Highlights from PHENIX-I

Initial State and Early Times
Mike Leitch - LANL (for the PHENLIX collaboration)

QMO9, March 30, 2009 Knoxville

» Cold nuclear matter (CNM)

* Heavy quark production

+ Quarkonia

+ Photons L

after lunch - Highlights from PHENIX-IT:
Exploring the QCD Medium - Carla Vale

» Los Alamos Mike Leitch - PHENIX
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Preview of Highlights:
 Suppression of rapidity-separated hadron pairs in d+Au
« Heavy-quark decay electrons:
« Quarkonia contribute substantially
* Beauty fraction ~50% for higher p+
* High-p; Cu+Cu J/V¥ suppression

* Upsilon suppressed in Au+Au

* Initial temperature from low-p+ photons
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Cold Nuclear Matter (CNM) & Gluon Saturation
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Cold Nuclear Matter (CNM) & Gluon Saturation

Traditional shadowing or
coherence models

Gluon saturation at small x;

amplified in a nucleus

Initial state energy loss &
multiple scattering

-

) LosAIamos Mike Leitch - PHENIX
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Rapidity-separated hadron correlations in d+Au

Two kinds of effects may give suppression in pairs that
include a forward rapidity wrt mid-rapidity trigger hadron
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Rapidity-separated hadron correlations in d+Au
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Rapidity-separated hadr
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What about Mid-rapidity jet pairs in d+Au?

e b.8<p‘_j<1 0GeVic
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Cold Nuclear Matter (CNM) & Gluon Saturation

Trigger
0 or hi\
d L
u
—_— - - 9@4 ——

Y<0 Y>0

« T 4, suppressed at forward rapidity for more central
collisions

* No large broadening of correlation peak, within
uncertainties

Two theoretical pictures may be relevant:
1. Traditional CNM effects, e.g. shadowing, init. state dE/dx
2. Gluon saturation, mono-jets
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Open Heavy Quarks
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Quarkonia Contributions to high-p heavy-quark electrons in p+p! B

p+p collisions:
 up to 16% decrease in open heavy for p1>5 GeV/c
e similar story for Au+tAu & R, 4, not significantly changed

Open Heavy Flavor: Charmonium Subtracted
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Open Heavy Quarks - b vs ¢ Separation |+ -

Understanding energy loss of heavy quarks in

hot-dense matter:
* Need to know fraction of b vs c vs py

b vs ¢ from e-h decay correlations
« substantial fraction of b -> e for large p+
b cross section consistent with FONLL

71’/*?@
DO
L

T
Lo

F-a L B L I '+ T I_ LN B '_' T H
n,.: ot D (a) pt+p— (e +e)/2 + X at\/s=200 GeV _
&  F N\ e0%cL ¢ PHENIX data(c >e+b—e) =
1° _ ; o Lo A PHENIX data(c — e) .
_arXiv.0905.4851 [hep-ex] submitted to PRL E PN . PHENX e
o E o = — FONLL(c > e+b—e) E
T 0o * PHENIX ly| <0.35 N ..,% - . --- FONLL(c — e) 3
.E - — FONLL y=0 : . T ooncL M\ FONLL(b — €) N
o 08— 107 = =
0 C o FONLLerrorbandy=0 | ...}~ = 3
0.7 I "l 4 - 3
o UE - i
CRY= 1 | 0t E
T E B / E E
2 05— - f
g ~"90% C.L. N T T ®
i o —— = 3SE- =
DAE N I - '_‘""90% c.L z 2 %:(b) (c—e) 90% C.L. =
0.35’—. ................ E 1§§: I ¢ * :g
02 N A =
o’ AT p+p at\/s=200 GeV :'2 ) boe |
= N/ 2 I $ * 90% C.L.
D_ L | 1 1 1 1 | 1 1 1 1 | 1 1 L 1 | L 1 1 L | 1 1 1 1 | L 1 1.5
2 3 4 5 6 7 o g E
Electron p_(GeV/c) TRy 5 i 5 " " " 3
/‘i, P, {GeVic)
.
T ap—
- Los Alamos Mike Leitch - PHENIX PH ENIX

