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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)
/ \ | am0s)
* Recent results from PHENIX: -
b
« JJYJR at39 & 62 GeV %(1P)
AA Y'(35)
w(25)

« JWR_  Vvsp_
o l.lJ' RdAu at |y|<035

o Xc at |y|<035

\ /
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JY R, atLow Energy

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

—
N
E 1 |
T T
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Previously published results on J/§ R  at 200 GeV
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JY R, atLow Energy

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

16 arxiv:1208.2251
T m R,.(200 GeV) PRC 84, 054912 (2011)
. . = Global sys.=+9.2%
Observe Slmllar 1411 . R,.(62.4 GeV) = PHENIX data/our estimate
suppression at . ZE Global sys.= + 29.4%
200 & 62 GeV.
1 T 0 (O
mﬁ 0.8 % Jhy =y, 1.2 <ly| <2.2
No PHEN|X p+p 0.6 — % Au+Au
baseline at 62.4 GeV. -
: 0.4—
Use extrapolation from N (Iaell) 0
measurements at the 0.2 o H g i
ISR. 0: Illl\\I|II\\l\\II|IIII|\\II‘IIII|IIII
0 50 100 150 200 250 300 350, 400
Npart

New results on J/gy R  at 62.4 GeV
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JY R, atLow Energy

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

16 arxiv:1208.2251
e m  R,,(200 GeV) PRC 84, 054912 (2011)
. . = Global sys.=+9.2%
Observe similar 1411 e  R,,(62.4 GeV) = PHENIX datalour estimate

suppression at
200 & 62 & 39 GeV.

Global sys.= +29.4%
A R,,(39 GeV) = PHENIX data/FNAL data

Global sys.=+ 19%

=
N
i —a—]

Jhy -, 1.2 <|y| <2.2

Au+Au
'
E{E I m

No PHENIX p+p 0.6
baseline at 39 GeV.

< ¢
(= -
[T ‘ [T ‘ T | 1

Use extrapolation of IH-]E-]
results from Fermilab 0.2 #H i
E789 and E866/NuSea. e

0 50 100 150 200 250 300 350 Np;lr-:JO

New results on J/g R  at 39 GeV

PHENIX Highlights

2012-08-21



JY R, atLow Energy

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

Calculations by Zhao and Rapp. Include some CNM effects.

2

Jhy R

« Combined QGP effects
are similar at each
energy.

Direct suppression
changes by ~50%

Regeneration
compensates for the
change.

CNM effects expected to
be different at the
different energies.

PHENIX Highlights
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- RaA(200 GeV) PRC 84, 054912 (2011)
200 Ge Global sys.= £ 9.2%
be ey R,A(62.4 GeV) = PHENIX data/Our estimat
39 GeV @ an(62.4 GeV) = ata/Our estimate
Global sys.= + 29.4%
A Raa(39 GeV) = PHENIX data/FNAL data

Global sys.= + 19%
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JY R, atLow Energy

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

Calculations by Zhao and Rapp. Include some CNM effects.

S — E Ra(200 GeV) PRC 84, 054912 (2011)
i : 200 Ge Global sys.= + 9.2%
= gg g:ﬂ @ Raa(62.4 GeV) = PHENIX data/Our estimate
— Global sys.= + 29.4%
1 48 A Raa(39 GeV) = PHENIX data/FNAL data

* Avallable p+A data:

Global sys.= + 19%

e p+A measurements by

E866/NuSea & 39 3500, e .
GeV' “...:"':t:::'."llllllllll = é E
* NoO p+A at 62 GeV 107 ? .""*-....,___.__:::::jjfjjffjo:u::::::::
« d+Au PHENIX results [ _ Direct (x0.5)
at 200 GeV | Regeneration (x0.5) _ __ ... e
10-2 I |f|;‘ | |.g‘f'|l| |-“|'l.}| m|l td & Ly pg | pggaa | g6 |qggps
0 50 100 150 200 250 300 350 40(
_ Au+Au N__.
arxiv:1208.2251 par
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J/PY In Cold Nuclear Matter

Phys. Rev. Lett. 107 (2011) 142301

J/ are suppressed at all rapidities,
in all centralities.

Model using shadowing (EPS09) + o

Qualitatively matches what we see,
but cannot simultaneously capture the
rapidity and centrality dependence.

