Highlights from PHENIX!

Andr , M,
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| apologize in advancel!

500 scientists + many TB data + yrs. of work >> 20 min. of material*

Today's selections:

Temperature information from photons & quarkonia
Leptons from heavy flavor

Using the event plane: R, , and dihadron correlations

High pr jets and energy loss: y-hadron correlations

Precision elli




Thermal photons and
quarkonia




[he hadron mass spectrum

Hagedorn picture:

e |f matter is purely hadronic,
adding energy introduces
more states.

p(m) = f(m)exp(m/Ty)

f(m) “slowly varying".
T, = [0 {Mei

l

e Limiting temperature: energy
diverges as T=> T, unless

fundamental nDOFs change

Broniowsky et al
PRD 70, 117503 (2004)

Exponential p(m) also predicted from
first principles in large N. QCD

(hep-th/0901.0494v2) .

Lattice QCD also predicts phase
transition at T~ 170 MeV.
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Thermal photons In Aut+Au

e Atlow pr, AutAu has large excess

of photons above scaled p+p
expectation.

AutAu fit: AuAu MB x10¢
Ptp x T n T exp

AuAu 0-20% x10?

AuAu 20-40% x10

e Ifslope « I/T, thisis an
experimental lower bound on the

temperature of an evolving
medium.

p*p

e Fits to low py component give
T =221 £ 23(stat) = 18(sys) MeV

e Data agrees with hydro models _ .\
using T, = 300-600 MeV (ower law fit)
Eur. Phys. |. C 46,45 1-464 (2006)
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The matter appears to be well above T !
nucl-ex/0804.4 | 68v |
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The QGP and quarkonia

e Hot, deconfined matter
should melt different
quarkonia states at a
variety of temperatures

@

® |/ suppression is well

established in Aut+Au o IYI<0.35 syst  =%12%
lyle[1.2,2.2) systm= +7 %

w.rt binary scaled p+p.

® Some of this suppression
s from cold nuclear
matter effects. We are
improving our handle on
this. ..

PRL 98 232301
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JAp Ry Ind+Au

“E +5.05% Global Scale Uncertainty
0-20%

Suppression vs. rapidity
constrains shadowing
models

Run 8 results have improved
precision from Run 3...final
result Is In progress

See Rich Seto’s talk
tomorrow for more details
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Upsilon suppression in Au+Au

pn enix PRELIMINARY e Combined poisson probabilility

pip @ \E=i?|200;’5" analysis for p+p and Au+Au

e'e

e’ +tee e \\e can now constrain an
f+ upper limit on R, , for Ys!

6 7 8 9 10 1 12

e*e invariant mass [GeV/c’]

Y(Is, 2s, 3s)

PHENIX preliminary
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A few words on Y suppression

e Caveat from previous slide: b-b and Drell-Yan background
contributions were not removed In quoted R, , upper limit.

e However, they are expected to be small, and were measured
to be < ~15% of background in p+p

e Absorbtion, (anti)shadowing, feed-down, and suppression of
higher states all potentially contribute. More work required to
generate quantltatwe pred|ct|on Iwill Ieave th|s to the
experts Eossan




Charm, beauty, and energy
Lo




Beauty contribution to e*

e b's contribute substantially to

et spectra at high p 2 (@ PR o2 XatE200GY

T é 90% C.L. ¢ PHENIX data(c »e+b - e) E

-g A PHENIX data(c — e) N

: E ® PHENIX data((b - e) _

e D and c cross sections agree % " — FONLLIO = 0.+ b o5 6]
. : 2 -- FONLL(c - o) .

well with p+p FONLL using '5 ..... oML b o1 i

107

these ratios
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Nonphotonic electron R, .

e Single NPE R,, from
charm and beauty. |/

P, DY and Y . 0-20% central o total HF e
contributions | e open HF '
removed for

points

® Surprisingly large
suppression--
comparable to pion

RAA

e FEven including
collisions, suppression
s underpredicted by
many E loss models.

