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Measuring Heavy Flavor and

Quarkonia in

* Multiple methods:

- Direct — Mass Peak
e Jy
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Measuring Heavy Flavor and
Quarkonia in PHENIX

* Multiple methods:

— Direct —
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Measuring Heavy Flavor and
Quarkonia in PHENIX

* Multiple methods:

— Direct — Mass Peak arXiv:1405.4004
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Measuring Heavy Flavor and
Quarkonia in PHENIX

* Multiple methods:
- Direct — Mass Peak
e Jy
Y'Y
- Indirect — Cocktail,
converter

* HF e,u . JDO
- Tagged — Displaced -
Vertex ’
e C,b
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Nuclear Modification Effects

Competing effects from HOT and COLD nuclear matter

Color screening Gluon (anti)

Recombination shadowing

Coalescence Initial state energy

Sroaden loss
roadenin

Pr J QQ-bar breakup in
Collective Flow target nucleus
Final State Energy loss Gluon saturation

Separation of HOT and COLD effects
not clearly established experimentally
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PHENIX: Multiple Parameters

System Size/
Collision Asymmetry

Change the relative contributions
of Cold and Hot nuclear matter effects

Collision Energy

Change system energy density

Centrality

Suppression vs path length

Momentum  Rapidity

Probes different gluon

Hard collision dynamics : _
(anti)shadowing

Heavy/Light Particle Species

Mass ordering of suppression Break-up, Temperature?

Each parameter probes different
admixtures of nuclear modification
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Particle Species: Y family

arXiv:1404.2246
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Particle Species: Y family
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* Y(1S+2S5+3S) suppression in
central collisions

- Consistent with complete
suppression of Y(25+3S)
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Particle Species: Y family

arXiv:1404.2246
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Particle Species: J/vy

» Larger cross-section

— Larger statistics

— probe Iin more detall

» Study RAA:

Phys. Rev. C86 (2012) 064901

— Similar suppression at
different collision energies

* Forward rapidity

Phys. Rev. C84 (2011) 044911 <
1.4 :_ EPS09 LO m .
1.2 ; Es:cse‘izinty band

=9 GeV?
I

] R,(200 GeV) PRC 84, 054912 (2011)

Global sys.=+9.2%

® R,.(62.4 GeV) = PHENIX data/our estimate

Global sys.= = 29.4%

A Raa(39 GeV) = PHENIX data/FNAL data

Global sys.= = 19%
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Particle Species: J/y

» Larger cross-section
— Larger statistics
— probe in more detall

o Study RAA: Phys. Rev. C84 (2011) 054912
- Similar suppression at - S A L L L A
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More Dense System: U+U collisions
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Observed weaker suppression in central collisions in U+U?
Higher coalescence? (PRC 84, 054907 (2011))
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Collision System: Cu+Au

150 I ! I [ | I I | I I
- - AMPT Model w/o string melting
g 120 |- Mini. bias Cu+Au@200 AGeV N
5 .
-------------------------------------------------------------------- > E B v Aaa- 7
z g 90 L ‘ S N
Cu Au 2 el “ ‘ |
— Backward Forward — ° I £ M
D 30 - 4 W
= .
D 1 | 1 I | ] l 1 L
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M n
Forward/Backward asymmetry 1.2<|n|<2.2
- Along the beam axes
- Initial asymmetry — asymmetric distribution of final particle density is
expected
Jhy in Cu+Au

- Asymmetric CNM effects
- HNM effects — possibly asymmetric?
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Nuclear Modification Factor, R

arXiv:1404.1873

Probing Cold and Hot
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i Jy—up :
1{} % ................................................................................................................................................................. —] 5o | _ II | II
CutAu yf5 =200 GeV (gl. sys. 7.1%) | 2 120 |- M bias CusAL@200 AGEY
| % #12<y<22 o —22<y<—12 1 B y o
| AutAu ys =200 GeV (gl sys. 92%) | § 0 £
w{ M | $up /
0.5 E | 5 30 |- »‘
I _ .EE 1 2 P
- E IE I%‘ _ 0 |
E El @. .% 6 4 2 o0
: S I
| 1 1 1 | 1 1 | 1 | 1 1 1 | | 1 1 1 1
0-0 100 200 300 200
Number of Participants
« HOT:

