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Warning, the speaker has found this »

be his most important reference.

The speaker expresses the his thanks
for the sources of many slides showing
these results.

1. From PHENIX, thanks to Mike Leitch
and Matt Durham.

2. From STAR, thanks to Xin Dong.
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Outline

1. Review quarkonia studies at RHIC.,
Sorry, can't be done in one talk. Well, at least not by me!

2. PHENIX and STAR detectors have many results, but are becoming more
sophisticated, so expect much more o come.

3. RHIC has unique abilities to collide different species, such as Cu-Au.

Comment:
Many of these measurement lie in the area of non-perturbative QCD.
I have a strong bias that we MUST make these type of measurements.

Only if we accumulate a high quality data set do we provide the basis for a
rigorous explanation for WHY we find these results.
(Probably by a young physicist, untainted by the
"We can't calculate that,” mantra.)

Theory can guide us, but it can also bias us.
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The starting point of
the study of just
exactly how protons,
neutrons, and nuclei
are made.
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We have some things we would really like to have in a detector.
Accessibility - Ease of operation - Ease of calibration - Ease of trouble shooting

But we are often dealing with detectors that are more like this.

Collaboration internal reports. Reports to outsiders.
HOW'S , IT'S LIKE FIFTEEN :
YOUR ITS A DRUNKEN MONKEYS Poa s ok
PROJECT STEAMING WITH A TIGSAL PROJECT COMING

ALONG?

COMING PILE OF

ALONG? FAILURE. PUZZLE

2:15-07 ©2007 Scott Adams, Inc./Dist. by UFS, Inc.

www.dilbert.com scottadams@aol.com

The reality is that there are a number of very talented, hard
working people who manage do get things working and get the
physics results.

If we can make it hard on the theorists, hopefully it is because
the physics is done right!
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For the hot-dense medium (QGP) created in A+A collisions

* Large quark energy loss in the medium implies high densities
* Flow scales with number of quarks

* Is there deconfinement? — Quarkonia screening??

Matsui and Satz, Phys. Lett. B 178 (1986) 416:

"I'f high enerqgy heavy ion collisions lead to the formation of a hot quark-gluon
plasma, then colour screening prevents ccbar binding in the deconfined interior of
the interaction region ... .. It is concluded that J/W¥ suppression in nuclear collisions
should provide an unambiguous signature of quark-gluon plasma formation.”

Debye screening predicted to destroy J/y's in a QGP with other states
“melting” at different temperatures due to different sizes or binding energies.

CH Yeosm
0 7 :
Dys | (0.56 fm)
501'2, J.Phy5.632-R25,2006 < os \K%Debye length from lattice QCD
(IP) [ 2/ (29) | Y(19) | vu(1P) | Y (29) | xs(2P) | T(35) J/ Yoz m
- - " 60 T (0.13 fm)
1.16 1.12 > 4.0 1.76 1.60 1.19 1.17 o1l

0 P I S I E S I I 1
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Slide provided by STAR - The speaker thanks Xin Dong!
J/p production in the heavy ion collisions
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Quarkonia suppression — color screening: “classic” QGP signature
Multiple mechanisms will influence JAp production in heavy ion collisions:

Initial production (and nuclear shadowing)

Suppression due to cold nuclear absorption

Recombination from sQGP medium ...

Raaincreases with p1, and is smaller in central collisions
- start to probe initial SQGP suppression at high p;?

Vv, is consistent with O

- disfavor Jhp is produced via recombination from thermalized charm quarks9

0



At RHIC - Forward-rapidity J/y's are
7 suppressed more than Mid-rapidity - Why?

B 2004 Au+Au, lyl<0.35, global sys. =+ 12%

® 2007 Au+Au, 1.2<lyl<2.2, global sys. == 9.2%

________________________________________________________________________ E 1) Stronger forward rapidity suppression due
PHENIX arXiv:1103.6269 - to CNM effects?

3--§ ¥ & X gone? (42=9%)

odl Bgy O énidépap,-d”yi 2) Regeneration at mid-rapidity reduces
oof 38 £ suppression relative to forward (and gives
I — . forward® 7 1 net suppression similar to SPS)?
e E
~ 1.4f i
R forward/mid . .
LE ‘%ﬂ __________________________________________ gonalsys =+ 107% The upper left plot shows the value in having
Sog B ; $ 3 complementary detectors at RHIC.
iy 3 s B ¢ E
0 B0 100 150 200 250 300 350 400 >No4:_ AutAu 200 Gey @ I/ 20-60% coalescence:
Noart “F STAR A 00-80% — atfreeze-out, MB[1] |
- preliminary o charged hadrons 20-60%| in transport model, MB [2]
0.3 X
~r == in fireball, 7.8fm [32
Small or no J/y flow at RHIC!  ¢pfp — pooo— o | * initial mix, 20.40% 4]

<=« + initial mix, 7.8fm [5]

............ initially produced, 7.8fm [3]
hydro (20-60%): [6]
| = T=120 with viscosity

we T=165 with viscosity

Many theoretical expectations
& option #2 probably ruled ¢ —w 1 T=120 without viscosity

out? 04, ., ., = nonflowestimation T=165 without viscosity

0 2 4 6 pth Gevidl?
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. S Overall suppression of J/y is very
..................................... T E— Sim”ar. be.l.ween:

o mnixyss || ¢ SPS (17.2 GeV)

Nasssoeo syl § e RHIC (200,62,39 GeV)

«and LHC (2.76 TeV)
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1.4 global sys. =+ 19.6% s e y|(4og1:?/3)/" <N >=446+6.2 [] i
C Peripheral (60-93%) : <le|>= 145+27 F \]_p 39 GeV Authu (2010.) H —
el T ﬂ:f:"’:i":::'f;:" o 1-2: gmb:vl]sysl (;o+ass§)/ <N >=435+37 04 @ |§| +: % ﬁ E
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part part complicates explanations.
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Cold Nuclear Matter (CNM) effects appear to provide a large
fraction of the observed suppression.