Explaining measured flow and such large suppression is a tough theoretical task.
What can be done to clarify the picture from the experimental side?
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et-u* correlations

Probes back-to-back c-cbar production.
Low background, could use as proxy for charm-charm
correlations to get k.

PHENIX preliminary
\'s = 200 GeV p+p

e with p'>0.s, n <035
u' withp >1.0,14< ml<21

Overall systematic error 13.5%

/N, dN/dA®

 Promising proof-of-
principle measurement in p

P

» Could use to get charm

cross section in future
1

- 0 2
Mid-rapidity e* + forward pu* A® (rad)
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e*_h* correlations

e Trigger particles are electrons from heavy flavor decay at midrapidity

e Obtained by subtracting photonic e* background from inclusive sample

e Studies HF decays on near side, HF jets on away side.

enr~h Au+Au 0-60%

PHENIX Prelimina
AutAU 2.0 < pr.enr < 3.0GeV/c

PHENIX PRELIMINARY

2.0<pT'h<2.SGeV/c

currently limited
by statistics, not
systematics.

® Au+Au, 0-60%

Optimistic for
future runs.

200 GeV ptp and AutAuy, electron p; 2-3 GeV/c

Adare - RHIC/AGS 2009




Probing energy loss ana
collision geometry

Reaction- plane deper), R s and dihadro on correlatlons




Collision geometry

® |ooking at suppression In-
plane vs. out-of-plane
probes different path lengths

e Several models match data
for integrated geometry...

arXiv:0808.0908

® PHENIX 20 - 30%
—— AMY,b=7.5fm,a =033

— — HT,b=75fm,§,=19GeV/m,c, =02
c = ASW,b=75fm, K=36

out of plane

...examining suppression
w.rit. the reaction plane
adds an important
constraint.
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Raa VS RP and p

e AMY (g=4.1)
o HT (g=23) g | PHENXPreliminary g ' <rp<15
. ASW (q= 10 20-30 % —®— 75 <A) <90
e 2> RP

dependence

improves ghat
discrimination
over Ry,

arXiv:0808.0908

Adare - RHIC/AGS 2009 |7




Another looki Ry, vs N

part

10<p, <15

3.0<p <35

40<p, <45

e Flatter out of plane

e Azimuthal dependence diminishes at high p;

120 < p, < 15.0
PHENIX Prellmmary

® in-plane

A intermediate

out-of-plane

O
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R.P dihadron correlations

o Midcentral AutAu: 2-3 GeV triggers, |-2 GeV partners.

Au+Au\[s,, = 200 GeV, Cent=25-30%

1<pT<2<pm_g<3 GeV/c PHENIX Preliminary
17 % scale uncertainty ) <o, -¥I< 5:
e 40 <fo, -¥|< 45, Trigger orientation:
—&— 85 <|¢mg-‘*’|< 90
In plane
Out of plane

Intermediate

e Head region suppressed out of plane, shoulder region enhanced at
intermediate angles.

Adare - RHIC/AGS 2009




Direct y-h correlations

|
 Probe E loss cleanly: correlate .
No trigger surface

unsuppressed photons produced back  pjas|
to back with quenched partons. = Eparton \

Head Region (|A ¢ - n] < /5 rad)
Y‘ ¥ Direct y-h

p+p x 10
Run 7 Au+Au 0-20%

Softer D(z) in AutAu than p
+p: exp(-bz;) fit gives
5<ph<7G.V

p+p slope = 6.89 = 0.64 : | r<p, <daw

9<p"’< 12 GeV

AutAu slope =949 = .37 ’ | | 12<p, <15GeV

: g
| PH ENIX
i Preliminary

Adare - RHIC/AGS 2009 20




[ xa Vs z7 for wP-h and y-h

e 7z = p;"/py...note that z = | for ys, while z < | for n's.

A
5<p <7 GeVic . T<p; <9GeVic ; 9<p* <12 GeVic
@ direct y-h, |Ao-n|<a/5

B °-h, |Ao-n|<n/6

+ 21% direct y-h
+17%x"-h

Zr

e Comparable results except where z; ~ |. NLO component?