— Similar suppression in Cu+Au compared to Au+Au

« COLD:

- Forward (Cu-going) more suppressed than Backward
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Probing Cold and Hot
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=(CNM Calculation

CNM effects — asymmetric in rapidity
Forward CNM effects (Cu-going)

 gluon modification — Jiy probes gluons at high-x in Cu, low -x in Au

» dynamical processes

- Eloss, Jhy short crossing proper time in Au

1 | 1
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150

~ cc breakup by nucleon collisions, long crossing proper time in Cu
Backward (Au-going)
* Reversed CNM effects

July 3rd 2014

Richard Hollis

Number of Participants

old and Hot

u. i.I“I I-.”I"I [
4 35 3

150

-
[+2] w 28]
(=] o (=]

dN/dn of charged hadrons
w
o

1.2<y<2.2-2.2<y<-1.2
<x1>

<x2>

1.2<y<2.2-2.2<y<-1.2
<x1>

<x2>

el NS T
25 <€ A5 -109-05 !1

.........

o
!

T T ‘ T | T | T I T
I AMPT Model w/o string melting
| Mini. bias Cu+Au@200 AGeV |
A
‘*‘ -~
r'y
[ / —
'y
/ a
/‘ \‘
’:“ \A
;‘ \A
s/ AY
= A \‘ —
\\
Ry
| L.
6 -4 2 0 2 4 6




Rapidity J/y

o hys. Rev. Lett. 107 (2011) 142301
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JIy versus '

Central arms (electron channel)

Phys. Rev. Lett. 111 (2013) 202301

10_5 g—lo‘ <I pITI [IGIe‘If/ch I< I5I T ; I Dlatlal S C —I T 17 T |.| II|I‘| LA L I B L I B B ]
§ L] Total Fit i 1.4 Global Sys +27.8% .
; Correlated BG = m J/y Phys.Rev.Lett. 107, 142301 (2011) N
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 y' more suppressed in central d+Au than J/y

« Smaller binding energy — more sensitive to final state effects
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d+Au: Open Heavy Flavor

Central arms (electron channel)
. Minimum bias d+Au (Vs = 200 GeV)

e Cocktail subtraction of feed-down electrons from mesons

- Double differential in mass and p_
- Pairs from open flavor and DY (small contribution)
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d+Au: Open Heavy

* HF yields after subtracting

Flavor

Central arms (electron channel)

all backgrounds |

arXiv:1405.4004
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d+Au: Open Heavy Flavor

Central arms (electron channel)

* HF yields after subtracting

all backgrounds . __ arxivii40o.4004
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NQ'H]"]"' .......
> (a)
» cc and bb cross-section 2 LRl
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- Shape fixed from
 PYTHIA (shown)
« MC@NLO (similar)
- Normalization floats 10%}
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HF and J/y comparison in d+Au

Forward arms (muon channel)

» Similar yields at forward Phys. Rev. Lett. 112 (2014) 252301
rapidity 3

< B ]
n:'c: " [@]J/y, backward (+9.0%) e HF 1", backward (+11.0%)_

 Distinct difference at 2.5 v, forward (:0.0%) = HF " forward (:11.0%) -
backward rapidity 2" I I + } E
- p,<2.5 GeVic 1_5 I ll } ]L

i—.—'l

T TR
Dominated by charm AL B I k]
- c}‘i’@ L * i Ll (L .

OSEE-IEWE@QE. ﬂ @ |

| - Centrality 0-20%

_ %Illllllll|IIII|IIII|IIII|IIII|IIII_
* J/y cc additional breakup ros spT(geV!c)T

- Longer time in nucleus?

e Higher co-mover density
at backward rapidity?
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Conclusions.:-

« PHENIX has contributed
substantially to the World's
Heavy Flavor data

- Providing measurements at
various energies and in diverse
collision systems

 Au+Au and Cu+Au

- Jly and Y are found to be
suppressed in central collisions

- Stronger suppressed at forward
rapidity in Cu+Au collisions

e d+Au
- ' suppression dependent on N

- HF enhancement at backward
rapidity (compared to J/vy)
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Particle Species: J/y

 Larger cross-section

— Larger statistics
— probe Iin more detall

o Study RAA:
— Similar suppression at

Phys. Rev. C84 (2011) 054912
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