurement at energies
below BES-I.
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Outlook: FXT Program in Run 19

Beam Energy | \/syy | Run Time | Species | Number Events
(GeV /nucleon) | (GeV)
5.75 3.5 2 days | AutAu 100M MB
7.3 3.9 2 days | AutAu 100M MB
9.8 4.5 2 days | AutAu 100M MB
13.5 5.2 2 days | AutAu 100M MB
19.5 6.2 2 days | Au+tAu 100M MB
31.2 7.7 2 days | AutAu 100M MB

d iTPC and eTOF upgrades will be available.

d Would need 100 million events at each energy, 2 days per energy
(3.5 GeV - 7.7 GeV).

d Datarateislimited by DAQ.

d Dataat?7.7 GeV would provide an overlap energy with the
collider mode.
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Strange Particles in FXT and BES-II
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C. Blume, J. Phys. G31, S57 (2005).

Q Clear signals for K, A and
=~ are observed in Au+Au
at4.5 GeV FXT test run

Qd Clear signals for Kg and A
are observed in Al+Au at
4.9 GeV EXT test run.

O Have not seen A and Q, due
to low statistics.

d After upgrade we need
~100M events for each
energy and hoping to see
the A, Q and =~ .




Summary

d First FXT run results demonstrate STAR has a capability
to run in the fixed-target as well as in the collider mode.

d Higher statistics FXT run in 2018 will allow a kurtosis
measurements at 3 GeV.

d Installation of EPD in 2018 will allow to improve flow
measurements.

d The FXT program will extend the energy range of the
RHIC BES-II down to Vsyp = 3.0 GeV (up=720 MeV).

J With detector upgrades the FXT program can be
extended up to 7.7 GeV, where it overlaps with the

collider mode.
d This will also allow more comprehensive and refined

measurements.
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prspectra of K9 in Au+Au at ,/Syy = 4.5 GeV
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» KQ Spectra in Different rapidity bins for FXT Au+Au at /Sy, =4.5 GeV.
> Statistical errors only.
> 15-30% trigger is biased towards the most central.

—> Spectra are extrapolated to high pr with Stefan-Boltzmann fitting function.
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pr spectra of A in Aut+Au at /Syy =4.5 GeV
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» A Spectra in Different rapidity bins for FXT Au+Au at ,/Syy = 4.5 GeV.
> Statistical errors only.
> 15-30% trigger is biased towards the most central.
—> Spectra are extrapolated to high pr with Stefan-Boltzmann fitting function.
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prspectra of KO in Al+Au at ,/Syy =4.9 GeV
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» KQ Spectra in Different rapidity bins for FXT Al+Au at ./Syy = 4.9 GeV.
> Statistical errors only.
- Spectra are extrapolated to high pr with Stefan-Boltzmann fitting function.
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pr spectra of A in Al+Au at /Syy = 4.9 GeV
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» A Spectra in Different rapidity bins for EXT Al+Au at./Syy = 4.9 GeV.
> Statistical errors only.
- Spectra are extrapolated to high pr with Stefan-Boltzmann fitting function.
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Net-Proton Directed Flow Slope at Mid-
rapidity

P. Shanmuganathan for the STAR Collaboration, Quark Matter 2015.

Ll 10-40% | -

y. ¥ STARpreliminary
'} "« netproton
| « netkaon |

0 s Gen)!"

1 A minimum is observed in the
mid-rapidity slope of net proton
directed flow.

[ The energy range of this
minimum is /Syy = 10-20 GeV.

1 According to prediction of
hydrodynamic models, this
minimum resembles the “softest
point”.
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Relation between centrality bins and

<npart>
Centrality # of Events <Npart> +/- stat +/-

Sys

0-5% ~267k 3359+/-0.51+/-
0.97

5-10% ~287k 285.9+/-0.56 +/ -
0.88

10-15% ~259k 242.4+/-0.53 +/-
0.37

15-20% ~204k 2039+/-048 +/-
0.85

20-25% ~126k 170.3+/-0.44 +/ -
0.46

25-30% ~69k 142.2+/-0.43 +/-
0.50
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Trigger efficiencies and pileup for each
centrallty bin.

0-5% 6.014710% 96.871020%
5-10% 2.179419% 95.604648%
10-15% 1.815579% 98.653689%
15-20% 1.578787% 96.707016 %
20-25% 1.367026% 92.393202%
25-30% 1.149513% 95.157688%
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