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PH-ENIX Heavy Quarkonia

Heavy quarkonia is an ideal tool to measure the screening length
In the QGP.

_ 1/{r) [fm]
Only works if we know all our references! ]
(Need p+p & p+A) - | Yas)
| 3mas)

/-Recent results from PHENIX:\

. JYR,, at39 & 62 GeV

xb’{zp)

%(1P)
Y'(35)
w(25)

e JJUR VvSD
dAu T

o l.lJ' RdAu at |y <0.35

See R. Hollis Talk for
° <U.
Xc al |y| 0.35 Cu+Au J/y Result.

K / (Parallel 7D)

8-14-2012 D McGlinchey - QM2012




PH ENIX The PHENIX Detector

2008 Run

2008 PHENIX Detector 7 2008

Central Magnet

PHENIX Detector

o 1T
Magnet TR AN

Z-DC Soul:l . ZDe Non-h:
1 d
|||||||| .
West Beam View East
Muon Arm Beam-Beam Counters Central Arms
*Muons *Measure Centrality *Charged particles
«1.2<|n|<2.4 (impact parameter) as a *n<|0.35|
AQ = 2T percentage of BBC charge AP =TT
JIY - U J/J-e’e
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prenx  JW R, atLow Energy  New!

16 arxiv:1208.2251
. B | R,,(200 GeV) PRC 84, 054912 (2011)
1.4 = Global sys.=+9.2%
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N
1 |
: ]

LT §| @ uu, 1.2 <ly| < 2.2
0.6:—
E_ Au+Au
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Npart

Previously published results on J/y R, at 200 GeV
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pienx  JW R, atLow Energy  New!

N

New paper on J/y R, at 39 & 62 GeV at forward rapidity

16 arxiv:1208.2251
B m R,.(200 GeV) PRC 84, 054912 (2011)
Observe Slmllar 14 [T e 2::);.?;;;2.::-/:ENIX data/our estimate
suppression at 1_4 Global sys.=  29.4%
200 & 62 GeV.
Y
n?o_s_ §| Jiy - pp, 1.2 <|y| <2.2
No PHENIX p+p 0.6 E{E Au+Au
baseline at 62.4 GeV. 0al
Use extrapolation from T IH-][-H
measurements at the 0.2 EE g i W
ISR :|||||||||||||||||||||||||||||||||||||||
% 50 100 150 200 250 300 350, 400

N

part

New results on J/ly R  at 62.4 GeV
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JY R, at Low Energy

New paper on J/y R, at 39 & 62 GeV at forward rapidity

Observe similar
suppression at
200 & 62 & 39 GeV.

No PHENIX p+p
baseline at 39 GeV.
Use extrapolation of
results from Fermilab
E789 and E866/NuSea.

New!
16 arxiv:1208.2251
' B | R,A(200 GeV) PRC 84, 054912 (2011)
14 = Global sys.=+9.2%
) e R,.(62.4 GeV) = PHENIX data/our estimate
Global sys.=+ 29.4%
1.2 A R,A(39 GeV) = PHENIX data/FNAL data
1 Global sys.=+ 19%
50_3 Jiy - up, 1.2 <|y| < 2.2
0.6~ Eﬁ Au+Au
0.4/ 1] E
- E']['EI g
020 T g
. - @ El
o_lIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII
0 50 100 150 200 250 300 350, , 400
Npart

New results on J/iy R, at 39 GeV
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i7Enx  JW R, atLowEnergy  New!

N

New paper on J/y R, at 39 & 62 GeV at forward rapidity

Calculations by Zhao and Rapp. Include some CNM effects.

S | Theory - Rx(200 GeV) PRC 84, 054912 (2011)
' 200 Ge Global sys.= + 9.2%
,_?' gg gzz ® Raa(62.4 GeV) = PHENIX data/Our estimate
P, Global sys.= + 29.4%

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

« Combined QGP effects
are similar at each
energy.

-

-

-

e Direct suppression
changes by ~50% 10"

 Regeneration

compensates for the Regeneration (x0.5) . ]
change. i T
° CNM eﬁ:eCtS eXpECted to 2| |r'|'!| | el ‘l r*|"|-l|=7=|:=|l=|=_|l-|”|m|-“|-l|-l|—l| IR R B R
be different at the 10°%""750 100 150 200 250 300 350 40
different energies. _ AutAu N,
arxiv:1208.2251
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i7Enx  JW R, atLowEnergy  New!

New paper on J/y R, at 39 & 62 GeV at forward rapidity

Calculations by Zhao and Rapp. Include some CNM effects.

<
<<

Jhy R

« Available p+A data:

* p+A measurements by
E866/NuSea & 39
GeV.

« Nop+tAat62 Gev 107

e d+Au PHENIX results
at 200 GeV

107

8-14-2012

- Theory [ | R,,(200 GeV) PRC 84, 054912 (2011)
- 200 Ge Global sys.= £ 9.2%
gg gzz ® Raa(62.4 GeV) = PHENIX data/Our estimate
Global sys.= + 29.4%
A RaA(39 GeV) = PHENIX data/FNAL data

Global sys.= + 19%

-

-

-

Regeneration (x0.9) _ _ ... -
| I"I'I | |.r1"|‘| I'I | 1 | I | I | I I | | I | I
0 50 100 150 200 250 300 350 40(
_ Au+Au N __.
arxiv:1208.2251 P
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PH-“ENIX Cold Nuclear Matter Effects

» High statistics d+Au data set taken in 2008.

