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PHENIX detector
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High p particle production

pQCD calculation works well in p+p collisions:
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Nuclear modification factor

.................

transversegmomentum [GeV/c]
d*N*“ | dp,dn
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PH><ENIX Nuclear modification

factor and theory models
Phys. Rev. C 77, 064907 (2008)

WHDG

< 0-BFBHENIX « (Au+Au 0-5% Central)
c Global Systematic Uncertainty +12%
04 o

Different theory models with different
parameters explain the energy-loss in

medium:
PQM: single transport-coefficient
GLV: color-charge density
WHDG: color-charge density

ZOWW: radiative energy loss ZOWW g = 1.9 GeV/fm

0.|
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PH:<ENIX Nuclear Geometry
and Hydrodynamic flow

multiple
scattering

larger pressure
gradient in plane

Spatial asymmetry
eccentricity

Mom. Asymmetry
elliptic flow
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Flow “universal” scaling

Phys. Rev. Lett. 91, 182301 (2003)
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Flow measurement

in AuAu at 200 GeV
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12 14
n° p, (GeVic)

The v, measured
with two
independent
analysis, the
difference is <5%.

The v, is
decreasing in

highpT?



PHENIX
High p: v, versus R, 4

What is the connection of measure v, and R, ,(Ad,py) in high-py?

The R, 4 with respect to reaction plane: e e

R, (A", pr)=F(AS”. pr) Ry, (Pr) V(adzp,) /

where  p (A¢;” : pT) =— ~14+2v)" cos(2AP")
N(Ag?,
,Z=1: ( ) pT)

The connection between R, o
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PH><ENIX R, 4 with respect

to the reaction plane - L.
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R, 4 in-plane vs. out-of-plane
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Phys. Rev. C 80, 054907 (2009)
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R4 “universal length” scaling

2 2
X

d b2

Black: 10-20%
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Green: 30-40%
Blue: 40-50%
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The R, 4 at higher ps
scales with a L..

The ellipsoid parameterization:
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RAA(A(I)’P:

a
3
c
The data are described
with different models.
Models need tuning E‘é
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Low-Energy scan at RHIC




PHENIX  Motivation —
Low energy scan
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[ Vitev, 62.4 GeV, 175 < dN/dy < 255 | ™
[ Vitev, 200 GeV, 255 < dNidy <370 v
15 |- = o
i Cu+Cu, 0-10% most central _ . 7] l:
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{GBWE:] Noar

Phys. Rev. Lett.101, 162301 (2008)

When the suppression occurs! In Cu+Cu system it is between

Vs =22 - 62 GeV
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Low Energy Survey in 2010

In 2010 low-energy survey of RHIC:

e 700M events in 62.4 GeV Au+Au (350M planned),
e 250M events in 39 GeV Aut+Au (50M planned),

e 1.6M events in 7.7 GeV Au+Au.

n° measurement _

x10° x10
T 4500 15 2.0 [GeV/ :: 0 ﬁ 1.5 <p_ < 2.0 [GeV/c]
o 4000 5 <p, <2.0[GeV/c] © 50 | PO <Py =2
> 3500 >
® 3000 AUA G AUA
g 2500 und, = 30 und,
2000 39GeV = 2 39GeV
1500
T - D
1000:- 2
T 500- | :: ; . ©
y 010‘20130‘40‘506 0‘7‘”(‘)8 0O 01 02 03 04 05 06 0.7 038
M’\/‘\l [GeV/CZ] M’\{Y [GeV/c ]
Fig.1: the raw invariant mass calculated for y—y Fig.2: after combinatorial background
pairs. Red is the real, black is from mixed events subtraction.

' ¢
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Correction factor

In order to reconstruct the invariant yield we run .
GEANT simulation and embedding studies to find the
correction factor:

illustrative plot
- Smearing

Yield

* Acceptance correction: ¢: , |n|<0.35 | —

* Efficiency of reconstructing nt® in the detector =

* Energy-smearing ="
smearing

_ 015 The combined correction factor
3 e reconstruct the
.g 0.1~ ’ﬁ ¥ AuAn \J;s:IDag GeV, PbSc|
s I ¥ - 2°cu
Shower shapes 2 ¢ choow
Q.
for y PID: =005 + o
. 52 g S y? cut was used in o acceptance
) | i .
 Stochastic . theanalysis of n° glticlency
Y 272 6 8 10 12
P [GeV/c]

Norbert Nov1tzky for PHENIX
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Invariant yields of «t°

Slopes fitted pr> 4 GeV/c, only on minimum bias data:

n= 12.1 &= 0.1

n=10.9 * 0.03
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Reference problem

10: 0.5
E® e 2006 p+p, 62 GeV 04 H PHENIX
1 E * — Powerlaw fit E | |fitsyst.
200 GeV - no problem b o3 o
3 10_% ; o..f TW 3
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0 T2 4 6 8 10 12 14 16
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Energy Scan - AuAu results

WA98: 0-13%% PbPb, 17 GeV

- m O :0

0-10 %, AuAu 39 GeV
0-10 %, AuAu 62 GeV

=N
N
TT T
e,

0-10 %, AuAu 200 GeV

0 12 14 16 18 20

(=Y
(1]
<
O,

1 _4_ ®. . 0-85%,AuAu39GeV. .
E m  0-85 %, AuAu 62 GeV
1 '2_ + 0-92 %, AuAu 200 GeV
1 PH ENIX o
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i o]
0.8: ?I% |
0.6~ . % | i
T "y T
~ % +-|- + [ 1 l
0.4- i +
- +"""++ ;E,ﬂ.#‘ + ¥ I
0.2
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The evolution of 1° R, , in Vs from SPS to RHIC energies. The suppression in

most central bin is already visible at Vs = 39 GeV.