Adare - RHIC/AGS 2009
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Global event characterization:
azimuthal anisotropy




Precise v, and v, data

4 reaction plane detectors available in Run 7 give consistent results in wide ) range.

—> Strongly limits possibility of large n-dependent non-flow contributions.

pT (GeVic)

e 0.5-0.8

* 0.8-1.2

. , 1.2-1.6

N, (1.5<n[<2.8) _ ‘g'g. 1.6-2.4
RXN,,, (1.0<[n[<1.5) | p ., 93“ 'y ‘

BBC (3<[n|<4)
MPC (3.1<n|<3.9)

5t RP value from
RXN.
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Constituent quark scaling in v,

o CON scaling observed up to KE/n, ~ | GeV

PHENIX Preliminary

PHENIX Preliminary

e [Mechanism for scale breaking not yet understood. Recombination?

Adare - RHIC/AGS 2009 24




v, obeys CON scaling too

e New data provides precise target for viscous hydro, transport, and

recombination models

AutAu 4\“ =200 GeV

e Hybrid models parametrizin
development (e.g. arXiv:090

5

1.0
(KE,)/n, (GeV)

1.5

viscous corrections to hydrodynamics are under

4368v2)

Adare - RHIC/AGS 2009
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Strong evidence...the matter Is

—~L

£ e PHENIX |y| <0.35

.l 00:_—
oar — FONLLY=0
*  AuAu 0-20% x10 6 £ - FONLLerrorbandy=0 | ..o 0-20% central

+  AuAu MB x10¢

® total HF e*

o = AuAu2040%x10 3 oot e e openHF e
1 E . El
. PP so PHTENIX
W ST ... . PRELGINARY,
E L % C.L. : (1

p+p at\s=200 GeV

5 6 7
Elantran n IRa\lla\

Ed°N/dp*(GeV?c?) or Ed’o/d

The new generation of precise, high quahty PHENIX data
provides an open Invitation for models to produce
comprehensive descriptions.

z Good luck!
Zo.
.g .
o
& PHENIX preliminary 0.10 Fl OW' ng
auny < 0.64 at 90 % CL at
008 o |WsEintelplle
. =°.
= 0.06 = MISYE
. ) ®  Run 7 Au+Au 0-20% >
% 02 04 06 08 1 12 14 16 18 2 :
Ry s, for m, € [8.5,11.5] in (GeV/c?) : 0.04
: ¥ i 2
Hot Strongly B i .-
opague - - 0.00
Adare - RHIC/AGS 2009 Hrrar ). 0.5 1.0 1.5 26
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JAp “survival probability”

e Attempt to Isolate hot

nuclear matter effects in ' EKS98 CNM baseline
Au+Au: divide by ' ® PHENIX y=0
RaA(CNM) (from d+Au , | ® NAGO In-In
R Glauber, and EKS98) 1 N ¢ NASOPORD

e Result: J/Aps appear

more suppressed at
RHIC than SPS in
central collisions.

e \What about states with
higher dissociation Narrow boxes: correlsted sys
tem peE rature S? . Wide boxes: CNM baseline sys

50 100 150 200 250 300 350 400
N

part
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Should Y's be Suppressed? (Mike Leitch, QMO09)

Y's long touted as a standard candle for Rauau(y=0)
quarkonia melting JIY 0.425 + 0.025 + 0.072
* but what should we really expect? M., =[8.511.5GeV]  <0.64at90% C.L.

« 0. of Y probably ~1/2 of that for J/¥ — E772 (PRL 64, 2479 (1990))
« E/72 Y nuclear dependence corresponds to R, , = 0.8

« Lattice expectations in AutAu - Y,c s suppressed: R, , = 0.73

* absorption x lattice ~ 0.73 x 0.81 ~ 0.60 ??? —

* e.g. Grandchamp et al. hep-ph/05073 |4

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

« CDF:50% of Y from ¥, for py>8 GeV/c - but less (25%?) at our p;
» PRL84 (2000) 2094, hep-ex/99 10025

29 Mike Leitch - PHENIX




Old su

More justified than ever in claiming existence of a new state of
matter. Picture is clarified every year and PHENIX has exciting
progress to confirm and measure QGP properties

- Therm. phot: QGP above T_ = implies deconfinent

- deconfinement further confirmed by quarkonia suppression
- b quarks are a big contribution at high pT, even they lose

energy
- gaining more precise info on L dep. of E loss

getting more detall on medium response
moving towarc t

_—




Where Is the energy going?

e Shoulder structure in dihadron correlations persists to low beam
energies — coherent medium response at v/s = |7 GeV2?

