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The PHENIX detector

2008 PHENIX Detector
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PC2 Magnet

Philosophy:

High rate capability to measure rare probes,

limited acceptance.

e 2 central spectrometers

— Track charged particles and detect
electromagnetic processes
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The STAR Detectors

STAR Detector
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Phase Diagram
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Temperature T [MeV]
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Net Baryon Density |

Phase diagram of nuclear matter
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Selected Topics on Heavy lon Physics

e QGP Bulk Property and Soft Physics

— Parton Collective Motion and “Perfect Liquid”
— Blackbody Thermal photons

e Medium Interaction and Hard Probes
— Jet energy loss
— Direct photons

e QGP Screening and Heavy Quarkonia Produciton
— J/Psi
— Upsilon
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Elliptic flow and
scaling properties




Reaction Plane in AuAu Collisions
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Coordinate space: Collective interaction Momentum space:
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What is Flow?

@ initial state of non-central collision
@ large asymmetric pressure gradients
- hydrodynamic flow of partons

e control parameters: g, 1, C,
® translates into

e final state momentum anisotropy

d’N d’N &
e S eos(n(g=)) W, = (cos(nlp =W, ])

out-of-plane

E

® hydrodynamic flow exhibits scaling properties which can
be validated (or invalidated), e.g.:
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Quark number + KE; scaling (auAu 200 Gev)

—
PH ENIX PRL.98, 162301 (2007)
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KE; and NCQ scaling
Parton Collective Motion

03" PHENIX Preliminary . . . 0~60%
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KE; scaling works for baryons and mesons At low p; KE;/n scaling suggests flow
separately at moderate p; established at partonic level; breaks

down at KE;/n>1 GeV

At pT/nq”‘l.S GeV/c?, PID v, start to deviate

from NQ scaling, in particular for protons.
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Thermal Radiation and Direct photon
Y

1 Photons emitted from every stage of
collisions
— Carry the thermodynamic
information about the matter when
they are generated.
W Low pT region (1~3 GeV/c)
— Thermal radiation from QGP
¥ Intermediate pT region (3~5 GeV/c)
— jet-medium interactions
* jet-photon conversion
 in-medium bremsstrahlung
[ Nuclear matter/PDF effects may
enhance/decrease photon yield at low pT.
™ Cronin effect, nuclear shadowing
[0 Measurement of direct photon is very
challenging due to a large background from
hadron decays.
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Direct v in AuAu via Internal Conversion

Kroll Wada PR98(1955) 1355

PHENIX NPA774(2006)403
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Eliminating the nt® background by going to 0.2<m_.<0.3 GeV enables direct y signal to be
measured for 1<p; <3 GeV/c in Au+Au. It is exponential, does that mean it is thermal. We
must see whether p-p direct y turns over as p; —0 as in Drell-Yan or exponential like for m®
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Theory Prediction of Dilepton Emission

dN
& at y=0, pt=1.025 GeV/c
pdp,dMdy
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= Vaccuum EM correlator
B Hadronic Many Body theory
102 Dropping Mass Scenario
E g+g annihilaiton (HTL improved)
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Theory calculation by Ralf Rapp

Usually the dilepton emission is
measured and compared as dN/
dptdM

The mass spectrum at low pT is
distorted by the virtual
photon—>ee decay factor 1/M,
which causes a steep rise near
M=0

qq annihilaiton contribution is
negligible in the low mass region
due to the m**2 factor of the EM
correlator

In the caluculation, partonic
photon emission process
qg+g—2>qg+y—2>gee is not includedl
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Virtual photon emission rate

e o D ot=1.025 6 v/
at y=0, pt=1. eV/c
pdpdMdy  pdpdy
107
- Vaccuum EM correlator
10°E Hadronic Many Body theory
= Dropping Mass Scenario
C g+g annihilaiton (HTL improved)
10%E (g+g=2>g+y—>qee not shown)
10°F
dN, -
N
pdp,dy 109
107
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The same calculation, but
shown as the virtual photon
emission rate.

The steep raise at M=0 is gone,
and the virtual photon
emission rate is more directly
related to the underlying EM
correlator.

