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Open Heavy Flavor

K ] AN Charm & Bottom Quarks

< Produced In initial hard
scatterings

- No thermal production
< Experience full medium evolution

C quark Parton energy loss

- ., < Depends on: color charge, mq,
path length, medium density & T

< Disentangle radiative vs
collisional eloss

AE, > AE, 45 > AE. > AL

l?

D B
Rya < Rjia<Rju

collisions
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Open Heavy Flavor

K ] e Charm & Bottom Quarks

< Produced In initial hard
scatterings

- No thermal production
< Experience full medium evolution

c quark Parton energy loss

>, <= Depends on: color charge, mq,
path length, medium density & T

< Disentangle radiative vs
collisional eloss

collisions

Measuring Heavy Flavor
< D meson reconstruction (charm) AE, > AE, 45 > AE. > AE
< Non-prompt J/{ (bottom) ly

- Electrons from semileptonic
charm & bottom decays

o

D B
aa < Ria < Rjq
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Baseline under control
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FONLL: PRL 95 (2005) 122001
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Baseline under control
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KT = S D production well understood
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Baseline under control
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Baseline under control

Phys Rev. C 84, 044905 (2011)

@ 10_3? e PHENIX data

L 10% = . — FONLL(total)

A —— FONLL(c - e) c+b — e well reproduced by

I FONLL(S ) FONLL as well

=10 N, FONLL(b — ¢ — €) \
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o e T for pr>5
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The Story so Far — D mesons

+ ® D’0-10% STAR
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STAR:PRL 113 (2014) 142301
PHENIX:PRL 101 (2008) 232301
ALICE: PRL 111 (2013) 102301
arXiv:1509.06888 (2015)
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The Story so Far — D mesons

® D°0-10% STAR H Ig h-pT

15} 0 N iAAifi '

® D 0-10% ALICE <> Slgmﬂcan’[ suppression

O 700-10% PHENIX o . :
I L S 5 wosauce——| <= Similar suppression of light

hadrons & charm

05 - ' ; | <= Similar suppression at RHIC &
%0 olg e®g 8 gmooo LHC

1 " 1 M | " | " 1 "
1 T 1 T 1 T 1 T 1 T 1 T 1

= paosowauce] <= D meson ve at LHC — agrees
+ o nsosowaucel  with light hadrons

L 02f —
> O

= O E -

+ D -

011

o

Transverse Momentum P, (GeVl/c)

STAR:PRL 113 (2014) 142301
PHENIX:PRL 101 (2008) 232301
ALICE: PRL 111 (2013) 102301
arXiv:1509.06888 (2015)
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The Story so Far — D mesons
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STAR:PRL 113 (2014) 142301
PHENIX:PRL 101 (2008) 232301
ALICE: PRL 111 (2013) 102301
arXiv:1509.06888 (2015)

High-pr
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The Story so Far — D mesons
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The Story so Far — HF electrons

n LI B L B
1.8— Au+Au |'s,,=200 GeV
— o Heavy Flavor electrons (MB)
1.6— Phys. Rev. C 84, 044905 (2011)
L gt (20-40%)
1.4 Phys. Rev. C 88, 024906 (2013)
L ¢ a®(MB)
1_2__ 'H L] PRL 101, 232301 (2008)
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The Story so Far — HF electrons
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High-pr

ignificant suppression

imilar suppression of light
hadrons, charm, and




The Story so Far — HF electrons

AR AR T
18 e Flvor cloctrons (MB) High-pr
1.6~ Phys. Rev. C 84, 044905 (2011) —
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What about CNM Effects?

Cold Nuclear Matter

- & B | | | | | | | | | | | | | | | | | | | | | | | I | | B
< Nuclear modified PDFs o fALICE p-Pb, {sy=5.02 TeV
< kT broadening - Prompt D mesons, -0.96<y__ <0.04 -

1.4 —s=— Average D°, D", D"
< CNM energy loss " ]
1.2 ]
< CGC i -
pigl = F
LHC 0.8H[lf =
< Small modification (large 0.6 - 7
UnCertalntleS) 0_43 - --- CGC (Fujii-Watanabe) _:
2o Consistent with CN|\/| models == pQCD NLO (MNR) with CTEQ6M+EPS09 PDF ]
0.2 [ == Vitev et al.: power corr. + k_broad + CNM Eloss _
[ Kang et al.: incoherent multiple scattering i
O_ | || I 1 |- | | | 1 1 I | I | | I | 1 1 | | | | ]
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What about CNM Effects?

3 |
14 ol Baseline is no longer
i - Raa=1
X 1.5-
1r (i . .
- Implies Raa is more
0.5 , oV, strongly suppressed for
- @
~ Phys. Rew Lett 108 (201324@ l@l@ | @I@ | v | . @I pT < 4!
0 1 273 45 e T 8 o
p. [GeVI/c]

Need detailed calculations to propagate effects to Au+Au
collisions!
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How do we move forward at RHIC?

Increase precision by upgrading detectors
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How do we move forward at RHIC?

Increase precision by upgrading detectors

PHENIX Silicon Vertex Detectors
< Midrapidity — VTX (2011)

~60 pm DCAT resolution in Au+Au
< Forward rapidity — FVTX (2012)

Improved muon momentum
resolution & precise tracking
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How do we move forward at RHIC?