PHENIX Highlights
2012-08-21
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J /@ in d+Au at s, =2

:%

Centrality 60-88%

Global Scale Uncertainty +10%

— Gluon Saturation
— EPS09and o, =4

mb

Centrality 0-20%

Global Scale Uncertainty |+ 8.5%

0.8
[«

O [
& ose

04

Centrality 0-20%/60-

88%
Global Scale Uncertainty |+ 8.2%




LarXivi1204.0777

* :_Gh‘)bal Scale Uncertainty 8.3%; i
2~ ..-.- Kopeliovich et al. -
Pprs @j L RdAu rises out to pT~5 GeV/c at all rapidities.
m-c E_ %l%] ) NN FYPYEXE YT Pt ;:*
. Largest disagreement with models is at
0.5— — . g
F-2.2<y<1.2 a)” backward rapidity.
2" Global Scale Uncertainty 7.8% E _ _
A " 3 Shadowing + abr model (no Cronin) does not
ST - Kopeliovich et al. . . .
- . match the qualitative trend.
3" E
oo L I TS N L . .
- [ g o é{] : Model by Kopeliovich et al. includes Cronin
u.s?"lw;[; 35 o and obr prediction, qualitatively matches the
:::::}::::}::::}::::}::::}::::}::::}: — - pTShape-
23 Global Scale Uncertainty 8.2% =
- y ° 7
2;_ ----- - Kopeliovich et al. _;
3 mo
T i T
F 1.2<y<2.2 c)-
s R S BN SRR SR S
P, [GeVic]
% d v < AUO
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I:{dAu

dAu

0.5F

22<y< -+3.2
2_

-
i
E
E

Centrality Dependence
60-88%

- Global Scale Uncertainty 10.6%

" Centrality 60-88%

I B B W e
P, [GeWc]

PHENIX Highlights

- Global Scale Uncertainty 10. 3 %
- ly] < 0.35
21
%HMM """" % """""""""
ECentrallty 60 88°

Illll\\\l
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P, [GeWc]

I:{lslAu

0.5f

R T B B S

consistent with 1 at all p_for peripheral collisions

: $ 3
@mﬂmgmﬂmﬁ}@@@w _____

- Global Scale Uncertainty 1
[ 12<y <22

y

" Centrality 60-88%

0.7%

P, [GeWc]
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Centrality Dependence
40-60%

Increasing suppression at low-p_when moving to central events

I:{dAu

[ 22<y<-12
e ﬁﬁy -

- Global Scale Uncertainty 9.1%

fCentraIity 40 60%
L Liralig ||\|||||||||

ﬂll\\-' 2

35T 9
P, [GeWc]
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Centrality Dependence
20-40%

Increasing suppression at low-p_when moving to central events

- Global Scale Uncertainty
22<y<-1.2
2

-
[

3 ﬁ@m@ﬁﬁﬂﬁ ______

0.5 ]
" Centrality 20-40%

8.5%
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p, IG
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Centrality Dependence
0-20%

Increasing suppression at low-p_when moving to central events

- Global Scale Uncertainty 8.0% - Global Scale Uncertainty 8.6% - Global Scale Uncertainty 9.0%
22<y<-1.2 E - ly| < 0.35 12<y<22
2+ 2 21
31.5:_ E % I=:a:.'I .5:_ I=?:.1.5:_
& | | o f Wy " I S O R O
1 1t 1 % #
i : ; $ : aammmﬂﬁﬁlm it
0.5 0.5 0.5
" Centrality 0-20% ' Centrality 0-20% ECentraIity 0-20%
0T T T e 0T T 8 01T T8
P, [GeVic] 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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- (a) ® Measured Yield
Total signal

* In p+p PHENIX found a '/ N o
(J/P) ratio of 2.1+0.5% 3 ‘ =y
(Phys.Rev. D85 (2012) 092004). =, | orrelated € an

210k |
g F |
e B d |
g » .
_';:u | :
= I |.| \ .H"':.“l_f'f-m'..‘.
2 2.5 3 3.5 4 4.5 5

e*e” invariant mass [GeV/c’]
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* In p+p PHENIX found a ¢/
(J/P) ratio of 2.1+0.5%

(Phys.Rev. D85 (2012) 092004).

« Extract the '/(J/Y) ratio In
d+Au.

* Fit the mass distribution’'s Iin
d+Au to extract '/(J/P) ratio.

