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PHENIX charmonium detection

Dielectron measurements at midrapidity and dimuon measurements
at forward/backward rapidity cover most of the kinematic region of

interest at 200 GeV.
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Centrality measurement

The Beam-Beam Counters cover 3.0 < |n| < 3.9.

Detect soft charged particles produced 1n a collision, and provide:

e The minimum bias event trigger
 The collision Z vertex (from At between BBC North and South)
 The collision centrality (from the signal size)

In d+Au collisions, the signal
2008 PHENIX Detector

from only the Au-going BBC
is used for centrality. o

(“entral Magnet
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PHENIX J/yv measurements

200 GeV

e AutAu

e Cut+Cu

e CutAu

e U+U (prelim.)
62.4 GeV

e AutAu
39 GeV
e AutAu
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Aut+Au J/y at 200 GeV

¢ 200 GeV

e AutAu

e Cut+Cu

e CutAu

e U+U (prel.)
° 62.4 GeV

e AutAu
39 GeV

e AutAu

The suppression 1s strongest at
forward rapidity
e Energy density 1s slightly
smaller at forward rapidity
e But CNM effects are different
e Also, underlying charm is
smaller at forward rapidity
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AutAu J/y vs energy

¢ 200 GeV PHENIX PRC 86 064901 (2012)
e AutAu 1.6 w200 GeV
e Cu+Cu E Global sys.= + 9.2%
° Cll + All 1.4¢ ° :2'.4 b:‘-lev PHENzl: :,a:alour estimate
obal sys.= + 29.49
* U+U (prel.) 1< . 4 39 GeV PHENIX data/FNAL data
*62.4 GeV i QDM . iciiiaiiiiasianid
e AutAu B
¢39 GeV 0.8 Jhy - pp, 1.2 <ly] < 2.2
e AutAu -
0.6} % @
0.4} ¥ [ﬂ[{][ﬂ @ ;
The suppression seems to be: 0.2 L B 5 @
e Strongest at 200 GeV - ;. . : 1

L | 1 L l 1 LA 1 l b ' ! l 1 4 1 L | L L L
o Weaker at 64 GeV % 50 100 150 200 250 300 350N 400
e Weaker again at 39 GeV e
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Aut+Au J/y vs energy - theory comparison

¢ 200 GeV

e AutAu

e Cut+Cu

e CutAu

e U+U (prel.)
° 62.4 GeV

e AutAu
39 GeV

e AutAu

Model: the suppression 1s
similar because at 200 GeV
the increased suppression 1s
compensated by increased
regeneration.

=—— X. Zhao, R. Rapp
Phys Rev C82 064905 (2010)
- Theory B R.A(200 GeV) PRC 84, 054912 (2011)
o 200 Ge Global sys.= = 9.2%
4 g: gz @ R.x(62.4 GeV) = PHENIX data/Our estimate
- Global sys.= =+ 29.4%
1 A R.A(39 GeV) = PHENIX data/FNAL data
- Global sys.= = 19%
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PHENIX 200 GeV & ALICE 2.76 TeV data  °

forward rapidity
The ALICE ¥/ Vv results ShOW that at 3 5 “| WALICE (2.5<y<4.0, £15% SysL.), {$,,=2.76 TeV |
LHC energies the suppression 1s much T [ @PHENIX (1.2<y<22, 9% syst), {502 TeV
reduced (compare blue with red).

0.8
This 1s due to a much smaller Raa at

low pr at RHIC energy. 06
e Combined with large v> at LHC, but :
not at RHIC, suggests coalescence -

is important at LHC. 0.2:
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1’ ¢ PHENIX My = p'y, 1 200022 conraity O%~20%  global syst » = 0%
0.8} E .
06 I q j
So 200 GeV Au+Au seems to be close 9 * E ;
to a minimum of Raa (at low pr) for o : o T .
< @ ¥ ) *
the J/y. e e
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J/y Raa vs system size

¢ 200 GeV P S A
e AutAu QE ?’, ~ PHENIX J/ V—-UU :
s ol P e
e CutAu 20 -
e U+U (prel.) o OU+U (5 =193 GeV (gl. sys.8.1%) |

¢ 62.4 GeV g pp reference: 15=200 GeV x 0.964

32 AutAu \s_ =200 GeV (gl. sys. 9.2%) |
e AutAu s B 3 e -

¢39 GeV u%O_S e | ’_ : ? CutCu |5, =200 GeV (gl. sys. 8.0%) i

e AutAu 3 e 8 !

