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PHENIX
Charmonium Formation at RHIC
= Quarkonia is a short-lived bound state of quark- antiquark pairs
(ce, bb)
» Charmonium is bound state of charm-anticharm pairs

= Transitions can be made to lower states through photon emission c @O
= Gluon gluon fusion (ggf) produces charm-anticharm quark pairs
~ 2% of all created cé pairs at RHIC will form Charmonium
states
= ¢ pairs that form Charmonium occur with total energy below the
threshold for strong decays

= ¢ pair has small relative velocity v/c < 1
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Mass, MeV/c?
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7e(25) Charmonia Level Scheme

. » Inclusive J/1) contributions

~ 60% direct production

3400 | ~ 30% x. states

3200 4

~ 10% decays from 1)(2S)

s Vector mesons J/1 and 1(2S) can decay
directly to dileptons via virtual photons
3000 + e //ﬂ

Xc states decay to J/v via photon emission

hadrons
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Inclusive J/v — ptu B— Jyg+X PH ENIX
Sources of Signal & 1/me
: : |
= ggf for Charmonium production @ [P | | 1/mev)
= Feedown from x. and (2s) !
= Contributions from B-meson decays £ % soft @
Sources of Background -
= Hadrons misidentified as muons e <
= Dimuon pairs kinematically unrelated antiquark "
= Dimuons from Drell Yan _CE
= Open heavy flavor decays D— n+K+X
o Predominantly D-meson decays n - p+X ST
From top: B—meson decays, Gluon gluon fusion, Drell Yan and D-meson decays K U +X va ’ 2“,
Krista Smith m\"n“lf‘“ \f
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Inclusive J/¢ Results in Small Systems PH.ENIX

© 2003, 2008 d+Au at \/syn = 200 GeV PHENIX has measured the inclusive

PHENIX added 3 new small J/¢ — ptu~ nuclear modification
systems data sets across three collision systems. The
systems, which have different projectile
o 2014 *He+Au at VSN =200 GeV and target sizes, are compared at the
o 2015 p+p, p+Al p+Au at same collision energy.

\/SNN = 200 GeV

Paper submitted (arXiv:1910.14487) =
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J /v Final State Effects in p+A Collisions? PH:“ENIX

d+Au and p+Pb

o Strong suppression observed for 1(2S) with respect to J/1

o Not expected if only CNM effects present
o Final state interactions with co-movers
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J /v Final State Effects in p+A Collisions? PH:“ENIX

d+Au and p+Pb

o Strong suppression observed for 1(2S) with respect to J /1

o Not expected if only CNM effects present
o Final state interactions with co-movers

5 ; T 3 a
1af . gl‘aw Sy‘s o ;w & £ PHENIX |'5,,,=200 GeV
12 F = Jy Phys.Hev.Lén. 107,142301 (2011) °| @
“E Global Sys + 14.6% B &“s T
1E I 1 Olo, e —————
E l E| e, 1y -
2 08F & ] 3 ~ -
=3 o.aE & . ] <
061 B 2
£ 1 5 0.5
04f e — #°He+Au
02f { 1 &2 ¢ p+Au —p+Au co-mover
.2~ — - S ¢ p+Al —p+Al co-mover
oL MI<035 Vsw=200Gevdshu | 1, ] bl $d+Au PRL 111 202301 (2013)
0O 2 4 6 8 10 12 14 16 18 04 - .
N -2 0 2
coll . e
rapidi
PHys. REv. LETTERS 111, 202301 Puays. Rev. C 95, 034904 ty
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J /v Final State Effects in p+A Collisions? PH:“ENIX

d+Au and p+Pb

o Strong suppression observed for 1(2S) with respect to J /1

o Not expected if only CNM effects present
o Final state interactions with co-movers

Flow in Small Systems at LHC and RHIC

o Consistent with QGP production in most central collisions

Krista Smith
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J/¢ Final State Effects in p+A Collisions? PH. ENIX

d+Au and p+Pb

Qo Strong aunnression _ohserved for 26(28) with resnect ta 1 /ab

0.07F F ¥ ¥ ]
° N o p+Al {sy,=200 GeV 0-5% ptAu 5,200 GeV 0-5% d+Au s,,=200 GeV 0-5% *He+Au 'syn=200 GeV 0-5%
0.06| PHENIX 1 1
0.05- —v,3D Hydmdynamics—-: --:
. | dN,,/dn [Scaled]
FlOW ln Sn o T 1 _
1 0.03F + 4
o Consis
0.02- ; + e .
o Ty : , ] pferential
|
w 0.0 i + I
T IARTTTRUIT UUUT U PV | FRUTY PRTTY PUTTY SUUTY SUTTA FUTTL (| PUUTY PUUTY PUTTN PN PATTE PPN | L PUUTY SOUTY PN POTTL PRt AT
3 =2 4 0 1 2 33 2 -4 0 1 2 33 2 -1 0 1 2 3 2 4 0 1 2
n n n n