 Include dielectrons from
DY, open charm & open
bottom as well as J/ and
' decays.

 Variations in the ratio due to
the fit assumptions are
Included in the systematic
uncertainty.

PHENIX Highlights

- (a) o

Measured Yield

—
N":‘ Total signal
~ -- Ty
> 104 S T A — w’"
© | _
U | — ° Correlated T and bb
3 103 — \
g A"
= dl |
-
o | -
Z“’ 107 | :_\ -\_
= .|....|.|..\...H";.‘lf%|.'..‘.
2 2.5 3 3.5 4 4.5 25
e*e” invariant mass [GeV/c7]
d+Au 0-88% Centrality
F._I ‘ . ‘ T T T | T T T T T T T ‘ T T T T |
L VIIY)=08£02503% 10 as 0o Gev
3] .
‘s - _T Best Fit
G107 el nary * Data
~ = Total fit
g o+ ‘ - Jhl"
£ * —V
_'E 1078 [ bt ——— cE—e's (Pythia) B
g L A —— bboe'e (Pythia)  _
% N o Drell Yan B
10° = =
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' In d+Au

Investigate the centrality dependence

d+Au 40-60% Centrality

‘T'— _ T T 71 | T I .\ T T ‘ T 1T T ‘ T T T ‘ T 1T T
- - Ip’l(.hw)= 150504 ‘Lﬁa Iy|<0.35 {5,,=200 GeV -
‘>9'- B PMNIX Best Fit -
8 107 = prel'i’ﬁninary * Data =
~— - Total fit -

2 -t — Jly -
£ — v
P_ 107 —— ct—e'e (Pythia) =

I — bboe'e (Pythia) -
% - — Drell Yan -

—
<
o
ol

I e R R Ry N e
2.5 3 3.5

55 6
M,..- [GeVicT]

Little suppression in mid-
peripheral events.
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In d+Au

Investigate the centrality dependence

d+Au 40 60% Centrality d+Au 0- 20% Centrality
‘T'_| : I T 71 | T y T T T 1T ‘L T ‘ T T T ‘ T 1T : ‘TH 10-6 :_\ T 71 1T 1T T I L I I T T T é T 1T | T T T | [ I_:
< VIIY)= 1.5+ 0.5+ 0.4 % Iy|<0.35 {5,,,=200 GeV N Wi)=03+0.4203% ¥]<0.35 |5,,=200 GeV E
% ; PT-F:E_NIX Best Fit i % ] PR ENIX Best Fit
o 10 = preliminary * Data - ® preliminary = Data
-, - Total fit - 107 = Total fit =
o it — Jiy - o — Jiy -
£ v E 4 v ]
P_ ct—e'e (Pythia) = E N cc—e'e (Pythia) i
23 —— bb—e'e (Pythia) - zgw C —— bb—e*e (Pythia) 4
5 —— Drell Yan - T E —— Drell Yan E
= 107

: : - o : W&%
55 .8 2. ) ) 5 ,6
M,..- [GeVicT] Me+e. [GeVIc |

Strong suppression in
central events!

PHENIX Highlights

2012-08-21



' In d+Au

Investigate the centrality dependence

d+Au 40-60% Centrality d+Au 0-20% Centrality

‘T'— : I T 71 | T I .\ T l I ‘ T 1T ‘L T ‘ T T T ‘ T 1T : ‘TH 10 6 :_\ T 71 | | ‘I | I L I I ‘ T T T $ T 1T | T T T | [ I_:
= VIY)=1.5£05504% | 0o faeoce 0T o VIMI=03£04503% s en0cey 3
> . PH ENIX pest - / PHENIX oo |

8 107 = prel'i”‘;'nin ary * Data = 3 preli)"r'\ninary Best fit
—, - Total fit - 107 = — Jy =
o 4t — Jly - o - — ¥ =
£ — = ey B cc—e'e” (Pythia) i
P_ 10'5‘# ct—e*e’ (Pythia) = E e ‘l\' —— bboe*e” (Pythia) |
3 - —— bboe'e (Pythia) - 30 TSR —— Drell Yan -
% - —— Drell Yan - % ------- YII)=2.1% ]
9 _ _ |
0= E 10° =

100l . .
25 3 3.5 4 4.5 5.5 26
M.... [GeVic?]