« J/Y at backward, mid, and forward rapidities as a function of
centrality, y, and (new) p_.

* (new) Y' at midrapidity as a function of centrality.
» (new) X_at midrapidity

« Upsilon at backward, mid(coming soon), and forward rapidities.
- See posters by Kwangbok Lee & Shawn Whitaker
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pH eEnix Rapidity Dependence of JJW R

Phys. Rev. Lett. 107, 142301 (2011)

T J/yindeAuat\s,, =200 GeV .
11— ]
2 - ]
8 0.8_— — -
g: F 1 = Strong centrality dependence of J/{
< | Centrality 60-88% N
el 0.4|— Global Scale Uncertainty +10% ] dAu’
[~ — Gluon Saturation N
X A -| « Centrality dependence at forward
£ e rapidity unexplained by EPS09 with
2 E linear dependence on the nuclear
§ - thickness plus nuclear breakup.
~5 0.6_— ....... — '
m."’ 0_4:_ Centrality 020% e E‘]- _: ¢ Descrlbed We” by CGC at fal'
; Global Scale Uncertainty +8.5% E forward I’apldlty
0.2[— —
£ E  Unclear how valid CGC model is
n E in peripheral events?
o o.sf— —f
0_4:_ Centrality 0-20%/60-88% T _:
E Global Scale Uncertainty +8.2% E
0.2~ I R R B S

-2 -1 0 1 2

<
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 Minimum bias (centrality integrated)

Min Bias p_ Results |

dAu’ rd 4u
o | _ dN S50 /dy(2)

e Similar suppression pattern at mid & Raaali) = Noon > INTP 7,

forward rapidity. cott(1))dN 57y, [ dy
« Suppression for p.<4 GeV/c. arXiv:1204.0777

2'52_ Global Scale Uncertalnty 7. B% _E
« R, =1forp_>4GeV/c. 2t E
315 —
arxiv:1204.0777 o .
At Aaataanta Ae %‘é‘é"@"ﬂ'&]”&] """"" (IR QF =
be IyI<0.35(7.8%) E 05 1y|<0.35 hf
-+ 1.2<y<2.2(8.2%) Vertical Error bars :::HI::::I::::I::::I::::I::::I:::::::-I.::::
1 — uncorrelated 2'5;_ Global Scale Uncertainty 8.2% _E
uncertainties 2 E
) 1.5?— —f
3 Boxes — point-to- & f I E%EJE L
sF point correlated i A E{J ]
: uncertainties. " 4 2<y<2.2 NE
R e S S BN I Znay S B e S N e ey
P, [GeVic] p. [GeV/c]
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PH-ZENIX Min Bias pT Results Il

N

. arXiv:1204.0777

5L Global Scale Uncertainty 8.3% E

. Shape of R p_distribution different at - @] i
s 3 15 —

backward rapidity. 3 5 % E

Ll [ L] e S A R B A —

« R >1forp_ >2GeVl/c. 5 E
dAu T 0.5 J

- -2.2<y<-1.2 a)-

257 Global Scale Uncertainty 7.8% 1

2 —

3 1.53— —f

arxiv:1204.0777 o .

P ARRRN RARES RERRNIRRRS ARAE RRRAS IR R LA RS L ERRRREEERREEE = RN E}E&J ------------------------------ —
T s | i TTEL R
s |y|<0. 8% ] ] 51— —

2 o — _ - |y|<0.35 b
- 1.2':}4"‘:2.2{8.2;0} - VertlcaIErrorbarS A ]
H _: — uncorrelated ;_ Global Scale Uncertainty 8.2% _E

4 7 uncertainties 2 E

---------- %] 3 155 4 -

1 Boxes —pointto- e f %@# _ E%EJE __________ E

ﬁ 4 point correlated “,“"u"nuununr!“r!ﬂ 0 -

] uncertainties. " 4 2<y<2.2 NE
e e g
P, [GeV/c] p_ [GeVic]
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» Calculations from Kopeliovich et al. (nucl.

Phys. A 864, 203 (2011))

* Nuclear Shadowing — nDSg nPDF set.

* Nuclear Break-up - frozen dipole

approximation.

* Not parameterized from RHIC data.

* Includes Cronin Effect.

8-14-2012

Theory Comparison

arXiv:1204.0777

5L Global Scale Uncertainty 8.3% E
2—.....- Kopeliovich et al. —

- § -

< F @] E
(14 - LI I N 3
o o PR N S SRR =

05 .

: ‘2.2<y<‘1 .2 a):
e e e e e e ]

2'5:_ Global Scale Uncertainty 7.8% &

2;_ ----- - Kopeliovich et al. _;

3 1.53— _f
o F &] -
] EPSER N P { Iy DRSNS o Ot S (P RVELY ST

: g g .