Increase precision by upgrading detectors

PHENIX Silicon Vertex Detectors
< Midrapidity — VIX (2011)

~60 pm DCAT resolution in Au+Au
< Forward rapidity — FVTX (2012)

Improved muon momentum
resolution & precise tracking

STAR Heavy Flavor Tracker (HFT)
< Midrapidity, installed 2014
< Kaon DCAxy <55 um in Au+Au
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First Results from the STAR HFT

e e e

1.8 o — 3 o et
Au+Au 200GeV, 0-10% Using ~70% of the 2014 statistics

16 e D°2014 -
O D°2010/11 . T Tttt
1.4 ] - -
In good agreement with 700 STAR Preliminary — —
1.2 . I ~ & - Au+Au Vsy, = 200 GeV =
previous result! : L 600 RHIC Run2014  —
T S R it b 4 S e -
o ] <) - -
0.8~ ¢ E S 500F =
' p+p uncert. ’ o - =
- . T 400 —
06 % $$ i% ] ) — 3 3 _E
- = 300F f !

0.4 w i m - ..(L) E 106{ ]: E
0.2~ STAR Preliminary R = S 200F 12,,{ : —
| | | | | | | ] 8 == 035 With HFT Cuts 3 125M MinBias Events -
T T T T TS T Ty T 100 ™ e e SWS+B =18 =
Transverse Momentum p_ (GeV/c S A P T P i I B R I I
P ( ) 0977175 18 18 19 195 2 205 2.1

Invariant mass, mg,, (GeV/c?)

See M. Lomnitz talk from Tues HF workshop
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First Results from the STAR HFT
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First Results from the STAR HFT

tef- ¢ AutAu200Gev,0:10%
16 % > 0P 2010/11 E Model Comparison
— TAMU . .
T — SUBATECH E < Models should describe Raa + v2
S l_ simultaneously
S SN :
T s E < Very good agreement between models
06 y E & data for both v2 and Raa
0.4f-., ,:
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0'3_' A L L L L L L
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025f e D° A
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- —— Duke n

_l::""ll||||.... L
O.O\J0 1 > s - . - ]

Transverse Momentum p_(GeV/c) See M. Lomnitz talk from Tues HF workshop
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Outlook from the STAR HFT

1.8 ,O:J+6%u28(1)916ev 0 10% — _
1.6 % o D°2010/11 —: MOdEl COmparISOn
— TAMU : .
s — SUBATECH E < Models should describe Raa + vz
S l_ simultaneously
p:! 1 L e N e .
T s E < Very good agreement between models
06 y E & data for both vo and Raa
0.4~ ]
¢ P
0.2 STAR Prelimina S =
p ooy 7 1 Expect many more results to come ...
0 1 2 3 4 5 6 / 8 Stolen from M. Lomnitz Tuesday Talk
Transverse Momentum p_ (GeV/c) = Syst ————
070 B A A ear em ven
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ol = e E AvrAu_ 128
F—— Duke Run 15:
: p+p 1B
I p+Au 0.6 B
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Transverse Momentum p_ (GeV/c) See M. Lomnitz talk from Tues HF workshop
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First Results from the PHENIX VTX

Separating HF electrons

Use DCA to separate electrons from
charm vs. bottom hadron decays.

== 2007 heavy flavor electron invariant Phys. Rev. C 93, 034904 (2016)

\/
X4

¢

ield + 2011 electron DCAT — (). AutAuMB -
é’edf 0 feeot Ot r?.T 108 510 5 GeVic sun =200 GeV’
ayeslian Interence tecnniques 'b/(b+c)=0.264 PHENIX
< Parameters = yield of charm/bottom 102 : Run 4 + Run 11
hadrons 2 1 E
< Good fit to electron data 3 4nll -
o 10 ¢
Data ﬂ
c—e
g h
s 35 | BE
¢ T T
- % 0.5(]]] -‘:‘ | | Bl il
Background e —0.15—0.10—0.%5C2.00 0.05 0.10 0.15
Components T [em]

See T. Rinn talk from Tues HF workshop
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First Results from the PHENIX VTX

Separating HF electrons _ Phys. Rev. C 93, 034904 (2016)

(@) [ ¢ PHENIXRun4 +Run 11 MB
< Use DCA to separate electrons from 1001 . STAR 0-80% x 21
charm vs. bottom hadron decays. 5 ~ -~ Levyfit xmodified blast wave |
. . 3 _1 B |
< 2007 heavy flavor electron invariant = 10 Prex . Good agreement with
. (O] [ \.‘ ]
vield + 2011 electron DCAT — O g2 x STAR DY measurement |
Bayesian inference techniques = e
. 3 3 \\. E
< Parameters = yield of charm/bottom 5 10 e
hadrons =z . . |
x5 10 .
< Good fit to electron data R |
. o 10" - .5
< Good agreement with STAR DO ij | DY |y|<1 BT
10° | Au+Au at /sy =200 GeV
25| (b)
g 20 . ‘ o
s 15 S| | -
a 1.0-@}@@-ﬁ--@---.@--!—---@----
0.5
=% 3 4 35 6§ 7

See T. Rinn talk from Tues HF workshop

10 Jun 2016 D. McGlinchey - RHIC & AGS Users Meeting 2016



First Results from the PHENIX VTX

Phys. Rev. C 93, 034904 (2016)

FONLL
== Unfold Result
§ STAR e-h correlation in p+p
% STARe-D? correlation in p+p
¢ PHENIX e-h correlation in p+p
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First Results from the PHENIX VTX

Phys. Rev. C 93, 034904 (2016)