Puys. REv. LETTERS 121, 222301
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J /v Final State Effects in p+A Collisions? PH:“ENIX

d+Au and p+Pb

o Strong suppression observed for 1(2S) with respect to J/1

o Would not be expected if only CNM effects are present
o Final state interactions with co-movers

Flow in Small Systems at LHC and RHIC

o Consistent with QGP production in most central collisions

o Transport models extended to small systems and can describe the preferential
1(2S) suppression

Krista Smith
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J /v Final State Effects in p+A Collisions? PH:“ENIX

d+Au and p+Pb

- hoassad £on al(OQ\ cont T /ol
o Strong suppression ghees el

dAu @ 200 GeV |y|<0.35

o Would not be exf 8 —e— PHENIX J/%
. . 16 —a— PHENIX ¥(2S)
o Final state intera . e

Flow in Small Systems atf§ "
o Consistent with QG °

o Transport modely o4

¥(2S) suppressiof]  *

0

ions
escribe the preferential

Ncoll
J. High Energy Phys. 03, 015 SA
&Y ¢ @&
' R
Krista Smith N Il S
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J/¢ Final State Effects in p+A Collisions? PH. ENIX
d+Au and p+Pb

o Strong suppression observed for 1(2S) wrt J/¢

o Would not be expected if only CNM effects are present
o Final state interactions with co-movers

Flow in Small Systems at LHC and RHIC

o Consistent with QGP production in most central collisions
o Transport models can describe the preferential ¢(2S) suppression

Question

o Evidence of final state effects on the J/v by comparing p+Au and 3He+Au? &3
&
Krista Smith © ‘
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Signal Reconstruction
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PHENIX Detector: Muon Arms PH\/E_le

_RPC3

Muon Arms I =,

12<|y| <22

® rapidity coverage: %, o
® Muon Tracking followed H

MPC
mu AL L IO
/ ZDC North

ZDC South
=

by Muon Identifier

J9E =w a0l

M) —l\(]'\y”: MulD
® Iron and copper absorbers Sl e {
for hadron rejection |
® BBC measures collision . . ,
vertex along beam axis South :;lc v nc(\\(-) I‘ North
85m 60 ft

o MUID 2D Trigger records hits that satisfy trigger logic
o Centrality is measured using the BBC detector in the A-going direction

Krista Smith 2
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Dimuon Reconstructed Mass Distribution

©10¢L p+AU200 GeV "« 'Unlike-sign (b)]
= F 229<1.2 o  Like-sign E
G [ Inegratedp, — — Corm.bkg. ]
9 107 PHENIX Comb. bkg. |
o - Signal 3
< Total fit ]

i : 11,661 4+ 152 |
z 10—~/ =

10L ’,- i ‘,‘

N
(5]
w
(3]

ARX1v:1910.14487

PH

Unlike-sign reconstructed muon pairs
Like-sign reconstructed muon pairs
Correlated background

Fit to the combinatorial background
J /1, 1(2S) Crystal Ball fits

Total fit (sum of all fits)

v
ENIX
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Theoretical Predictions
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N O Bl 1 cveighted Shadowing Model PH\EI;“X

L - ) = nCTEQ15 and EPPS16 NLO predictions
k \ = Based on reweighting method which uses tighter

J /4 constraints from LHC data (ALICE and LHCb)
12 PR e e Reweighting method is not used for the lighter
- Helium and Aluminum nuclei

= Include PHENIX p+p measurements as baseline

= Dominant uncertainty is the energy scale ug = M? + p3.

e Predictions were calculated at three different energy
scales: g, 0.5u0 and 2ug

1p=0505

% |
R-.-1o123-3-2.1o123
PPb  Yoms(JW) Yoms(JW)

= Uncertainty band shown in results is at 68% CL, and is
envelope of uncertainty bands at the three energy scales

al e . b / "A 2
(b) Prompt J/u SHAO, ET AL: PHYS. REV. LETTERS 121, 052004 Q;’ 2
ﬁ;’w = o3
Krista Smith U S
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J /¢ Nuclear Absorption Needed