9 g 8 éﬂ E

0.5 —

C |y|<0.35 b

- 1.2<y<2.2 c)3
| R R R S SRR S S NN S

P, [GeVic]
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PH ENIX Theory Comparison

arXiv:1204.0777

z'sz_léllnlr:ﬁiaél Scale Uncertainty 8.3”}’; _E

: C 2[—....- Kopeliovich et al. —

e Calculations from Kopeliovich et al. (Nucl. P R e i
Phys. A 864, 203 (2011)) n:;% s . @]%] %] E

. 1:_..___ e ORI R (SYET NS 55 Thebinblodimit _':

 Nuclear Shadowing —» nDSg nPDF set. B e -
0.5— ]

. - -2.2<y<-1.2 a)

° NUCIearBreak_up_)frozendlpOIe ::.::I::::I::::I::::I::::I::::I:::::::::::::
approximaﬂon _ 2'52_ Global Scale Uncertainty 7.8% _E

_ 2— ... Kopeliovich et al. —

* Not parameterized from RHIC data. | F E

¢ B ]

° I ﬂﬁu - ]
Includes Cronin Effect. | cA T S Ve
) g 82 E

0'5;_ ly|<0.35 by]

25" Global Scale Uncertainty 8.2% 1

No clear explanation of the *c - Kopeliovich et al. E
backward rapidity result! S 5, %] b
0.5-__|-|-nu-1‘\""-"“-l-t-‘- “I-I-l-l-é ------ _E

- 1.2<y<2.2 c)3

B R R S R SRS AR E

P, [GeVic]
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PH-ENIX Centrality Dependence
60-88%

R, consistent with 1 at all p_ for peripheral collisions

- Global Scale Uncertainty 10.6% - Global Scale Uncertainty 10.3% - Global Scale Uncertainty 10.7%
22<y<-1.2  |y| < 0.35 ' 1.2<y <22
2 % 21 2
S1.5[ 1.5 51.5) H E
- : P N A
(o o L O I H ______________ (o o TS |51 O s oc g . I OO
s | "3 M $ Pty ig%
0.5 % 0.5 0.5
" Centrality 60-88% ;Centrality 60-88% ;Centrality 60-88%
(R R B B B R (RS T B S B R (R R B B B R
P, [GeV/c] P, [GeV/c] P, [GeV/c]
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PH-ENIX Centrality Dependence
40-60%

Increasing suppression at low-p_when moving to central events

- Global Scale Uncertainty 9.1% - Global Scale Uncertainty 8.7% - Global Scale Uncertainty 9.1%
22<y<-1.2  |y| < 0.35 ' 1.2<y <22
2 2 N

: $ H 1.5 H 215" I
II% ; i u ¥ I:I:% : $ II% : M% i

15 a8 BELE e Wt N I s R R

e % Foai i) PR
0.5 0.5F 0.5
;Centrality 40-60% ;Centrality 40-60% ;Centrality 40-60%
0 TR e T e 0T s e T e 0 TR e T e
P, [GeV/c] P, [GeV/c] P, [GeV/c]
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PH-ENIX Centrality Dependence
20-40%

Increasing suppression at low-p_ when moving to central events

- Global Scale Uncertainty 8.5% - Global Scale Uncertainty 8.2% - Global Scale Uncertainty 8.6%
22<y<-1.2  |y| < 0.35 ' 1.2<y <22
2 . 2 -

51.5[ : 51.51 S1.5F F
= Eﬁﬁ & = $ $ S @@%
o @Ha -------- T ; L o 1_% -----------------
3 i AL TR
0.5 0.5 0.5
;Centrality 20-40% ;Centrality 20-40% ;Centrality 20-40%
02 Y e 012 T T e g 02 Y e
P, [GeV/c] P, [GeV/c] P, [GeV/c]
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PH-ENIX Centrality Dependence
0-20%

Increasing suppression at low-p_ when moving to central events

- Global Scale Uncertainty 9.0% - Global Scale Uncertainty 8.6% - Global Scale Uncertainty 9.0%
' 22<y<-1.2 1  |y| < 0.35 ' 1.2<y <22
2__ H 2__ 2__
3150 . % 3 5 Fl 5-
s | il ﬁi & B | 2t
- 1_—-"ﬁﬂ ----- B é% -------------------- - || EE$$ ------------------ H ----- - 1 @% --------- -
: gl S
0.5[ 0.5[ 0.525%
" Centrality 0-20% " Centrality 0-20% " Centrality 0-20%
(R R B B B R 0TS T (R R B B B R
P, [GeV/c] P, [GeV/c] P, [GeV/c]

Enhancement at high-p_ at backward rapidity
Implies R ,(CNM) = 1 at high-p_ in Au+Au
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PH:“ENIX W' in d+A

New!

: ":I C (a) ® Measured Yield
e In p+p PHENIX found a '/ ©“ | ol sl
(J/y) ratio of 2.1+0.5% S I Vo
- —— orrelated T an
(Phys.Rev. D85 (2012) 092004). = e |
S 107 = e
g gl @
S |
Z+$|0 - HS
o . L HE R e
2 2.5 3.5 4 4.5 5

8-14-2012 D McGlinchey - QM2012
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€
=
o
>
c

New!

'i' E ( a) ] h"[f:asl_lft!d Yield
e In p+p PHENIX found a '/ ©“ | ol sl
(J/P) ratio of 2.1+0.5% E 0" | v
(Phys.Rev. D85 (2012) 092004). = e | |
. Extract the W/(J/W) ratio in &' AP
e B 4l |
d+Au. L |
: o : : 2107 | =R
e Fit the mass distribution's In g E SR DR BN IS
d+Au to extract Y'/(J/) ratio. © ee invariant mass [GeV/c’]

d+Au 0-88% Centrality

 |nclude dielectrons from

oy A 2 ’E T 08402503 % g T

, open charm & open 2 | —

o 107 E prelﬁninary + Data
bottom as well as J/{p and =l — Touin
l'lJ deca’ys' _%10'8; 4 + —j:%—m*e‘-(Pythi.a)

« Variations in the ratio due to Z | oretvan
the fit assumptions are e \ E
Included in the systematic : T

. 1070
uncertalnty- 2.:5\ I I :\; L1 3.\5\ L 4\. Lo \4.5\ i s N

5.5 ,5
M.... [GeV/cT]
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PH-“ENIX W' in d+Au New!