' 1.6} (c+b)—e -
1.21 FONLL il Phys. Rev. C 84, 044905 (2011)
=== Unfold Result — 30
§ STAR e-h correlation in p+p 1.4 b—e
1.0r % STARe-D? correlation in p+p ‘A """"""""" all Au+Au from Unfold
¢ PHENIX e-h correlation in p+p 1.2 _ ] p+p from e-h correlations

Phys.Rev.Lett. 105 (2010)

O
o

o
~

b—e/(b—e-+c—e)
o
o

lylk0.35

0-2/ Au+Au MB /sy =200 GeV | | yi<0.3
PHENIX Run 4 + Run 11 0.2F Au+Au MB /sy =200 GeV

0'01 5 3 4 5 6 = 8 9 1 PHEI;IX Rung+ Run 11 . : . . |

< [GeVic

pr [GeVie] o [GeVid]

FAuAu > Fpp FAuAu = Fpp qujq)e = (I(If‘?,;:)u) REE
VIR vt
7 b— e
b—e + c—e Electrons from bottom less suppressed than

those from charm for pr < 4 GeV/c
Similarly suppressed for pr >4 GeV/c
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First Results from the PHENIX VTX

Phys. Rev. C 93, 034904 (2016)

1.9l FONLL | ]
Alberico et al. (C) MOdeI Comparlson
= D(2 7 T)=6, Cao et al.
B 10727 BRr =18 Cavetal oo m oo < Various models incorporating
2 08 | collisional and/or radiative energy loss
$ - | Eur. Phys. J. C 71, 1666 (2011)
a 0.6 ~ | « J. Phys. G 40, 085103 (2013)
? 0.4l — Phys. Lett. B 735, 445 (2014)
P 1y/<0.35 < All curves were predictions!
al Au+Au MB /sy =200 GeV | :
0.0 | | PHENIX RunN4N1r + Rgn 11 | 234 NO SmOKlﬂg gun yet e
M 2 3 4 5 6 7 8 09
pT [GeV/c]
1.2t I;ONLL | | | | | | (d) i
- He et al. Au+Au
= Heetal p+p
1.0H === Unfold Result |[-=-=----=--=--=----=--------
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o
o
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Outlook from the PHENIX VTX

Phys. Rev. C 93, 034904 (2016)

i I;ONLL ] =
121 aperostal © Model Comparison
= D(2 7 T)=6, Cao et al.
B 10727 BRr =18 Cavetal oo m oo < Various models incorporating
2 08 collisional and/or radiative energy loss
$ - Eur. Phys. J. C 71, 1666 (2011)
Qo 0.6 ~ J. Phys. G 40, 085103 (2013)
? 0.4l — | +  Phys. Lett. B 735, 445 (2014)
P 1y/<0.35 < All curves were predictions!
' Au+Au MB /syy =200 GeV ;
0.0 PHENIX RunN4N1r + Rgn 11 | 234 NO SmOKlﬂg gun yet e

1 2 3 4 5 6 7 8 9
pT [GeV/c]

gl w1 (@) Stay Tuned ...
10— U Rest |~ < 2014 data set x10 better statistics than
$OB 2011
2 06 | + Decrease uncertainties
= — « |ncrease pr reach
iOA B + (Centrality separation

ly|<0.35

Au+Au MB /sy, =200 GeV

| | PHENIX Run 4 + Run 11

1 2 3 4 5 6 7 8 9
pT [GeV/c]

o
N

\/

Good 2015 p+p and p+Au data sets

o
o
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First Results from the PHENIX FVTX

1.2
Qﬁj B m PHENIX Cu-going \[s,=200 GeV 1.2<y<2.2
S 1 s M e PHENIX Au-going \[s =200 GeV -2.2<y<-1.2
2 _ o] Il O ALICE Pb+Pb \[s,=2.76 TeV |y|<0.8
g 0.8 — h_ 0O CMS Pb+Pb \[s=2.76 TeV [y|<2.4
a | = Q ’_Y__

i B Al

ol PH--ENIX
= I T preliminary

0.4 H [4]

0.2

O B l I 1 1 1 | 1 1 1 I 1 1 1 | 1 1 1 I 1 1 1
0 2 4 6 8 10 12
Jhy P, [GeV/c]

Non-prompt J/¢ at RHIC consistent with
little to no suppression in Cu & Au-going
directions
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First Results from the PHENIX FVTX
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b

——

m PHENIX Cu-going \[s\=200 GeV 1.2<y<2.2
® PHENIX Au-going \[sy =200 GeV -2.2<y<-1.2
O  ALICE Pb+Pb \[5,,=2.76 TeV |y|<0.8

0 CMS Pb+Pb \[5,=2.76 TeV |y|<2.4
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PH <ENIX
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Jhy P, [GeV/c]

Non-prompt J/¢ at RHIC consistent with
little to no suppression in Cu & Au-going

directions

Clear mass ordering seen for pr>8 at LHC
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Outlook from the PHENIX FVTX
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non-prompt J/yy R
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PHENIX Cu-going \[s,,=200 GeV 1.2<y<2.2
PHENIX Au-going \[sy=200 GeV -2.2<y<-1.2
ALICE Pb+Pb \[5,,,=2.76 TeV |y|<0.8

CMS Pb+Pb \[s=2.76 TeV [y|<2.4
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O
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< Large 2014+2016 Au+Au data sets
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Separated charm/bottom heavy flavor
muons

arge p+p and p+Au data sets from 2015
lenty more results in the works
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Open Heavy Flavor Summary

<> Open Heavy Flavor

= Similar suppression of D mesons and light hadrons as well as between both RHIC & LHC

» Significant DY and low-pt HF electron v, = charm flow

- Electrons from bottom similarly suppressed to those from charm for pt>4, but less suppressed than charm
for p1<4

- Beginning of a new age for open heavy flavor measurements at RHIC with new VTX, FVTX, and HFT
capabilities and high RHIC luminosities.
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Quarkonia

Quarkonia

<= Color screening in dense medium can
cause disassociation of the bound state

< Should see seguential melting of the
different states

- Use quarkonia as a medium thermometer!