When extrapolated to M=0, the
real photon emission rate is
determined.

q+g—>q+y* is not shown; it is
similar size as HMBT at this pT
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Ed®N/dp3(GeV2c3) or Ed’s/dp* (mb GeV-

Evidence of Thermal Radiation?

arXiv: 0804.4168 p+p
L1 First measurement in 1-3GeV/c

1 Consistent with NLO pQCD
— Serves as a crucial reference

Au+Au

& 4 AuAu MB x104

10°
©  ®  AuAu 0-20% x10?

o = AuAu 20-40% x10

p+p

1 L] Significant excess over binary-
10" scaled p+p result for pT<3GeV/c.
102 — Inverse slope of exponential fit is
4 related to temperature of matter
10 Inverse slope
-4 2 -
10 Aexp(-p; /T)+T,, x A, (1+ p;/b)”"
10" l ] | |
Exponential part Binary-scaled p+p result
A =l
10 = centrality dN/dy(pr > 1GeV/c)  T(MeV)
107 4""2'"":',,"""1"";""(';"'“’*;, 0-20% 110 £0.20+0.30 | 221+ 23 + 18|
P, (GeVic) 20-40%  052+0.08+0.14 215+20+15
MB 0.33+0.04+0.09 224+16+19




PHENIX Low Mass Dielectrons

p+p NORMALIZED TO m_ <100 MeV

pp and AuAu normalized to p°
Dalitz region (~ same # of
particles)

p+p: agree with the expected
background from hadron
decays

; 4 T T T l T T T | 17 1771 | T 17T I T 17T l T 177 | T 17T T T I_—
S 1% AutAu & p+p at\[s, = 200 GeV =
© B 0.0 GeV/c <p_<8.0 GeVic .
Es's 102§ o min. bias Au+Au (Run4) =
ke, ¢ p+p (Runj) =
Z low mass — Cocktail p+p 7]
© 3% —
‘510 = both normalized to m,, < 100 MeV/c® =
Z — -
10% =
10° -
10°E —
107 = PLB670,313 (2009)
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24 Au+Au: large Enhancement in
Mee (GVICY)  0.15-0.75 Gev/c?
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What Have We Learned about the Bulk
Properties?

- What is the ultimate say on partonic collectivity for
the matter ?

- Yes. Case Closed. (A. Tang, QM2009)
- What is the limit of NQ scaling of V,?

- NQ Scaling studied works in lower energy, smaller system
and at forward region. Signs of deviation from NQ scaling
has been observed at large pt in AuAu collisions at 200 GeV.

- In Au+Au collisions, significant excess of direct photon
over binary-scaled p+p result is seen, is this thermal
radiation?

- Nuclear matter effect to direct photon yield should be evaluated in order to extract net signal of thermal photons.
B  Run8 d+Au result is promising and will come in near future
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The Hard Probes

e Hard scattering & Jet ﬂl partonic
— Multiple scattering energy loss
— Energy loss
— Jet suppression < —p

— Leading particle

e Heavy Quarkonium
— Debye screening B
— J/Psi suppression <CC >

ha g
g

‘\. nucleons
o

I g Central colllslons:

In case of quark-gluon plasma formation: u

- screening of the ¢-¢ color interaction mesons
h B In presence of other quarks c &

- o JA¥ produced = no J/¥ meson
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Energy loss
from single particles




Nuclear Modification Factor: Ry,

2 n1 AA AA AA _— ==
RAA( pT) _ d Izl Né dedTI - Ao /NI|\\|ICO” @) @)
T,,d°0c™ /dp;dn Ao

R 1.4: —> <=

1.2:

;':Z """ | If no “effects™

f R<1 hard Raa = 1 at high-py where hard

oaf scattering dominates

o soft Suppression:

N | | | | | Raa <1 athigh-p;

0'00 1 2 3 4 5 6

Tranverse Momentum (GeV/c)
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Jet Quenching at RHIC

® Energy loss of partons from hard
scattering through re-scattering in
the hot & dense medium Hard : 1-x)E
e nuclear modification factor R,, << 1 at high p; Production &
A Medium
YieldAA/ <Nbinary ) an

