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A fundamental problem

®x QCD is a successful theory to describe strong interaction, but
ts fundamental ingredients, the quarks-and gluons; are not
observed freely and must hadronize eventually. - This fact makes
it impossible to calculate any: processes involving detected
hadrons in the final to initial state directly.  Therefore, a suitable
factorization scheme to divide problems into- perturbative
calculable and nonperturbative parts is very important.

® QCD Invacuum: = pbaseline measurement (p+p collisions)

® QCD processes in medium = HI physics (like condensed matter
physics)

7/30/2013



A fundamental problem

®x QCD is a successful theory to describe strong interaction, but
ts fundamental ingredients, the quarks-and gluons; are not
observed freely and must hadronize eventually. - This fact makes
it impossible to calculate any: processes involving detected
hadrons In the final to initial state directly.  Therefore, a suitable
factorization scheme to divide problems into- perturbative
calculable and nonperturbative parts is very important.

® QCD Invacuum: = pbaseline measurement (p+p collisions)

® QCD processes in medium = HI physics (like condensed matter
physics)

Systematic measurements of heavy flavors
come to rescue !!!

7/30/2013
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A 27-year-young theory

Quarkonia melt in QGP - Matsui & Satz 1986.

“ ... If high energy heavy ion collisions lead
to the formation of a hot quark-gluon
plasma, then color screening prevents c-cbar
binding in the deconfined interior of the
interaction regiown ... It is concluded that I/
W suppression in nuclear collisions should

prc}vid@. A umambiguous sigma&ur@. c:-«f qu,okﬂf--
gluon plasma formation.”

7/30/2013



MVelting quarkonia

x  Binging of a g-gbar pair is subject to color
screening in QGP

x Temperature of QGP can be probed by
measurement of heavy quarkonia

x Fach quarkonium has different binding radius

state AP W Y s Y s Y s
mass [GeV] | 3.10 1 3.533.689.46|10.02|10.36
radius [fm] | 0.25 10.36/0.45{0.14 | 0.28 | 0.39
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MVelting quarkonia

x  Binging of a g-gbar pair is subject to color
screening in QGP

x Temperature of QGP can be probed by
measurement of heavy quarkonia

x Fach quarkonium has different binding radius

state | e Y Y g Yos o Yag
mass [GeV] | 3.10 | 3.533.68|9.46|10.02(10.36
radius [fm] | 0.25 10.36/0.45{0.14 | 0.28 | 0.39

T/T, 1/(r) [fm]

Y(1S)
J/¢(1S)
%(1P)

ANV Y XY Ap Y Xy, Y vG)

w'(2S)
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Disentangle the interplay among the
competing effects on quarkonia production

7/30/2013



Disentangle the interplay among the
competing effects on quarkonia production

®x Quarkonium production mechanism:is not well
understood:

» Color-singlet vs color-octet?

= Observed yields are a mixture of direct production and
feedown:

n - Egad/psE= 06 osEdirect) 001 psk 4+ 0.3 chic

x  Cold nuclear effects: nuclear albsorption, gluon shadowing,
initial state energy loss, Cronin effect and gluon saturation.

x Hot/dense medium effect: recombination of uncorrelated
charm pairs.

7/30/2013



R H ‘ C ru n 2001/2 200 GeV

200 GeV

2002/3 200 GeV

summary
2003/4 200 GeV

| 62.4 GeV

2005 7200GeV

» RHIC has run with many "
colliding species which 2006 200 Gev
range from p+p, d+AU, 2007 200 Gev
Au+Au, Cu+Cu, Cu+Au Ll e
and U _|_U 2009 200 GeV

' 500 GeV

200 GeV

» RHIC has run at variety 62.4 Gev
center of mass energies. e

500 GeV

x RHIGC beam scan has 200 Gev
started and will- continue 19.6 GeV
for years to come. e