Color Screening

o

T/Te 1/(r) [fm1]
)

2 |- | Yas)

Xb(lp)

L2l 7/v(15) Y'(25)

% (2P) Y'(3S)
x(1P)  w'(25)

arXiv:0811.0337
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Quarkonia

Quarkonia

<= Color screening in dense medium can
cause disassociation of the bound state

Should see sequential melting of the
different states

Use quarkonia as a medium thermometer!

/
X4

Color Screening

\/
0‘0

T/Te 1/(r) [fm]
a

2 |- | Y(s)

... Turns out it’s not that simple

Many effects which modify the yield other
than disassociation!
% (2P) Y'(35)

x(1P)  w(2s) + Regeneration

* Nuclear shadowing

arXiv:081 1.0337 * CNM energy loss

+ Nuclear breakup

+ Breakup with co-moving hadrons

Xb(lp )

L2l 7/v(15) Y'(25)

/
0‘0
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Quarkonia in p/d+A

Ll I 1 T 1 I 1 T 1 I 1 T 1 I 1 T T I T T T I Ll Ll T I Ll 1 T I T T T
L

14F oV -
N Global Sys +27.8% N
12 m J/y Phys.Rev.Lett. 107, 142301 (2011) T
- Global Sys * 14.6% ]
[ SR , A =
Ty ; % N E Y’ suppression > J/P suppression
’>m§ s a .
0.6 — _ = . y
oab | E Unexplained by nPDF’s or nuclear
0'25 ] breakup
~ FIyl<0.35 |S,,=200 GeV d+Au * e
% 24 6 8 10 12 14 16 18

N

coll

See S. Lim talk from Tues HF workshop
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Quarkonia in p/d+A

AL BRI B L BRI B RN BN LR .
1.4 ® Global Sys 127.8% E New result made possible
120 = J/y Phys.Rev.Lett. 107, 142301 (2011) by the PHENIX FVTX
- Global Sys + 14.6% 7
y || EE—— ) A [ ]
_208[ ’ % 8 . - ©C—> * (—.
oc N N
0.6 — .
. } } : 2 \'s=200 GeV
0.4 ER i + p+Au PH/>X<\E NIX
0.2F 1 < reliminar
_|y|<0 35 \/_-200 GeV d+Au 1 1 } 1 . ’U;A S 1.5+ +p+AI P y
0 e a2
0z 4 6 8N W0 12 14 16 18 |2’ i <:>d+Au PRL 111 202301 (2013)
coll ~
~ 1_ ....................................................... *
< o
o |
/-\’-\
n
N 2 E
=[5 0.5 m +15.6% global uncertainty on
Z} Z forward/backward rapidity points
~ i +16% global uncertainty on
0 . | midrapidity point .
-2 -1 0 1 2

rapidity

See S. Lim talk from Tues HF workshop
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Quarkonia in p/d+A

] L] I ] L] ] I ] T ] I ] L} L} I ] L] ] I ] L} L] l ] L] | I L] L] L] I L] ] ]

d+Au \|s,,,=200 GeV |y|<0.35
oV
s Jy

New result made possible
by the PHENIX FVTX

lllllllllll

1 S
0.85_ .................................. _: ‘ —9 * %.
oF E [ (s=200 GeV
0.4 1 2 - +P+AU — Ferreiro PH >X<\E NIX
0.2 4 2 comover  preliminary
- model: Phys. Lett. B 749 (2015) 1 2| s 1.5F + p+Al =— model
)] PRPUPIN VPRI RSN SN SN R S R N S \C}l, N
0 2 4 6 8 10 12 14 16 18 > |—"
N, = - <:>d+Au PRL 111 202301 (2013)
\ 1_ Salialiel” Walafel” TaliaSel "SR "W S S S - - — '_'%""
< -—————-———_—_
+ — — —
- i
: : el = ﬁ
Reasonably consistent with = Z% 0.5~ +15.6% global uncertainty on
models including interactions Zv u forward/backward rapidity points
. . +16% global uncertainty on
with cOo-moving hadrons 0 . | midrapidity point | |
-2 -1 0 1 2
model: Phys. Lett. B 749 (2015) rapidity

See S. Lim talk from Tues HF workshop
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Quarkonla in p/d+A