« So difficult to conclude much w/o a thorough understanding of CNM
and its extrapolation to A+A from d+A.  Keeps us busy!

RdAu

1 1 - ( B T | L | L | L I T T 1T | L | L I_
= <14 -
C o = m 2004 Au+Au, |y|<0.35, (globalsys.=+12% —
11— B
~ 12 Ii e 2007 Au+Au, 1.2<|y|<2.2, global sys. =£9.2% |
0.9 | Op= -
~ 1| 0.mb_]
0.8 - ]
— 0.8 —
0.7 =2 mb
0.6 :— 0.6 == 4 mb _|
- 0.4 6 mb
0.5 et moan,  Teeaa e |
- Global Scale Uncertainty+7.8% = ""reeeea - 1 —
= 0.2 B B 0 ﬁ -
£ —— EPS09 andc, =4 mb C * i
- PR [ T TR TN TN TR S TR TN NN TR TN SN TN NN SN SR N SN NN SN SN - T B
0.33 2 1 0 1 2 3 0 50 400
4 Npar‘f

Probably have to understand CNM in a fundamental way in order to
extrapolate to A+A correctly. This should not come as a surprise!
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RdA

Recent Gluon Saturation (CGC) calculations (arXiv:1109.1250v1) also
leave room for QGP effects in A+A collisions.

* However, they do not help explain the stronger suppression at
forward rapidity in A+A.

1.2 L L oo | W PHENIX Au+Au s=200 GeV, 1.2<lyl<2.2 (arXiv:1103.6260) |
CGC calcs. (DHJ ) i @® PHENIX Au+Au s=200, lyl<0.35 (nucl-ex/0611020)
I arXiv: 1 109 125 0V1 ALICE Pb+Pb 5=2.76 GeV, 2.5<y<4, p.l.>0 (prelim)
o aXivi1109.1250v1 1 1HE e
0.8
0.8
{ Zos
0.6k — CGCy=-1.7 T
— CGCy=1.7 ] 04
m d+Au,y=-1.58 i
041 _ B
A d+Au,y=0 PHENIX 200 GeV d+Au J/y 0.2
® d+Au,y=1.58 | (arXiv:1010.1246v1) l
1 l 1 l 1 I L l 1 I 1 l 1
O~ 6 s 10 12 1 1 O 400
Npart

25-July-2012 Donald Isenhower - BEACH 2012 13



Slide provided by STAR - The speaker thanks Xin Dong!
Open charm hadrons — Probe the sQGP properties
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= L ]
;v 200~ + -1 + Charm hadron production cross section in p+p
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- 1+ Charm cross section in A+A collisions
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Slide provided by STAR - The speaker thanks Xin Dong!
J/p production mechanism in hadron collisions

o— I I L I LI l LI I LI I L I L Ei
S [ p+p — JIy+X, (5= 200 GeV
] = STAR 2009 HTO |
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Note again the advantage of STAR showing
the value of complementary detectors! D.I

[ ptpo iy + X, fs =200 GeV M STARdata, |y|<1
0.8 Iyl<1 T e PHENIX data, |y|<0.35
0.6— ] com
0.4 C ) SEENEHEL = CSM - direct NLO*
E CSM - direct NLO*+approx. Feed-down
0.2 % R R
o Lo
02f S
04—
06—
- P STAR Prelimina
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-1 - 1 I 1 1 1 1 I 1 1 1 1 l 1 1 1 1 l 1 1 1 1 I 1 1 1 1
0 1 2 3 4 5 6
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A wide range of p; coverage
Multi observables:
cross section, polarization

Constrain the production mechanism in
hadron collisions
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Traditional shadowing from fits to
DIS or from coherence models

14f anti-shadowing

Rg in Au

9 NLO Q°=13.0 GeV?

" shadowi ng

r Error sets 2-31
0.4
o e Central set 1

0.2

Uncertainty band

ol | Ll
10° 102 10"
Bjorken x

Gluon saturation from non-linear gluon
interactions for the high density at
small x - Amplified in a nucleus.

high x

co-moyvers

Absorption (or dissociation) of cC
intfo Two D mesons by nucleus or co-

movers

A
Energy loss of incident /

gluon shifts effective x¢
and produces huclear

.
.
L3
03
L3
.A

suppression which  R-1

increases with xg
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B, do/dy [nb]

« What kind of state is the precursor heavy-quark pair that eventually forms a
quarkonia; this effects how it interacts with the media

« What happens to other charmonium states & how much feeddown do they give
to the J/y

Feedown fractions from PHENIX for 200 GeV, y=0
« arXiv:1105.1966: 9.6 + 2.4% (¢'), 32 = 9% (x.)