- The 62 GeV data at pr > 6 GeV/c reach the 200 GeV points.
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Energy Scan - Integrated R, s

1.
T PHENIX Auhu 1, WAO9S results:
1. Run’ ;;',’5:& 0 Gevie: *No p+p reference,
1. * + : Ezzmﬂgzu ‘p+C : NCOH ~ 1.7
s ! *Suppression in “ultra-central”
- 0. * collisions only (0-1%).
% 0. ": . In Npart < 100 same “constant”
) L]
g 0. "t behavior as CuCu 22 GeV.
0. . .
£ 0. u y
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B | |
0. PH ENIX 4 The suppression study from 39
u Prafirmdnary nm -
0. P B S to 200 GeV in AuAu collisions:
100 200 300 400« 62.200 GeV large suppression
Noar * 39 GeV suppression only in

N__>100
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All together — Integrated R,
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Summary

PHENIX after 10 years of data taking in the inclusive sector:

® The R,, and R, , w.r.t EP provide useful inside into the
energy loss mechanism.

® The v, at higher prdoes not vanish. What is the origin?

® Energy scan:

® Scanning to lower energies was very successful for PHENIX

® 71¥v, seems to saturate already at 39
® 71 R,, was measured in lower energies:

® Indicates continues trend, no indication for sharp transition. I
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PHZ<ENIX R, , with respect
to the reaction plane - II.
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Phys. Rev. C 80, 054907 (2009)
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PH.CENIX Local Parity
Violation at RHIC

It has been proposed [1] that in heavy ion collisions, metastable domains may be
created in which parity and CP symmetries are violated.

A combination of a net chirality of quarks within a domain and the extremely
strong magnetic field in a heavy ion collision could lead to the manifestation of
parity violation as a separation of charges along the angular momentum vector of

the collision system [2].
Lor B

1.D. Kharzeev, R. D. Pisarski, and M. H. G. Tytgat,
Phys. Rev. Lett. 81,

512 (1998).

2.D. Kharzeev and R. D. Pisarski, Phys. Rev. D 61,
111901 (2000).




PHENIX Two-particle

correlation Results

A
—
e C
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Signal is sensitive to collision centrality




PHENIX Two-particle

correlation Results

~ PHENIX preliminary F 20~40% - 40~70%
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Signal grows with centrality and p-
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S : Sln( A¢ ﬂ(f) = @ — Wpp

Evaluate real event averages of S

h+
<S P > = average S over the p positively charged hadrons in the event

h—
<S n > = average S over the n negatively charged hadrons in the event
Evaluate mixed event averages of S

<S ﬁ+ ) = average S over p randomly chosen hadrons in the same event

<S:¢ / = average S over n remaining hadrons in the same event

M Ly
N({S)T )=, ))

C, (AS)=

p

The new multi-particle correlator
) 3 ///( ;
S HKSTIVEDE 1515 e e Norbert Novitzky for PHENIX



PHENIX Multi-particle
correlation Results

1.01 Data 20-30% 0.4<pT<0.7
- * unreflected © reflected
i Fast Simulator (with decay)
B . a1=0.065
g 10050 .. — a1=0.055 PN
O - . e 21=0.04 .
T
" PHENIX Preliminary
| I T TR TR S I SR S T SR R S S (I I T S S T
0-99574 05 0 0.5 1
AS

Concave shape validates charge asymmetry




PHENIX Multi-particle
correlation Results

1.01--. Data 0-5% 0.4<pT<0.7
- * unreflected © reflected
- Fast Sim (with decay)
[~ al1=0.04
Q. 1.005~ — a1=0.033
U n
1= NG A
: "'1-__- L ] " _,&";
. PHENIX Preliminary “*seeuuas "
| i i i i ] i i i i | i i i i | i i i i |
0.99574 05 0 0.5 1
AS

Concavity also observed for more central events
Simulation fits favor a lower value of al
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PHENIX upgrades: HBD

60
v" The HBD is a windowless Cherenkov 9/
detector "-.:“ AR

v" CF, radiator gas and active gas. L ,=50
cm

v triple GEMs fo
v" Csl photocath

v proximity focus configuration

1.21m

v hexagonal pad readout (pad side a =
1.55 cm)

v total radiation length: ~4.4% + 0.9%
(vessel) + 0.5% (CF,) + ~3% (backplane)

NIM A 546 (2005) 466-480
523 (2004) 345-354
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PHENIX upgrades: VTX

® Silicon VTX system consists of

° 4 Iayers of silicon detectors

ixel bybrid detectors
.5 cm and

el detectors at
radius R3=10 cm and R4 =14
cm.

® 2 big wheels to hold ladder
transfer data boards (LDTBs)

® Cooling system for ladder
assembly.

Norbert Nov1tzky for PHENIX