2.5 T LI L
[ ALICE p-Pb \'s \/_ —502TeV J/\y w(28)—>|.1u

bi . ® 203<y <353 u -446<y_ <-2.96 New result made pOSSible
@ ol PHENIX, d-Au VS_NN= 200 GeV, Jhy, y(2S) - e'e h by the PHENIX FVTX
= - ¢ |ycms|< 0.35 (PRL 111, 202301(2013))
g‘ : QGP+HRG (Du et al.)
I DA A o— . — @
g i Comovers (Ferreiro)
© —203<y <3
T H YA Jo 2 {s=200 GeV
o | : - +P+AU — Ferreiro PH >X<\E NIX
[ﬁ[{[ - comover  preliminary
1 s 1.5 +p+AI - model
E ﬁ\# I i <:>d+Au PRL 111 202301 (2013)
0'..|...|...|.....|...|...|..|.'
O 2 4 6 8 10 12 14 16 L —— 4
<Nco"> b_—___—_——
. . gl > ﬁ
Reasonably consistent with S| O.S—ﬁ +15.6% global uncertainty on
models including interactions = i forward/backward rapidity points
. ] ~ +16% global uncertainty on
with cOo-moving hadrons 0 | midrapidity point |
-2 -1 0) 1 2
model: Phys. Lett. B 749 (2015) rapidity

See S. Lim talk from Tues HF workshop
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Quarkonia in A+A

PbPb 166 ub™, pp 5.4 pb™

\'S\y = 2.76 TeV

< 2 B I | | I I | | I | I I I | | I I | 1 I I l_
fI< 18 - CMS STAR AuAu |s, = 200 GeV, lyl < 11
" [ Preliminary ¥ Y(18), PLB 735(2014) 127

1.6 = Y(1S),lyl<24  STARU+U|S, =193 GeV, Iyl < 1—
e Y(2S),lyl<2.4 % Y(1S) Preliminary .
1.4 n ]
1.2 -—'Ei ¥ l{ -
\ ' H
: - _
0.8 ﬂ =
I
0.4 8 ¢ : & n u |L 3
gl ~ -
ot} '
O : | | | | I | | 1 | I | | | I 1 | @ | I I:
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Upsilons
Switch gears ...
3 Upsilon states provide “ideal” probes

CNM effects should be effectively the
same

Recombination should be negligible at
RHIC

... Not so clear at the LHC

Y(1S) suppressed in central collisions at
RHIC, consistent with suppression of
excited states

~30-40% expected from feed-down

Y(1S) suppressed beyond feed-down
(maybe) at the LHC

Separated Upsilons would be ideal at
RHIC
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Outlook on Quarkonia

12 40 700 e ++,--subtracted
c - Au+Au@200GeV L~3.8nb™ -
3 I . coor  Au+Au0-10% H ----- Y(1s)
O 30 Yy, |yl < 0.5 C 10B events ] e Y(25)
B " UL-LS - . Y(3S)
B . . . 500~ o
20— . . Combined fit L radre)) N 1 - correlated bkg
- ¥%/NDF = 22.6/17 IS N A
; 11 400 \~5'{PH///\\\EN|X
10— g . + - ‘ *
] — SO APTEIN DRRRURNRRPCISN 31 L H ST 11 Fppt st o + _______________ -
- + JF 200— | * F
— 14 :
1017 H * : .
B . . 10041 M35 | * .
- STAR preliminary IUNIETIE J- ** .
_20_11 [ TR S R N A B AT N N A S A A R B AN AN AN AN A R — ”"-_"-': ______________ -"..*' :-:" P *
8 8.5 9 9.5 10 10.5 11 115 12 OT m e | O B e St oy n._.“_
MW(GEV/CZ) 7 7.5 8 8.5 9 9.5 10 105 11

invariant mass (GeV/c?)

= Using STAR MTD

< Lower brehmsstrahlung < SPHENIX being designed with
compared to dielectron channel. separation of Y states in mind
< X7 more statistics with full < Still exploring tracking options

2014+2016 data

See Q. Yang talk from Tues HF workshop
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Summary

<> Quarkonia

- p+A: P’ more suppressed than J/P — breakup via co-moving hadrons

- Separating Upsilon states currently included as fundamental design parameter for sPHENIX
<> Many results at both RHIC and the LHC | was unable to cover

- dileptons, J/{ in A+A, many more LHC heavy flavor results

» Future potential for HF jets with sSPHENIX
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Thank you
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DCAT Data

arXiv:1509.04662 (2015)

Measure DCA7 distribution of electrons from 3
2.00 < p? < 2.50

2011 (Run 11) data set.

% Au+Au MB |s,=200 GeV (b)
5 electron pr bins from 1.5 < pr < 5.0 103 PHENIX 2011
no efficiency correction HE
10°
Determine normalized background
contributions. 10
M
16 —_ _..:____:...___:._-- .
; Data Driven 1t Data Driven g o s
' Tracks withlarge DCA1r  §§  RICH swap method  } 11112 s el
. ‘0.15 -0.1 -005 O 005 01 0.15
DCA. [cm]
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DCAT Data

Measure DCA7 distribution of electrons from arXiv:1509.04662 (2015)

e
2011 (Run 11) data set. ~ 2.00 <p; <250
% Au+Au MB m=200 GeV (b)
5 electron pr bins from 1.5 < pr < 5.0 103 PHENIX 2011
no efficiency correction
10°
Determine normalized background
contributions. 10
[/l
1 it At | W LR
) Data Driven ¥t Data Driven g
| Tracks withlarge DCAL  §§  RICH swap method  § i

-1 1 Y L
1915 01 005 0 005 01 0.15
DCA., [cm]

Dalitz (n, m — e*ey) |
] Measured yield ]
Monte Carlo shape  §
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DCAT Data

Measure DCAT distribution of electrons from
2011 (Run 11) data set.