193 GeV
200 GeV

2/30/2013 Run-13 p+p at 500 GeV completed a few months ago



R H ‘ C ru n 2001/2 200 GeV

200 GeV
2002/3 200 GeV
summary
2003/4 200 GeV
| 62.4 GeV
2005 200 GeV
62.4 GeV
22.4 GeV
2006 200 GeV
62.4 GeV
2007 200 GeV
2007/8 200 GeV
200 GeV
2009 200 GeV
500 GeV
200 GeV
62.4 GeV
39 GeV
7.7 GeV
500 GeV
200 GeV
27 GeV
19.6 GeV
200 GeV
510 GeV
193 GeV
200 GeV

Discovery and Diagnhostic Period

2/30/2013 Run-13 p+p at 500 GeV completed a few months ago
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Nuclear moaitication factor Baa

Yield in nucleus-nucleus collisions
divided by p+p vield and scaled by
the appropriate numler of binary
collisions Neoi, Which is calculated
using Glauber model.
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Nuclear moaitication factor Baa

Yield in nucleus-nucleus collisions
divided by p+p vield and scaled by
the appropriate numler of binary
collisions Neoi, Which is calculated
using Glauber model.

Spectator nucleons

Centrality of
collision:is
described by
nuMber of
participant
Participating nucleons, Npart.

nucleons

Impact parameter [fm]

7/30/2013
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PHENIX Facts

® [he first heavy flavor measurement of:PHENX

x  Single electron measurement in Au+Au at 130 GeV (Phys. Rev. Lett. 88,

192302 (2002)

= Number of publications: n:PEENPOR:heavy:flavors

7/30/2013

Out of 125 publications, there are 30 articles which describe the measured
heavy flavor results.

Most of those are related to J/psi; single-lepton (from heavy flavor decay)
measurements. Only one upsilon paper:is published (in d+Au and p+p).
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heavy flavor results.

= Most of those are related to J/psi; single-lepton (from heavy flavor decay)
measurements. Only one upsilon paper:is published (in d+Au and p+p).

® [ he pending heavy:flavor-physics data analysis and

publications. This will not change the landscape of our knowledge about
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PHENIX Facts

® [he first heavy flavor measurement of:PHENX

x  Single electron measurement in Au+Au at 130 GeV (Phys. Rev. Lett. 88,
192302 (2002)

»  Number of publications: in:PHENPOR:heavy flavors

= QOut of 125 publications, there are 30-articles which describe the measured
heavy flavor results.

= Most of those are related to J/psi; single-lepton (from heavy flavor decay)
measurements. Only one upsilon paper:is published (in d+Au and p+p).

® [ he pending heavy:flavor-physics data analysis and

publications. This will not change the landscape of our knowledge about
heavy flavors significantly.

® [ NE ISSUES: lack of precision measurement. Most of our measurements are
Inclusive.
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J/U Production vs Centrality

B ALICE Preliminary, 2.76 TeV Pb+Pb, 2.5<|y|<4 B ALICE Preliminary, 2.76 TeV Pb+Pb, |y|<0.9
® PHENIX, 200 GeV Au+Au, 1.2<|y|<2.2 ® PHENIX, 200 GeV Au+Au, |y|<0.35
Stat. Hadron Model (A. Andronic et al) ' Stat. Hadron Model (A. Andronic et al)
2 Transport Model | (Y.-P. Liu et al), LHC
v Transport Model Il (X. Zhao et al), LHC 21 Transport Model Il (X. Zhao et al), LHC

--- Transport Model |, RHIC : ---- Transport Model |, RHIC
—— Transport Model |, RHIC

50 100 150 200 250 300 350 400 50 100 150 200 250 300 350 400
N N

part part
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J/U Production vs Centrality

7/30/2013

B ALICE Preliminary, 2.76 TeV Pb+Pb, 2.5<|y|<4
® PHENIX, 200 GeV Au+Au, 1.2<|y|<2.2
Stat. Hadron Model (A. Andronic et al)
2 Transport Model | (Y.-P. Liu et al), LHC
. Transport Model Il (X. Zhao et al), LHC
SIS Transport Model |, RHIC
—— Transport Model Il, RHIC