= Forward rapidity: J/v suppression similar to

open charm suppression

» Consistent with shadowing and/or parton
energy loss

= Backward rapidity: J/1 suppressed relative to

open charm

= Expect open charm to be enhanced by
anti-shadowing

= J /1 suppression consistent with absorption
due to collisions with nucleons in the target

25

N
LR B

RdA
-
o

-

0.5[°

~—
PH-“ENIX

o HF yu, backward (+11.0%)
B HF , forward (+11.0%)

C @ Jly, backward (+9.0%)
8] Jiy, forward (+9.0%)

HHE

[ Centrality 0-20%

Charmonia in small sys
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= Possible contribution also from co-movers % 1 2 3 4 5 6 7
P, (GeV/c)
Puys. REv. LETTERS 112, 252301
B O
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Nuclear Absorption Model PH\Ele

» Parameters estimated from fit to world data

16 O e aVon=200 GeV o Absorption cross sections extracted from gluon
= . Fa I Ry shadowing corrected p/d+A data (Epsos, EKsos)
R T Mage - o § ~
~ F e
120 4 Nas200Gev . Absorptlon CTrOSs S.eCthIl is modeled as function of
& 10k : I : time spent traversing the nucleus
L, v
sj} 0: i ! » Model assumes cc pair expands linearly with
6F % time
4 # e Valid for time scales comparable with formation
2F time in nucleus
0 E T | L = Folded into Shao et. al. predictions at backward
0 0.1 0.2 0.3 0.4 rapidity only
T (fm/c)
Puys. REv. C 87, 054910 2013 Prys. REv. C 61, 054906 2000 ZATE 0
_5% )
ﬁ;.w' s
Krista Smith 2 5
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o —— CNM Effects

¥(1S) CNM + Transport

¥(2S) CNM + Transport

12<y<22
Du & Rapp (2019)

CNM Effects 22<y<-12

(18) CNM + Transport Du & Rapp (2019)

¥(2S) CNM + Transport

Transport + CNM Effects Model PH\€N|X

= EPS09 NLO + Transport Model

= Adapted from original model by Zhao & Rapp for
A+A collisions

e Model previously extended to d+Au
collisions, now to p+A collisions

= Includes fireball, MC Glauber Model for initial
conditions
= Shadowing from EPS09 NLO, pr broadening

included

= Nuclear absorption cross section constrained by
PHENIX d+Au data included at backward rapidity

Krista Smith
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J/1 Nuclear Modification Results

ARXIV:1910.14487




J /4 Modification vs. Rapidity (0-100% e
/ ( ) PH-“ENIX
p+Al p+Au 3He+Au
n:gl'u "o 09%-100% p+Al | Inclusive Jy (@) F' ¢ 0%-100% prAu’ Inclsive b (6) '3« 0%-100% *He+Au Inclusive b (c) |
Lag Y5u=200 GeV  F YSu\=200GeV  F V5=200 GeV
3 PHENIX 3 PHENIX ES PHENIX 3

) S s S SO S
- 3 1 w1 mfy

0.4 - F =
0.2 - T E
R N S =S S S R R -
y y y
o Suppression at forward rapidity for Au target
o Little modification at forward rapidity for Al target, as expected
o At backward rapidity, Al target shows enhancement but Au target does not ST
' :OE:
Krista Smith o@ I 5
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J /¢ Modification vs. Bjorken x PH:“ENIX
I I I
ol A o 2 EPS09 Pb
< [ 22<y<-1.
T FRn12<y<22 EPPS16 Au
FeRpy-22<y<-12  |p | | oo i
e Roy1.2<y<22
: ’ o
T H EHW
08:— H Hlﬂ
o6f- ElH
E fwd bkwd
o4r EPPS16 He  Wd
C 1
q0 10 m"z m“ 1 | ‘ | | |
X %6 105 104 107 102 101 100
o Rpa. backward rapidity inconsistent with gluon modification (anti-shadowing)
o Ry, does not show same behavior as Au target x=me Y/ /SNN T
S
LEFT: DATA TAKEN FROM ARX1V:1910.14487. RicHT, R. VoaT S?' A7 //;
. " ’“‘]!"P![""‘”’
Krista Smith ol &
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J /¢ Modification vs. Rapidity (0-100%) PH-ZENIX
3
p+Al p+Au He+Au
wl.6pT T T T Tosve d TIT T T T T TFT T T T T T
n:< o 0%-100% p+Al Inclusive J/y (a) e 0%-100% p+Au  Inclusive J/L\J (b) e 0%-100% *He+Au Inclusive JIL\J ©)
L4 Y5u=200 GeV  F YSu\=200GeV  F V5=200 GeV
1.2F PHENIX PHENIX T : PHENIX 3
1f-
0.8
0.6F
0.4F + + E
0.2F EPPS16 (Shao, et al) T EPPS16 (Shao, et al) T EPPS16 (Shao, et al) 3
) } nCTEQ15 (Shao, et al) N n?TEQlS ‘(Shao, e‘t al) ) ) N n(‘:TEQJ.S ‘(Shao‘ e‘t al) ) ) .
L L h ! 1
C*3 -2 -1 0 1 2 3-3 -2 -1 0 1 2 3-3 -2 -1 0 1 2 3
y y y