RHIC 200 GeV RHIC 62 GeV SPS 17 GeV

Preliminary
17.2GeV, 0-5%

4’““‘9@_’._.
>

¢
,’ﬁ:e RES

=
=2
o
$
=
s
z

® J[ry looking at dihadron correlations vs reaction plane...
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L eft-right asy

e In previous plot, ¢, was

folded into [0, 90°]. But
path length Is
asymmetric for
particles in away-side
cone

Flipping ¢, 2-¢.
reverses this
asymmetry

® Fl”vi direct |




Expectations for conical ansatz

Two opposite scenarios for shoulder
regions:

The medium attenuates radiated gluons,
so more suppressed than

Medium pushed outward by radiated
gluons,so  more enhanced than

Also, note that fixing ¢,

strengthens flow contribution (v,
important now)

shifts phase of v, by 2¢s J. Jia et al, hep-ph/0903.3263
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AutAu h*-h* /R asymmetry

8
O
o=
N—r"
~
(@]
1
amny
IS
4]
o
N—
~
(@)

pTassc I 2 GeV
.20 50% c_entral

Aq) . ¢Asso.

=% q)Trig. (rad)

Ad bin width = 71/8

in-plane

e Data support expectation # |
for in-plane triggers

e Out-of-plane interpretation
less clear

Adare - RHIC/AGS 2009
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QMO09, S. Esumi

¢ASSO'¢TRIG<O

Trigger angle selected with respect
to the
- [-7/27/2] to probe the participant
~ geometry

mach-cone
(shoulder region)

¢ASSO'¢TRIG<O

thick side




Neutral pion v2 from MPC
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Quarkonia Contributions to high-p; heavy-quark electrons in p+p!

collisions:
« up to 6% decrease in open heavy for p > 5 GeV/c

e similar story for AutAu & R, A, Not significantly changed

Open Heavy Flavor: Charmonium Subtracted
(Run-5) e
L LI L B “ . p+p — (e" + €)/2 + X at\ =200 GeV (a)
cocktail: (e*+e’)/2

Jiy — single &
Y~ iGN @' +« PHENIX data

Drell-Yan » single ¢’ - x , — FONLL(total)
—— = Total Cocktall - without J\/Y D.Y.| 3 FONLL(c — e)
e Tt Cocktail - with Jiy/Y /D.Y. 7 FONLL(b — e)

FONLL(b > c > e)

p+p at\ s = 200 GeV
T 0 VTYVY‘ YV"]T'VT

T T

(b)

DATA/FONLL

HEREEE

a ll ALLLAL

—
8
5
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Cocktail correction

B Sl

e Prior to QMO09, cocktail was underestimated due to neglect of
J/psi and upsilon DY contributions.

e Accounting for these increased the cocktail by 50%.

e T[his does NOT imply that the signal went down by 50%!




Rapidity-separated dihadron
correfations




Forward jet pair modification

Qiu,Vitev: Single hadron RdAu Dihadron RdAu

e coherent multiple scatteringg
leads to suppression for bo
singles and pairs—at
comparable levels

e —>Implies IdAU ~ |
(however ML did not see
to agree in an emall)

Py, =4 GeV.p,, =2 GeV

hep-ph/0405068
e broadening predicted [what v, =2

level? be quantitative] e — p#p

~  d+Au min.bias
- d+Au central

Adare - RHIC/AGS 2009
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Forward jet pair modification

CGC picture:

e recoll jet absorbed by many
gluons

e predicts strong pair
suppression (small [dAu)

e Again, only very small width
enhancement

Azimuthal Correlations
W = 200 GeV
n, = 3.8,1,=0, central
P, = p,=[5GeV

Proton - Proton

Get this ref from ML, or
some ref that shows |AA
in CGC framework

Levin, Kharzeev, McClerran
Nuc. Phys A 748, 627 (2005)