J555IKEKKLR

e e e e 22020 %% 202020200,

J5058585050EES

2585858585

RSSKREREKIEKKKALE,

Qelelels  itele
KB
\,\ "

Forward rapidity

llllllIllllllll[lllllllllllllIIIlllIlllll

0O 50 100 150 200 250 300 350 400
N

part

B ALICE Preliminary, 2.76 TeV Pb+Pb, |y|<0.9
® PHENIX, 200 GeV Au+Au, |y|<0.35

Stat. Hadron Model (A. Andronic et al)
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No..: dependence of J/1p Ry, less suppression at
LHC compared to at RHIC in central collisions.




Ity

(©
S
)
C
P,
@,
V)
>
C
O
p

J/U Produc

Puzzle #1

B ALICE Preliminary, 2.76 TeV Pb+Pb, 2.5<|y|<4

® PHENIX, 200 GeV Au+Au, 1.2<|y|<2.2

e

i i g

0.4mb.

doa”
t

10N 4

150 200 250 300 350 400

- Stat. Hadron Model (A. Andronic et al)
100

w2 Transport Model | (Y.-P. Liu et al), LHC

B ALICE Preliminary, 2.76 TeV Pb+Pb, |y|<0.9
50

e PHENIX, 200 GeV Au+Au, |y|<0.35

-----= Transport Model |, RHIC
—— Transport Model I, RHIC

Mid rapidity

llllllllllIllIlllllllllllllllllllllllllll

less suppress

0

4
121 21 Transport Model Il (X. Zhao et al), LHC

1

0.25mb
0.15mb A

K
%
9%

%
35
%
0

bteted |
<%%g
KKK

ot
-
255

00

.‘:0
%4

&0,

%
&5
%
o2
25858

%
55

150 200 250 300 350 400

SHRLHLHLAL A
e teleleletele%!
Pete%0%0%0 %0000
Lossseiesetetels

- Stat. Hadron Model (A. Andronic et al)
o

2 Transport Model | (Y.-P. Liu et al), LHC

LHC compared to at RHIC in central collisions.

No..: dependence of J/4p Ry,

. Transport Model Il (X. Zhao et al), LHC
50

---- Transport Model |, RHIC
—— Transport Model Il, RHIC
255
o

Forward rapidity

llllllIIII|llll[lllllllllllllIIllllIlllll

0

7/30/2013




7/30/2013

Production vs Energy

PRC 86, 064901 (2012)

R,A(200 GeV) PRC 84, 054912 (2011)
Global sys.=+9.2%

R,.(62.4 GeV) = PHENIX data/Theory
Global sys.=+47%

R,A(39 GeV) = PHENIX data/FNAL data
Global sys.=+19%

Au+Au 1.2 < |y| < 2.4

Jhy ->up

11



J/ Production vs Energy

PRC 86, 064901 (2012)

R,A(200 GeV) PRC 84, 054912 (2011)
Global sys.= +9.2% STAR Preliminary 200 Cov
R,.(62.4 GeV) = PHENIX data/Theory . 62.4 (';eev

Global sys.= + 47% i B ey theoretical
R,.(39 GeV) = PHENIX data/FNAL data 39 GeV theoretical curve

Global sys.= + 19% . N,q wncertainty
p+p uncertainty 62.4 GeV
p+p uncertainty 39 GeV

+ v il
AutAu1.2<|y| <24 p+p 200 GeV(statistics)

Jhy ->
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J/Y Production vs Energy

PRC 86, 064901 (2012)

R,A(200 GeV) PRC 84, 054912 (2011)
Global sys.=+9.2%

R,A(62.4 GeV) = PHENIX data/Theory
Global sys.=+47%

R,A(39 GeV) = PHENIX data/FNAL data
Global sys.= +19%

T | [ I | | | |
STAR Preliminary

200 GeV

62.4 GeV

39 GeV ]

62.4 GeV theoretical curve -

39 GeV theoretical curve
1 N, uncertainty -
[ p+p uncertainty 62.4 GeV
[ p+p uncertainty 39 GeV
[ ptp 200 GeV(statistics)

Au+Au 1.2<|y| < 2.4
Jhy ->up

[TTT[TTTTT] IIIIIIIIIIIIIIIIIII\I
Ll

3
.