o Reweighted nCTEQ15 and EPPS16 predictions (NLO)

o Agree well with data at forward rapidity
o Do not agree at backward rapidity for Au target

o Anti-shadowing only (no nuclear absorption)

Krista Smith
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p+Al

J /¢ Modification vs. Rapidity (0-100%)

p+Au

3He+Au

V—
PH-~ENIX

1.

0:52 . 0%‘-100% ‘p+A\ Inclusive j/w (a) ! . 0%-100% p+Au " Inclusive J/lb (b) ! . 03/0.100% 3He+Au Inclusive J/ﬂ|J ©) i
14F YS=200 GeV YS\=200 GeV E V5 =200 GeV
12F PHENIX PHENIX i PHENIX 3
0.8 -

0.6 -
0.4F 4 + E
0.2F EPPS16 (Shao, et al) EPPS16 + Abs 1 EPPS16 (Shao, et al) EPPS16 + Abs EPPS16 (Shao, et al) EPPS16 + Abs
' # nCTEQIS (Shao, et al) = nCTEQIS + Abs nCTEQIS (Shao, etal) == nCTEQIS + Abst nCTEQIS (Shao, etal) = nCTEQIS + Abs]
L L h | 1
o -3 -2 -1 0 1 2 3-3 -2 -1 0 1 2 3-3 -2 -1 0 1 2 3
y y y

o Reweighted nCTEQ15 and EPPS16 predictions

o Added PHENIX nuclear absorption estimate at backward rapidity
o Describe data reasonably well

Krista Smith
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Centrality Dependence N
PH-“ENIX
p+Au
g 2_I 'I T T T T T T T T l_
& [ Inclusive J/y .
N vSNN=200 GeV e 60%-84%, p+AU ]
1.5-PHENIX -
e Crum
0.5f 3
oy
y =
S,
AT
I Krista Smith mw ,'“”
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Centrality Dependence N
PH-“ENIX
p+Au
E _I T 1 v 1 T 1 T 1 v 1 v I_
& [ Inclusive J/y e 40%-60%, p+Au ]
F {Su=200 GeV  * 60%-84%, p+Au |
1.5PHENIX 7]
I R
0.5F -
e e
y

Krista Smith
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Centrality Dependence ~
PH-“ENIX
p+Au
2 _I i 1 v 1 v 1 T 1 H 1 T I_
& [ Inclusive Jiy o 20%-40%, p+Au 1
F VSun=200 GeV ¢ 60%-84%, p+Au 1
1.5-PHENIX 7]
—----- B -----------zcq1--f =
: ]
C L] ]
0.5~ ]
o3
y s
SN
I Krista Smith mw V-
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Centrality Dependence ~
PH- ~ENIX
p+Au

3 _I i 1 v 1 4 1 v 1 1 v I_
& [ Inclusive J/vy e 10%-20%, p+Au ]
F \S=200 GeV  » 60%-84%, p+Au ]
1.5-PHENIX .
-5 IR £ 17 3C 1 B
i E;nu ]
0.5 =g
4

y =

S, L

' N

Krista Smith
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Centrality Dependence ~
PH-“ENIX
p+Au

2_I T 1 T T 1 T I 1 T
C Inclusive J/hy e 5%-10%, p+Au
[ YSun=200 GeV  * 60%-84%, p+Au

1.5-PHENIX

RAB

3

0.5
1 1 1 1 1 1 1
0—3 —2 —1 0 1 2 3
y
&y ¢
= OOy
I Krista Smith o%, w ~
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Centrality Dependence N
PH-“ENIX
p+Au
E _I T T T T T T T T T T T l_
& [ Inclusive J/y e 0%-5%, p+Au ]
F (S=200 GeV  » 60%-84%, p+Au 1
1.5-PHENIX -
T Crum
d G E
0.5: Sy, ]
o
y