5.5 26
M,..- [GeVicT]

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

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

Strong suppression

v _ W/

J/
with increasing N ! Riay” = Blasa™ ",
th increasing N, G
3 T T —— | @ ' PHENIX Preliminary T
% 1.2 Global Sys + 28.4% —
x | :
[
0.8
0.6
0.4_— TN
- PH“ENIX
0.2  preliminary
|y|<0.35 5,y =200 GeV d+Au

% 24 6 8 10 12

%)
=3
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PR

Centrality dependence of oo [V [ (J [4)]4A

N A

suppression much stronger Raan™ = W (T RdAuJ/wa

than J/ result at midrapidity.

3 11| & Y PHENIX Preliminary ]

5 1.2 Global Sys + 28.4% -

14 B m J/y Phys.Rev.Lett. 107, 142301 (2011) :

1T Global Sys+146% |- ]

0.8 ¢ g i I

B 0 i

0.6 =

B PH:--ENIX B

0.2 preliminary B

E|Y|<9-35 \/:l-'sNN=ZPO Ge|V d+A|\u | | I | E
24 6 8 10 12 14 16 18
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P’ R

Centrality dependence of oo [V [ (J [4)]4A

N A

suppression much stronger Raan™ = W (T RdAuJ/wa

than J/ result at midrapidity.

3 11| & Y PHENIX Preliminary ]

T 1.2 Global Sys + 28.4% —

14 i = Jhy Phys.Rev.Lett. 107, 142301 (2011) .

1T Global Sys+146% |- ]

How does this result fit 0 8:— I ; 5 B
with the picture drawn s . 0 ]
from data at lower - B
0.6 N

energy”? - | ]
N PH:<ENIX B

0.2 preliminary 7

§|y|<q.35 (S=200 GeV d+Au | } | :

| | | | | | | | | | | | | | | | | ¥ 1 1

% 274 "6 8 10 12 14 16

coll

8
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Relative Modification

» Physics idea based on low energy results:

« |If the formation time of the J/Y(Y’) 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

E 1.2: | I I I | | :
5 B _
S -
, . E :
Plot the w'/(J/y) relative S 05 -
modification vs the s } 1
proper tlme Spent In the ‘E O.Bj —o—— NASD p+A 400 GeVinn (vary nuclei) B
nUC|eUS E _ —m—— EB66/NuSea p+A 800 GeV/nn (vary x } i
E 0.4j ]
() - i
> ~ _
:r-u 0.2_— —
Using y(XF), Vv s, and <L>, calculate E - F. Arleo et al. (hep-ph/9907286v2) ]

the time spent traversing the target 0 N
nucleus. Quarkonia (or precursor) time in nucleus [fm/c]
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Relative Modification

» Physics idea based on low energy results:

« |If the formation time of the J/Y(Y’) 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
RHIC energies!

—&——  NASD p+A 400 GeV/nn {vary nuclei}

— @ EB66/NuSea p+A 800 GeVinn (vary xF)

III|III‘II\|I\I‘I\I;III

Relative Modification (y' / J/y)
o
=L

¢ o ¢ ¢
-9
T | T ‘ T | [ ‘ T

—@— PHENIX Preliminary d+Au y's_m=200 GeV
0.2 Global Scale Unc.+28.1%
USing y(XF)’ \/S, and <|_>, calculate } F. Arleo et al. {hep-ph/9307286v2)
the time spent traversing the target 0 — “'].1
nucleus. Quarkonia (or precursor) time in nucleus [fm/c]
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Know Your Baseline

O'?Tc ”-?“1 1;@ 2.;1; STAR and CMS data
€ (GeV/fin?) consistent with melting of

Y(3S) y(2s
(29) IS Y(2s,3s)
AD é T 1T | TTTT ] T 1T | T 1T | TTTT I { I B B | | T 1T | TTTT
C 14~ CMS PbPb |s,, =276 TeV -
. X Jhyp - - ]
Y c - m Prompt Jip (Preliminary) ’
120 4 y(s) -
+ - e Y(25) E