c
>
O
5 electron pr bins from 1.5 < pr < 5.0 ©
no efficiency correction
Determine normalized background
contributions.
Data Driven it Data Driven g
| Tracks withlarge DCAL  §§  RICH swap method  §
e L e L L L L L P PR TP L PP T EEEEEEEEY Prompt: ---------------cooremmmceiieeeaee,
! Dalitz (n, 1 — e*ey) ! Conversion (y — e*e)
Ll Measured yield 1l ~75% rejected
Monte Carlo shape - | Monte Carlo shape -
I NS SNSRI R S PR ey NS RN R SR

arXiv:1509.04662 (2015)

2.00 < p° < 2.50
Au+Au MB |s,,=200 GeV (b)
PHENIX 2011
10°
102
10
14
-1 e I
1915 01 -0, 0.05 0.15
DCA, [cm]
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DCAT Data

Measure DCA7 distribution of electrons from arXiv:1509.04662 (2015)

e
2011 (Run 11) data set. 5 2.00 <p; <250
% Au+Au MB s, =200 GeV (b)
5 electron pr bins from 1.5 < pr < 5.0 103 PHENIX 2011
no efficiency correction
10° i
Determine normalized background
contributions. 10 i
Data Driven il Data Driven ¢ e 7 b
' Tracks with large DCAL  § { RICH swap method T LA 1] AL
PSSP PPV PINIRTNIS 3 O USSC P PR RIS ‘015 -01 -005 O 005 0.1 0.15
DCA, [cm]
e L e L L L L L P PR TP L PP T EEEEEEEEY Prompt: ---------------cooremmmceiieeeaee, .
! Dalitz (n, 1 — e*ey) ! Conversion (y — e*e) :
sl Measured yield 1} ~75% rejected 3 Measured yield
Monte Carlo shape  §{§  Monte Carloshape = § | Monte Carlo shape
I NS SNSRI R S PR ey NS RN AR
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DCAT Data

Measure DCA7 distribution of electrons from arXiv:1509.04662 (2015)

2011 (Run 11) data set. 2.00 <p; <2.50
Au+Au MB |5, =200 GeV (b)

PHENIX 2011

count

5 electron pt bins from 1.5 < p1 < 5.0 10°

no efficiency correction i
10° R

Determine normalized background i
contributions. 10

Mis-associated VTX Hits j,' Mis-identified hadron % Wikt —-- s ikn R fitiii i

Data Driven Data Driven

f Tracks with large DCAL  §

RICH swap method 103 .._.4_,;.:;;'."".:1 W T . B S | s T
Al SR S s St 20.15 -0.1 -0.05 O 0.05 01 0.15
DCA- [cm]

--------------------------------------------------------------------------------------

Ke3 (K¢ — evm) ﬁ
i Measured yield |
i Monte Carlo shape §

Conversion (y — e*e’) §
~75% rejected 3
Monte Carlo shape

i I Dalitz (n, m — e*ey)
, Measured yield ]
~ Monte Carlo shape &

Measured yield
Monte Carlo shape
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DCAT Background Contributions

1.50 < pi <2.00
‘§104 Au+Au MB \s,,=200 GeV (@)
3" E PHENIX 2011

-1'F. TSR RTINS NI SN =S RN ENVER TS =S WO AR N N MO K1 O
10
=0

. bt Ll AL
15 -01 -0.05 0 0.05 0.1
DCA; [cm]
3.00 < p? <4.00
€ [ Au+Au MB |5,,=200 GeV (d)
8 | PHENIX 2011
102§
10

Y (RPN I O
19.15 0.1 -0.05

10 Jun 2016

count

arXiv:1509.04662 (2015)

2.00 < pﬁ <2.50

- Au+Au MB |/s,=200 GeV

s| PHENIX 2011
105

10°

10

Hl el .;-'.-I- i
1 0-1 T8 B T B

count

(b)

°0.15 -0.1 -0.05 O 0.1
DCA; [cm]
4.00 < pi <5.00
102 Au+Au MB |/s,,=200 GeV (©)
PHENIX 2011

10

TR R

0.1 0.15
DCA; [cm]

2.50 < pi < 3.00
103 Au+Au MB 'S\ =200 GeV (c)
- PHENIX 2011
102; #
105
1=
L . SE T
10-1 P 1 O e o 180
-0.15 -0.1 -0.05 O 0.05 0.1 0.15
DCA; [cm]
Data
------------ Mis-identified hadron

——— High-mult. Bkg.

Conversion
S Ke3
JAp
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Unfolding (Bayesian Inference)

Input (x)

O electron pt & DCAT distributions Mza;‘/‘;;‘;‘ e Parameters (0)
must come from consistent DCA(pr) T
physical parent hadron o hadrons vs pr

. . . ampled with .~
d|Str|bUt|OnS MCM% methods

O Can’t fit DCAr independently!

