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AWSTAR * RHIC Beam Energy Scan (BES) Phase |

BES Phase | - Au+Au collisions at 7.7, 11.5, 14.5, 19.6,

27.0, and 39.0 GeV P
Search for Conjectured S0 1 ; Quark-Gluon

QCD critical point

Search for 1%t order phase
transition

Search for the onset of key
QGP signatures

\/SNN = 14.5 GeV

Importantmeasurementin
the relatively large pg gap

Temperature

between 11.5 and 19.6 GeV Baryon Chemical Potential ug
VSyy [GeV] = 7.7 115 145 19.6 27.0 39.0

~M; (in central collisions)[MeV] 420 315 260 205 155 115

J. Cleymans, H. Oeschler, K. Redlich, and S. Wheaton, Phys. Rev. C73 (2006) 034905



AWBTAR * Onset of QGP Signatures

Nuclear Modification Factor R,

High p; suppression = R < 1.0
Strong suppression observed in inclusive charged hadrons at
top RHIC energies.

Attributed to energy loss in QGP

Enhancement = R > 1.0
Cold nuclear matter effects, radial flow and coalescence.

Rep VS. Raa
Rcp analysis can be done with a single dataset
The pp baselinein Ry, has no hot nuclear matter effects
Rep is less sensitive than Ry, to cold nuclear matter effects

Rep has large correlated systematicuncertainty on the
calculation of N_, in peripheral events



N AR 5% Nuclear Modification Factor Rep (0-5%)/(60-80%) @ BES | Energies

Inclusive Charged hadrons @ RHIC BES |

- STAR Preliminary o 7.7GeV

statistical errors only = 11.5GeV
14.5GeV
19.6GeV
27GeV
39GeV
62.4GeV

10

R.p [(0-5%)/(60-80%)]

I[||IIIIII

part

0 1 2 3 4pT(G5eV/C)6 7 8 9 10

Smooth transition in the intermediate to high p;range from suppression at
/Syn =39 GeV to strongenhancementat \/syy = 7.7 GeV

Daniel Brandenburg | STAR 4



AWBTAR * Onset of QGP Signatures

Baryon/Meson Ratio eg. (A/Kg) and (p/m)

Baryon enhancement observed in Au+Au collisions at top
RHIC energies

Baryon/Meson ratio is sensitive to QGP formation
through:

Parton recombination

Coalescence

Baryon/Meson ratio is also sensitive to:
Radial flow
cold nuclear matter effects
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FAR < STAR Detector

Time Projection
Chamber (TPC)

Charged Particle Tracking
Momentum reconstruction

Particle identification from

ionization energy loss
(dE/dx)

Pseudorapidity coverage
In] <1.0

Time Of Flight (TOF)
Detector
Particle identification 1/B

Pseudorapidity coverage
In| <0.9

The BBC detectors are used to trigger minimum bias collisions

Daniel Brandenburg | STAR 6



Au+Au 1/SNN—14 5GeV

T T .|~ T3

AU'l'Au W/SNN_14 5 GeV :

2 a1 -
p [Ge1V/c] charge3

Daniel Brandenburg | STAR
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In(dE/dXx),, =
ideal dE/dx for
pion from Bichsel

IIIII

Au+Au 1/SNN—14 5 GeV

7 B R S S T T T S T T T T S T

7T

T 2}2
1+<—“)

p

- AutAu JSyy=14.5 GeV }

||||||||||||||||||||

p [Ge1V/c] charge3

Daniel Brandenburg | STAR

In'(dE/d'x) - Ih(dE/dx)n
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WSTAR * |ight Hadron Spectra @ Au+Auy/Sn n=14.5 GeV
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ly| < 0.25

n*-and p/p are
weak decay
feed-down
corrected
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WSTAR * Topological Particle Identification

<10°

SWE l(g —%’ﬂ+_%-ﬂ:_KO
; S

=) S A+ s (p+ ) 42t

18-_10

Counts

16

14

12

10

o N s O [

Reconstruct secondary vertex
from charged decay products

Use topological cuts

Extract yield by fitting to invariant

mass peak

M, (GeV/c?)

Counts

800F
700}
eooi
5002
400?
3oof
2oof

100f

0

Counts

M, (GeV/c?)
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M,._ (GeV/c?)