0.2

PR SR T TR AT S SN SN (Y S T TN NN Y SO MUY SR N S
o 100 200 300 408
P

art

OlIlIlIIlIlIIIIIIIIIIIIIIlIIIIlI[IIlIIII
0 50 100 150 200 250 300 350 400

Npa rt

Similar suppression level !l Still lack of
baseline measurement at lower energies
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J/Y Production vs Energy
Puzzle #2

PRC 86, 064901 (2012)

R,A(200 GeV) PRC 84, 054912 (2011)
Global sys.=+9.2%

R,A(62.4 GeV) = PHENIX data/Theory
Global sys.=+47%

R,A(39 GeV) = PHENIX data/FNAL data
Global sys.= +19%

Au+Au 1.2<|y| < 2.4
Jhy ->up
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T | [ I | | | |
STAR Preliminary

200 GeV
62.4 GeV
39 GeV

62.4 GeV theoretical curve E

39 GeYV theoretical curve
1 N, uncertainty

[ p+tp uncertainty 62.4 GeV ]

[ p+p uncertainty 39 GeV
[ 1 p+p 200 GeV(statistics)
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200 300 408
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Similar suppression level !l Still lack of
baseline measurement at lower energies
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Another STAR Result

~ STAR Preliminary 0-60% Au + Au

7/30/2013

Nge

- SU

ignif

200 GeV
62.4 GeV(CEM as p + p reference)
o 39 GeV(CEM as p + p reference)
0 N, uncertainty
1 62.4 GeV p + p uncertainty(CEM)
0 39 GeV p + p uncertainty(CEM)

ppression at lower pl

ICa

Nt energy dependence
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Theory Comparison

R,A(200 GeV) PRC 84, 054912 (2011)
Global sys.= = 9.2%

R,A(62.4 GeV) = PHENIX data/Our estimate
Global sys.= + 29.4%

R, A(39 GeV) = PHENIX data/FNAL data
Global sys.= + 19%

250 300 350 400
Au+Au N

part

Regeneration compensates for suppression in QGP.
Calculations are done by X. Zhao and R. Rapp [Phys.
Rev. C 82, 064905 (2010)].
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Theory Comparison
PRC86, 064901 (2012) 1.20y<2.4 |y|<0.35-2.2¢y-1.2

R,A(200 GeV) PRC 84, 054912 (2011) . = | _— 30GeV
Global sys.= =+ 9.2% — o — 626GeV
R,A(62.4 GeV) = PHENIX data/Our estimate . 200GV
Global sys.= + 29.4%

R, A(39 GeV) = PHENIX data/FNAL data
Global sys.= + 19%

EPS09 NLO Q*»13.0 GeV*

~ Error sets 2-31

Central set 1

Uncertainty band

:l JHEPO4 (20}]9) 065 1

107
Bjorken x

50 100 150 200 250 300 350 400
Au+Au N

part

But cold nuclear

Regeneration compensates for suppression in QGP. B matter effects
Calculations are done by X. Zhao and R. Rapp [Phys. should be different!
Rev. C 82, 064905 (2010)].
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J/U Production vs Coll. Geom

Controlled Geometry
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J/U Production vs Coll. Geom.