O Perform simultaneous fit using
Bayesian inference techniques 2 priori
O Parameters are hadron yields! Likelihood o constraints

-P(x10) - (regularization)
- t(0) -

\
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Comparison to Data

-2 :(a) c—e+b—e
107 === c—ve f
B | sisas b—e |
10 |
Phys. Rev. C 84, 044905 (2011)| Data

107} arXiv:1509.04662 (2015)

10° | " c—e
10° |

107 | b—e
10° |

107 | ly|<0.35 Total

| Au+Au MB /Sy =200 GeV.
' PHENIX Run 4 + Run 11

2.5/(b)

2.0f :

1.5/ ) _

1.8Eﬁaﬁﬁfﬁ

0.5 E\ |

o5 a5 6 7 8
pT [GeV/c]

Unfold gives good consistency with electron

invariant yield

—

S
-
o

Data / Re-fold 1/2mpy xd* N/dp;dy [(GeVic)?]
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Comparison to Data

102 |@ [ e _: _ 50904662 2015
O | - (b) Au+Au MB -
10 Phys. Rev. C 84, 044905 (2011) ] Data 103 12.0-2.5 GeV/c v Syy =200 GeV_E

0| . | bi(b+¢)=0.264 PHENIX
g arXiv:1509.04662 (2015) N RUN 4+ Ruh 11
107 | c—e o 107 ¢ _
107 § - E
10'7; 8 101 ] -
10°® 0 &
| 10
10| ly|<0.35 Total |
1010 | Au+Au MB /sy =200 GeV | | |

' PHENIX Run 4 + Run 11
osl®)

. 1| Background
2.0} _®
15 % ﬂ Components

| s 5y

:8: ‘ I | | I-
§ LT e ‘ﬁ
| 0 0

YT 2 3 4 5 6 7 8 9 DCA [cm]
pT [GeV/c]

Unfold gives good consistency with electron
invariant yield and DCAr data

Data / Re-fold
O PN

Data / Re-fold 1/2mp; xd* N/dp;dy [(GeVic)™?
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Comparison to Data

= (a)
-1.5-2.0 GeV/c

counts

124 /S =200 GeV]
'b/(b+¢)=0.115 (' | *

Au+Au MB |

o f
‘3
X 15
~ 10
8 05 .
8 -0.15 ~0.10-0.05 0.00 0.056 0.10 0.15
DCA; [cm]
10° ¢ . ‘ ‘ ‘ . 7
E (d) Au+Au MB ]
102 [b/(b+c)=0.520 PHENIX |
Run 4 + Run 113
..(B ]
S 10"t |
(@]
o ]
10° L "“ .

Data / Re-fold
O =N
o moc‘nom -

.15-0.10 -0.05 OOO 005 010 0.15

DCA; [cm]
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counts

Data / Re-fold

counts

Data / Re-fold

F (b) Au+Au MB |
10° j2.0-2.5 GeV/c [“I syy =200 GeV|
b/(b+c)=0.264 [l PHENIX °

i Run4+Run11
10° L J’J "l‘_q .
10" U,W"E' it
o [I '||ii'|k-!1f'.r|J %I"mlﬁ.'} | |

il | -1 I
il it
95 1 1 1 e
%% [ :
4B T 4 KT M T Y
0.5l ST T
~0.15-0.10-0.05 0.00 0.05 0.10 0.15
DCA; [cm]

102 (e) | | Au+Au MB
-4.0-5.0 GeV/c syn =200 GeV3
'b/(b+¢)=0.488 PHENIX ]
I It Run 4 + Run 11]

10" | '

10° |

250

2.0+

S
0.5 "
~0.15-0.10-0.05 0.00 0.05 010 0.15

DCA; [cm]

Reasonable agreement in all pt bins

103 L (c) Au+AuMB |
-2.5-3.0 GeV/c syy =200 GeV
b/(b+¢)=0.427 PHENIX |

10°% L Run 4 + Run 11,

k2 : :
c 10
210" :
S g

Data / Re-fold

I
I
1
T
T
I
[

DCA; [cm]

Data

Total Background

Unfolded charm
Unfolded bottom
Background + charm + bottom

arXiv:1509.04662 (2015)
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Advantages
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Model Comparisons
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arXiv:1509.04662 (2015)
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Systematic Uncertainties

Unfold Uncertainty — due to statistical 08— Unfold Uncertainty | (a) |
uncertainties on the data 0.6lL|---- Spectra Systematic Uncertainty
0.4}
Spectra Systematic Uncertainty — vary HF 02 e
invariant yield within systematic uncertainties 0.0/
—02T
: - -0.4
High-mult. Bkg. Uncertainty — vary the > % % % % % ‘ —
normalization on the “Random” background = 08| High-muit. Bkg. Uncertainty (b) |
component % 0.6l | = Fyp Uncertainty
P S 0.4 K., Uncertainty
: L |
Fnp Uncertainty — vary the normalization of T o olbiiniiirrsoreorianrianIanTannIARIal |
the photonlcs Components % 0.9 L s e e A AT T AT AR T mere -
E 0.4
K.s; Uncertainty — vary the normalization of 08l ~ Uncertainty ) |
the K3 component 0.6l 0,50, Uncertainty
04 .
a Uncertainty — vary the strength of the 0.2/ URTCTRETELLY
regularization constraint in the unfolding 00 F=======——croo-onno ooy
-0.2 A
-0.4

8,iior Uncertainty — vary the shape of the \ \ \ \ \ \ ]
L . L. 1 2 3 4 5 6 7 8 9
hadron pT distribution used in the regularization 0t [GeVic]
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Decay Probabillities

9

8,

7 -+ Decay matrices obtained from PYTHIA
s 6
O, 9
& 4} {10°

3l [, Forced HF (MSEL=4,5)

2l

T L - charm := D9, D%, Ds, \c

pT [GeV/c]

0.20

(b) 1.5<pS [GeV/c| <2.0
0.15

bottom := B*, BY, Bs, b (includes B—D—e)