AA = ® Access medium properties

Yield,, through statistical analysis
< P Bty e colistons): . — example: transport coefficient in PQM
14 10:_ ﬁ gOPreIiminary model
= GLV parton energy loss (dN%dy = 1100)
L H g 0.6 eHENIX = (AutAu 0- 5% Central) |
1Lk |- %HH*HHT __________________________________________ % o :Ic/’\b;;:ey:tt;Wc';;t(zoog)osﬁ%&——,_ i
i + T 0.4 . /, .... 'j:_:./-_—;_;_—.:"‘l——_;f
' 4 L
i A{M{Mf M&# fMMéﬁ i jg % 03 i _f:_.:.:.___-__:___:-_i__ ——
10" % j& 0.23— A‘u :-----.—_1_’——_.__1 —L-:-
Co | | IR R ERRN RPN B B 0‘1:_ :'_:;“_'_'—_i__:ild_':::
0 2 4 6 8 10 12 14 16 pTz(sieV/cz)o EPQM e —

, , Gz 0 12 14 16 18 20
Huge opacity of the medium p,(GeVic)

> (§)=13.272) GeV’ /fm
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Other Mechanisms of Energy-loss:

Radiation Elastic collision,
due to scattering energy re-distribution
..... e —
ng/dy = 1000
03 L=5fm . .
. Many calcs on relative importance
N
202} 5 Rl D Probe via high-pt heavy-quarks
“ ~ . « .
R Ao e smaller energy loss after elastic collision
a3 - ¢ -Elastic \\\ Y . .
——~__7| e gluon radiation also reduced
0.1 - . . . .
_____________ interference during radiation
- boEmsie = dead-cone effect
ok 1 A’rT’I— PO S RN N SR T S N 1
5 10 15 20
E (GeV)

S.Wicks, W. Horowitz, M. Djordjevic M. Gyulassy (WHDG) nucl-th/0512076
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e* R,,: a Challenge for Models

Wicks et al., NPA 784(2007)426

. g STAR dN /dy 1000
®Testing ground for various parton ' PHENIX T
0.8 ]
energy loss (AE) models
e radiative AE only E;o.s-
— Djordjevic et al., PLB 632(2006)81 s
— Armesto et al., PLB 637(2006)362) g oaf
e collisional AE included

— Wicks et al., NPA 784(2007)426 0.2
— van Hees & Rapp, PRC 73(2006)034913) '

0.0o
P, (GeV)
® Alternative approaches to interpret the I )
. 1= © PHENIXO.S‘(e’fe'). ();/11‘3::::@ -
suppression - o STAROSE'se). 012 Atk

e collisional dissociation of heavy |
mesons (charm and bottom!) e;(,'(,_ *'0., i

— Adil & Vitev, PLB 649(2007)139 o qu !4
e contribution from baryon enhancement “l N *qﬂ.ﬂ -1 :
— Sorensen & Dong, PRC 74(2006)024902 0.2 ++ ! i

- Central Au+Au

% R 6 8 0 12
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Sample of R,, in PHENIX

_ YieldAA/ <Nbinary>AA
A Yield
2
3 [ AutAu, \s,, =200 GeV ¥ directy0-10% i 1 0-10%
& 1.8 PHENIX Preliminary # = 0-10% (PRL, 101, 232301)
1.6l b (p*P)/2 0-5% (PRC, 74, 024904)
L $ 00-10% # ©0-20%
1.4 + + + $ (K'+K)/2 0-5% (PRC, 74, 024904)
1.9- m ; + + ] open HF e” 0-20%
1t-- . . PP, B ......ccccccccncnannee .. B .++.+..+ L
¢ it
o8l -, HHH H
oo 0 Mgy |
e i B H+
0-4 *.. - - B
0.2 & 82 l RAZ D i + e, - -
0 | | | | | ) | | | |
0 1 2 3 4 5 6 7 8 9 10
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Energy loss and
two particle correlation




How Opaque is the medium?

away-side production

Penetrating Production Tangential Production
in-plane in-plane
........'» m :i m
T asnsh m
out-plane out-plane

0 i 0 0] |
in b » out in — out

The rp-dependence of away-side PTY can discriminate between models.
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Near/Away Side Particle Yield vs ¢_ (7t°-h)