PHENIX d+Au ; ik

5 [T T # y' PHENIX Preliminary T -
S 1.2 Global Sys + 28.4% ] N

X | = Jiy Phys.Rev.Lett. 107, 142301 (2011) | -
1 Global Sys+146% |- — i
F e v vas) -
- - , 9
0.6 ] .
g JIp .
04— N — =
C PH ENIX I 7 l
0.2 preliminary l_lJ 7 - + + :
1 L1 | [
" |yl<0.35 sy =200 GeV d+Au i ] Q56700 150" 200" 250 300 350 400
2 4 6 8 10 12 14 16 18

Npart
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* J/Y suppression in Au-going direction is same as Au+Au
* Cu-going direction stronger suppression than in Au+Au

! | Iy—uw | CuAufel'sys. 7.0%) -
oY Cu(d)-going 1.2<y<2.2 e+ Au-going o0& Cu-going -
1 11— Au-going -2.2<y<:1.2 . 5 0-5% central —

dAu (el. sys. 12%)
* Au-going # d-going

I . W AvAu (gl sys. 9.2%) 7
Ii — ¥ CuCu (gl sys. 8.0%) 7

I :
0.5 {'JHHi _
W, - g :

-~ PH- -ENI W [
‘plrellirnlirl'.gryI o
0 100 200 300 200

Number of Participants
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1.8

RdAu

_IIIIlIIIIII|III|III|III|III|_IIII|IIIIII|||||||||||||||||

1.6

1.4

1.2

0.8

0.6

PHENIX preliminary

PHENIX Highlights

(Very basic) shadowing calculation uses
EPS09 PDF modification* + Glauber
MC + PYTHIA (x,Q2) sampling for 10.

Shadowing effects match reasonably
well within the global scale uncertainties
in central events (where modification is
weak), but is not compatible with the pT
shape in peripheral.

*nPDF modification assumed to scale
linearly with longitudinal nuclear thickness.
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Reconstructed Jets

60-88% (peripheral) [l] 1

e LA

PHENIX Preliminary
d+Au, \'s,,=200 GeV
0=0.3 Gaussian filter jet

Jets reconstructed using Gaussian 5 :-g
filter algorithm. 14

* Same algorithm used in Run 5 Cu+Cu 1.2

and p+p analyses 1
0.8
0.6
0.4
0.2

Enhancement in peripheral, ne—
suppression in central,
sound familiar?

| ——

Higher pT reach than m0s

P IR T T NN S T ST N RN
0-20% (central)
1.8
1.6
1.4
1.2

I:{dA

1

0.8
0.6
0.4
0.2

HEIHHHHHEIEEIIEE 1 f

o

—h
=)
—r
o
of
°_
N
o
w
o
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Reconstructed Jets

10 and jets of same pT 8-
sample slightly different BE g0 PHENIX Preliminary
parton scales, but let's 2 et AL, | 5=200 GeV
overlay them anyways... ' ;

E Ryy, 20-40%

o 5 10152025303540) 5 10152025303540
P, (GeV/c) P, (GeV/c)

Good agreement within uncertainties, and given the difference in observables.

PHENIX Highlights
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Reconstructed Jets

e Preliminary 7°/n measurement with 2008 data

L 18F -
16E- Ry, 0-20%/60-88% PHENITBIlmmary
1.4 i_ d+Au, \"SNN=200 GeV
1.2 %
1 ;—.8@‘ """ [y o |
0.8 11T +
0.6 -0 §)é g e " s o " + +
0.25_ -.-iets 1 | | ] 1 | 1
o 5 10 15 20 25 30 35 a0
pT(Gerc)
e ... but hadrons & reconstructed jets have different
pr-scale. . .
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Reconstructed Jets

e Scale single hadron pr by 1/ (z) using empirical (z) = 0.7:

o

° 18 ..
i 16E-  Rqp, 0-20%/60-88% PHENIX Preliminary
14— d+Au, (S—NN=2OO GeV
12
1 g_;i""""";'."l; """""""""""""""""""""""""""" |
g'zf_ ‘“""-0"*#{.#1‘ ; + +
Ve 0 *
04E- —T (pT 1.41)
02 = jets
I 20 25 30 35 20
pT(GeWc)

e Excellent agreement in shape between jets and hadrons

= very different systematics
= large difference in behavior between central vs. peripheral
collisions not an artifact of jet reconstruction
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Open Heavy Flavor