Investigate the centrality dependence

d+Au 40-60% Centralit

| T T T ‘ T T T 'I | T T T T ‘ T T T T T T T T ‘ T T T T ‘ T T T T ]
- V)= 15£05£04% |0 0 = a0 cev

Best Fit

« Data 3

—— Total fit ]

—
PH-<ENIX
preliminary

—
o
I

-
o
&

cC—e'*e’ (Pythia)
—— bb—e'*e” (Pythia)
— Drell Yan N

dN,. / dm,, [[GeVic?)™

10°

R
B e o A L ALY

o S o s oINS

e 555

%\\\
SRR RN AN

- v |
s

o
s
s,
st
ik
e s
SRR
e

S e
R S ey,
Y s o

oo

st
CoseRnas

gt

i
Frrs
S
P

i o
'

Little suppression in mid-
peripheral events.
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PH-<ENIX

W' in d+Au

Investigate the centrality dependence

d+Au 40-60% Centralit

[ N R ‘ T 7 'I [T T 7T ‘ T T T T T T ‘ T T T ‘ T
- WIIY)=15£05£04% |0 [5-m200 Ge
— Best Fit

* Data
— Total fit

—
o
I

preliminary

-
o
&

cC—e'*e’ (Pythia)
—— bb—e'*e” (Pythia)
— Drell Yan

dN,. / dm,, [[GeVic?)™

10°

D e
R

e
O ot oS0 0305

R R e
%\\\
SRR RN AN

oood

B
e
18508

2
Sooos0s0ssoes
oo oo oo
L g
s 7
e s
e
oot tete et e e

o 55
s B
g
&
s
T

oo

st
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gt

Esiss

<
SR

S
ORI

i o
'

8-14-2012

d+Au 0-20% Centrality

‘ ’ 1 ‘ T 11 & T
VI)=03£04203% 10035 5,=200 Gev

Best Fit N

prelimenaty + Data
— Total fit

— Jhy

7
—— cc—e'e” (Pythia)
bb—e*e” (Pythia)
Drell Yan

oo <5 %
O e 90 e aesetel
e > BRI % /
Sl e S
St Seretetetes T rstet
i e R oA e
B e viasm s cEitaYath e LAA0S e R A O G B R ! X P
i S : 38 2t et
e e L e S rtetet ast
I st e R SESLELLOU, 4
B e e, S el it sttt ih
R sttt eEeEatirre, e
ettt st setatided e s e ot ettt i
o sttt 000t el L i oot
O et0t00 e e e SRRSO %
e O K A 00000005 00
et e g sl ]
oo ottt s s s s I o st T A R SIS 8
eSS e e 3 o A o oS T S NS035 S
ot tatates e e 0000 O e oS0 o oSO st Mt
e S soto%0%0%0%. e e oo P SehaSotoootososom sy hatece
i 0 s o s e B eccososoon
s e, SISttt TSttt et
e cosesess e i B e R s sl
e oot s o R e e o S ey S R Rt
e Cosesess B e oo o M e i e,
e seseset e il e T ]
e et e Tt et atatatetese: e s L b ]
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Tttt ettt tetetes e L L i
ettt sttt e L L i e
oS s atatatatatet, e L L T
L LB e L e ettt ettt
e e D B i e
s B et S8
I isise B oo it e 348
B et e B e,
o et O o L e
e e e s

6
M.... [GeV/c?

Strong suppression in
central events!
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PH-<ENIX

Investigate the centrality

d+Au 40-60% Centralit

—
o
I

dN,. / dm,, [[GeVic?)™

10°

LSl
Sotetetetos

R
e

Tty

e
T R
B s

&\\
$§§§\ NSNS

W' in d+Au

dependence

d+Au 0-20%

T T T 'I | T -L T ‘ T T T & T T T ‘ T T T ‘ T 17 T 7T -
yi(JIy)=15+£05+0.4% Iy|<0.35 {5,,y=200 GeV g

— Best Fit
« Data 3
—— Total fit ]

preliminary

cC—e'*e’ (Pythia)
—— bb—e'*e” (Pythia)
— Drell Yan N

] .
o
= s
3 oy %
— e O NS S
— st 5 o
e e ]
— e il e A
22 2 el s e S 1
5 IR - el s S e D
s RS R et s SRR [
s e s e s e 7
s e e Lo - e 2 e I
s o s e IS U
st = e s o e s s ST S
S e R . S e s s oo ]
e s e R i s, s o s
R s o B o S s e s e i oot i
2 % LR e OO e et e S e o St e ]
e, T v o ot o st tota e et Sateotots e otat e o R o e T L0
e IS Tt G st oN ettty aes et ot attet B e e K o ecos s lsose]
et o s ) e e et oe]
T S < ) s Bt S L T s s
<3 0 A A R R Rt e e
Sy e L e L e Pl AR
dt et s S S et
S TAr T reerty CrCac” 0 a0 st R o s o o R R 0 R o anaa s
S e e e, e T R
e = R s, R S s
N FeRted B s e e
L EN el R A AR A AR A A A A T Eoo s Fo Aot e s S oA A AT R

Centrality
 yIUy)=03£04£03% .

| I I I T | I I I

ly|<0.35 {/5,,;=200 GeV 3
« Data 4

Best fit

PH-<ENIX

preliminary

cc—e*e” (Pythia)
bb—e*e” (Pythia)
— Drell Yan

e WI)=2.1%

M...