S
Au+Au\ s, =200 GeV - Cent 20-60%
. . o g0 GV
Penetrating Production T | PTYlPTY, = 0942006 (statisys) 5500 oy -
in-plane s 0 < il ]
P 8 o3 o,,-corrected -
> - .
E 0.25/= Mgy, il ! ]
Ssssnnsnp = E :
§ 0.2— -]
0.155— —f
| =
- PH ENIX 3
0_05—_Prellm|nary =
out-plane I out-plane
% "%z o4 06 08 1 1z 14
Au+Au\ s, =200 GeV - Cent 20-60%
> s T pAerdr0Gev s
LR R R R R B R EREER RN : - - €
= g - PTY,/PTY, = 0.60:0.25 (stat+sys) €[3 0.4.0] GoV h* ]
.e' B A¢€[9 ud ]
8 01 o,,-corrected —
Away > - i
- ~ -
PTY o 9 .
% 005; > —]
S LIS
< - T T T TN
0 (ps m 0— ——
n » out " PH ENIX = e Renk - Phys.Rev.C78:034904,2008 |
K [ Preliminary - Pantuev - private communication
out-plane
o ing xions B8 —WP—“

0, (rad)



A Better Probe: Direct y-jet

= LN BN LN B L AL LR R R N R
% -~ Run 7 Au+Au 200GeV 9-12 x 3-5 GeV/c
— _+ 7
% 0.4~ » Inclusive y-h 7
2 | » Decay y-h 1
= i e Directy-h )
zZ | ! -
v 0.2 .
R |
a ',
82 -2
* vy not affected by strong interaction = no Ty R R
surface bias, can probe the entire . Ao Trad] 1
geometry 1 ————
* well calibrated, E, ~ Eiet os [ ]
5 i ag
P 06 i
Quark-Gluon Compton scattering 04T ]
T+p >y je +X 02 | qqi+gg* - .
‘5) [ ] |
. P
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No Suppression in Direct Photons

Au+Au\[s,,, = 200GeV, 0-10%

<18
o =
1.6 SN
m PH ENIX PHENIX preliminary
1.4:— -o- 10
= !
1.2 -=-dir. photon
b b
sl S HIBE
0.65— | +
O,
0.2 T T T T T P
i pirgineregs : ® % W é
ol L v L e VL L L 1
0 2 4 6 8 10 12 14 16 18 20
pPT(GeVi/c)

RaalPy)

Isospin, Cronin, shadowing, dE/dx
Vitev, nucl-th/0810.3194v1
(data all PHENIX preliminary)

4 1 I 1 ] I I I

T anfrde=t 150AY .
3.5} Nlay=1 ;;g ——  AusAu, Coh.+Conv.+ AE(1S) | —

A~ 510 =200 GeV Au+Al, Conv.+ AE(IS) .

3F - Cu+Cu, Con.+Conv.+ AE(1S) |
55 i Cu+Cu, Conv.+ AE(1S) )
=L Au+Au, Incoh.+Conv. i

y L Cu+Cu, Incon.+Conv. N

“t R, 0-10% predminary Au J
15F R,, 0-10% prefiminary Au (ft) | —

AR

1 |__m—
05F

0

0

Au+Au photons have some modification at high p;, but may be
just CNM effects —i.e. Cronin & neutron vs proton (isospin/
charge) effects
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y-jet Correlations

<

p+p

Ming Xiong Liu

Au+Au
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1IN, dN/dz,

Fragmentation function in p+p and Au

% Head Region (A6 - 7| <x/Srad) = § phadron
E Y‘ 4 Direct y-h . 7 = T
10 = iy ® p+px10 E T trigger
- i* s ®  Run 7 Au+Au 0-20% 1 T
e B . g
101 i 1 t -
? TT s Py 5<ph<76ev g D (Z ) _ 1 dN (ZT)
2= Lo vt — q\°T/ —
2 ? * + : 9<p,_ <12GeV = Nevt dZT
3L ncertainties: v 12<p, <15Gev i) .
107 = G'“fé:;;;j;: raint % p+p slope
4E o 1 6.89:0.64
10F PH ENIX 3
- Preliminary . Au+Au slope:
| e g Eor i
0 0.2 0.4 0.6 0.8 1 1.2 9.49 =+ 1.37
Zy
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Away Side Jet Suppression

arXiv:0903.3399

E

—
<

h
-

[GeV/c]”
2

Head Region Yield {f
[Ap -m| <0.5rad {}

-rrrrrrrrrrrrTE e

B Au+Au 0-20% ]

E

7< p, <9 GeVic

1/N,, dN/dp
2

—

<

%]
LILRRRL | T

L
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?f'l'?