Krista Smith
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coll

i i
—~——
p+Au Dependence on (N,) PH-ZENIX
o 2r = T T—] T T
0:4 [ Inclusive J/y (@) T Inclusive J/iy (b)
F {Sy=200 GeV -2.2<y<-1.2 T {Sy=200 GeV 1.2<y<2.2
L5[-PHENIX o p+Au T PHENIX o p+Au 7]
C: I ! ! I ] 1 ! ! ! 1
0 2 2 6 8 10 2 4 6 8
coll
o Little centrality dependence at backward rapidity
o Strong centrality dependence at forward rapidity
i
Krista Smith
Charmonia in small s

10
o Consistent with trade off between anti-shadowing and nuclear absorption

35/ 64




RAB

p+Au Dependen

ce on <N(:()H>

N Inclusive JIp ‘ I(a) ] Inclusive NI} (b)
[ YSun=200 GeV -2.2<y<-1.2 T Vs\=200 GeV 1.2<y<2.2
L5FPHENIX * p+Au T PHENIX * p+Au 7
I R B g 4
i 0 OISR [ T O oy
050 I e ]
’ r CNM effects+Transport (Du & Rapp) 1 CNM effects+Transport (Du & Rapp)
[ —— CNM effects only (Du & Rapp) T —— CNM effects only (Du & Rapp)
1 1 | 1 1 1 | | | 1
C0 2 4 6 8 10 2 4 6 8 10

coll

o CNM effects+transport model

o EPS09NLO with nuclear absorption at backward rapidity

o Little effect from transport model at forward rapidity

o CNM suppression dominant

V—
PH-~ENIX

Krista Smith
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Tx) Dependence e
(Ta) Dep PHENIX
p+Al p+Au SHe+Au
EE 2L nclusive Iy ' ' @ ' T Inclusive Jiy ' ' © ]
»\(_ 200 GeV -2 2<y<-1.2 (Au/Al-going) \(_ 200 GeV  1.2<y<2.2 (p/°He-going) ]
1.5-PHENIX PHENIX ]
- B T T g
05 = p+Al = p+Al % .
[ .E+Au ;3:>+Au ]
N He+Au He+Au ]
1 1 1 1 1 1
% 0.5 1 15 2 05 1 15 2
(T, (fm?) (T, (fm?2)
o Is modification determined only by target thickness?
o Plot data vs. mean target thickness for hard processes —
N
o Data consistent with no projectile dependence Q;" 2
. = (AT =
% 3

Krista Smith
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pr Dependence, Backward Rapidity (0-100%) PH-“ENIX
p+Al p+Au SHe+Au
n:?iz'( Inc‘\uslve‘J/Lu ' —‘2_2<y‘<—1_2‘ '(a) Inclhslveh/¢ ' ‘—_2<y‘<—1_2‘ I(b) Inclhsivej/w ' ‘—_2<y‘<—12‘ I(c)
N Y5w=200 GeV  « 0%-100%, p+Al F \5n=200GeV  « 0%-100%, p+Au Y5w=200 GeV « 0%-100%, *He+Au ]
PHENIX PHENIX @ PHENIX
B R i H @3] B
g it S 0 L LE[@
17” a1 1IN IO - M1 S A 1
[ﬁ “uuunn [%] Llf] gjiﬁlﬂw [i]
0.5F :%1 ¥ ]
%1z 3 4 5 6 7 0 1 2 3 4 5 6 7 0 1 5 3 4 5 6 7
P, (GeVic) P, (GeVic) P, (GeVic)
o Little modification in p+Al
o Similar modification between p+Au and 3He+Au
SATE &
T 001 Q
¥
Krista Smith
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pr Dependence, Backward Rapidity (0-100%)

p+Al

p+Au

SHe+Au

II< Inclusive Iy ' -‘2_2<y‘<-1_2 ' ! (@ Inclusive 5/¢ ‘-2_2<y‘<-1_2 ' () Inclusive j/lu ' ‘-2_2<y‘<-1.2 ' ! ©
o V5,200 GeV  + 0%-100%, p+Al {Su=200 GeV  + 0%-100%, p+Au \Sw=200 GeV  « 0%-100%, *He+Au ]
PHENIX PHENIX @ PHENIX
1.5 $
]ﬁ%ﬁﬂﬂw@mﬂ&_@.“, 5 \gﬁ ,
0.5F EPPS16, Shao et al 3
EPPS16, Shao et al EPPS16, Shao et al
) nCTEQ1S, Shaoetal ) ) nCTE‘QlSv S‘hao et‘al ) ) [ICTEQ1S5, Shaoetal )
f
9 1 2 3 4 5 6 7 0 1 3 4 5 6 7 0 1 2 3 4 5 6 7
P, (GeVic) P, (GeVic) P, (GeVic)