Dashed line — @' / (J/P) ratio fixed to p+p value (2.1%)

Likelihood ratio test gives probability for p+p ratio of < 10°

8-14-2012
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PH. ENIX W' in d+Au New!

/ Statistical Fluctuation?

—

N‘: q— .*.

S 10'E

0 £ ' .

S [

EM%;* }

%m?;— THFH
E + ++_+_++
10;— #
S S T T
25 3 3.5 4 4.5 5 5.5 6

M,, [GeV/c’]
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W' in d+Au

New!

Rebin the data points in the range 3.4 <M__ < 3.8 GeV by 2

= =
N: P .'.. N: P ....
S 10 ; 10 E
$ £ L $ £
= e S OF e
Eﬁ 10° g—;* t Eﬁ 10° g{'* N
T *+++ t 3 *+++ +
® ol ifusa o RS
10° = _+_ 10° = _+_+
oL T
;||||||||||||||||||||||||||||||||| E|||||||||||||||||||||||||||||||||
25 3 a5 4 45 5 85 8 25 3 385 4 45 5 55§
M., [GeV/c’] M. [GeVic')]
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PH-ZENIX W'R New!

dAu
Strong suppression B W' /(T /w)}dA“R T/
ith 1 I I dAu  — dAu =
with increasing NCO”. W' (T])]er
3 1| @& y' PHENIX Preliminary ]
ﬁ:% 1.2 Global Sys + 28.4% —
s I = -
0.8 —
- ¢ -
0.6/ . .
0.4 v L —
- PH-“ENIX } -
0_2:_ preliminary _:
|y|<0.35 |5,,,=200 GeV d+Au | } e
1

18

coll

-
el
—
(=2

%Y 2 4 & 8 10 12
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PH ENIX Y'R. . New!

Centrality dependence of o /(T )] 4 T/
suppression much stronger Rian™ = W' (T Raan™ ",
than J/ result at midrapidity. K K

3 1| @& y' PHENIX Preliminary ]
S 1.2 Global Sys + 28.4% -
14 - = J/y Phys.Rev.Lett. 107, 142301 (2011) s
Ao Global Sys + 14.6% |- —
0.8 : g . -

B ® T ] -
0.6 s -
04~ ~— 1 R

N PH-<ENIX 5
0.2 preliminary B
Elyl<9-35 (Sy=200 GeV d+Au | } | .

1

% "2 4 6 8 10 12 14 16

coll

8
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Centrality dependence of

W'R New!

o _ W

_ R (VL R J /1
suppression much stronger dAu = ()| dAu *
than J/ result at midrapidity.

3 1| @& y' PHENIX Preliminary ]
S 1.2 Global Sys + 28.4% -
14 : = J/y Phys.Rev.Lett. 107, 142301 (2011) .
I Global Sys+146% |- —
How does this result fit 0 8:— & ; 5 B
with the picture drawn r s T . -
from data at lower - -
0.6 §
energy”? - | » ]
0.4 ~—— L —
B PH <ENIX :
0.2 preliminary ]
§|y|<q.35 \f—§NN=290 GeVd+Au | } | .
% "2 74 6 8 10 12 14 16 _ 18
coll
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PH-ENIX Relative Modification

* Physics idea based on low energy results:

* |f the formation time of the J/Y(P') is shorter than the time spent
traversing the nucleus, a larger suppression of the ' will be seen due
to a larger nuclear breakup effect.

« Calculation based on this idea (pink line) in agreement with NA50 & E866
data

-
N

—

Plot the y'/(J/p) relative
modification vs the
proper time spent in the
nucleus

S
c©

} —c—— NASD p+A 400 GeV/nn (vary nuclei)

— @ EB866/NuSea p+A 800 GeV/nn (vary xF}

Relative Modification (y' / J/v)
o
(=7}

0.4
0.2
Using y(x) Vs, and <L>, calculate F. Arleo et al. (hep-ph/9907286v2)
F ] ] ]
. . ] ] ] 1 ] ] ] |
the time spent traversing the target 0 10"
nucleus. Quarkonia (or precursor) time in nucleus [fm/c]
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PH-“ENIX Relative Modification

* Physics idea based on low energy results:

* |f the formation time of the J/Y(P') is shorter than the time spent
traversing the nucleus, a larger suppression of the ' will be seen due
to a larger nuclear breakup effect.

« Calculation based on this idea (pink line) in agreement with NA50 & E866
data

-
N

—

This explanation does
not seem to hold at

S
c©

Relative Modification (y' / J/v)
o
(=7}

R H I C ene rg | es | :_ — & NA50 p+A 400 GeV/nn (vary nuclei)
— @ EB866/NuSea p+A 800 GeV/nn (vary x )
0.4— ® ]
| ——@— PHENIX Preliminary d+Au Vs_rm=2l]0 GeV
0.2 L 1 Global Scale Unc.+28.1%
Usi ng y(XF) . \/S, and < L>, calculate E F. Arleo et al. (hep-ph/9907286v2)
. . I 1 il 1 1 Lo
the time spent traversing the target 0 10"
nucleus. Quarkonia (or precursor) time in nucleus [fm/c]
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PHENIX X, In d+Au New!