12 < p_ <15 GeVic
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5

hadron

ZT - erigger
Pr

Fragmentation function:

1 dN(z;)
N dz,

Dq (ZT) =

evt

g = Dan(z;)/ Dpp(ZT)
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x (fm)

x (fm)

L R B B ) ILII.
[N A R - S R R | G L O LN Wws O

Surface emission?

Modification at low z; and suppression at high z;

arXiv:0902.4000v1

200GeV AuAu—y+h* b=5fm g=-/2

110118 34'58 89
|

4 4 -2 0 2 4 6

6 -5-4-3-2-1012 3 425 6
y (fm)
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Heavy Quarkonia

Jiyp

?. nucleons

Central collislons:

In case of quark-gluon plasma formation:

- sereening of the ¢-C color interaction . mesons

In presencs of other quarks 5

- 10 JA¥ produced - no J/\¥ meson

Ming Xiong Liu
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Deconfinement and Quarkonia

For the hot-dense medium (QGP) created in A+A collisions at RHIC:
* Large quark energy loss in the medium implies high densities

* Flow scales with number of quarks - partonic flow

* Is there deconfinement? — look for Quarkonia screening

Sos :1 _— Debye screening predicted to destroy J/

¥'s in a sSQGP with other states "melting” at

05 | Y (056 tm)
0.4 ho Debye length from lattice QCD . )
A different temperatures due to different

03 L J/ Y025 m . . . .
: _ sizes or binding energies. Mocsy, WWNDO8
o Eéo 0.13 fm, ? l
" T (043 fmy _ T/Te  1/(r) (fm1]
0 1 - '1}5' B zI - '2.Is' B 3I - '3.|5| . ';' - '4.|5‘: RHIC: T/TC ~ 19 or hlgher.

Y(1S)

r,

%o (1P)
J/p(1S) Y'(2S) |

xw(2P)  Y'(39)
%(1P) w(25)

Different lattice calculations do not agree on whether the -
J/ is screened or not - measurements will have to telll 1203

Satz, hep-ph/0512217
T(2S) | xs(2P) | T(39)

state § J/V(1S)Y| xo(1P)

/7.0 210 1.16 1.60 | 1.19 | 117




The RHICJ/ ¢ “puzzle”

1 ’ NAS50, Scomparin's talk at QM06, O<y<1
® S u p p re SS I O n d O e S n t E - O NA38, Scomparin's talk at QM06
. . X, ol . NAGO, Scomparin's talk at QM06
- o PHENIX, nucl-ex/0611020, Au+Au |y|e[1.2,2.2]
increase with local T | B D e
density A e |

~ Rya (RHIC, |y[<0.35) = Ry, (SPS)
— Raa (ly[<0.35) > Ry, (1.2<]y|<2.2)

e Possible candidates 0.6

T T 17 T T°71

]
——
Ry IR

Ce

Fo3

.-
I

@ _J;

oar
°2/ PH-TENIX |
) 1 (;(%& 0 50 100 150 200 250 300 350 400
Npﬂﬂ
. & @H

— Regeneration compensating for 0 4:_ m |
strong suppression L E E | E '
— Tempergtyre both at RHIC & SPS 0.21 PRL 88, 232301 (2007) L @
not sufficient to melt J/, only - Global error = 7% @
EXCited States melt _IIGIIOI alllle'l‘rlolrlfl.llzl%l)l | ] | I || I | .| I ||
— Gluon saturation models predict % 50 100 150 200 250 300 350 400
stronger charm production at mid Noart
rapidity E. Scomparin (proc. QM06) : nucl-ex/0703030
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QGP effects on Quarkonia
Regeneration - Compensating for Screening

* larger gluon density at RHIC expected to
give stronger suppression than SPS

* but larger charm production at RHIC
gives larger regeneration

 forward rapidity lower than mid due to
smaller open-charm density there

* very sensitive to poorly known open-
charm cross sections (FVTX will help here)

« expect inherited flow from open charm
* regeneration would be HUGE at the LHC!

e can the two compensating components
(screening & regeneration) which may have
diff. centrality dependences, give a flat
forward/mid-rapidity R, ,?