6
[PRD82,012001 (2010)] < s W o
80 1 — < F p S5cevic >
[ [HE Scaled NRQCD-GRV98 oJy— P 2‘ ptp— Jy+X  Ns=200 GeV  |y|<0.35 > 4F T p,>5GeVie
- — Scaled NRQCD-CTEQ6M = o F By rmoved
70 ---- Scaled CSM-CTEQ6M nl/y— ete < ®  Helicity Frame 2= 3F ISR PHE\ - 4)
[ --- Scaled CEM-CTEQ6M ) — — s-channel cut CSM [PRL100,032006] E - E705 e
601 X scale global uncertainty = 10% 0.5 = o _CEM
I — Fermi function \ 2z COM [PRD81,014020 (2010)] | .© "F — Q#i ]
503 — double Gaussian \ | —— NLOCSM [arXiv:1003.4319] e = NAS0/51
- - EaSAL o p+H, p+d, p+Be
- \ I A ol M| | .
40: O-—-— --------- \\:7:.—:’7’.*.‘ ........................................ 10 20 3040 102 ZXIOZ 103 2><103
C [lb 7 7 ZZ Vs (GeV)
30} 2 i
- - } : C
- s 7 ~ _ >f_>é r 0 THA — ¥ +X
20: .:;5:' 4 -0.51 22 - 0.5t e prA = xAX
:_5: [ O p+p = % tX
10f 0.6_
/ . I . ! X | . 1 . r & 41
0 o 1 2 3 4 5 0.4 PHE\“ ceM
i p, [GeVic] ﬁ 1%3
o.z %
G il " M| N
10 107 10°
s [GeV]
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1.1

0.8

0.7

0.6

Scaling between measurements at different Energies

PHENIX, E866, NA3 Comparison

J/y o for different Vs collisions
E866 p+A & lower-energy NA3 at CERN

L L
| arXiv:1010.1246v1

Jhy

o i
o
N € -
mox
19 GeV %
B 1 o NAs(1eGev) b
39/GeV 1 o EB66(39GeV) i
® PHENIX (200 GeV)
III III 1 | 1 I | I 1 | 1
2 A 2 1 0 1 2
10 10
X5 Yom=X1 =X,

(x, is x in the nucleus)

25-July-2012

O,

Suppression not universal vs x,
as expected for shadowing

3
<C 1.4[

<
= 1.2
O
o
0.8
0.6

0.4

0.2

103

Closer to scaling with x¢ or rapidity
- initial-state gluon energy loss?

a

o—ll

anti-shadowing

shadowing

EPS09 NLO Q*=13.0 GeV?

Error sets 2-31

— Central set 1

Uncertainty band

vl 1 Lol

102 107

Bjorken x

- or gluon saturation?
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J/y in d+Au - learning about CNM thickness dependence

C Uiy in dvAu at\/sTN=I200 GeV .
1 -
2 E Reasonable agreement with
g F E EPSO9 nPDF + o,.=4 mb for
E 045_ zr:;;allist:;:-f;fertainty +10% PHENIX _E.' Cen.rr.al Co”iSionS bu.l- no-l-
B ereooamdemtmd a/‘X/v.]OIO.]a)246V§ per'ipheral
0.2|— . . -
- 3
S osf- =
S -
o L cemaiyozon e [ EPSQ9 with linear thickness
0.2:_ Global Scale Uncertainty 18.5% b) _: dependence fG”S 1_0 deSCI"ibe
"""""""""""""" centrality dependence of
T « . .
: forward rapidity region.
e T
i o.ef— .
04 - Centrality 0-20%/60-88%
| Global Scale Uncertainty 18.2%
o2 c.) L
2 1 0 1 2
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RCP

J/y in d+Au - learning about CNM thickness dependence

1.2

1.1

0.4 f7

0.3

0.9 ;
0.8 ;
07 f
0.6 E

0.5 [

Jiy in d+Au at\[s,, =200 GeV

Vary the strength of suppression (a) &

F—eo— JAy1.2<y<24
-—a— Jy-05<y <05

) IllllIIIIlIlIIlIIIIIIIIIIIIl

see what relationship between R,,, and
Rep is given strictly by Glauber
geometry for different dependences
on density-weighted thickness

1
A(r,) = p—fdzp(z, %) { Woods-Saxon
0

Exponential : M(r,) = e "7’
Lincar: M(r,) =1-alA(r,)

T/ arXiv:1010.1246v1

sl « Break-up has exponential dependence

0.3 04 05 06 07 08 09
Ryp, (0-100%)

VMM L BPSQ9 & initial-state dE/dx have
unknown dependences

The forward rapidity points suggests a quadratic
or higher geometrical dependence

25-July-2012
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The various CNM effects are difficult to disentangle experimentally - multiple
probes, types & energies of collisions, wide kinematic coverage are key

* open-heavy suppression - isolates initial-state effects

« other probes of shadowing & gluon saturation - forward hadrons, etc.

* Drell-Yan to constrain parton energy loss in CNM

And strong theoretical guidance & analysis - not just for certain measurements
but for the ensemble of measurements

140 anti-shadowing

Drell-Yan

9 NLO Q°=13.0 GeV?

" shadowi ng

r Error sets
0.4~

e Central set 1

0.2;— Uncertainty band Dilute
O e parton . P; is balanced
Bjorken x SYSTCm v by many gluons
(deuteron)
Dense gluon
field (Au)
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Open-heavy suppression - Isolates initial-state effects

Open-charm p+A nuclear dependence (single-u p+> 1 GeV/c) - very similar
to that of J/V (EB66/NuSea, 39 GeV):
* implies that dominant effects are in the initial state