L T B ) S S RS S I SR
mﬁ - (a) IJ-1ﬂ%mntraIPRC 84 (2011) 044905

1.6

> Electrons from Heavy PHZENIX
25

quarks are suppressed, e |
and they flow. I3 Au+Au

> Collective behavior is " $ ;
apparent in e"*; but HF v, f RN LN ‘]f ¢
iS |0W6r than VZOf T[O D.Er__':::::?ﬁ:?ﬂ:-:1:}?:::1::1:}:1::{1*1}::::t:::

HF
Vs

2 (b) - o n°R,,
fOl' pT > 2 GEVIC- 0.15{— H m &} s v, p, >2GeVic

. minimum bias H
e &R, eV
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VTX Detector

PHENIX Detector

=y

 Barrels ~ 21t 2011

~PC3 Central
Magnet

=
=l
3
I I
Beryliu !
beam =
pipe
Aerogel
- Y
West Beam View East
e
Barrel 3
_Barrel 2
Barrel 1
Main Barrel 0
Goal p
Barrel 0
Barrel 1
Barrel 2
Barrel 3
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Conversion Rejection

- Challenge in the DCA measurement of single electrons
IS the Conversion Electron Background (CEB).

- Most conversions happen in the outer layers (total radiation
length = 12 % (BO: 1.3%, B1: 1.3%, B2:4.7% and B3: 4.7%).
They are suppressed by requiring a hit in inner silicon layer BO.

- Conversions in the beam pipe and Conversion Ta
BO, and Dalitz are suppressed by
rejecting electron tracks with a
nearby hit : Conversion Tag and
Veto.

Associated Hit —>
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Conversion Rejection

- Challenge in the DCA measurement of single electrons
Is the Conversion Electron Background (CEB).

- Most conversions happen in the outer layers (total radiation
length = 12 % (BO: 1.3%, B1: 1.3%, B2:4.7% and B3: 4.7%).

They are suppressed by requiring a hit in inner silicon Ia¥er BO.
Fraction of HF €lectron after

-- VTX conversion tagging
O 2004 R, extrapolation

- Conversions in the beam pipe and °°I_\[“’e[~°';‘:ge‘i{ft_°eHFl(eHF+ -
BO, and Dalitz are suppressed by e L
rejecting electron tracks with a TosE @D&&D % %

. . 0.8 0
~ nearby hit : Conversion Tag and ik o«
Veto. 0'62_ .DD
05 -
- Yield of the remaining conversions ME O PHENIX Preliminary
0.3 3 o Au+Au, 0-93%

and Dalitz are estimated using the 02

0.1

veto efficiency.

L L | L L L L | L L L L | L L L L | L L L L | L L L L | L L
6
p, [GeVic]
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Invariant Yield

* Using VTX to tag Dalitz and conversion electrons,
we measure the heavy flavor (HF) electron spectra

10 — ————
PHENIX Preliminary
T 10! HF electron
Run 2011 HF £ 102 ®  Run-11:200 GeV Au+Au MB
spectrum £ 10 = PHENIX PRC 84 044905 (2011)
consistent with ¢ :g
previously T
published 10 .
10°® N
HF by T 14
PHENIX s 12
5 - —_——
0.8 +
0.6 .
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DCA Distribution

cl(b+c) 0 92 + 0 02

LR B B L T _
103 _ Data 200 GeV Au+Au MB _
- E_ Hadron cont. o 2 GeV/c <p_<2.5GeVic E
@ -—— Dalit y
Q102 - . | — Charm .
- E—— Conversion e Z
=) n — Bottom -
> —— Random BG L _

Total

v 10 = Ke3 Decay ; =
&) = f -
© - T T N
h 1 = 99 Sy L ] L 1] =
-1 : __/""f#" I ™ '---...._ :

10927015 -01 -005 0 0.05 01 015 0.2

DCA (cm)
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Bottom In p+p

First direct measurements of bottom production in

p+p at RHIC
From Fit of the DCA distribution

© © © o ©
w H OO O ~N

e/(c— e+b— e)

-
o
N

b
o

==

-
—
18)
N

2.5 3 3.5 4 45 5
Electron P (GeVic)
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Bottom In p+p

First direct measurement of bottom production in

p+p at RHIC
__, From Fit of the DCA distribution
© -
T oo- ® 2012: p+p 200 GeV , |y| < 0.35 /\ PHENIX
o ) BE_ ® PHENIX PRL 103, 082002 (2009) Preliminary
@ . E — FONLL,y=0 ||
g 0.7 w ctap. BRI 108 209204 (ondm B ®
-g U_Sf— /l/ i
4= ST A Y hH Y
= ' T | (R JERSRES 1 90% C.L.
STAR indirect 03 '
measurement g2
consistent -
With our data | | | | | | | | | | | | | |
% 2 3 4 5 6 7