Au+Au

\/Syn=14.5 GeV
0 —-80%
centrality

Full prrange
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KS spectra, Au+Au 14.5 GeV
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WSTAR ¥ sirange Hadron Spectra @Au+Au /Sy = 14.5 GeV

Statistical
Uncertainties only

ly| < 0.5

Fit with Levy
function
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Strange Hadron Spectra @Au+Au /syy = 14.5 GeV
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A WWSTAR ¥ strange Hadron Spectra @Au+Au /Svy = 14.5 GeV
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7 I :;rk STAR Prehm'nary _
b <8
*
*
*

B R e e Systemat|c B
“STARPI’ellm%nary . ; S ; R ,,5 uncertamty on N oll /

1 > 3 4 R B 3 4
P, [GeV/c] P, [GeV/c]

Stat. uncertainties —vertical
Enhancement observed for protons  bars

Syst. uncertainties - vertical

' i boxes
Pions around unity for pr>2.0 GeV/c  Boxes .\ i oy sie
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WSTAR % Rep (0-5%)/(60-80%)@ BES | Energies

h s 9 | ¢ I||
R STARPrehmmary M.

s + 19.6 A 115

""""" 77 * 14.5

- STAR Preliminary
2 s 4 s

w270

5 5
P, [GeV/c]' . P, [GeV/c]
Enhancementobserved forall species @ p;>"~2.0in /Syy = 14.5 GeV and
below — key signature of QGP no longer visible at these energies

Rcp Of different energies splits between p;~ 1.5 — 3.0 GeV/c (except in p)
Rep Of /Sy =7.7, 11.5, 19.6, 27, 39 GeV shown previously at CPOD 2013
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WSTAR * strange Hadron R (0-5%)/(40-60%)@ BES | Energies

Statistical Uncertainty Only

4 Au+Au 39 GeV Au+Au 27 GeV Au+Au 19.6 GeV
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o5 b N H.
o + + -
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1 IIIIIIIII IIIIIII EEEEEEEEEEEEEEEEEEEEESR EEEEEEEEEEEEEEEEEEEEESR
0.5 STAR Preliminary STAR Prellmlnary . STAR Prellmlnary L
051152253354455051152253354455051152253354455
N [GeV/c] P, [GeV/c] oN [GeV/c]
orv/SNN =14.5 GeV and below: QRepin 19.6 and 27 GeV :
Rep is greater than or equal to 1 for pr > ~1.5 GeV/c (0-10%) / (40-60%)

Rep particle type dependence becomes less significant
Specifically baryon vs. meson difference atintermediate p; becomes less pronounced
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WSTAR * Baryon/Meson Ratio : p/m* @ BES |

Separation between centralities decreases with decreasing /Sy
“Double ratio” peak p;value changes with /Sy

“Double ratio” for \/Syny = 7.7 GeV turns over (

Daniel Brandenburg | STAR
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WSTAR * Baryon/Meson Ratio : A/K? @ BES|

Separation between centralities decreases with decreasing /Sy
“Double ratio” peak p;value changes with \/Syy

“Double ratio” for/Syy = 7.7 consistent with unity (0-5%) Central (Red) ,
Statistical UncertaintyOnly  (40-60%) Peripheral (Dark Blue)
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AISTAR * Conclusions

Au+Au Collisions at \/syy = 14.5 GeV

New (at QM15 ) STAR results in the large y; gap
between 11.5 and 19.6 GeV

Completes the RHIC Beam Energy Scan Phase |
Onset of QGP signatures

Rep from /Syn = 14.5 GeV in both light and strange
hadrons agrees with the trends from other BES | energies

No evidence of suppression at intermediate p; in the R, of all
species for energies at and below /syy = 14.5 GeV

Baryon/Meson ratios show evidence for change in collision
dynamics for /syy below 19.6 GeV

Beam Energy Scan Phase ll is needed for conclusive results
More statistics — push kinematic reach to higher p;

More energies below /Syy = 20 GeV



THANK YOU
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~WSTAR *

Statistical Uncertainty Only

Baryon/Meson Ratio : A/K? @ BES |

(0-5%) Central (Red)

(40-60%) Peripheral (Dark Blue)'
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WSTAR * Baryon/Meson Ratio p-bar/r- @ BES |
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Extract yields by simultaneously fitting

the dE/dx and 1/ distributions.

counts

09< P, [GeVic]<1.0

........ ieoeeenisbee . STAR Preliminary..

09< P, [GeV/c]<1.0

rttt), K*) and (anti-)proton particle identification

Combined TPC + TOF for a single pr bin
Positive Tracks : 0.9 < P, [GeV/ic] < 1.0

o . Project 1£B: o=
o : =

1§ SRR R S TAR I?Feﬁmginafy-;-
10 LN
b ol .
0B R N\ N T -04 -02 0 02 04 06 0.8
In(dE/dx) - In(dE/dx)_
10°§ TR » Grey bands show +/- 26 around each particle peak
10°F bW e The pion and kaon peaks are merged in dE/dx but are still

02 04 06 08 1 1.2
In(dE/dx) - In(dE/dx)_

~04 -02 0

well separatedin 1/B
* The black band is the total fit result
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