* e.g. dE/dx
5 Soon new PHENIX c,b measurements
o, =0,4 with VTX/FVTX to isolate initial &
— final-state effects via precision
o Open Charm - E866/NuSea | | comparisons with Quarkonia
(Preliminary)
L1k o0 J/¥ - ES66/NuSea | (Gnd later STAR HFT)
REe 0 D°-E789
- [absgorption E
S -
| s,
O —=-0--—g3
*‘%n{g\@\ﬂ
0-9_ |_§_| \5\6 N
i a(x,) = 0.960 ( 1-0.0519 x, - 0.338 sz ) ° N
0.8 , L . 1 . L N Q
"0 0.5 | 1.5 2
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Other probes of shadowing & gluon saturation - Forward hadrons

by many gluons

Dilute
®
parfon g lupy < P; is balanced
system \®
(deuteron)
Dense gluon
field (Au)

Mono-jets in the gluon saturation
(CGC) picture give suppression of
pairs per frigger and some

broadening of correlation
Kharzeev, NPA 748, 727 (2005)

| PHENIX
MPC

25-July-2012
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|
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Vs =200 GeV d+Au/p+p

=R anti-shadowing
< 1.2
£
-
O
Y osf .
'shadowing
0.6 o EPS09 NLO Q?=13.0 GeV?
0.4 :_ Error sets 2-31
0.2 :_ Uncertainty band
G:\I ool L il
1073 102 !
Bjorken x
L] IIIIIII T L] IIIIIII L] L] lllllll
[ h+m, 60-88% Preliminary Jhy 0-20% T
- h+w , 0-20% Preliminary 1
' 090y

| &rmepOo0

0.5-0.75 GeV/c 60-88%
0.75-1.0 GeV/c 60-88%
1.0-1.5 GeV/c 60-88%
0.5-0.75 GeV/c 0-20%
0.75-1.0 GeV/c 0-20%
1.0-1.5 GeV/c 0-20%

Ty 0-20%

10 10

10"

X Aufmg or x,(JAy) = (MAs) e”
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A o(p+A) / A, .o(p+d)

Drell-Yan to constrain parton energy loss in CNM
FNAL E906/SeaQuest - Drell Yan

Drell-Yan

In SeaQuest at 120 GeV, nuclear suppression in
Drell-Yan should only be from dE/dx (x, > 0.1)

! | ! | ! | T I T T T T T
1 B —
[ 23 AE ,u2L2 ln E / Q()
09 . A x
| Vitev — "l E Ag I3
ol Xi=08-07 \ . 1 . .
0.61 7D, 2C. 7 A, *Fe, W, 27po \ _' E A 0
1 | 1 | | | L | , | , L,
0 1 2 3 4 5 6 7

A" (Atomic weigh ')
SeaQuest, not drawn to scale.
« Distinguish radiative from collisional (L% vs L)
* then "extrapolate with theory” to energy loss of gluons for
quarkonia production
First SeaQuest data taken in 2012
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Whoad!
Seems like a digression is heeded here.

OK, I've spent a long time getting ready to run
Fermilab SeaQuest, so I'm biased.

If we are going to study quarkonia in Heavy Ions,
then we need to know something about them in a "simple” nucleon.

Fermilab E772 and E866/NuSea dealt with this topic.

Following slides show what those experiments found,
and what SeaQuest (Fermilab E906) will provide.



SeaQuest: Solid Fe + Open Magnet Spectrometer (not to scale)

SeaQuest has finished

Detector is in place in commissioning run,

NM4, old KTeV hall.
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1.1

E906 Expected Uncertaities

Parton Loses Energy
in Nuclear Medium

Baier
< 0.046 GeV/fm® 1.2

09

“o Brodsky and Hoyer

= - <0.44 GeV/fm
o i

B Colored parton moving in strongly 08
interacting media.

B Only initial state interactionsare 5 [ | iiconeral
important—no final state strong b 2.2 GeV/fm
interactions. i

0.3 0.4 0.5 0.6 0.7 0.8

B Important to understand HI data.

Donald Isenhower - BEACH
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Parton Distributions

225
e Study ratio of cross sections for deuterium to B ® [906
hydrogen 2 F A 3.4 10° POT
_ N n
~ 5 — : A NAS51
200Pp . 2 u(a:t) 1.5 F
(In analysis, we use a Tull Next-to-Leading order - CTEQ6
cross section calculation with both terms) _1.25 -
R . ’ /
* PDF fits are and uncertainties completely :
dominated by E866. 075 ¢
* E906 will significantly extend these 0.5 -
measurements and improve on uncertainty. It F
uses 120 GeV Fermilab Main Injector to reach 0.25 [ E866 Systematic Error
higher X region' 0 : 1 L1 I I IW L I L L1 \§ ! i i 1 i L) ]

-

01 02 03 04 05 06
Impact

B Collider/LHC sensitivity for tests of the Standard Model—Backgr'ound

B Origins of the Proton Sea—Models explain d-bar > u-bar. No theory (model)

expec‘rs the results seen for x > 0.3. Donald Isenhower - BEACH
25-July-2012 2012



1.1

Comparison with Deep Inelastic ® E906 Drell-Yan © NMC DIS

Scattering (DIS) | 05| E772 Drell-Yan © E139 DIS
B Antishadowing not seen in » E66S RCDIS
Drell-Yan—Valence only 1
effect?—better statistical 3
precision needed, thus ©0.95
SeaQuest (E906). S ) B &
B Intermediate-x sea PDF's set 0.9 N
by v-DIS on iron—unknown i ® ]
huclear effects. 0.85