4/28/09 Ming Xiong Liu

1.0

F{AA

0.5

0.00

1.5

PHENIX 200 GeV J/y

! ! I

— Rapp total (y=0) m AuAu |y|<0.35
-—- Rapp direct (y=0) m AuAu 1.2<|y|<2.2 -
— - Rapp regen (y=0) & dAu 1.2<|y|<2.2

Grandchamp, Rapp, Brown
hep-ph/0306077

ly|<0.35 syst 12%

Grandchamp, Rapp, Brown
1.2<|y|<2.2 syst 7%

PRL 92, 212301 (2004) i
I nucl-ex/06110201
I L
// . m g_I I I
// T i
/ [
/ 1 | 1
100 200 300 400

2k Global syst 14%

I 1 I 1 I 1
100 200 300 400

Centrality (Nyq.+)
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Experimental Approaches to Solve the Puzzle

Higher energies (LHC)
— Regeneration => Spectacular increase in R,,

— Sequential melting => Onset at start of J/{
melting

Higher masses (%', Y(1S,2S,3S))

— Better understanding of sequential melting
Other observables

— Momentum dependence

— Rapidity dependence

— Elliptic flow

Better CNM constraints



Momentum Dependence

e |n Au+Au (left) and central Cu+Cu (right)
— Momentum distribution is rather flat up to 5 GeV/c

< 2

b [ T T T T T T T ] 2_ I | | |
@ 1.8 0-20% syst  =+10% T 20-40% syst  =+10% ] é I _
1.6_; global __ global _ o4 1.8 ly| < 0.35, SYStglobal =+£16%
f.aL & [yl=023 s . O o lyle1.22.2],syst =+12% -
12 ® lyle[1.22.2] 1 . 1.6F glotal -
L S O B S — ; - Centrality [0,20]% ]
08e = ¢ 1.41 -
0.6 Tg @ @ ? - ]
oarg o @ T @ ] 1.2 E
02-r & @ 1@ y - ]
g F—+—+—+ 4+ —F—+—+—+— e ———————— '
T8 4060% syst_ =+13% 1 60-92% syst = +28% ] - :
1.6_— oSy global” — ' © T R e T 0 8__ ‘ _
141 T ] L [ ]
S | 1. o8 L, by
03 3 i = * :
0.6[- @ % é T EJ % % % i 04: ]
0.4 T . - ]
0,2:— T ] 0.2: :
—— 2 T2 3 I | | |

4 C
P; (GeV/c) 00 1

2 3 4 5
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J/W Elliptic Flow

° J/w flow : pOSSible test Run 4 Final : PRL 98, 172301 (2007)
of regeneration S

SAMANSAM
- PH-“ENIX
— Electrons fromopencand b

0.

N

gPRELIMINARY C & b (+ J/w)

015 —

Heavy Flavor Electron v

semileptonic decays show o TR | E
nonzero elliptic flow o0s ML E

— J/Y regenerated from ¢ quarks o4 ;
should inherit their flow 005 S 0 Gev E

i S S R R S TR B R T S

* Main criticisms

— Flow is seen at NA50O and NA60O where net charm yield is not that high
* Indication of other causes that induce J/y flow

e But then...

— Absence of J/ ¥ elliptic flow would weigh against regeneration models

which all predict substantial flow
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J/W Elliptic Flow

p; integrated v, = (-10£10)% @ |y|[<0.35 and (-9.3 == 9.2)% @ —1.2<|y|<1.2

>No'3 L LI LI L I L I | S O I LI I L I > ab LI L
N Coalescence - 4
S fr: I:‘;ﬁ:‘;;’r‘t’t&'a‘zlsgfl’_ﬂ’:gs P Initially produced J/y| (PRL97:232301)] &
0.2— in fireball (PRL97:232301) Comovis (Lnnlk behv: eoimin — =
B + initial mix (Zhao, Rapp priv. commj) omovers (Ly priv. comm.) 5 o
- -
n O
I~ = | -
0.1 1 >
- | 148
n 13 ©
B R < B~ N e | 2 H
0 |- e ety 119 0 Tl g b e Py gy 1101 ) c 4
e 1o >
- TT St 1 £ 7)
N & ] ©
B S \. 7 8 3
il 135w
- g Jiy Au+Au 200 GeV [20-60%]] + £
- PHENIX prelimin 4+ o
0.2 — e A~ S o
- O lyl<0.35 42% Run-7 = B
" Global Relative Syst. + 3% | ® lylel1.222] online fitered - | €
_os_l | Y I | | D I I | | [ | -I-I | ] | I | I V| I N [ B | I | 1o 1 l [ I | I | I | I L1 1 I— g 5
0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5
P, (GeV/c)