MATIONAL LABORATORY



Open Heavy Quarks

Cross sections determined three
different ways in agreement:
* single electron spectra methods:

e cocktail subtraction
e cohverter
e di-electrons

Talk: Y. Akiba (4C, Thu)

Muon measurement at forward rapidity

also consistent (but with large

uncertainties)
p+p\/s = 200 GeV

B PHENIX electrons
(PRL 97, 252002)

® PHENIX muons
preliminary
FONLL charm
cent.
upperi/lower

0
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Open Heavy Quarks - e-u Correlations

* e-u: the long touted Golden channel for open heavy flavor at RHIC
« 15T proof of principle measurement in p+p

Mid-rapidity electron + Forward-rapidity muon

e-u*, e*-u” Azimuthal Correlations
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e future new method to
get charm cross section

* study correlations of
charm pairs - ky

* baseline for future
measurements in heavy-
ion collisions (or d+Au)

Talk: T. Engelmore (6D, Fri)
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e
PH ENIX



15

Open Heavy Quarks

» Quarkonia contributions important to understand
high p; electrons from heavy quarks in p+p & Au+Au

* Beauty contributes at ~50% level or more above
pr=4GeV/c

A
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Quarkonia Production & Suppression
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Quarkonia Production & Suppression - p+p !

One of the main deficiencies in A+A J/V studies is the p+p baseline

« 2006 p+p data with ~3 times previous (2005) luminosity!

* Much improved baseline, especially for high-p+

* Lansberg (CSM) model and NRQCD model compare well vs rapidity & p+
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Quarkonia Production & Suppression - J/V¥ Polarization

New “s-channel cut” color Haberzett], Lansberg PRL 100, 032006 (2008)
. . aberzett/ Lansber: )
singlet model (CSM) fitto o5 — e

. i N\ ® PHENIX Preliminary Iyl <0.35
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OB = 0-5Gevre)

« agrees with PHENIX:

* cross sections b P L N ]
- y=0 polarization results Sl ]
e but disagrees (at 2-3 o3} Helicity
sigma level) with forward  ©4Fpip - Iy atNs =200 Gev 0™
rapidity PHENIX result OS5 T T5 2 a5 3 35 4 a5 s
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-
> Los Alamos Mike Leitch - PHENIX PH- ENIX

MATIONAL LABORATORY



Quarkonia Production & Suppression - J/¥ in d+Au "

Initial d+Au J/¥ update from new ¥ ' E
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Higher p for J/vy in Cu+Cu - probing for the "hot wind"?

New PHENIX R, out to pr =9 GeV/c |
* shows suppression that looks roughly constant up to high p+

AdS/CFT (“hot wind") - more 75

suppression at high p+: K PHENIX Cu+Cu 0-94% (Run 5+6 I|)+p ref) ’
Liu, Rajagopal, Wiedemann - — Zhao, Rapp Cu+Cu 0-60% with formation (2008) -
PRL 98, 182301(2007) ) [ — - Patra - gluonic dissoc. + flow (MB) (2005) N

= = Xu, Kharzeev, Satz, Wang (1995) .

Regeneration (2-compenent): [ — Hot Wind 20-30% (2007) ’
Zhao, Rapp 1 sk 7
hep-ph/07122407 < '} 200 GeV Cu+Cu .

& private communication < [ Global Sys +16% i

~ | PHENIX PRELIMINARY I

Equilibrating Parton Plasma:

Xu, Kharzeev, Satz, Wang,
hep-ph/9511331

Gluonic dissoc. & flow:
Patra, Menon, nuc/-th/0503034

i . | . | . | . |
DD

Cronin - less suppression at higher p+: GeV/
use d+Au data as a guide P (GeV/c)
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Quarkonia Production & Suppression - Upsilons in p+p
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Quarkonia - Upsilons Suppressed in Au+Au B

S107) P ENIX PRELIMINARY .
c D 403 =i— -
= P @Ns=200Gey| 20 e
b’|<0035 r :E: ® e'e
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2
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- PHENIX preliminary
Ny 2653 +70+345 | 4166 +442(+187/-304)
Rpua, < 0.64 at 90 % CL
Raa(J/W) 0.425 +0.025+0.072

R4, [8.5,11.5] < 0.64 at 90% C.L.