Controlled Geometry

N
dn
r L

co=><=1© Au

e
- PH ENIX
i plrellilrnli_nlqry

1/ \p—;u 1

L L L

Cu(d)-going 1.2<y<2.2

LI

) T T T T
CuAu (gl. sys. 7.1%)

e+ Au-going 0% Cu-goingd

*+< 0-5% central
dAu (el. sys. 12%)

- . L4 . —
* Au-going % d-going

# AuAu (gl. sys. 9.2%)
¥ CuCu (gl. sys. 8.0%)

]

[0

7/30/2013
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J/U Production vs Coll. Geom
Puzzle #3 Controlled Geometry

| | || 1 || T 11 I | | || | | l.. l | L
Jy—pHp (u%u ((vl sys. 7.19%) -
Cu(d)-going 1.2<y<2.2 e+ Au-going 0<% Cu-going
Au-going -2.2<y<-1.2 +3 0- \Q central

dAu (gl. sys. 12%)

* Au-going % d-going 7
# AuAu (gl. sys. 9.2%)
¥ CuCu (gl. sys. 8.0%)

e
- PH ENIX
i plrellilrnli_nlqry

10 : o 10°
Number of Participants
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J/U Polarization vs Production Models

PHENIX: Phys. Rev. D 82, 012001 (2010)
COM: Phys. Rev. D 81, 014020 (2010)
CSM NLO+: Phys. Lett. B, 695, 149 (2011)

STAR data, |y|<1
PHENIX data, |y|<0.35

COM

CSM - direct NLOI
CSM - direct NLO + approx.

Feed-down

Ae is consistent with NLO+ CSM and COM and
with no polarization within current uncertainties.

7/30/2013 15



Does J/¢ Flow?

centrality 20~60 %
non-flow estimation

coalescence.: initially produced [3]
- at freeze-out [1] hydro: [6]
in transport model [2] T=120 with viscosity
in fireball [3][ : - T=165 with viscosity
+ initial mix [4] T=120 without viscosity
+ initial mix [5 T=165 without viscosity

4 6 8
P (GeVic

0

Consistent with non-flow, disfavor the recombination
model from thermalized charm quarks at high pr.

7/30/2013
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Quantify Cold Nuclear
\Viatter Effects

* High statistics d+Au data set taken in 2008

% J/P productionat:200 GeV:at backward, mid, and
forward-rapiditiesas-a:function of centrality, y, and

(new):p--
' at midrapidity as a function of centrality.
% X.at midrapidity

7/30/2013
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Centrality Dependence
. 60-88%

Centrality 60-88% Centrality 60-88°§i Centrality 60-88%

1 2 3 456 7 8 9 9 9
P [GeV/c] P [GeV/c] P, [GeV/c]

1 2 3 4 5 6 7 8 12 3 4 5 6 7 8

Ryx, consistent with-1-at all p; tor peripheral collisions

7/30/2013 18



Centrality Dependence

7/30/2013

- 40-60%

Global Scale Uncertainty 9.1%
1.2<y <22

Centrality 40-60% Centrality 40-60% Centrality 40-60%

1 2 3 456 7 8 9 1 2 3 456 7 8 9 1 2 3 456 7 8 9
P [GeV/c] P [GeV/c] P, [GeV/c]

Increasing suppression at tow pT when moving to more
central events

19



Centrality Dependence

. 20-40% - ™

Global Scale Uncertainty 8.5% Global Scale Uncertainty 8.2% Global Scale Uncertainty 8.6%
-22<y<-1.2 1.2<y <22

Centrality 20-40% Centrality 20-40% Centrality 20-40%

0 1 2 3 456 7 8 9 1 2 3 456 7 8 9 1 2 3 45 6 7 8 9
P, [GeV/c] P [GeV/c] P [GeV/c]

Increasing suppression at tow pT when moving to more
central events

7/30/2013
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Centrality Dependence

Global Scale Uncertainty 9.0%
1.2<y <22

Centrality 0-20% Centrality 0-20% Centrallty 0-20%

1 2 3 45 6 7 9 1 2 3 45 6 7 9 0 1 2 3 45 6 7
P, [GeV/c] P [GeV/c] P [GeV/c]

Increasing suppression-at low pT when moving to more central
events. Enhancement at high pT at backward rapidity (Au going
direction)

7/30/2013
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J/P Rgau Vs (p1 V) in d+Au Collisions

Phys. Rev. D 86, 092006 (2012)

7/30/2013

Global Scale Uncertainty 8.3%
SILIETE Kopeliovich et al.

