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J/ ’ rope nuclear medium effects:
== Normal nuclear medium (dAu)
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—"i — Hot and dense nuclear medium (AuAu)
* SPIN measurement: gluon polarization
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. p+p volll,lqm P A ——
[ STOVIGE 1 ',. e reference for: heavy-ion measurements
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CJHLAJ (d+Au at RHIC)

= PIJJr‘ ‘al State Effects / Normal nuclear medium(Cold nuclear medium) effect

= Q‘i:u oW ng / saturation @ low x,

"o.‘

— S r@adenlng /-energy loss

,: odrflcatlons of baryon production

.Au+Au collision

= '-“'—'-Hot and dense nuclear medium

~ — QGP/phase transition to the new state of matter

= * Cu+Cu collision

— can give much better N, and N, precision

— RHIC provided Cu+Cu "collisions at S\ =200, 62, 22 GeV
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* PHENIX Run2 p+p data — hadron decay muons
* Provide baseline reference for d+Au / Au+Au measurement
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RIVSICS Motivation— a+Aus

~ gluonsin Pb/gluons in p
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12f (LHC. RHIC

. Three rapidity ranges probe
different momentum fraction of
Au partons

o LI PHENIX North arm (y > 1.2) :
10 small X ~ 0.003
= é‘ Shadowing/suppression regime
= < o 08 d PHENIX Central arm (y ~ 0) :
~ Q: ' intermediate X ~ 0.020

0] Em— T S Qa5 GeVE -
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_______
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: : PHENIX South arm (y < -1.2) :
large X ~0.090

Anti-shadowing/Cronin regime
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From Eskola, Kolhinen, Vogt X
Nucl. Phys. A696 (2001) 729-746.
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PTH at backward -
PTH at forward
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PHENIX - Phys. Rev. Lett. 94, 082302 (2005)
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= Cronin-like enhancement at n =0

Clear suppression as 1 changes from 0 to 3.2

Measurements very consistent with initial-state effects
estimated by CGC.
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P Ratio between thm-and perlpheral ylelds scaled
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I Ul (o) dlfferent effects can be expected (Vs eta)
Low energy: density(less energy loss) could make Rep high

= 'New regime of parton physics at low-x(CGC).

' = Gluon saturation at low-x has been predicted to suppress
hadronic yields

. * For Au+Au collisions, Rcp« 1 can be expected
= PHENIX can measure R, with mesons

Rcp measurement
* Advantage: a lot of detector systematics cancel.

* Disadvantage: most peripheral bin of 60-93% still corresponds to 14~15
collisions and not all nuclear effects might be eliminated.
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Nuclear modification factor:

AusAu\[s,, = 200GeV, 0-10%

3 1.8

- 1.6 ) : dNAA
dpr
1.4 o 7"
i Raa(pr) = 74 .;
1.2 - dir. photon de%nE
1
0.8 ir e ~

0.6

Suppression, Raa<<1,

o4l Bog indicates strong coupling of
182, Fllnll#‘-ﬂlllllll
: quarks to the produced

16 18 20 .
pT(GeVic) medlum.

\_ J

Phys. Rev. Lett. 91, 072301 (2003)

Mesons suppressed by

Photons not suppressed by the )
= g medium by factor of ~5

medium
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241 mb! Au+Au data at sy, =200 GeV at 2004~2005 RHIC Run4
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Collision range

Symbols
“"j’”’“f" Absorber Detector Muon Hadron
et : Hadrons, interacting and absorbed (98%) Item 2 is desired signal and rest
: Charged n/K's, before absorber of them are background in this
(51%) analysis
. Hadrons,
. Hadrons,

. Prompt muons, 13
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where, L is distance from the collision point
to the absorber

———

Positive z —»

The yield of decay muons depends on
the collision location linearly.
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Decay muons

Prompt muons(haevy flavor decay)

punch through hadrons

position of invariant\multiplicity at low P, [Tae TN
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Nermalized Ve

MB raw vertex
distribution

.

ertex distribution W _raw [Muon Event vertex Distribution for North | wbe_evt N
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[ Normalized Vertex Distribution for South |
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distribution

Normalized vertex distribution can be fit with a linear function :




1 d 2 N central
N central d Ude

binary

N peripheral (d 77de ]

binary

1 d*N(Z,7,P*)

NIVIB—(Z) dpyidndz z{CX(PT’??)(Z_Z(E,)ff)_i_ﬂ(l:)T’n)}
measured T

Decay muons Rep :

central eripheral Central
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centrallty, P and eta bins

s mea - north and south arm show opposite slope

2

d?N
» decay slope corresponds to
dR.d7

» (efficiency corrected) decay slope ratio
between central and peripheral bins is R

20
Z vertex (cm)
L _axis

centrality
Event centrality was measured by BBC and

ZDC correlation. Number of binary
collisions was calculated by Glauber model
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Differential multiplicity Differential multiplicity for decay us vs p; - Au+Au @ {S,,=200GeV 1+Au @ \5,=200GeV
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Our approach works fine for both arm!!