11 11 |
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Should Y's be Suppressed?

Y's long touted as a standard Rauau(y=0)
candle for quarkonia melting I 0.425 + 0.025 + 0.072
 but what should we really expect? | m..=[8511.5Gev] | <0.64at90%cC.L.

* 6 OFf Y probably ~1/2 of that for J/V¥ - E772 (PRL 64, 2479 (1990))
« E772 Y nuclear dependence corresponds to R, 4, = 0.81

* Lattice expectations in Au+Au - Y,¢,35 suppressed: R, 4, = 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)

« CDF: 50% of Y from y,, for p>8 GeV/c - but less (25%?) at our p;
« PRLE4 (2000) 2094, hep-ex/9910025

—
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Quarkonia Production & Suppression

« J/¥ polarization & Lansberg CSM prediction
e consistent at mid rapidity
* may be inconsistent at forward rapidity

« J/¥ in Cu+Cu suppressed at R ,~0.6 up fo pr=8 GeV/c

*R,,4,[8.5,115]1<0.64 at 90% C.L.
* Upsilons suppressed
* but shouldn't be a surprise - expect R,,4,~60% from
just CNM + sequential melting

/"‘l
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Initial State & Temperature - Photons
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Initial State & Temperature - Photons

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

26

Isospin, Cronin, shadowing, dE/dx

PR Vitev, nucl-th/0810.3194v1
11:: PH._ENIX P"E';:!x preliminary " .(clia’ra Icxll Pll—lEN]|IX prlelimilnar'y?
= [ aNidy=1150"" T
1.2 :dir. photon 3'; N 51.-::”']332; _ :::iﬂ EE::,TE;;LHUI H
(1R o el
0.8 * o ——  AuAu, Incoh+Conv.
n * = 7 — —  CisCuy, Incoh.+Cony. |
06— + 4 e R, 0-10% preiminary Au
0_43_ §+’ + + E 15 N m R, 0-10% preiminary Au i)
U.Ei— T.éﬂ.lél.;.l'}litéh'l'i?iiiii+ * I + 0 % __
] AT ISP EPET EPETET IPSPI S B o FENU BAATET PR A
1} 2 4 6 8 10 12 14 16 18 20 -
pT(GeVic) () -
0 5 10 15 20
P [GeV]
Au+Au photons have some modification at higher p+,
but may be just CNM effects - i.e. Cronin & neutron
vs proton (isospin/charge) effects
/
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Initial State & Temperature - Photons

L Auku VB x10 Nearly real photons extracted from
t A 020% 10 shape of low-mass e*e- spectrum

= Aufu 20-40% x10

L p'l-p-

Shows large enhancement above scaled

Ty p+p in low-p+ "thermal” region
TR
TEa
i Talk: Y. Yamaguchi (4C, Thu)
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: : 100+ -
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Initial State & Temperature - Photons

* high-p+ direct photon suppression consistent with
calculations of CNM effects

* low-p; thermal photons indicate initial temperatures of
> 300 MeV

,
.
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Hot of the Press - 28 March 2009
First J/¥ — pp from 500 GeV p+p collisions at PHENIX

Dimuon Mass (GeV)

E #J/Psi 7395 + 96.6
Sooo| S S0e4 0003
expN 1213 =+ T5.2
1400 exps 1.302 = 0.037
1200
1nuuf—
Enuf—
Enuf— +
4{:03— t
znuf—
“5’.".'.'.1....|....|....|....|....|....|....|....|....

0 05 1 15 2 25 3 35 4 45 5
A M p* 1 (GeVic?)
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Summary - Initial State & Early Times %