® If we are going to understand
quark production in a collisions

: ) 0.8
of nucleons, it would seem like L
a good idea to understand its 0 01 02 03 04 05 06 0.7
light quark structure. X

Donald Isenhower - BEACH
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Upsilons suppressed in CNM at RHIC (& at FNAL)

E772, p+A—> p'p

Integrated Cross Section Ratios
T

Y(1S+2S+38S)

BRxdo/dy(pb)

E—‘ unepp Prellmlnary i T(15+25438) > €'’ Iy] <035 | M:ME Ru ‘ ‘8‘d‘A‘u/Run6pp
= \/— 200 GeV :::'::E::n;;:a:;dl)yl . 222{ 1.4; \/_ =200 GeV —8— Y(15+25+3S) > 'y, y| € [1. 222[
? ~— = 12— y>0: d(Deuteron) going side |
} S<ENIX = r y<0: Au(Gold) going side
~ Preliminary = hs ]
3 ERE e STAR -
- g PHENIX-
3 N ®4= ;119 Global Uncertainty E s} OV ©
0 ! 2 3 02 —\\\fE—NIX Prelimi = "Y, 39 Gev p""A
r BN relimina ] 05 +
Y R B L bt Y " E772 - 1991
s 100
@ (1sasas) et y Mass Number
- p+p Sys. Uncertainty
p+p Stat. Uncertainty
oT(1S)— e'eloT(15+425+3S)— e'e”
s R;Ss el only T(1S) survives R R o
o e scer Upsilon suppression in Au+Au at
"""" ,]L RHIC - watch out for CNM
................................ suppression (as usual)!
+ jLJ /y
STAR Preliminary Y
\’ =200 GeV
IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
00 50 100 150 200 250 300 350 400 450
N
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Slide provided by STAR - The speaker thanks Xin Dong!

Upsilon production in the heavy ion collisions

Y(1S+25+3S)

2r
- . T(1S+2S+3S) ieos — e'‘e’, Au+Au
1 .8 E_ - p+p Stat. Uncertainty
1.6 [ p+psys. uncertiny
1 _4 :— Free Energy Potential Model
1 . 2 f_ Internal Energy Potential Model
15.. ........................................................................................................................... I
5 0.8 -
T 4
0.6
0.41STAR Preliminary
0.21y5. . =200 Gev
—IIIllllllllllllllllllIlIIIIlIIIIlIIII
00 50 100 150 200 250 300 350
Npart

» Upsilons — cleaner probe to the sQGP

2

1.2

Y(1S)

%o (1P)

T/Tc 1/<f‘> [fm1]
i

J/9(1S) Y'(25)

% (2P) Y'(3S)

% (1P)

- cold nuclear absorption and recombination from sQGP are small.
* Ry Of Upsilon(1S+2S+3S) in central collisions is consistent with melting of all excited

bottomonia states.

w'(2S)

» Systematic studies on quarkonia suppression pattern — QGP thermometer!

A .Mocsy, Eur. Phys. J. C61, 705-710 (2009)
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= Produced by gluon fusion in early stages of
collisions

O =¢ orb

= Experience full medium evolution

= Expected to lose less energy In medium

“Dead cone effect” suppresses gluon radiation at

small angles 0 <mQ/ EQ Y. Dokshitzer, D. Kharzeev, PLB 519, 199
(2001), hep-ph/0106202

hot and dense medium Expectation from dead cone:

parton
"i‘cﬁ" Rbottam S Rcharm S Ruad

AA AA

25-July-2012 Donald Isenhower - BEACH 2012 32



>

K+
!
Most measurements rely on f / T
semileptonic decays of D, B mesons D°
—
ehp Iyl < 0.35
,LLHF 1o <y <1.8
NCO// - < > NCO// ~ 1000
| <
’\\V//L)+p d+Au Au+Au
o~ |PRLO7, 252002 (2006, R, R, PRL 98, 172301 (2007)
PH-<ENIX PH <ENIX
* PRD 83 (2011) 52006 Preliminary Preliminary | |PRL 98 (2007) 192301

TN
PH-<ENIX

Preliminary

25-July-2012
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o
O a

o
©

b— e/(c— e+b— ¢€)
& S

o
2]

- © PHENIX |y| <0.35 N P e-h correlation
= S P -
- — FONLL y=0 PHFENIX| < . 1— © e-D’correlation 78 TAR
= O ¢ T —FONLL
F " FONLLerrorband y=0 Lo ¢ g b FONLL uncertainty
= <,08 ~ToN--unceraimty
23 — A
— 0.6
- .790%C.L. i
A D I 1 90% c.L. 0.4
I 0.2 .
. p+p at\'s=200 GeV - p+p @200GeV
'2| |3|| 4| .é..||é||||;|| %_I[Illlll[lllllllllllllllllllllllllllllllllllll
Electron p_(GeV/c) 12 3 4 5 6 7 p. (GeV/c)
r
PRL 103, 082002 PRL 105, 202301 (2010)
(2009)
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g 1 -8 :I T I I I T I I I I L I I T I I I LI I Plhl'vsl. IR‘zvl. ILeI.r'If. I 9‘81 :l 7Izbolll (2607)
0C 16 Armesto et al. (1) x
1.4 an Hees et al. (ll) 2=
12F { 3/(2nT) Moore & -
E EEEEEEEE 12/ 2 T ]
) (2nT) Teaney (Il =
» ® e R, =
0.8 S
06— =]
04— [ i
0.2[ > : (%
/_ Au+Au @ \[S = 200 GeV
o b o b TR | | |
( 1 2 3 4 8 - 8
p; [GeV/c]