ezl so e measurement(vs eta)
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1.5<P;<3.0GeV
Minimum bias (0~93%)
ni/Ki—>p*+v“

[ Systematic Error

yield
arbitrary unit
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Nuclear Modification Factor R, vs N__, - Aut+tAu @ \ISNN=200 GeV
1 '2 N H : : H : T
Nuclear Mc 0F nle[1.4,2.0], 1.5<p;<3.0
127 — B /K > p*+v, e
R el bnnnnmnnnnnnn . 0)%.5=0,%3.0
: ; : ¢ : : [ systematic error R

2 | 08_{ ..................................... SN TS S

0.8— i

cP

=200 GeV

RCP

WAR] I L ST N B

TV . —— S - -
R o : : : S e I

PH ENIX BRI EE -

ol i i
3
10? N 10

Coll

e ep————————————————

Peripheral Central 5,



Rcp vs eta h_axis
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Py (GeVic)

Statistical error bar only

Work in progress
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“Rax and Ry, from Brahms

[COWPT part scale with
the number of participants
(seft.collisiens)

strong suppression In
central collisions (f. 4)

the suppression can not be
explained by hadronic
energy loss

similar behavior at 1 0
and 2.2 > Rapidity
distribution will not
change as a function of
centrality.

Rep Similar to R, , (N0
medium effect in semi-
peripheral colls.)
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RISIEINIOX Cu+Cu. results
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~),unﬂ' Ay / Outlook ___)_a—

IRESITIEasurement in Au+Ku collision Is important 1ssue
1o un_lef_‘;r'* GNItICIEa e ECtS

r),)rw on at forward rapidity/enhancement at
"vurv d’apldlty In d+Au system

vuppressmn In central Au+Au collision

= ée Jression in Au+Au — strong coupling of quarks to
=== fieproduced medium

} I\_IQ_blg change of NMF with eta in Au+Au

e PHENIX Run4 Au+Au full data set will be served in
two months

* New p+p results with much higher statistics(factor of
100) will be come out in a near future(RHIC run5)
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EoingrtoNmgher i in Gold-Gold

Yuan (nucl-th/0108056)

=g
» o5

e
= ngher rapidities
- means smaller medium density => less supression
- Jet-quenching In longitudinally expanded source
- Nchjn =2.0 < Nch| n =0
- initial and final-state effects have different dependence
on rapidity; final-state effects are maximal at mid-rapidity

whereas initial-state effects are enhanced in forward region

-~
-—
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v 60~93%
4 40~60%

o 20~40%

= 0~20%

v 60~93%
4 40~60%
* 20~40%

= 0~20%
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acc*efficiency(%)
B a (2 ~ ©
o o o o o

[
o

vertex(cm) vertex(cm)

» Efficiency can be calculated by embedding method (simulation + real data)

» Efficiency decrease as vertex goes to the detector
- opening angle varies as a function of vertex
- acceptance and multiplicity can change
- combinatorial background

« \ertex bin by bin correction needed

I
©




fficiency*— North-arm

B ImageMagick: results_efficiency_fit_north_w_minbias. gif
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fficiency~— South-arm
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Change of R-p from mid- to forward rapidities is stronger for
central collisions than for semi-peripheral collisions
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IGHTR L SUPPRESSION

; - approximate binary scaling in semi-
-------------- [ Tmommmemmmee- peripheral collisions

| - strong suppression in central
1 collisions (f. 4)

- similar behaviour atn 0 and 2.2 ->
: source extended to n ~2

T. | - longitudinal expansion at y >0

: - Rcp similar to Raa (no medium
.............. e effect in semi-peripheral colls.)

- the suppression can not be explained
by hadronic energy loss
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RepfoRAUTAUh+, h-ata~ 3.2
| “!”-‘b -

Centrality bins using
Preliminary multiplicity in Inl<2
n~3.2 Glauber Model
N> for 0-10% ~880

<N, for 40-60% ~ 78
<N, for 50-90% ~ 21

L) - persistent over 3 units in n
p, [GeVic]

- no strong 1n dependency

- room for initial-state effects

- analysis of Raa in progress
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Supressi'a'ﬁ;at‘Forward Rapidities at 200,GeV/

' M= 3.2 PRELIMINARY

- 1N =1 PRELIMINARY

. 1 LI LA
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: f n » B 40-60%
- F . B Pl
:/,."** F 'f *
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T N R N RN S
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F Dependence on Centrallty

2 200 GEV [=n=0 PRELIMINARY T
sE 0. 10% an=1| 10-20% } 20 -40% i 40 - 60% _
15. ------------------- -E- ------------------- -EE- ------------------- -EE- ----- ﬁ'-_f_- --E

* The higher energy system begins to look more like pp
collisions for less central events.

* The lower energy system shows Cronin enhancement
similar to what Is seen at SPS energies.
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“distributio Au nuclei; whereas in the gold (south) is
sitive to the large-x in Au
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From Eskola, Kolhinen, Vogt
Nucl. Phys. A696 (2001) 729-746.

10

-4 -3

37