Open Heavy Flavor: Charmonium Subtracted

3

:;j 107 :,& p+p — (8 + €)/2 + X at* 5=200 GeV (a)_- < 10
S 3 T T ormoiners '% JE 4+ AuAuMB x10*
N e || Jm N ioee
:*-é 10 :zg:::t:z: :g 3 * :I:E__ FONLL error band y=0 ) I e QE' 10; = AuAu 20-40% x10
o b FONLL(b 5 ¢ —> ) % 0'052 !: E oo
1‘3'7: AI! ojs:; T.‘ﬁ E
"’sﬂ - ':,2, p+p at\/s=200 GeV % ]
%‘2'5 D—\\ (b)_ o L L . % % S
% 1 g f &‘; LT — _ . E ‘ ’ ) Electron pr(C‘:eWc] wqgfe \4] \T\T\?\‘P‘
E ,I_.L I [T i i ] __E b *11\
nc,sc-.-.._.I-.—..—_-é-.—..-.gf.? ;:':..6.....?._- ..... (G-] BCGUTY - ~50°/° or‘ mor‘e ::;I P T f.. L I?ﬁ’ﬁ-r
p, (GeVic! . 1 2 3 4 5 6 7
Quarkonia - contribute in heavy-flavor electrons P, (Gevie]
substantially to heavy- for pp4 GeV/c ;-im; Pie?r"ron?xl/\gf\\:‘rgr‘\c;m low-
flavor electrons for T

p>b GeV/c

Raua, [8.5,11.5]< 0.64 at 90% C.L.

J/¥ polarization -Lansberg 7 ) GUSELD SUpTaTEsEee Y 's suppressed in Au+Au

CSM model misses forward|| -7 10 [pe) BEle ~||40% expected from CNM & Y,s,35

2.5 T T T T u T . T
d .|. 1. ' ® PHENIX Cu+Cu 0-94% (Run 5+6 p+p ref) ]
r‘apl l y measur‘emen + — Zhao, Rapp Cu+Cu 0-60% with formation (2008) g _ L
~ =+ Patra - gluonic dissoc. + Tow (MB) (20035) ] 3 0.012
PHENIX Prelin Iyl < 0.35] - : . . 7
B— 04k \]:-L . e P?I = ::: By |< 7K o = Xu, Kt]dl’l.t(.\ 3 Sd{lz, Wang (1995) g
< o3 < " (b =06 GeVic) i [ — Hot Wind 20-30% (2007) 2] IJD1_ L
~ sberg, lyl<0.33 - . o Lo |
15 2 4 1.5F b - \ PHENIX preliminar
0.2 DDIp urtva])M - [ 200 GeV Cu+Cu : 0.008— | 1 prefiminary
0.1 ~< E < [ Global Sys +16% 1 |
- P oaeeeshi s : : 4 C | ! 0
of ol g Sy . — ] 0.006 | Raua, < 0.64 2190 % CL
01k -~ e : o o
o2k ~\~~ %‘ \\\\: i 0.004 ] ‘-\.
-0.3F d - 7 |
0.002|/ s,
H i
~kip p+p — Iy at \.'s =200 GeV ] ] r .
05 | 1 PR IR BRI N I I i e e = PRPRPT AT RTRT
U“U (H I 1. 5 "J "5 1 35 4 4 T uD 02 04 06 08 1 12 14 16 18

Pr (GcV.-’c) Rauay fOr m, € [8.5,11.5] in (GeV/c?)
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TL”(: C. da Silva (1D-1, Mon) Posters:
e Z. Conesa del Valle (AuAu Y)
Talk: E. Atomssa (2D-4, Mon) « K. Lee (pp Y)
« M. Wysocki (AuAu J/V¥)
Talk: Y. Tsuchimoto (3C-2, Thu) * M. Donadelli (¥(p+))
* D. McGlinchey (dAu J/¥)
. : _  B. Kim (J/¥ forward v,)
Ll o NegllB (S0, M) « K. Kijima (pp Iow-masszvec‘ror' mesons)
: L. Guo hi->mumu
Talk; A. Dion (30-4, Thu) . 5. Campoel (Cuc e'0)
« J. Kamin e+e-
Talk: Y. Akiba (4C-1, Thu) o T Gar'ish\(/liollia(CuCa single-muons)
e H. Themann (c vs b)
Talk: Y. Yamaguchi (4C-3, Thu) « K. Sedgwick (RdAu(p+) T forward)
* A. Milov (m+scaling)
M: T. Engelmor‘e (4D-2' Thu) * T. Sakaguchi (h, EM contraints)
* M. Durham (HBD)
Talk: B. Meredith (5D-1, Fri) * N. Apadula (VTX FNAL test)
*R. Petti (VTX c vs b)
Talk: Z. Citron (5D-5, Fri) * M. Kurosawa (VTX)