0.10¢

Ratios of hadrons taken from PYTHIA (baryon
enhancement tested)

e* DCA; [cm]
& o o
o o o
(&) o (@)

-0.10| L1,
019 L . Assumes dN/dy shape from PYTHIA
-0.20 ‘ ‘ ‘ 14078
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Testing Possible Baryon Enhancement |

Follow P. Sorensen and X. Dong — pnys

g 1:5_ e ANK STAR 20-40% Au+Au Rev C 74, 024902 (2006)
E £ e Fit to Au+Au
g 1.4 §§ 4 m A/K(s) STAR p+p ] ]
£ ¢ N, T Fitto p4p - Take the N/K, ratio measured in STAR
L 20-40% Au+Au at 200 GeV. axunuc-e
08 4 + 0601042)
“C B - Take the A/K; ratio measured by STAR in
021}||||||||| p+p at 200 GeV. (@arXiv:nucl-ex/0601042)
0 1 2 3 4 5 6 7 8 % [GeV/Z:]

Fit both components to parametrize over
PT.

Baryon Enhancement
N
(82

Fix asymptotic value to 0.3 in both Au

+Au and p+p

N Use the ratio of the fits to enhance the
T /\c and A\, contributions in the decay
[] matrices.
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Testing Possible Baryon Enhancement |

Including above

1.2} | = Unfold

enhancement causes an | FONLL
Increase in the bottom 1.0k Enhanced A, /Dand Ay /B | _ _____________|

electron fraction.

b—e/(b—e+c—e)

Within systematic
uncertainties of the
measurement.

o
A
T

o
N

O
o

Not included as an
additional uncertainty.
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Psi(2S) at Midrapidity

peripheral central
(_. 60—88% 0—20%
[ S — N.,~3 N~
10°F) < p. [GeVicl<5 '« Data 3 10°@0 <p_[GeVic]<5 "« Data =
; Total Fit - Total Fit -
60-88% _
107 ° — — Correlated BG = 107 —— Correlated BG  _
Z|E = S J/\|/ 1 ZI|E =
'U'U B ' m 'U'O“ - _
~ 3 10° e ¥ =4 3 F .
< "4 : Z 10%E =
10° - : :
l 10° =
A0 b by N e ey 1 =TI RS TT R
0 ="95 3 35 4 45 5 2 25 3 35 4 45 5

M, [GeV/c]  Phys.Rev.Lett. |11,202301 (2013) M, [GeV/c?

10 Jun 2016 D. McGlinchey - RHIC & AGS Users Meeting 2016



Psi(2S) in Forward/Backward rapidity

B?ckw?rd . ° 3 . . I.=orw.ard .
Au-going direction p-going direction

Run-15 p+Au (s = 200 GeV Run-15 p+Au (s = 200 GeV

S10°E T $10°: H.El

ST PH:-ENIX S10°¢ PH: -ENIX

= f preliminary = T preliminary

8 | 22<y<1.2 3 12<y<22
+ Au-going p-going

raw counts/
—
o
N
I
raw counts/
—
o
N

10; II' i' 10

I L | | I | L | | | _ | | | | I

2 3 4 5 2 3 4
wu” mass (GeV/c?) w'u” mass (GeV/c?)
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J/P v2

0.25
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0.15
0.1

~ 0.05

ITTT
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Au+Au 200 GeV 0-80 %
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=
k""

® STAR J/y—e*e Run10+11

- —~

[] maximum non-flow

STAR preliminary

-0.05
- initially produced
-0.1 e coalescence from thermalized cT
— =-=-=-===== jnjtial + coalescence
-0.15— — . — — initial + coalescence
_02:llII_II_ITI_IIIhlyldroIdlqua]"l‘llcllIllllllllllllllllllllllll
0 1 2 3 4 5 6 7 8 9 10
P, (GeV/c)
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Non-prompt J/

DCA; Distributions for clarity are shown BG subtracted

- T .
T 10F -2.2<y<-1.2 e Data-BG 'g 100 1.2<y<2.2
Q = & 1 — : s S
S f A\uffg ..... prompt JAy P Cu-going
5 [ PH ENIX 1=y 8 [ PHENIX
0 limi . ) o 71N
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10 T I !

Ny £ - W l” 40 8 [0
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muon DCA; [cm] muon DCA_ [cm]
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51 C ® (Au-going) |5, =200 GeV -2.2<y<-1.2 * N : v
£ 0.6:— ~— | * 0-93% Cent E 0,6:— ® CDF p+p \5=1.8 TeV [y[<0.6 P \/(EN|X
= [ PH ENIX o ey V5200 GeV 1.2<y<2.2 o [ 7 STARp#p =200 GeV[yicL0 preliminary
= 0.5 = prellmlna 'Y O ALICE Pb+Pb 5,,=2.76 TeV 0-50% Cent [y|<0.9 | = 0.5 - 4 ALICE ptp \s=7 TeV y|<0.9
J: 04 :_ A CMS Pb+Pbys=2.76 TeV 0-100% Cent |y<2.4 J: 0.4 :_ O CMS ptp ¥s=7 TeV 1.2<|y|<1.6
3 0 CMS Pb+Pb 5=2.76 TeV 0-100% Cent 1.6<|y|<2.4 ' & CMSpip ¥5=7 TeV 1.6<y|<2.4
03 0.3F- © LHCbpp \5=13 TeV 2.0<y<2.5 ;
- C & LHCb p+p V5=13 TeV 4.0<y<4.5 0 i
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