At p< 5 GeV/c:
+ Rbottom Rcharm Atpy> 5 GeVic
R "> R < er p
AA ~ AA.
Mosﬂy charm Opposite of Mostly bottom
expectation
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= Combined Run5 and
Run6 p+p statistics

= Smaller uncertainties

o Allows more precise
R, COMparisons

= Increased p; range

= Consistent with previous
results in overlap region

25-July-2012
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ﬂA - T T T I T L] T I T ] ] I 1 1 ] I ] 1 1 T I T L] T l T L] T I T
o 1078 p+p — (€' + €)/2 + X at\'s=200 GeV
? 10° %
g arXiv:1005.1627v2
g 107 *  PHENIX data 2006
> sl FONLL(total) upper
= L —— FONLL(total)_lower
© 10° ——— FONLL(c — e)
% FONLL(b — e)
w 107 i FONLL(b — ¢ — €)

—~——
PH -ENIX

Preliminary

L i ori S U S B
4

333

2 vt

02.5

w

51 §|\ " | -—

J EJ.' ‘ , I . l . = é
Qo055 ——— T - =
0 2 4 6 8 10 12 14

pT(GeV/c)
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Minimum Bias d+Au @\ /s, = 200 GeV

<
. . 5 - Ve e
= Combination of background 3 Inclusive =3
. Q Total Background
subtraction methods s >y e'e
. . %5 I= Y conver5|ons
=  Cocktail subtraction S n—>ve'e
= Photonic components scaled ‘_}1 b oo & oomete
to match converter method & g;egt% &9 orae
K.; decays
100 =
L B S 5 6 7 8
e 10 p, [GeV/c]
S 1E PHENIX Preliminary * Converter Method
S 10"
212 107 - * Cocktail Method . ) . ]
S e Difference in cocktail and converter photonic
'Iiljﬂl R background ~5-10% for each centrality
I T .
:;7 Photonic# I +*—*-_f_ .
105 d+Au @Sy, = 200 GeV TT <
e Minimum Bias ‘ Note: Cocktail is term that refers to combining

wo =z s« _ s different Monte Carlo packages that
compensates for problems using a single one.
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T
o
2.5 d+Au @\/syy = 200 GeV
2— 60-88% Central
1.5—
1 . -
o5 PHENIX Preliminary .
_l | | | I I | | | I | | | I I | | | I I | | | I | | | I I | | | I | | | I | |
O 1 2 3 4 5 6 7

8 9
P, [GeVic]
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z 3C
n:° ~
2.5 d+Au @\/s,, = 200 GeV
2 40-60% Central
15—
3 ; — :
05— PHENIX Preliminary
o:| | I | | I I | | | I | | | I I | | | I I | | | I I | | I I | | | I I | | | I | |
0 1 2 3 4 5 6 7 8 9

P; [GeVic]
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z 3
n? ~
2.5 d+Au @\/sy, = 200 GeV
2 20-40% Central
15—
; L1
o5~ PHENIX Preliminary I
o:| | I | | I I | | | I | | | 1| | | | I | | | I I | | 1| 1| | | | I | | I | |
0 1 2 3 4 5 6 7 8 9

P; [GeVic]
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2 3C
o —
2.5 d+Au @\/syy = 200 GeV
2 0-20% Central
1.5—
1 |
o5~ PHENIX Preliminary ioq
o:| L1 1 | I I | | | I | I I | L1 1 1 | I I | | I I | I I | | I |
0 1 2 3 4 5 6 7 8 9

P, [GeVic]
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% 10°
= Peripheral Ry, consistent with z%% 1
p+p Bl
= Evidence of CNM effects on ¢ »*
open HF yields at 1<p;<4 10°
GeV/c for more central 10°
collisions o
= With large systematic A
uncertainties from cocktail " e
= Cu+Cu examines N_, region T

between d+A and central Au

+Au (up to ~200)

25-July-2012
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Cu+Cu @\/s = 200 GeV

e*+e’
2

from heavy flavor
PHENIX Preliminary

—~——
PH-ENIX

10.16 IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII

0 1 2 3 4 5§ 6 7 8 9 10

P, [GeVic]
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P 2MPHENIX PRELIMINARY ®]0-20% Cu+Cu
o - ly|<0.35 _
" [40-60% Au+Au
15 b S\ =200GeV
- heavy flavor — e*
e
Ml l H,
0.5 <N_,;> CuCu = 150
0 L1 1 1 I l<l | coll?llAluAlul l=l ?lll 1 I L1 1 1 l 1 1 1
0 1 2 3 4 5 6 7
p.. [GeV/c]
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<Raa> 1<p_ <3 GeV/c

- = = A
- N H o o) N
||||||||||I|||IIII||||||I||||II|III|III

e
[

0.6
0.4
0.2

++e

from heavy flavor

||1[+
+
I +

ad+Au
PHENIX Preliminary
m Cu+Cu

cAu+Au Phys Rev. Lett 98 172301 (2007)

| I I I I - L1 1 11

Illlll

10 102

Donald Isenhower - BEACH 2012
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N

+

e'+e’

2

from heavy flavor

d
(o]

<Rpp> 3<pT<5 GeV/c
— — —
- N o
T[T T[T T[T T[T [T T[T [TIT[TT7

I .2
0.8
0.6 HE
=
d+Au .
0.4 * PHENIX Preliminary :
0.2 m Cu+Cu
. # Au+Au Phyls. Rev. Lett. 98, 172301 (2|007) |
o 1 1 1 1 L1 1 1 1 1 1 L1 11 1 1 1 1 1 111