2 E : : 3 E; $ + ]

- = ¥ - + T -

A hint that U+U is less 30.00..111,,1.1L1.111Ul|1
suppressed than Au+Au. 7 100 200 300 400

e Higher energy density Number of Participants

does not translate to
stronger suppression
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Asymmetric collisions - Cu+Au

¢ 200 GeV
e AutAu
e CutCu
e CutAu arXiv:1404.1873
. U+U (prel.) é Y Y Y Y T Y Y Y T T T T T T T T T T T
¢ 62.4 GeV o | ik s N
* AU"‘AU. CutAu |5, =200 GeV (gl. sys. 7.1%) |
39 GeV 012<y22 0 -22<y<-12 7
e Au+Au Au+Au |5,,,=200 GeV (gl. sys. 9.2%)

Au-going direction similar to B
Au+Au. Cu-going direction 1s B 8
more strongly suppressed.

e Qualitatively, what we T R T T T T
would expect from Number of Participants
shadowing

e Taking the ratio would
cancel some systematics..
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Cu+Au forward/backward ratio

¢ 200 GeV
e AutAu

11

e Cut+Cu

e CutAu

e U+U (prel.)
° 62.4 GeV

e AutAu
39 GeV

e AutAu

Ratio: CI;' orward/Backward
20

The ratio cancels systematics.

The calculation 1s very simple -

T
—Q—

1] ] L] 1] L] 1

Jy— *CutAu ]
FoNX; 1,2&&2.2 =CNM Calculation

Backward: -2.2<y<-1.2

&
=)
o

I L 1 L) L] I T L L] 1]

just Gabs = 4 mb + EPS09 L

shadowing
e Effectively shows the ratio
of shadowing effects at
forward/backward rapidity

s
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PHENIX v’ measurements :

PRL 111, 202301 (2013)

1.4:_' I"'l'."",l"'l"'l T T T
Observation of unexpectedly wsE « Jy Phys Rev-Lot. 107, 162301 (2011)
. y . B Global Sys + 14.6%
strong suppression of the Y’ in P RSN T
d+Au collisions. Difference . 3osf . '
from |/ can not be explained 06
by (any known) CNM effects. 0.4}
0.2
, " 1y1<0.35 |$,,,=200 GeV d+Au
0 2 4 6 8 10 12 14 16 18
- NCOI
S 1af ALICE Preliminary
o E ALICE w(2S) —» p'w’, PHENIX w(2S) - o'
= e ALICEp-Pb\s, ~502TeV (2.03<y « oing direction)
Remarkabl)’, the LI)’ & 1.2F m ALICE ovz:sm-sgz Tavu--tcizas-i':-:g»::‘%‘.?baznqdvecmnl
) % ¢ PHENIX d-Au |5, 200 GeV (ly__|<0.35), PAL 111.202301(2013)
suppression at RHIC and LHC | ER e o S SO
energies is very similar. ool
8F :
Still an open question what 0.6 ¢
causes this. Comoving matter 0.4k
in the final state! :
0.2
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PHENIX Y (1S+2S+3S) measurements

The PHENIX mass resolution
does not allow us to resolve
the Upsilon states in Y—e*e"

Additionally, the small cross
section at RHIC makes this a
statistically challenged
measurement.

Presently we have
measurements of the
combined yields in p+p and Iin
Au+Au.
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PHENIX Y(1S+2S+38S) in p+p & AutAu

In p+p we have data at all three
rapidities covered by PHENIX.

In Aut+Au we have only midrapidity
data.

So we can make the Raa at
midrapidity.
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Y(1S+2S+3S) in Au+Au - comparison with CMS

Unlike the J/yp case, the suppression we see is similar to that seen
by CMS at LHC energy.

Roughly consistent with what would be expected from strong
suppression of the excited states only.

‘3 1.8{—@ PHENIX Y(1S+25+3S) \Spop =200 GeV |y <035
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Y (1S+2S+3S) in Au+Au - theory comparisons

_[| arXiv:1404.2246 |

- . - ™ uc. S.
Potential model with rate o 12F — e
equation by Emerick, Zhao and Stow

¢ PHENIX

Rapp, Eur. Phys. J A48, 72

(2012).
Includes CNM estimates and :
regeneration effects (small at 02f
RHIC). °o~451)'150'1510'2601:slo’35013510§400
part
. L , [ arxiv:1404.2246 |.
< . U
Potential model with finite a2t N

momentum space anisotropy by
Strickland and Barzov, NP A 879,
23(2012). Does not include CNM
effects or regeneration.