o Reweighted shadowing only - no nuclear absorption

~—

PH-~ENIX

Krista Smith
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pr Dependence, Backward Rapidity (0-100%)

p+Al

p+Au

SHe+Au

II< Inclusive Iy ' -‘2_2<y‘<-1_2 ' ! (@ Inclusive 5/¢ ‘-2_2<y‘<-1_2 ' () Inclusive j/lu ' ‘-2_2<y‘<-1.2 ' ! ©
oF V5u=200GeV  « 0%-100%, p+Al {Su=200 GeV  + 0%-100%, p+Au \Sw=200 GeV  « 0%-100%, *He+Au ]
PHENIX PHENIX PHENIX
1.5

i

0.5F EPPS16, Shao et al E
: EPPS16, Shao et al l%] nCTEQ15, Shao et al EPPS16, Shao et al
) nCTEplS, S‘hao e&‘ al ) X ) EPSO‘9+Tran‘sport, Pu & R"app L ‘nCTE‘QlS, SI‘1a0 et ?I ) \
1
K 1 2 3 4 5 6 7 0 1 3 4 5 6 7 0 2 3 4 5 6 7
P, (GeVic) P, (GeVic) P, (GeVic)

o Transport model with nuclear absorption and pr broadening

~—

PH-~ENIX

Krista Smith

Charmonia in small sys

40/ 64



. . V—
pr Dependence, Forward Rapidity (0-100%) PH-“ENIX
p+Al p+Au SHe+Au
D:EEZ'( Inc‘\uslve‘J/Lu ' ‘12<y<‘2.2 ' ! (@ Inclhslve 5/¢ ' ‘1.2<y‘<2.2 ' T (b) Inclhsive j/lp ' 1 2<y<2 2 ' ( )
N Y5w=200 GeV  « 0%-100%, p+Al F \5=200GeV  « 0%-100%, [%Hku F V5=200 Gev * 0%-100%, *He+Au
PHENIX PHENIX PHENIX

P 67 G
P, (GeVic) P, (GeVic) P, (GeVic)

o No modification for p+Al
o Similar modification between p+Au and 3He+Au

Krista Smith
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p+Al

pr Dependence, Forward Rapidity (0-100%)

p+Au SHe+Au

2.5
2 Inc‘\usive‘ Iy ' i 2<y<‘2.2 ' IncILlslve h/w ‘1_2<y‘<2_2 ' T b Inclhsive jlw ' 1 2<y<2 2 '
o = o o (@) >, - " (b) = " o3 ( )
oF V5u=200GeV  « 0%-100%, p+Al [ {S5u=200GeV = 0%-100%, p+Au F (S5 =200GeV  « 0%-100%, *He+Au = {
PHENIX PHENIX

PHENIX

EPPS16, Shao et al
EPPS16, Shao et al

EPPS16, Shao et al
nCTEQ15, Shao et a\l ) ) ) HCTEQl‘S‘ Shao et al
L I 1
1 2 3 4 5 6 7

) ) | ) ) ) n‘CTEQl‘S, ShaF etal L
0 1 2 3 4 5 6 7
P, (GeVic)

0 1 2 3 4 5 6 7
P, (GeVic) P, (GeVic)
o Reweighted shadowing alone does well at low pr
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pr Dependence, Forward Rapidity (0—-100%)

p+Al

p+Au

SHe+Au

n:< Inc‘\usive‘.]/w ' ‘1‘2<y<‘2.2 ' '(a Inclusive l]/ll»‘ ‘1‘2<y‘<2.2 ' I(b) Inclusive j/LU ' ‘1.2<y‘<2.2 ' ©
[ {S5u=200 GeV o 0%-100%, p+Al J V5=200GeV  « 0%-100%, p+Au F 5,7200GeV  « 0%-100%, *He+Au
PHENIX PHENIX PHENIX
1.5
mE @ L%]
1 _-
B

PPS16, Shao et al

0.5F EPPS16, Shao et al nCTEQ15, Shao et al EPPS16, Shao et al
) ) ) nFTEQ]‘.S‘ Sha‘o et a\. ) ) I‘EPSOQrTrans‘port, D‘u & Ra|pp ) ) ) n(‘DTEQl‘S, ShaP etal L
OO 1 2 3 4 5 6 7 0 1 2 3 4 5 6 7 0 1 2 3 4 5 6 7
P, (GeVic) P, (GeVic) P, (GeVlic)

o Transport model with EPS09 + pr broadening
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p+Au Centrality Dependence, Bkwd Rapidity ~—
’ PH-ENIX