Probability of positive v, from p; integrated values = 15%, and 8% if two
rapidities are combined
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Quarkonia Production & Suppression — Upsilons in p+p

N
PHENIX PRELIMINARY
prp @ Ns=200 GeV |y|<0.35

—8— Measured Yield
£ Total signal

(15+25+38)

) 858 Correlated ct and bb
ey, M Drell-Yan

6 7 8 910
e*e invariant mass [GeV/c’]

* Cross section follows world trend
* Baseline for Au+Au

BR =
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PRELIMINARY
ptp [<0.35 Ns=200 GeV

. correlated B

. Drell-Yan

Y (15+25+38)

llll

IlIIllI Illllllllll[llllllllllllll
9 10 11 12 13 14 15 16

8

e*e invariant mass [GeV/’]
—— Vogt NLO CEM GRVYSHO
—— Vogt NLO CEM MRST L_
- Fot3 =
¥ S_Tff_ prellmmai.y =
_—®— PH ENIX preliminary
-~ Y(15+25+3S)
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A
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Quarkonia — Upsilons Suppressed in Au+Au

S10°F PHENIX PRELIMINARY P~ -
= E ENIX limi
z * ptp @ Ns =200 GeV 27 F o a st iz00 o
<. B == ® e'e
[ lv|<0.35 107 E - DA
10 = - - O e*e” mixed
: 100
| : Ty
1 = s
1 = Au+Au
z : -
i .1_ l l L | | ||_¢_
i 5 6 7 8 9 10 II 12 Wa s e 7 8 9 M0 1112
ete invariant mass [GeV/c’] Mee (GeVic?)
2
p+p Au+Au 500"
N[8.5,11.5] | 10.5(+3.7/-3.6) 11.7(+4.71-4.6) S oo
o, ..
0.008 PHENIX preliminary
N,y 2653 +70+345 4166 +442 '
(+187/-304) 0,006 Ra,a, < 0.64 at 90 % CL
R (/YY) 0.425 +0.025+0.072 0000
Ra,a, [8.5,11.5] < 0.64 at 90% C.L. 0.002
0002 04 06 08 1 12 14 16 18 2
Ry,a, fOr my, € [8.5,11.5] in (GeV/c?)
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Summary

Central collisions:

i case of quak-ghuon plasma formation:

- scrwening of B o< color nfemction
I presarce of ot quats
0 I produced

0.8

0.6

0.4

0.2

NAS50, Scomparin's talk at QM06, O<y<1

NA38, Scomparin's talk at QM06
NAB0, Scomparin's talk at QM06
PHENIX, nucl-ex/0611020, Au+Au |y|g[1.2,2.2]

SH OO 4

PHENIX, nucl-ex/0611020, Au+Au |y|<0.35
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Should Y’s be Suppressed?

Y’s long touted as a standard candle for
guarkonia melting
* but what should we really expect?

RAuAu(yzo)

JW

0.425 +0.025 +£0.072

M,...= [8.5,11.5 GeV]

< 0.64 at 90% C.L.

* 0, of Y probably ~1/2 of that for J/W — E772 (PRL 64, 2479 (1990))
* E772 Y nuclear dependence corresponds to R, ,,, = 0.81

e Lattice expectations in Au+Au - Y, .. suppressed: R, ,, = 0.73

* absorption x lattice ~ 0.73 x 0.81 ~ 0.60 ??? — but need serious theory estimate

instead of this naive speculation!

* e.g. Grandchamp et al. hep-ph/0507314

Other considerations:

* Y in anti-shadowing region (for mid-rapidity)

e CDF: 50% of Y from , for p;>8 GeV/c - but less (25%?) at our p;

* PRL84 (2000) 2094, hep-ex/9910025




v,ing

NQ Scaling, MSH and Large p,

v,/n,

0.1

0.05

200 GeV Au + Au (0-80%)

A P x T

A A Kg
- L2 e o ]

e O n

A iy
a B ¥
_ e ——
¥* A.*. ..