4xn/S=3“",

e 4:1].”521 5

The data do not provide much I s —-ix',}:%:s}g
constraint on the theory parameters. O "0 20 300 400 &-500
pant
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Y (1S+2S+3S) in Au+Au - theory comparisons

Potential model with rate

equation by Emerick, Zhao and
Rapp, Eur. Phys. J A48, 72

(2012).

Includes CNM estimates and
regeneration effects (small at

RHIC).

Potential model with finite

momentum space anisotropy by
Strickland and Barzov, NP A 879,
23(2012). Does not include CNM

effects or regeneration.

Adding the STAR data helps, but we
obviously need a much better

measurement at RHIC

(« 4

_ﬂ arXiv:1404.2246
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Near future quarkonia measurements with PHENIX )

Heavy jon runs

X

In the 2014 run (completed) have very
large luminosity Au+Au data set
e Will improve Y(1S+2S+39S) yield A

significantly.

The FVTX detector was installed in front of R S e
the muon arms for the 2012 run. It
Improves the momentum resolution so that
the @’ can now be separated from the
J/p in the muon arms.
 We will have g’ vs multiplicity data
in 500 GeV p+p collisions at mid and
forward rapidity from 2013 run data.
 We will have g’/ J/y ratio data vs
centrality in Cu+Au collisions from
2012 run data.
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Near future quarkonia measurements with PHENIX )

In the 2015 RHIC run we will take p+Au and p+Cu data -
e J/y systematics with target mass
e Y’ at three rapidities in p+Au

Statistical precision estimates

& 1 ptAubdnb’  p+Si193nb’ iF |
1E N\ p+Cu96nb’  p+C 450 nb" A | ¥', p+Au, 64 nb”, Z+ 10 cm
T R o — 1.2
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0.9 L
u ir
0.8~ N
C 08:— 't s
0.7 i |
L i r)
E: 0.6 =
0.6: ; .
0.5 0.4
; [ | o Yy=-1.7
E 02f |+ y=00 |
0.3 . e Y=1.7 |
L L L 1 ' l 'l l LllllLLLll 1LLILLL&1111111111111111111‘1111111111
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Target mass Neon
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broad range of initial temperatures.

20

Longer term: sSPHENIX Upsilons

For quarkonia, our major goal has always been the characterization of the
Debye screening as a function of temperature. The SPS, RHIC and LHC
J/Iy results have already shown the value of high quality data covering a

The proposed large acceptance SPHENIX detector, will make good
separated Upsilon measurements for comparison with LHC data.

Y(1S,25,38) » e'e’

500

400

300

200

100

p+p, 10 weeks

O, = 99+ 1.7 MeV

| Y(1S,2S,38) |
700\

- Au+Au 0-10%
600? 10B events
500
400?—

300

200}
!
100

95 10 105 11 7 75 8 8.5""
invariant mass (GeVic?)

(=)

9 95 10 105 11

® ++,-- subtracted
..... Y(1S)

invariant mass (GeV/c?)

0

0.8 f,
0.6
0.4

0.2

Strickland & Bazow
e Y(1S) NP A879 (2011) 25

_IIIIIIIIIIIIIIIIlIIIIIIILIIIIIIII%I

0 50 100 150 200 250 300 350

part

Wednesday, November 12, 14



Backups

21
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But different collision energy leads to different CNM effects!

Direct comparison of Raa
data at different energies and

for different systems is

inconclusive - CNM effects
are known to vary strongly.

THEP 0902:014 (2009)
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Centrality dependence of J/y modification in d+Au

Strong centrality dependence not expected from EPS09s or breakup.

CGC model seems to get it at forward rapidity.
Phys. Rev. Lett, 107, 142301 (2011)

[ Jy in deAu at\ s, =200 GeV

o
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But do we believe the centrality measurement?

Yes.

Detailed discussion of method used by PHENIX, and comparison
with a HIJING study in arXiv:1310.4793.

Conclusion: Bias corrections are fairly small, and under control.