Electron pT(GeV/c)
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Bottom In p+p and Au+Au

b->e l(b>e+c>e)in 200 GeV Au+Au vs p+p
From Fit of the DCA distribution

0-7_ """" L DL DL B DL B
- PHENIXPreIImInary

.6 e 2011: 200 GeV Au+Au MB
e 2012: 200 GeV p+p

ly|< 0.35
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o O O O
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I

b—
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o -— N
BARRN
%hIl
B ==
flzn—g—u
f S
:n._;_—E=,_T
IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

(9]
nl

115 2 25 3 35 4
Electron P_ (GeVi/c)
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FONLL Fit to p+p

1

® 2012: p+p 200 GeV , |y| < 0.35 /\ PHENIX
Preliminary

0.9
@® PHENIX PRL 103, 082002 (2009)

0.8
— FONLL, y=0

0.7 - FONNL shape fitted to data

0.6

b— e/(c— e+b— €)

0.5

0.4

e 90% C.L.
0.3 antt

ot
,‘1

0.2

0.1

6 7

Electron pT(GeV/c)
This Is a strong assumption that goes into the R_AA

0

=X
N
w
'
on
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R,,0f Bottom Extraction

0.7 11 | LA B LA BLELRLEL BLEL R
—q-; PHENIX Prellmlnary E
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Nuclear Modification of Charm

. Au+Au centrallty Mln Blas

1.2

0.8

0.6

Raa (€ — €)

0.4

0.2

PHENIX Preliminary

@ Charm: 200 GeV Au+Au MB

I I I pp: b/(b+c) Fitted by FONNL

-y
L F
n
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Nuclear Modification of Charm

Charm (c—>e) is less suppressed than 1
4T

L B B
PHENIX Preliminary
® Charm: 200 GeV Au+Au MB

H =°PRL 101, 232301 (2008)
I I pp: b/(b+c) Fitted by FONNL
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Nuclear Modification of Bottom
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PHENIX Preliminary
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® Bottom: 200 GeV Au+Au MB
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Direct Photons in d+Au and Au+Au

25 :_ d+Au ™ virtual Y arXIV:1208. 1234
E VSNN=200 GeV o) Eﬂ.tagging
2] Cronin+lsospin
------------------- Cronin+lsospin+Shadowing
<qs5f¢ |+ [ oo Cronin+lsospin+Shadowing+AE,
T 1.

T »  RdAis consistent with unity
{)@2{) %*% i RS sk

0||I|||I|||I|||I|

12
107 Bmr200GeV - et 0 Large excess of yobserved in
8 rovialy(@A) Au+Au is not due to initial
2 of state effects
4;% J Reinforce interpretation of the
2:1'&%#%“&“&“&“_& ) Au+Au excess as thermal
P it A A T radiation from the QGP

2 4 6 8 10 12 14
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Direct Photon v2

arXiv:1105.4126

N N * Largev2 at pT <4 GeV/c where
o 02 Au+Au VsNN = 200 GeV thermal photons dominate
= - - . .
< 020 minimum bias e V2 consistent with 0 at high pT
i where prompt photons
015 domininate
0.1
B O Very surprising result: large v2
0.05— implies late emission whereas
. thermal radiation implies early
0 emission
0.05 - 0 Models have difficulties in
] Lo b b by by b b by g L reprOdUCingSimUItanEOUSIy

ield and v2 of photons
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External Conversion

2
o
w

[ ] external conversions (PHENIX preliminary)

o
)
o1

o
)

direct photon v

] J Independent analysis
0.15 }

(@] arXiv:1105.4126
Q : :
Q Different systematics

0.1

{)o ¢ ¢ & ’% 4J pT range extended

0.05
%’ {; down to 0.5 GeV/c

-0.05

0% 2 6 8 10 12

O Two independent and consistent results
J Important confirmation of previous v2 results
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* Cold nuclear matter effects are large : know
your baseline!

* Hints that bottom Is suppressed more than
charm

* |s direct photon v2 consistent with thermal
emission?
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