— — Lansberg et al.
nDSgc,, =4.2 mb

abs

Global Scale Uncertainty 7.8%

---- Kopeliovich et al.
— - Lansberg et al.
nDSgo, =4.2 mb

Global Scale Uncertainty 8.2%

--- Kopeliovich et al.
— - Lansberg et al.
nDSg cabs=4.2 mb

P, [GeVic]
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J/P Rgau Vs (p1 V) in d+Au Collisions

Phys. Rev. D 86, 092006 (2012)

Global Scale Uncertainty 8.3%

JIEICIE Kopeliovich et al.

2—— — Lansberg et al.

7/30/2013

nDSgoc,, =4.2 mb

Global Scale Uncertainty 7.8%

--= Kopeliovich et al.
— - Lansberg et al.
nDSgo, =4.2 mb

Global Scale Uncertainty 8.2%

-mim Kopeliovich et al.

— - Lansberg et al.
nDSgc_, _=4.2 mb

P, [GeVic]

Minimum bias results
Similar suppression-at mid-
rapidity-and forward (d-
going) rapidity. - Suppression
below 4 GeV. Bgau ~1 above
4-GeV
Different Rgau P
dependence at forward (Au-
going) rapidity.
Enhancement above 1 GeV
NoO clear explanation from
theory for the forward
results.
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J/P Raau Vs (p1,Y)

7/30/2013

in d+Au Collisions

Phys. Rev. Lett. 107 (2011) 142301

J/y in d+Au at \s =20

R, (60-88%)

o
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o o
(o] -

°
>

o
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o
a
o
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= }
<L
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oc
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J/P Rgau Vs (p1 V) in d+Au Collisions

Phys. Rev. Lett. 107 (2011) 142301

—h

e J/Y (Integrated over pl) are
suppressed at all rapidities,
in all centralities.

¢ [he model, using
shadowing (EPS09) +
breakup X-section
qualitatively matches what
we see, but cannot
simultaneously capture the
rapidity and centrality
dependences.

o
)

R, (60-88%)

o
)

o
o -

e

o
o~
o
a
o
S’

= }
<L
o
oc

°
>

o
[X)

I:‘CP

o
N
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Brief on ¢’ Rya,

® Yy’ PHENIX Preliminary
Global Sys + 28.4%

m J/y Phys.Rev.Lett. 107, 142301 (2011)
Global Sys + 14.6%

PH -ENIX +
preliminary

ly|<0.35 {/s,,=200 GeV d+Au

24



Strong
suppression
with increasing
Ncoll

Centrality
dependence of
the suppression
IS even stronger
at the mid-
rapidity.

7/30/2013

Brief on ¢’ Rya,

® Yy’ PHENIX Preliminary
Global Sys + 28.4%

m J/y Phys.Rev.Lett. 107, 142301 (2011)
Global Sys + 14.6%

PH -ENIX +
preliminary

ly|<0.35 {/s,,=200 GeV d+Au

24



Brief on ¢ Ria,

X, —Jiv +y PHENIX d+Au @ 200GeV

/50 MeV
o
o

——o— Signal after all
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Brief on ¢ Ria,

X, —Jiv +y PHENIX d+Au @ 200GeV

/50 MeV
o
o

——o— Signal after all

background subtraction
—— Simulated Xe

+ e-*{
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o o o
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X - J/y mass [GeV]

Charmonium RdAuU

seems to depend on - ®  Jy Phys.Rev.Lett 107, 14231 (2011)

binding energy. = % PHENIX Preliminary

Better (high statistics) : 4 ' PHENIX Preliminary
measurement is % 01 02 03 04 05 06 07 08 039
needed though. Quarkonium Binding Energy [GeV]
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Upsilons - A cleaner prope
of QGP