Adare - RHIC/AGS 2009
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Suppression In d+Au

Associate n°: 3.1<1n < 3.9, pT = 0.45-1.59 GeVic

Trigger Particle: |n| < 0.35
e % pT=20-50GeVic

*  h"™:pT=1.0-2.0GeVic

Trigger pT scale uncertainty 5%

Associate pT scale uncertainty 10%

PHENIX
PRELIMINARY

® larger than vitev predicts

Adare - RHIC/AGS 2009
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let widths In d+Au

No broadening in central d+A
vs.ptp at | sigma

Trigger Particle: z°, [n| < 0.35, p_ 3.0-5.0 GeVi/c

-
.
=)

ppx*:31<n<39

dAu 0202 31 <neld

dAu 4088 x*:3.1<n<39

pp Cluster: 3.1 < <39

dAu 020 Cluster: 3.1 <1< 3.9
dAu 40-38 Cluster: 31 <9 <39

N
p=s

Trigger n°, [n| < 0.35
P, =2.0-3.0 GeVic

Assoc. Cluster, 3.1<11< 3.9
p.= 1.82-2.73 GeVic

A © Width (rad)
o o -
N (o] - N

S
“ L B

Trigger pT scale uncertainty 5%

_ Assoclate pT scale uncertainties 10%

e
[}

~._ PRELIMINARY

T ————
PR SR TR R RN TR R SR 0 000 e et ST PRI w0 2o 300 X T |

0.5 1 1.5 2
p, assoc (GeVic)

L

{ PHENIX

o
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Understanding polarization (from Alex)

e High p; gluon nearly on mass shell

—> transverse polarization.,
 Octet quarkonia inherits
transverse polarization of gluon.
* Spin symmetry of non-relativistic
heavy quarks implies suppression
of spin flip.

* No strong correlation between
initial gluon polarization and final
state.

* Washed out by hard gluon
emission In final state.




Measuring Polarization (from Alex)

dN

= A(1 + Acos’6)

Helicity

 Rest Frame

COM LO disagrees with CDF data!(PRL 99, 132001 )

Addition handle on production.

* see arXiv:0902.4462 for discussion of reference frames

QMO9 Knoxville TN 10/2/16 45




Testing the CSM In p+p

e Improved s channel modified CSM agrees w/ p; spectra and

polarization at y=0, but disagrees (at 2-3 o level) at forward
rapidity

0 05 1

® PHENIX Preliminary Iyl < 0.35
PHENIX Preliminary Iyl = 1.7
(pp =06 GeVic)

Lansberg, 1.2 <Iyl<2.2
OB - 0.8 Gevi)

S <
PR - S~

1.5 2 25 3 35 4 4

55
Haberzettl, Lansberg PRL 100, 032006 (2008) py (GeV/c)
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o RHIC 2006 y & [-0.35.0.35

o RHIC2006ye[-22,12

o RHIC2006ye[1.222
CSM+s-channel (0809,

S = 200 GeV ptp

1 10.1% Global Scale Uncertainty

6 7 8 9

p, (GeV/c?)
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Constraining cold nuclear
matter effects

This sect|on is a candidate for removal if ti ime IS short




Obreakup

e 200 GeV breakup x-
section agrees closely
with E866 v/s = 39
GeV)

® Seems to break trend at

' NA3
X NAS50-400
¥ NAS50-450
® EB866
[] HERA-B

C. Laurenco,
Trento 2009

T ]' TTTT T]’T 1TTT

Aol

independent of +/s?

EKS98
@ PHENIXsys +50-4.1mb
ghaty

* E866
* HERA-B

.1.1.1."..:1 l

1l AL L. Jl
2 <15 -1 05 0 05

il sy

P S . -

1 .
rapidity



survival probabillity

NDSG CNM baseline
e y=0
o y-1 75
Narrow boxes: correlated sys

] 1

Wide boxes: CNM baseline sys
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