© T T T T T T T T T T T T T T T T T T T T T
2 F ]
o [ p+Au y55.=200 Gev p+AU Y5,,=200 GeV p+AU Y5,=200 GeV 1
Lp inclusive 3y e -2.2<y<-1.2 Inclusive J/y e -2.2<y<-1.2 Inclusive 3/ e 22<y<12 4
F 0%-5% 5%-10% 10%-20% ]
¥ E@ i @@1 ;
E B @jﬁg%&]@@ {% ”””””” M@@ ”””” é}l
0.5t %] %] E
E n n n n n n n 1 I I I I I 1 I I I I I 1+

° + + + + + t + t t t t t t u t t t t t t

o p+AU Y5,,=200 GeV p+AU Y5,;=200 GeV p+Au {5,200 GeV
2F  Inclusive J/y ® -2.2<y<-1.2 Inclusive J/y * -2.2<y<l2 Inclusive J/y e 2.2<y<1.2 3
20%-40% @ 40%-60% 60%-84% @
| | | L

4 6 7
= (GeV/c)
o Suppression at low pr for most central collisions
o . . . SALE O
o Competition between nuclear absorption and anti-shadowing AT
’“‘]’?![’“‘”’
U3
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p+Au Centrality Dependence, Bwd Rapidity ~——
e PHSFENIX

o . . T T T T
P T
o« p+Au s, =200 GeV p+Au \s, =200 GeV T p+Au \fs, =200 GeV ]
2 inclusive Jiy . 22<y<1.2 Inclusive dw . 22<y<12 T inclusive Jiy . 22<y<12 7
0%-5% 5%-10% g 10%-20% g
1. B
0.5 E
1 1 Il + Il 1 Il Il B
© f } } | } } |
o
prAU By-200 GeV prAU {5y-200 GeV prAU B y-200 GeV
ez iy . -2.2<y<-1.2 Inclusve iy . 22<y<12 + Inelusive S/ » -22<y<-1.2
20%-40% m g 40%-60% 60%-84%
1.
0.5
£ L 1 " " " " | L ! L L L !
T2 3 © Tz T3 T a Tz T3 T a
P, (GeV/c) P, (GeV/c) P, (GeV/c)

o Transport model includes nuclear absorption and pr broadening

o Describes data well across full pr range
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o [ p+Au\5,,=200 GeV
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i
. o e TN
p+Au Centrality Dependence, Fwd Rapidity PH-“ENIX

77 mmzocey ¥ T paugmmezoce ]

Inclusive J/y o 1l2<y<2.2 Inclusive J/y o l.2<y<2.2 Inclusive J/y © l2<y<22 4

0 5 10%-20% E

" S s ;
¥ _‘éﬁ MDEE‘ : _:
& p*:&u sNNLzoo G‘EV ‘ ‘ ‘ ' ' pf/‘Au sNN‘zzooe‘ev ' ' p+‘Au sNNLzoo G‘ev '
2F Inclusive J/w o l2<y<2.2 E Inclusive 3/ o 12<y<22 F Inclusive J/y © l2<y<22
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P, (GeV/c) P, (GeV/c) P, (GeV/c)
o Very strong suppression in most central collisions
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p+Au Centrahty Dependence, Fwd Rapldlty

p+Au f*sw 200 Gev

pa—Au {*sm,,zoo Gev

of inclusive S o l2<y<22 InolusivaSiy o l2<y<22 T o 12<y<22

E 0%s5% 5%-10% ¥ ]

151 + E

@ ; t t t t t t t t t — t t —
@ 3

p+Au {5,200 GeV
Inclusive J/wr
20%-40%

p+AU Y5,,=200 GeV
Inclusive J/y
40%-60%

o 12<y<22

R
aAaal s

ol
T

o 1.2<y<2.2

ey
T

P T U TR B N S

e 7 [ 7
P, (GeV/c) P, (GeV/c)
o Transport effects small at forward rapidity

o EPS09 shadowing dominates model calculations
o Shadowing not strong enough in central collisions

e
P, (GeV/c)
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c TN
3SHe+Au to p+Au Ratio (0-20%) PH:“ENIX
025——T—— T T T il —— T 4
& F Inclusive Iy -2.2<y<-1.2 (@ T Inclusive J/y 1.2<y<2.2 (b) ]
[ {Sy,=200 GeV + 0%-20%, prAu T |s,,=200 GeV = 0%-20%, p+Au ]
2] o 0%-20%, “He+Au I~ PHENIX o 0%-20%, "He+Au
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1 5
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T
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S
o
<
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SF
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ok
o)