* A. Lebedev (VTX simulations)
Talk: Z. Conessa del Valle (6D-2, Fri) * S. Rolnick (Focal)

-
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Brief PHENIX Status & Future

PHENIX Detector
) PC3

2008

PC2

Recent detector improvements:
* large, more accurate reaction plane detector
* higher-p; PID (TOF-West)
* forward (MPC) calorimeters
» Hadron blind detector (HBD)

Operations improvements:

* integrated luminosity: Au+Au (x3); d+Au (x30) o, P
- data taking efficiency: 52% (2007) -> 68% i
(2008)

Future:

* HBD for clean low-mass dielectron
measurements (nhext AuAu run)

» muon Trigger system for high-p+ muon
triggering (W's)

» silicon detectors for new level of robustness
in heavy-quark measurements

* continuing DAQ upgrades to maintain high
speed and efficiency

ti‘ m Y A
VTX/FVTX

» Los Alamos Mike Leitch - PHENIX
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Kopeliovich, hep-
ph/0501260v3
Universal Sudakov suppression

Vitev, hep-ph/0405068v2
Dynamical shadowing

i L L T T T 1

(eqer‘gy Conservaflon) . - B BRAHMS haty=32 | __ [ o, =15GeV, Minbias
ol [ . o A E 1= E 1
[ or m K © = - g N fr__:
0.9 * p Y pto ";’ 08 -1 . C8F -
[ A K P @ B 1 = B 7
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081 4% oA Ea | ]l [ — ¥,=0 ]
r 0 E.- —_— =1
i = 04p o= = 04 1 -
0.7f “z nTE =St =2
I o2k — %= S0k — ¥ =3
o 0.2 L. ' 0.2
[ | Minbias == y,=4 | L v, =0 y,=4
06__ 0 ' I T

0 5: - - v,=3,y,=0 e
RN 1= — = —
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0,35 s 3
x| Azimuthal Correlations
' W =200 GeV
03 Fm, = 3.8, m, =0, central
0275 FP1= Py = 7 GeV
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0.225 Gold - Gold
0.2
0.175
0.15
0.125 [
e i e
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Vitev, hep-ph/0605200v1
CNM effects: dynamical
shadowing, dE/dx, Cronin

[ I ! I T I ! I ' I
—  Cronin effect only
] o «+ HT shadowing only 7
r = = Cronin+HT Shadowing
1.25F —— Cronin + HTS + E-loss L
- ® STARA R, 5., - min. bias —— -
= — e i T -
=T Mo nuclear effect |
0.73F ==
05F———"""" -
—_—— e — — —— — —— — — L ——

L . . e T T T TT===
0.25| C B
L Theory: forward rapidity <y > =4

0 L | L | L 1 n 1 " 1
1 1.25 1.5 1.75 2 2.25 2.5
Py [GeV]
I.V., T.Goldman, M.B.Johnson, J. W.Qiu, Phys.Rev.D74 (2006)
I.V., in preparation
15 1
I I | I I
e PP STAR pep
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d+Au central
0
—10.5
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—o
1 L]
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| /\ 7
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PHENIX A+A Data and Features

PHENIX Au+Au data shows suppression pMm
at mid-rapidity about the same as seen —
ot the SPS at lower energy ISR AU AL I R

@ PHENIX lyl<0.35
B PHENIX 1.2<lyl<2.2

NA38/50/60 syst 11%—

* but stronger suppression at forward
rapidity.
« Forward/Mid R, , ratio looks flat

above a centrality with N, = 100 0.2 [ ¥1<0.35 syst 12 ;
L 1.2<lyl<2.2 syst 7%
L I L

AA

[
L] T

Several scenarios may contribute:
 Cold nuclear matter (CNM) effects
* in any case are always present
 Sequential suppression
* QGP screening only of 3. & y'-
removing their feed-down
contribution to J/y at both SPS &
RHIC
 Regeneration models
e give enhancement that
compensates for screening

/Mid R
e o 2 o
O N B O o —
! | -

AA

[ Global syst 14% .