=
£ . x—Jw+y PHENIXd+Au @ 200GeY
-
- = |
First measurement of =~ —— Sigralatieral
100 ackground subtraclion
ol —— Simulated y_

X production in d+Au.
¢ PHENIX Preliminary

++++ RN

=
T T T[T 1T TT1

o
=]
|
#
—

&
=]
L

I I T T SN U AT SR S SR
0 02 04 0B 08 1 12 14 16 18 2
%x.. = Jw mass [GeV]

F .. (X ~J/y) = 0.32 + 0.09(stat) = 0.03(corr)
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PHENIX X, In d+Au New!

%15(]:_ X — JhP + PHENIX d+Au @ 200GeV
First measurement of <0 —— Sgraatal
- - E‘ID{]_ L S?niu?ﬁr?::g subtraclion
X . production in d+Au. O E
’ soF | + PHENIX Preliminary

t
bty e

0
2 F -50F
1.2 PP P P I I R SRR
o - 0 02 04 06 08 1 12 14 16 18 2
- X.- Jiv mass [GeV]
L/ e
0.8 .
0.6 il .
- Charmonia RdAu VS
0.45 I ®  Jiy Phys.Rev.Lett 107, 14231 (2011) blndlng energy.
0.2: t m % PHENIX Preliminary
B A ' PHENIX Preliminary
B L 1 | | 1 1 1 1 | I | | I | | 1 1 1 1 | 1 1 1 1 | 1 1 11

||||||||||||||||
% 01 02 03 04 05 06 07 08 09 1
Quarkonium Binding Energy [GeV]
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PH--ENIX Summary

« JJW R  similar at 39, 62 & 200 GeV.

 Need p+p and CNM references at low energy!
- J/Y R, centrality dependence nonlinear at forward rapidity.

. p. dependence of J/y R_ different at backward rapidity from
mid and forward rapidity.

e Unexplained by current theories.
» Large suppression of ' in central d+Au events.

e Time spent in nucleus very small at RHIC.
 Why is ' so much more suppressed than J/y?
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Backup
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8-14-2012

dN,, /dm_ [(Gevic?)

dN,, /dm_ [(GeV/c?)T]

Fits: Best

d+Au 0-20% Centrality

d+Au 20-40% Centrality

10-5 E T I T T 1 | T T T T | T 17T | T T T T | T 1T | T 1T = F'_| 10-5 E T T T | T 17T | 1T TT I T T T | T 17T | T T T I T T T =
E v'i(Jy)=03+£04+03% e ::.;‘ = y/(Jy)=08+04+04% e
— — - -
107 Best Fit = E 107 & ml}( =
E . E e E -.- . E
Data 1 = preliminary —Jdly S
10° 4 ly|<0.35 7 E% 10° ' 7
Is\w=200 GeV 3 T 3
NN 1 = 3
i z$ i
-8 43
10 e © 10 E
§:§:§:§:§;§:§:§:§i§.-0&.9.?0?0.@9 o i g -
e s e S R s e i)
101 52 i 100 NN R,
....................................... B | NNE
2.5 5.5 5 25 3 3.5 4 45 5 5.5 K
M.. . [GeVic?] M.. . [GeV/c?]
. d+Au 40-60% Centrality . d+Au 60-88% Centrality
10 E T I T T 1 | T T T T | T 17T | T T T T | T 1T | T 1T E ‘_'_| 10 E T T T | T 17T | 1T TT I T T T | T 17T | T T T I T T T E
= yi(JIy)=15+£0.5+:04% E ~ g Yyl (Jh)=1.7+£05:05% E
- - — - -
L - i
107 £ 3 ¢ 10°E E
c —— cC—e'e (Pythia) 1 = —Drell Yan .
— Q —
Q
10° ‘ — bb—e*e” (Pythia) 7 § 10°; — Total fit =
4T ] e ]
C 1 ]
107 = = © 10° =
ikl 5 . ]
e S e, e = |
G 0 10" 2
. NN A
2.5 3 3.5 4 4.5 5 5.5 6 25 3 3.5 4 45 5 5.5

M... [GeVic?]
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8-14-2012

dN,, /dm_ [(Gevic?)

dN,, /dm_ [(GeV/c?)T]

Fits: Best w/ p+p ratio

d+Au 0-20% Centrality

10-5 E T T | T T 17T | T T TT | T T T | T T T T | T 1T | T T T = - 10-5
= v/(JIy)=03+£0.4+03% 3 ;:

[ - —
107 Best Fit -
c 3 O
[ . Data . -~
10° ly|<0.35 7 E% 10

Is\w=200 GeV 3 T
NN i
] z$
10° 7 TS 10°
A
e eI 7F
10 % d&&é;:; 10
10 SOOI 10
SN
il b i e .
M.... [GeVic?]

. d+Au 40-60% Centrality .
10 E T T | T T 17T | T T TT | T T T | T T T T | T T T | T 1T E ‘_'_| 10
= yi(Jy)=1.5+05+0.4% E ‘;:

—
i 1>
107 = = @ 107
c —— cC—e'e (Pythia) ] =
- @
@
10° -‘ — bb—e*e” (Pythia) 7 § 10°;
G e 4 hg
B 1 Z
107 = = © 10°
R ]
oo G » =
e 4’4?0?0?0?:: 000, =
A '22’_’0‘0‘0‘0‘ S e R[]
~‘§§toﬁéﬁ%f zéégaggggg : 10
\ NN i s Aok
25 3 3.5 4 45 5 5.5 6

M... [GeVic?]
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d+Au 20-40% Centrality

y'/(Jhy)= 0.8+ 0.4+ 0.4 %

~—

H -ENIX

S S
AT S NN
o e il
T e
&
.Aa_.“\\g‘g*“

S

3.5

4.5 5 5.5

6
M.... [GeV/c?]

d+Au 60-88% Centrality

yI(Iy)=1.7+0.5+ 0.5 %

— Drell Yan
— Total fit
-yl (I)=2.1%

s g
5 i
............ A OBt
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8-14-2012