Upsilon results from BRHIG

x At RHIC, upsilon measurements have been
hampered by a combination of [ow: X-section

and acceptance, and insufficient moment

resolution to resolve tr

e three sta

there are preliminary. ne

es. SO

easuremer
three states combined by PHENIX and

STAR, Including in the STAR case a
measurement for Au+AU.
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Preliminary results from STAR

® Suppression of the @  rlssus) o Auvsau
mixed states in o o rron e
central collision i1s 14 B :ree Ene‘rgy Potential Model
observed. § Internal Energy Potential Model
® [nclusive §
measurements [
including 50%
feeddown
contriputions. b 50 100 150 200 250 300 350

N

part

Model: M. Strickland, PRL 107, 132301 (2011).
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Upsilon Raa from CMS

CMS PbPb s, =2.76 TeV
m Prompt JAp (Preliminary)

¢ Y(1S)

® Suppression of the Y. ° Y29
(1S) and Y(2S) states
INn central collision is
observed.

® Suppression for Y(25)
s larger than Y(1S).

50 100 150 200 250 300 350 400

part
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Upsilon Raa from CMS/ALICE

7/30/2013

ALICE

PRELIMINARY

ALICE: Pb-Pb)s,, =276 TeV,L =69, b, 2.5<y<4

A Inclusive Y(1S), p_>0 GeV/c - Uncorrelated syst.
V¥ Inclusive J/y, O<p_<8 GeV/c Correlated syst.

_ PRELIMINARY

' . ALICE: Pb-Pb| 8,,, = 2.76 TeV, L = 69 ub", 0%-90%
p|. A Inclusive Y(18), p >0 GeVic B Uncorrelated syst.

ALICE ¥ Inclusive J/v, 0<p7<8 GeVic Correlated syst.

M
g

Similarity in y

YT TR VO NN UNNY TN TN SUNY W WY W (NN VNN WU WO O SN TN TN JNNT VY WY OO O WO WO |

2.8 3 3.2 34
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Upsilon Raa from CMS/ALICE

ALICE

PRELIMINARY

V¥ Inclusive J/y, O<p_<8 GeV/c Correlated syst.

L.

ITY

H@B M KB
- Sim |Iar|ty iN Npart

LJAI ALI‘ A - LIALA ek eed

ITTIIII

o ALICE: Pb-Pb|s,, =276 TeV,L =69y b, 2.5<y<4
A Inclusive Y(18), p1>0 GeVic - Uncorrelated syst.

50 1 00 150 200 250 300

ALICE: Pb-Pb\ sy, =276 TeV,L =69 b", 0%-80%

A Inclusive Y(18), p >0 GeVic - Uncorrelated syst.

¥ Inclusive J/v, 0<p7<8 GeVic Correlated syst.

M
g

S|m|Iar|ty Ny
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Pb-Pb\s,, = 2.76 TeV, inclusive 1 (1S), pT>0 GeVic
A ALICE:L =69 ub’, 2.5<y<4
DHEL}I?;:ER\ ' CMS L = 150 pb 1, |y|<2 4

B Uncorrelated syst. | | Correlated syst.

111111111 llllllllll'lll!ll
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Pb-Pb\s,, = 2.76 TeV, inclusive T(1S), pT>0 GeVic
A ALICE:L =69 ub, 0%-90%
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What are proposed for sPHENIX

x |n the sSPHENIX proposed in this document with only-the VI X for
tracking, one will be limited to charged particle tracks with pI < 5
GeV/c and without heavy flavor tagging via displaced vertices (the
VIX by itself will not be able to discriminate sufficiently- against fake
tracks).

x Thus, the sSPHENIX future upgrade will need to iIncorporates
additional precision tracking in-the radial space from 15-65 cm
(inside the new magnetic solenoid).  The technology and exact
number of layers or space-points:-has not been determined at this
time.