L I 1 I 1 I L
0 100 200 300 400

Centrality (Nyq.1)

Forward R

/“1
: . - _‘-'-q...,v...—_
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Contrasting Y’s with J/y’s

JS =39 GeV (E772 & E866) uf

- less absorption

- not in shadowing region (large x,) _ o}
- similar p; broadening i
* Y,5.35 have large transverse or |
polarization - unlike Y;5 or J/¢ (as  °¢|
was shown earlier)
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4.00

But careful: Y
suppression is

from data for
x, > 0.1

0_6 L 1 1 L
-0.2 0 0.2 0406 O

Mike
Leitch -
E772, p+A—> p'

Integrated Cross Section Ratios
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o o,
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Low-mass Vector Mesons

- mass & BR modification (rho, w, phi)

* nuclear effects on phi, ppg096 Plots from ppg053 - which is NOT

(Maxim) released - so can't use these
- hint of Cronin, less AA suppr than s 25 —
pions in central collisions : ol kK
* phi in dAu, ppg053 (Yuji Tsuchimoto) s 2 e
- phi->ee falls wrt other decays with 3 - - InT '
pT, change in BR in AuAu? £ -1t
" RdAu=15, Cronin I q P N Y
* phi->e+e- in dAu (Deepali poster) E J
Talk: Y. Tsuchimoto (3C-2, Thu) ]
. % 05 1 15 2 25 3 35 pi'?eequ
2 1 goe'e € O A,
E 16 f_ —— (I)_)K"'K 1 1.35—_| +— (—e'e in Au+Au Min.Bias
E 14 f_ J‘to—)zy :E_, 1'6; N —&— $—K’K in Au+Au Min.Bias
é 12 - 1.2:_‘ c{:"ﬁ -
E F T NS SRR R0 N
21 e RIS RE IS
08— :: + i+¥p{ + o_a:—'” R T T
0_5;_ ln E % oo~ L S o.ag—A j‘ ~}
0.4;— | & { 04— ‘ T
0_2;— 0.2;—
ﬁ 00_I = I0.|5I - I; — I‘I.|5I - |2|| - I2.|5I - ISII - I3.|5I - I-IlI I Il;?_lflG;\.:'hI:]s % 08 ! 1 2 2 : 3% 4mT-n1J4i%eWc2]5
e —~——
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m+ Scaling
* ppg099 (Milov)
- is there a physics msg here, what is physics basis of mT scaling?
(equal velocity (flow-like) scaling?)

)

— ™ 6 .

g F 10 e 7 O, 3 nx10 PHENIX Preliminar

o : Lo y .
o 108 : @ e 10 PH.“ENIX — q|>10 ‘ p+ps=200GeV

% - 10 ptp - 8 N R
© \5=200GeV et ... PHZENIX

E10° Ero° RN

o
o
Q.

5 T

° e
™ o 02 L

010? w1

—
<
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10* 104 =

107
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RAuAu(y:O)
I 0.425 + 0.025 + 0.072 -
Me,e.= [8.5,11.5 GeV] < 0.64 at 90% C.L. L
0.8
0.6
* Y in anti-shadowing region (for mid-rapidity) 0.4
0.2
* Gops OF Y probably ~1/2 of that for J/V¥ - see E772 at right 10 102 100 g
« E772 Y nuclear dependence corresponds to R, 4, = 0.81 @
E772, p+A—> pn 1
« CDF: & of Y from , for pp>8 GeV/c - but less (25%?) at our py . ‘oo
. see CDF (PRLE4 (2000) 2094, hep-ex/9910025) C%;
SN - -
* Lattice expectations in Au+Au - Y5 unsuppressed; Y,q,3s = | B ﬁEA
suppressed: Ry 4, = (0.73)/(0.73+0.17+0.10) = 0.73 E .00 o
L] < A92
osf O <
* absorption x lattice ~ 0.73x0.81 = 0.59??? - but need serious Bl ey
theory estimate instead of this ndive speculation! T

state || J/¢(LS) | xo(1P) [ &/(25) || T(LS) | xo(1P) | T(25) | xu(2P) | T(35)

T,/T. 2.10 1.16 1.12 > 4.0 1.76 1.60 1.19 1.17

/%
-
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