X %‘1, iSTSAR Preliminary
antd _
0 0.5 1 1.5 2

PT/"q (GeVl/c)

See talk by S. Shi

At pr/n,~1.5 GeV/c?, PID v, start to deviate

from NQ scaling, in particular for protons.

- 0~60%
0.4 PHENIX Preliminary ® Tt
B O KK
- ® p+p
0.08—
_ l?-. i
0.06— L | ; ‘
0.04 ; +
. @
. e
0.02— #
:
0_I=IIII:IIIlillll:llll:ll|l:IllIillll:IlIl{l
0 05 1 5 2 25 3 35 4
KE./n (GeV)
See talk by M. Shimomura
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n/s measurements

® need observables that are sensitive to shear stress

1 ~ R. Lacey et al.: PRL 98:092301, 2007
‘ d am p I ng T]/S L S. Gavin and M. Abdel-Aziz:

n/s=01.1£02=x1.2)/4x
fI oal PRL97:162302, 2006
® flow p.fluctuations STAR

1

r |
4
L] Evo_a &{EIQ I
® fluctuations 3 Y
z ® 7 T 3 STAR
. —=o02} S Lo | range
® heavy quark motion ox” 1 nls=(1.0-38)/4r
o1r v, PHENIX wai.x 1
- = perfect
A. Adare et al.: PRL 98:092301, 2007 & STAR D=z . ==
1.8 T T T T T T T T 0.0 L L L
mﬁ 163— (a)  0-10% central — = Armesto et al. (l) 0.0 e (KE.:)./onq(GE\;).s e 0 5 1? 15 20
143— [] vanHeesetal. (Il) T ( m)
Tﬂﬂ o {7505 Teaney

Shear viscosity to entropy density ratio (1/s) at RHIC

O

0.8
o8- ! . to p R H I C ener gy — = Lacey et al, PRLS8 (2007) 092301

F ik SRR — ¥ Romatschke et al, PRLOG (2007) 172301
A" o s I ——4—— Drescher et al, PRCT6 (2007) 024905
02— J o 1’]/5 Close to —¥— PHENIX, PRL98 (2007) 172301

1 lll[‘lllllillllll-l lllllllllll

——&—— Gavin et al, PRL97 (2006) 162302

o.zAn/s_(13 20)/4::';'*";"-‘-,

T o) _ B | conjectured minimum N — e
Y P el 1/4m - |
PH- ENIX - ——
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Virtual photon method

] Any source of real y can emit y* with very low mass. y y:
[ Convert direct y* fraction to real direct photon yield direct *d”e“
Kroll-Wada formula )/inclusive J/inclusive
d’N 2a | Am’ T 2m> ) 1 ©
— — 2 2
dMeedNy 37T M, M: )M,
S : Process dependent factor
" l 1 Dalitz decays ;
1025_ ——— n Dalitz . M2
wi direct v internal conversion S — ‘ F (M e2e )2 1 _ > ee
i Mhadron
“ W Obviously S=0at M_, > M, _40n
a 1 v* decay
107 - If pT2>>Mee2
0% 01 02 03 04 'o.ls';ﬂ“(c’;e'\tl)).s NS =1

1 Possible to separate hadron decay
components from real signal in the proper
mass;window.



Electromagentic probes (photon and lepton

4/28/09

Ming Xiong Liu

Photons and lepton
pairs are cleanest
probes of the dense
matter formed at RHIC

These probes have
little interaction with the
matter so they carry
Information deep inside
of the matter

— Temperature?

— Hadrons inside the
matter

— Matter properties
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What we can learn from lepton pair emission

Emission rate of dilepton per volume e.g. Rapp, Wambach Adv.Nucl.Phys 25 (2000)
dR[[ o (0%
d*q —  3n
vk—>ee EM correlator Boltzmann factor
decay Medium property temperature

Medium modification of meson
‘ Chiral restoration

ImIT2 (M) = |

el

gq annihilation

Thermal radiation from

partonic phase (QGP)
From emission rate of dilepton, the medium effect on the EM correlator as well as

temperature of the medium can be decoded.
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