.3 d+Au @ 200 GeV
10— g Run-03 Data Low Rate
E | MCGlauberb=39fm,N =14 - 08 Dile Sod. et
c 8 = pant 1028 Run-08 Data High Rate
§ of ' A T Calc. Med. Rate with Double Int.
g --------- Calc. High Rate with Double Int,
|
2 10°
ol )
J ~ Minimum Bias
) ) &
= 10 b
6 N ‘*:.
-8 . \ |
10° - ]
_1q A A A Ly ] .| 4 i L g sl s T sl d Tl | ‘u_!L»;;A_._\
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J/y vs HF lepton modification in d+Au collisions

53

Comparison of pr dependence of J/y ® S0 oy
modification with that for open HF leptons : B . 124y <22
is mstructive (Matt Durham’s talk, today) "
e e T
Caveat: Different kinematics! osmesest
p, (GeVic)

The J/y suppression at backward rapidity 3 0.20% contrality

< » midrapidity

1s much stronger than for HF.
e Implies J/y is suppressed beyond the

re F
- Jhv, midrapidity

underlying HF production. 1{ -------

At forward rapidity they are similar. LI R SR A )

e Implies J/y suppressed at forward rapidity 37 20% contatts

because the underlying HF is suppressed. = . 200y <

2 AN ' Y :

Consistent with L F {?9 | ]

e Breakup at backward rapidity | FCL R
e A process like energy loss of a colored T |
dipole in CNM at forward rapidity. T Gevi)
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J/v modification at forward rapidity in d+Au

Models of parton radiative energy loss (Arleo et al., JHEP 1305
(2013) 155; Sharma and Vitev, Phys.Rev. C87 (2013) 044905) and
absorption (Kopeliovich et al., Nucl.Phys. A864 (2011) 203;

Ferriero et al.,

Few Body Syst. 53 (2012) 27).

These seem to describe J/y data over a broad CM energy range.

y=[-0.35;0.35]

- I
AL

Centrality 40-80%

2 4 6
p, (GeV)

y=[12;22]
2 2 . 2
15 15 - ® 15
g g g
I e ¥ i 1 : 4 %
A @gﬁ } et s
s o 1o o«
0.5 0.5 = 0.5
Centrality 20-40% ] Centrality 0-20% " | Centrality 20-40% :
_o — 4 -
. L ]
| 15 15 ® - ’ 15
& =Y T a
A g I 1 B £1 " B = 1 f;:
£3 i 31 | : ] 5
? < « «
] 0.5 0.5 - 0.5
: Centrality 40-80% | Centrality 60-88%
Centrality 60-88% % 0 : 0
0 2 4 6 0 4 2 4 6 8
p, (GeV) Pr (GeV) p; (GeV)

Arleo et al. JHEP 1305 (2013) 155
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What were we expecting?

If v’ suppression was due to breakup of a colorless expanding meson
by nucleons, it should be identical to the J/py suppression:

e Aty=0 at 200 GeV, 1 1s so short the final meson size difference
between J/y and y’ does not come into play.

Calculation by F. Arleo, et al.,
Phys. Rev. C 61, 054906 (2000)

'’ suppression 1s clearly
not due to breakup alone.

1.6

1.4 ]

12

—
l IAEEHAL B
) [ ] {
b
[N

0.8}~
0.6

bpr g

NA50 —

Relative Modification (' / J/w)

hak: = EB866/NuSea &
8 ® PHENIX d+Au -
0'2;' ~—— F. Arleo et al.

L ‘1 6"
Proper time in nucleus (1) [fm/c]

Wednesday, November 12, 14



28

Possible explanations of strong y’ suppression?

N . ® PHENIX\'s_ =200 GeV
Inclusive J/y suppression at 16 o Esses0Cev
. g . . o) - -
midrapidity varies strongly with £ 14 ® | A iy
o« . S’ C 4 NA3 200 GeV
collision energy. 312 t v NAGD 155 Gev
. ° 10 o .
But there seems to be a systematic 8- . -*'A
increase of v’ to J/y relative 6 + %, “h
modification with multiplicity. 4ty Tl
- hot matter effect? (2):_ ++
L ) ST
2.6 NAS50 p+A : t (fm/c)
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€ 1.2 4 NAS50 Pbs+Pb i -
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r f 3 *fs\* 1 2 0.6F|] i i -
=06 . - E |1
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g 04 ' 7?3\{“‘ 1 02f 8- e
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