= [his will give us a world class upsilon measurement with separation
of the three states and statistical precision comparable with that of
the LHGC experiment. Therefore it is possible to compare the effects
of medium simultaneously on three bottomonium states - all of
which have quite radii and binding energies.
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ENngineering drawing

HCAL OUTER
HCAL INNER

__ EMCAL

SOLENOID

PRESHOWER

ADDITIONAL
TRACKING

VTX

It seems likely that we will be using Babar solenoid which is
larger in radius than the solenoid described in the MIE
poroposal, as we learned from Jamie and John yesterday.
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Earlier work on Y In SPHENIX

x A Geant4 simulation with V.I'X + two additional tracking
layers (at 40 and 60 cm radius) was performed in
sPHENIX with single simulated upsilon events. The
magnetic field was 2 tesla. Ihe sPHENIX acceptance
times tracking efficiency - for Y(1S+25+3S) ->ete
decays was founa to e 0.34 in the mass window 7-11
GeV/c?.

® A critical guestion is - whether the proposed tracking
system, with a magnetic field of 2 tesla, is capable of
adequately resolving the Y(1S) from the Y(2S) and Y
(3S) states.
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Upsilon mass spectra

® [he mass spectra from

reconstructed electron decay
500 tracks for the three upsilon states
combined.  The yield corresponds
e* e decays roughly-to that for the 0-10%
“1<n<1 centrality bin from 50B minimum

plas events, assuming No
suppression N Au+Au collisions.’

x [he background under the
Upsilon peaks consists of an
irreducible (physics) background
due to deletions from correlated
charms, bottoms and Drell Yan.
There is also combinatorial
background from misidentified
charges pions.

95 10 11
invariant mass (GeV/c?)
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Summary

Showed three puzzles about J/1p production at 200 GeV Au+Au
collisions in comparison with the results from LHC Alice experiment and
at RHIC low energy runs.

All signs indicate that one has to carefully disentangle the cold nuclear
matter effects on J/1p production in order to exclusively extract color
screen effects from a QGP medium.

PHENIX has made measurement of J/a production from d+Au collisions
at 200 GeV in 2008. This data set allows us to study the J/ap production
as a function of collision centrality, pT, and rapidity, which provides
Important constraints on theoretical modeling of cold nuclear effects on
quarkonium production.

Single leptons from heavy flavor decays, charm/bottom tagged jets,
heavy flows are intentionally omitted in this talk.

SPHENIX provides a unique opportunity for studying upsilon states
which'is a much cleaner probe for QGP medium. In the meantime, we
need to plan on disentangling CNM effects from hot/dense medium for
upsilons as we have been doing for J/ap study at RHIC.
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Tagging charm/bottom jets

x A main motivation for stuaying-heavy:

neavy. ion collisions is to-unaerstanc

oatron-medium: interactions and to f

{
U

ISsues of strong versus weak coupli
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Heavy flavor production rates

Hard Processes pQCD @ 200 GeV

FONLL pQCD - M. Carriari
e Charm Quark Jets (RM=1.0)

= FONLL calculations reassuees Charm Hadrons (R, =0.2)
£ ' : wnnnnenn - Charm — Electron(RM=o.2)
or heavy ﬂaVOr JetS, s Beauty Quark Jets (R, ,=1.0)

ragmenta.tlc)n = mesnans  Beauty Hadrons (RAA:O.S)

wennnmen B€AULY — Electron (RM=0'5)

nadrons (D, B
Mesons primarily),
anad decay electrons
as a function of
transverse
momentum.

20 30 40 50
Transverse Momentum (GeV/c)
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J/P Raa Comparison

® ALICE (Pb-Pb |S = 2.76 TeV), 2.5<y<4 global sys.=+ 12.5%
@ PHENIX (Au-Au |S,, = 200 GeV), 1.2<lyl<2.2 global sys.=+9.2%
O PHENIX (Au-Au |5,y = 200 GeV), lyl<0.35  global sys.=+ 12%

+

600 800 1000 1200 1400

AN /el
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