10 102 10°
NColl
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n:% 16 F E
°g 1.4 ;_ min bias _
12 . I
_09%%0,.000 3 o, S .
0-6 :1||||1||||||||||:
0 2 4 6 8 10 12 14 16
Phys. Rev. Lett. 98, 172302 pr(GeV/c)
(2007)
é 1.4
o - Au+Au Minimum Bias\{s,,=200GeV
= 12 pHENIX
i I
0.8
0.6
0'4}§§iw ) t
0.20 " on .
%246 8 10 12 14 16 18
P (GeVic)

Phys. Rev. Lett. 101, 232301 (2008)
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3 °r
m —
25— d+Au @\(sy, = 200 GeV
2— Minimum Bias
15—
1
05— PHENIX Preliminary b I
o: Il\III|IIII|IIII|II!I|IIII|IIII|| | I|
0 1 2 3 4 5 6 8 9
P, [GeVic]
g2_IIIIIIIIIIIIIIIIIII|IIII|IIII|IIII|IIII[IIIl
8 Raa : Minimum Bias
1.6 Au+Au @\fsyy = 200 GeV

IlIIlIllllIIIIlIll-IlllllllllllIlllll

arXiv:1005.1627
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 Heavy-quark motivated detector upgrades at
RHIC - e.g. the vertex detectors at PHENIX &
STAR; forward calorimeters (MPC-EX) to

extend to larger rapidity

VTX u+Au event

Table B.1: PHENIX run plan for the years 2010-2015. Longitudinal polarization is indicated
by (L), transverse by (T).

* A new d+Au run with above upgrades - to
understand CNM effects & provide the reliable ™ ™ =™ Jte e come

eXTr'GpO|G'|'ion 'l'o A-I-A 'l'ha"‘ we desper,a.l.ely need |z] <30em |z| < 10cm

p+p 500 10 50 pb—? 20pb~'  50% (L) W program + AG
1 Au+Au 200 8 0.7nb=1 heavy flavor (VTX)

- i ison of f
Comprehensive comparison of results from T S ——

RHIC (at various energies), SPS, and emerging ~  »» s & oo st sona Wi

12 AutAu 200 7 0.8nb 1 heavy flavor (F/VTX)
r'CSUH'S fr‘om the LHC U+U 193 15 0.03 b1 explore geometry
- Increasing luminosity at RHIC (and LHC) to 1) & & aht s v s
allow more quantitative measurements of the o . sy
rarest quarkonia, and over wider kinematics S ———

} HI comp., transv.

" p+p 62 3 0.6pb~! 0.2pb~1 60% (T/L)

d+Au 200 8 260 b1 150 b~
} CNM/FOCAL

« Constraints from Drell-Yan on quark energy S

IOSS 'n CNM (E906) Au+Au 200 10 2.8nb~1 High Bandwidth

15 AutAu 62 4 0.13nb! HF vs \/sSNN

p+>He 132 5 (T) Test Run
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PHENIX Forward-rapidity Vertex Detector (FVTX)
« Used in 2012 Run; forward charm, beauty: improved J/y resolution

|RS® with FVTX|

Resolving radiative & 12

| Charm+beauty with FVTX
- pp: 14.8 pb™', AuAu: 4.6 nb™

1" Prescale 1/3 for p_<3 GeV DGLV c+b dN/dy =1000

Collisional Dissociation

rompt . :
s | | LA TP collisional dE/dx with 2
1 Tou the FVTX
7|0 Muopafi
*q
L
L L
collision’,
point. / - radb)) 40cm
" \Digtarice of Closest Approach
_ [chem=unE1z22
3 0.05H = X4
s H__ .
= = Xy x coverage for
guosz charm Open'ChClr'm
" oo and beauty
o01E- with FVTX
3 Aiaeam;w 222
% qosk| —* . X X1 Improved
SoosE— separation
% oosE-beauty of U/
0.02£-1.2¢<m <2.2 v
0.01E-
" “1‘:7’ 102 10"

¢9-July-2u1e

X, X
Sondid Isenhower - BEACH 2012

10°E
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PHENIX Mid-rapidity Vertex Detector (VTX)
* Running now: charm, beauty; improved Upsilon resolution

VTX endview: detector (top);
Au+Au event (bottom)

25-July-2012

Expectations
for open-charm
and beauty
with VTX

1.2
<
<<
o 1
0.8
0.6

04

0.2

ol]l

Assumption here: Full 8 weeks
used for data taking in RUN11

[IITIIII{IIIIIITIIIIITII

Au+Au at Vs = 200 GeV
Expected with VTX

L4y ‘-...‘.‘700ub1 l

o + +
*B-2e .
*D>e S~ i + e
1 2 3 4 5 6 7 8 : 9

transverse momentum, GeV/c

%ms:— ®* D+B=e
Eor * B2>e 1
L *D>e |
0.1~
L s ; |
o.os:— ..i L E : I
: m-hi oLl
o: IHIJ LT T T J I
'°'°5o_"'bls"";'"'1'5'”'2'""2'5"':';""3'5""'"'11.'5“”5
p; (Gevic)
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O NA38/50/60
m PHENIX 1.2<lyl<2.2 |1

® PHENIX lyl<035 ||
NA38/50/60 syst 11% |

1 J/y suppression

516

-

T
V!