Fits: Alternate Case 1

Use MC@NLO predictions for open charm and bottom

d+Au 0-20% Centrality

d+Au 20-40% Centrality

F"_' 10‘6 E 1T TT I T T 1 | T T T T | T 17T | T T T T | T 1T T 1T = FI'_| 10‘5 E T T T | T 17T | 1T TT I T T T | T 17T | T T T T T T IE
N E Y vI(Jw)=05+0.4% § N . y'l(Jhy)=0.9+0.4 % §
E 107k Case 1 _; E 107k —~— _;
= « Data 1 = PH “ENIX E
— -. J = preliminary —Jly ]
£ 10° NSO ly1<0.35 1 £ ' .
° 095 Is=200 GeV 3 ° 3
zg / 5';;22;"";‘”; E zg E
- B g 0 .
T 10° s st o, s T 10°
- N G et
10-10 — ] 10-10 iiig: Vs
25 s 4 45 g5 6 25 3 3.5 4 as %
M,.. [GeVic?] M,.. [GeV/c?]
108 d+Au 40-60% Centrality - d+Au 60-88% Centrality
"_'_| E T T T I T T 1 | T T T T | T 17T | T T T T | T 1T T 1T E "_'_| E T T T | T 17T | 1T TT I T T T | T 17T | T T T T T T E
N = y'i(Jv)=1.5+0.5% E ~ - y/(Jhy)=1.8+0.5% E
2 107 _ 13 107 . 4
U = 3 O E 3
= E —— cC—e*e’ (MC@NLO —= - — Drell Yan ]
£ 10° — bboe'e’ (MC@NLOY £ 10°} —Total fit
8 1 3 B .
% 10-9 . — = % 10-&] / -"’&*ﬂh‘ _+_ —
N i B ] C o g ]
: N ] % U S ]
s . 7 '/”""""" : 7
el \“\ o N i ({/A% //// Pt g O
107 R NN 10 x.\\\ -‘?%%.:?g-wn.o.g.,.%, L5
' OO m k%“&??k’?iﬁ?i::::{sﬁ%m&ﬁ -
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107"
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Fits: Alternate Case 3

Fix the J/Y and @' line shapes to be the same.

d+Au 0-20% Centrality
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6 2.5 3

5.5 6 2.

d+Au 20-40% Centrality

y'i(Jhy)=1.1+0.5%

TN
H -ENIX
preliminary

o

ol

S

3.5 4 4.5 5 5.5

6
M.... [GeV/c?]

d+Au 60-88% Centrality

y'i(Jhy)=2.3+0.6%

—Drell Yan
— Total fit

M... [GeV/c]
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dN/dM,, [(GeV/c) ™

=i
o
]

=i
=

o

Mass Plot
_ 0-20%
- + .
?“ ++++ .
. Tt
2 35 44.555.5£
M, [GeV/c’]
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8-14-2012

dN/dM,, [(GeV/c) ™

=i
o
]

=i
=

o

Mass Plot
] 0-20%
- + .
"
- s
: jRaRasene
IRRRast
2 35 Y- 55.5£
M, [GeV/c’]
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PH-ENIX Investigating the Centrality Dependence

R, (0-100%) is a measure of the

average suppression.
Phys. Rev. Lett. 107, 142301 (2011)

. R_isameasure of the change ™
in suppression from central to $11-
peripheral events. e -
S
- : : N
« Assume modification is 0.9
dependent on the nuclear 0.8
thickness. -
| 0.7
° A(rr) = p_o . / dzp(z,rT) 0.6;—
* Try three simple forms. 0.50-
_ = 4 Exponential Case
 Linear: M(rr,a) =1 — aA(rr) 0.4 // ------- Linear Case
« Quadratic: M(rp.a) =1—alA(rr)?  03F // — " Quadratic Case
I."IIII|II|II|II|II|II|IIII|IIII|IIII|

6.9 1 11 1.2

e Exponential: M (r+.a) = e 3MrT) 0.3 04 05 06 07 0.8
p M (rr,a) = € R (@-100%;

« Each form maps out a unique
curve on this plane.
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« Backward and mid rapidity data is
unable to distinguish between the
three cases shown here.

* Forward rapidity data requires
stronger than linear or exponential
dependence on the thickness.

« Agreement with linear only gets
worse if you add exponential.

 Use data to extract thickness
dependence!

Vertical(horizontal) bars show
point-to-point uncorrelated errors
Ellipses show point-to-point
correlated systematic errors

8-14-2012

AT
N

Investigating the Centrality Dependence

Phys. Rev. Lett. 107, 142301 (2011)

-
-
[TTTT

TTTT

20% / 60-88%)

o (&
©

R
o ©
N o

o
(=)

IIII|IIII|IIII|IIII|IIIIIIII

0.5

0.4

—o— Jly -22<y<-1.2 v
—=— J/y-0.5<y<0.5
—e— J/Yy1.2<y <24

*
— *
*
0 3 !
.
- g

Exponential Case
s e Linear Case
— — Quadratic Case

<

|IIII|IIII|IIII|

R, (0-100%)

D McGlinchey - QM2012
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Min Bias p_ Results I

* Implies a CNM baseline in AA of ~1 for
pT>4 GeV/c at midrapidity.

