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The RHIC Beam Energy Scan

* Much progress has been made
in understanding the phase
diagram of QCD matter. We
expect a cross-over at high
energy. At lower energy there
should be a first order transition.

» Mapping the features of the
QCD matter phase diagram is
key to our understanding dense
matter.

* In 2009 the RHIC PAC
approved a series of six energies
to search for the turn-off of
QGP signatures, the critical
point, and evidence of a first
order phase transition.
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What Determined the Range of Energies?

1)

2)

3)

4)

5)

6)

7)

RHIC had already run Au+Au at
200 and 62.4 GeV.

NA49 had completed a scan at the
SPS and claimed observation of
the onset of deconfinement at 7.7
GeV.

The y4 size between steps needed
to be small enough so that we
would not miss the critical point.
The total request needed to be less
than 10 weeks of collider time.
Adequate statistics would be
needed at all energies, even for
rare signals (¢, Q).

Certain energies could not be run
by the collider (others not STAR
and PHENIX)

Some p+p energies had been run
at Fermilab and ISR.
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Overview of the Beam Energy Scan Goals i@.

» The RHIC facility has successfully completed a phase | beam energy scan.

 Evidence of turn-off of QGP signatures
» Constituent quark scaling of flow

* High p; suppression

» Chiral magnetic effect anisotropies

 Evidence for first order phase transition
» The magnitude of the elliptic flow

 The directed flow Only have time
* The azimuthal HBT to mention the
signals in bold

» Searches for critical point signatures

Temperature (MeV)

250 500 750 1000

» Particle ratio fluctuations (K/= etc.) g Baryon Chemical Potental p, (VY]

» Skew and Kurtosis of conserved quantities
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The STAR Detector for the Beam Energy Scan

© Maria & Alex Schmah
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Scaléd Events

APS California Section Meeting 2012

* |VZ|<7O cm
— 7.7 GeV for7.7 GeV

Detector performance
generally improves with lower
energies. Geometric
acceptance remains the same,
track density gets lower.

Triggering required effort, but
was a solvable problem.
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Turn-off of QGP Signatures

High p; suppression has been seen as a clear manifestation of energy loss by
color objects (quarks) in a color medium (QGP)

T T T TTT || I T T T TTT II T I
9 [ SPS 17.3 GeV [Pten) GLW: dNdy = 400 N ] -
I o @ wasspr | SheONm o R, suppression NOT seen at lower energies!
l acamcw M EEOUEREE = The QGP signature is turned off.
| O =" PHEMIX {0-10%) - clastic, Smal P |
1 5 L . # h' STAR [0-5%) Jp— LargePH: —]
B SPS | LHC 276 TeV [PoPD) S - -1
< I J ® cvEEE AW - B Central (0-5)% ¢ 7.7GeV
B % ALKE [0-5%) POM: <f = 30 - B0 GeV ifm |
Peripheral (60-80)% " 11.5GeV
. 10 — 19.6GeV
LHC . - 4 v 27GeV
/s _;I i - * + ¥ 39GeV
££$1H£—£ — - a‘*ﬁ"— " 62.4GeV
T T & L o STAR(2003) 200GeV
.'__.-.-.--._.__.... | o
LT \ — I AR _‘,_—Y T S
e il i T A
D 1 1 | |||||| | 1 1 |||||| 1 | E —I::::—*__*_—* |_
1 2 34 10 20 100 20 - o e
Do ——
pT (Ge]'\."r'lﬂ} NWHW _O__Q__O_
i ——
STAR PRELIMIRNZ #
Eur.Phys.J. C72 (2012) 1945 N
Wo 1 2 3 4 5 6 7 8 9 10
pT(GeWc)
Daniel Cebra APS California Section Meeting 2012 Slide 8 of 12

November 02, 2012 San Luis Obispo, CA



Search for 15t Order PhaseTransition

B. Schaefer and J. Wambach Phys.Rev. D75 (2007) 085015 L. 10-40%: v, Slope
07 — , . . . , . 0.1 m E895: p
0.6 i [INA49: p
- m ¥ STAR: p
0.5 o 0.05r 51 STAR: P
q:;‘ 0.4 Ef ; ¥ ® STAR: T
= 03 ° 0:‘ """""""" ¥ [?;; """"""""" ¥
0.2 i s ®
0.1 -0.05[ ):Th b
0 . . . . . . . ; | STAR Preliminary
306 308 310 312 314 316 318 320 —
1 [MeV] [ SR
L attice QCD calculations predict a first order phase _ o.oz_m Proton TAF% PREH_M INARY
transition seen, as a discontinuity in the density. T lgpp V3 AT
*First order phase transition is characterized by 3 of -+ URaMD a
unstable coexistence region. This spinodal region | -- AMPT
will have the lowest compressibility - ;T::;S:‘emng) ™ ¥
* v, IS @ manifestation of early pressure in the system [ . :
*We see a minimum of the v, signal. =» Suggestive 0 Sy 10°
Daniel Cebra APS California Section Meeting 2012 Slide 9 of 12

November 02, 2012 San Luis Obispo, CA



Search for the Critical Point

\Volumes cancel
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Conclusions

1. Turn-off of QGP signatures:

* NCQ scaling breaks down below 19.6 GeV
* High p, suppression not seen below 19.6 GeV
« LPV effect not seen below 11.5 GeV

2. Evidence of the first order phase transition.
* Inflection inv, at 7.7 GeV
« v, slope (dv,/dy)sign change at 7.7 GeV

Only hadtime 1) arqe Azimuthal HBT signal inconclusive
to mention the

signals in bold

3. Search for the critical point. More
« K/m, K/p, or p/n fluctuations are not conclusive. Data
« Higher moments of the net-proton distributions.
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Outlook
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* J. Cleymans, H. Oeschler,
K. Redlich, S. Wheaton, PR
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*\\We have now put forward a
BES Il proposal to focus on
the most interesting region
Electron cooling is key to the
feasibility of this proposal
«eCooling will take a few
years

*Expect BES 11 in 2017-2019
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