Strong CNM
effects for

édAu/RunGpp

200 GeV ~* T(18+28+38) - ', |yl [1.2.2. 2[

H

y>0: d(Deuteron) going 5|de
‘ y<0: Au(Gold) going side

s | almost same at - 1
- <0.35 syst 12% E - . : i PHENIX E
0'2_ lly.I2<0I;Ii2.st;st(79.2% - B g ] Cl” ener'gles UPS' lon oo 0'8; STAR ]
% 700 300 300 400 0'6; PHEND(:
g %4 1 11% Global Uncertainty 3
> F AutAu200Gev ® Iy 20-60% 02 ~— I
0'45 sTaR A 00-80% Flow very 3 ¢ PH<ENIX Preliminary -
030 LR o charged hadrons 20-60% SmCl” a.r 0 S e R B — 3y
C sty ,_{\—‘
02k *‘}; I_C— RHIC
ISR Ti " CNM suppression of J/y
0 B has stronger than linear Upsilon subpression at
L "°g'f'°.“s;""a.“°"‘° dependence on density- RIE){I Ca LIEICD similar
P, (Covie weighted thickness ettt .
<1.2r e Ig 1.4 CMS Prellmlnary .
Hint of regeneration at LHC? i T UV 22y <2 A - PbPb \[Sypy = 2.76 TeV
8 —-—J/w-05<y<05 1.2 —]
240 . -Pby[Sy, = 2.76 TeV), 2.5<y<4, p >0 (prelimina 2 1 4 B
14 o ::E;;P&Eiu@ = oz-'rre\\//)), 1A2<<}|,y|<:;, p:jo (Iarxw:r1y1)03.6269) é_ E 1l 4 Y(1S) n
1.2 %% o PHENIX (Au-Au\[S = 0.2 TeV), lyl<0.35, p >0 (nucl-ex/0611020) 91095 B AuAU \ = 200 GeV i
; E%.S;— 0.8 #r STAR preliminary .
j; o7k L lyl<0.5 B
0.8 0.6 JT + -
C 0.6— N
0.6F 0 @ 3 04 20-100% 0-20% -
0 4i @@@ @ EH @E 0-55 K —— Exponential Case B
H E '@' @ @' @ H} 0.4— // ....... Linear Case 0-2:_ 0.0 <|y| <24 _
0-25 @ gﬁ % 035_ .,. / — — Quadratic Case C 00< p <920.0 GeV/c
k()ALIC‘E<N >|swe|ghtedbyNu | T T 03 04 05 06 07 08 09 '11“"|“"| Cb_lll\||||||||||||\||||||||||||| il
O30 100 750 200 250 500 350N 400 Ry, (0-100%) S0 100 150 r::: 250 300 350 400
Noan™ it
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Landscape of the Quarkonia Puzzle

Quarkonia in Deconfined Matter Workshop
Acitrezza, Italy - Sep 28-30, 2011

<

<iH® S —
o Iy 200 GeV AutAu | 0 BUENIX Ta<iyic22 ||

08 ® PHENIX lyl<035 ||

- lyl<0.35 syst 12% i
1.2<lyl<2.2 syst 9.2%

NA38/50/60 syst 11% |

1 1
0 100 300

400

Npar‘r

Energy dependence of
Quarkonia suppression

< [
<14

w ALICE (Pb-Pb\[s, = 2.76 TeV), 2.5<y<4, p,>0 (preliminary)
F 0 PHENIX (Au-Au\5,y = 0.2 TeV), 1.2<lyl<2.2, p >0 (arXiv:
1.2 o PHENIX (Au-Au\Sy, = 0.2 TeV), lyl<0.35, p >0 (nucl-e:
1
0.8
0.6] % @ EH @
0.4 E‘H %B
F # o & i
02l B g g
ceo ALICF <N_>is weighted by N_,
o) .

part

P B ol AN EEAAN ANUVRRTEN AR
0 50 100 150 200 250 300 350 400

Mike Leitch, LANL

Non-linear CNM effects

Ups:lon CNM effects

T Run8dAu/Run6pp

—e— TY(15+25+38) > 11, lyle [12221
\/SNN =200 GeV

E y>0: d(Deuterol )g gd,
C ‘ y<0: Au(Gold) going side

'\}

+ 11% Global Uncertainty

TN
___ ®PH “ENIX Preliminary
2

Y32 K] 0 1

 Charmonia Suppression in A+A Collisions
* (Strong) Cold Nuclear Matter (CNM) effects
 Heavier Quarkonia - Upsilons
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Recent Open Heavy Flavor
Results from PHENIX

J. Matthew Durham
for the PHENIX Collaboration
Stony Brook University

durham@skipper.physics.sunysb.edu
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Decadal upgrades of RHIC detectors; at PHENIX:

* Larger acceptance and luminosity for rarest (quarkonia) probes

* Very forward rapidity constraints on CNM
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Enhance the forward direction (3 < n < 3.8) in PHENIX with

The MPC Extension (MPC-EX)

a combined preshower and tracking device

Enable J/y measurements in MPC with low background
Enable reconstruction of m%s in the MPC out to high p+
Measurement of direct photons

Reconstruction of jet direction with charged hadrons

Technology:

Si detectors (pad and 500 mm strips) plus W absorber

Projections for J/y (acceptance only, no efficiencies!):
« 260 nb! d+Au run: ~9.7k J/y -> e* e” in North MPC
* 34 pb1 200 GeV p+p run ~3.6k J/y sum for two arms
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