* |Implies a CNM baseline in AA of >1 for
pT>4 GeV/c at forward rapidity.

25"

[ = -2.2<y<-1.2 (8.3%)
L« |y|<0.35(7.8%)

204 1.2<y<2.2 (8.2%)

- aXiv.1204.0777

8-14-2012

Vertical Error bars
— uncorrelated
uncertainties

Boxes — point-to-
point correlated
uncertainties.

D McGlinchey - QM2012

RdAu

arxiv:1204.0777

Global Scale Uncertainty 8.3%

-2.2<y<-1.2

________ X @}]%H@

o
L1

Global Scale Uncertainty 7.8%

C |y|<0.35 b)]
C Global Scale Uncertainty 8.2% 1
" E% %] N

e é
E_ 1.2<y<2.2 CE
I B R S SR S S A N
p. [GeVic]
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PH--ENIX Theory Comparison |l

arXiv:1204.0777

"*C Global Scale Uncertainty 7.8% ] ° Calculations by Sharma and Vitev

1.6F

E (arxiv:1203.0329).

 Nuclear Shadowing - EKS98

* Includes initial state energy loss.

RdAu

R R

0.6 =
- — - FONRQCD, CNM E-loss

e Dashed Curve — No Cronin Effect.

“4F without Cronin <035 1 ° Solid Curve —With Cronin Effect.
o2 — FO NRQCD, CNM E-loss WI . =
- : IWith Cr?nin I I I I I E
ulllzlllqllllﬁlIIBIII.‘uIII..IzIII14I
P, [GeV/c]

Shape is in reasonable agreement with the data
Magnitude of Cronin effect is too large?
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p+p Baseline at Low Energy

18
: - 39 GeV p+ wooe CEM
At 39 GeV use available data from 161 PP . m E789[34,35]
Fermilab E789 & E866/NuSea. 14F SRl
_12f
€ 10F
SIS 8F
4
- oeE CER 2
30F 62.4 GeV p+p e Antreasyan [37] U:
i = Clark [38]
B 4 Kourkoumelis [39] Rapidit
25 piaity
2 200 g0t
812155 .
% e } \ At 62.4 GeV, integrate shape of
10F Ll CEM calculations normalized to
oF / Antreasyan data point
DE | 11 | | 11 1 | | | | | | I | 1 |‘T‘\I\I |
-2 1 0 1 2
Rapidity
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PH ENIX Implications for A+A

At midrapidity R, implies CNM baseline in A+A at
high-p_of ~1.

 A+A CNM effects at forward rapidity are a combination of

packward and forward rapidity R . , implies CNM baseline at
nigh-p_of = 1. n Phys. Rev. C 80, 41902 (2009)
| " - - = AdS/CFT+Hydro
. . . 4 - ® STAR Cu+Cu 0-20%
- RiseIn RAA with P 3 ¥ STAR Cu+Cu 0-60% o ghgfﬁﬂgf:t
may be due tO L © PHENIX Cu+Cu 0-20% -.-.-. heavy resonance
. I
changing CNM ﬁ v
effects. &1 s iT - W -
062 _ .. T SRt
0.4 - =g I T ———————
- Replace with new STAR result when
0.2 L Jav.aillable!l - L Th'. L. | -
“0 1 2 3 4 5 6 7 8 9 10 11
pt (GeV/c)

8-14-2012 D McGlinchey - QM2012 46



’v

PH-ENIX Upsilons at PHENIX

e New results in the works: 5. jg":g::G':"m‘“”'iiiliiiiiiili:i:i’,'.i';f;.ii.zr
. R at midrapidity %w PHUENIX E
dAu w Preliminary 4 E

. R, atforward rapidity i -

* Final results on the way: RN e

* p+p production at backward, mid, and forward rapidity
- R, atforward/backward rapidity

- See poster by Kwangbok Lee. AUSALN Syi= 200 G0

@  PHEMIX MBE T(1S+25+35)—e’' ‘k STAR T(15+25+38)—a'e

T({15+25438)
(=]

. . e 216 I FHEMIX p+p Stat. Un Il sTARp+p Stat. U
< p+p Stal. Unc. [ nc.
- R, at midrapidity NN S — PO — g
12 PHENIX STAR preliminary
! preliminary

- See poster by Shawn Whitaker. 1

0 50 100 150 200 250 300 350 400 450
art

8-14-2012 D McGlinchey - QM2012
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e (Calculations from Ferreiro et al.
(arXiv:1201.5574)

* Nuclear Shadowing — nDSg nPDF set.

 Nuclear Break-up - effective
o =42 mb.

a

* No Cronin Effect.

8-14-2012

Theory Comparison li

arxiv:1204.0777

5L Global Scale Uncertainty 8.3% E

2:_ — - Lansberg et al. B

- nDSgo,, =4.2 mb 7

> 1sb @] DI
< c .
(4 4 - il %]%] .
Ll [ L] e S A R B A —

05 .

: ‘2.2<y<‘1 .2 a):
2_5__:.::I::::I::::I::::I::-::I::::I::::::::::::__

~— Global Scale Uncertainty 7.8% 7]

2:_ — - Lansberg et al. =

- nDSg o, =4.2 mb -
315 —
n:"’ o &] &J -
= o L L) __._%_

0.5 -

" |y|<0.35 bH

5L Global Scale Uncertainty 82% 1

2 —- Lansberg et al. -

i, f_ nDSgo, =4.2 mb _f
C 1.2<y<2.2 c)-
| R R T NN A N A I

p. [GeV/c]
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