0 1 2 3 4 5 6 7 8 1 2 7 8
[N (GeVic) P, (GeVic)
o 3He+Au shows 11% stronger suppression than p+Au at backward rapidity ;,«' )
&y LU /;
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Summary of J/¢ Results PH\/E_NIX

o Very strong forward rapidity suppression for most central collisions

o Reweighted EPPS16 and nCTEQ15 shadowing describe 0-100% forward rapidity
suppression

o EPS09 centrality dependence (linear) assumed in transport model gives much
weaker suppression than observed for most central collisions

o Small increase in suppression for He+Au over p+Au
o Consistent with small final state effect
o Absorption is significant at RHIC energies at backward rapidity

o Data suggest pr broadening is needed in model calculations

Krista Smith
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Future Analysis: ¥(25)

Krista Smith

Charmonia in sm




Motivation for Future Work

Phys.Rev.Lett. 121 (2018)

= p+Au and 3He+Au CNM effects expected to be similar
» Study 9(2S) modification in p+Au and *He+Au

» Currently, no R,4 measurement of 1(2S) in
PHENIX muon arms

o The 9(2S) is more loosely bound — more
susceptible to final state effects than the J/v

 Different rapidities: different CNM effects,
different dN. /dn, different final state effects

dN,,/dn

I
[l

I
S
T

T~
PH-“ENIX

PHENIX Small Systems \'s,, =200 GeV'
all Systems Vs,

Wounded Quark Model [Scaled]
3D Hydrodynamics [Scaled]

:
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Motivation for Future Work

s p+Au and *He+Au CNM effects expected to be similar
» Study (2S) modification in p+Au and *He+Au

= Du & Rapp transport model (hydrodynamic flow)
predicts stronger suppression for ¢(2S) than J/v in

PHENIX muon arms

p+Au collisions

o Currently, no R,4 measurement of ¢(2S) in

e The (2s) is more loosely bound — more
susceptible to final state effects than the J/v
» Different rapidities: different CNM effects,
different dN.;,/dn, different final state effects

Du & Rapp

v
PH-~ENIX

12<y<22

(2019)

F —— vi1s) cNm 4+ Transport

—— CNMEffects 22<y<12
Du & Rapp (2019)

—— (25) CNM + Transport

12 3 4 5 6 7 8 9 1
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1 (2S) Yield Comparison - NO FVTX PH.UENIX

d+Au centrality dependent ¢(2S5) raw counts for |y| < 0.35 in 5 GeV/c binwidths

Centrality d+Au, mid rapidity

0-20% 19 £ 16
20-40% 39 £ 15
40-60% 34 £ 11
60-84% 29 £ 9

= Raw counts in current data look high enough to extract the ¢(2S) in p+Au(~1k)
and p+Al(~500) as a function of py with centrality

= Challenge will be careful systematic uncertainty study of ¥ (2S) yield extraction

Phys. Rev. Letters 111, 202301
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Initial Fits - North Arm

~—
PH-“ENIX

p + Au _ p + Au
N LN
2 North Minimum Blas NOFVTX| > North Minimum Bias with FVTX
(] r : C 31—
2 =10°E r
E Psi(2S) Count: 685.8 +/- 52.356 8 F Psi(2S) Counts = 185.6 +/- 23.38
I J/Psi Count 588.4 +/- 155.55| & 3 J/Psi Counts = 6486.0 +/- 88.29
Sl S ¥
3 ') ¥ %
E E

u'u” mass (GeV/c?)
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Initial Fits - South Arm PH._ENIX

p + Au P+ Au
< S T
= South Minimum Bias NO FVTX SU 3 South Minimum Bias with FVTX.
2 210 >
b - =
810°E Psi(2S) Counts = 361.5 +/- 41.60 2 Psi(2S) Counts = 201.3 +/- 27.78
2 = J/PsiCounts = 11752.8 +/:126.75| & J/Psi Counts = 6239.5 +/- 172.38 |
g 2
8 8
g 8102
10°
r 10
10
- 1 L MR MY W 0 O
2 v 2 3 4 2
u'u mass (GeV/c?) w'u” mass (GeV/c?)
‘;“\TE 2
Q?'
= P2
) o
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Potential FVTX Track Combinations PH FENIX

Phys. Rev. C 95, 034904 measured 1 (2S)/v(1S) ratio using muons which
both had FVTX tracks

» Best mass resolution (pair efficiency reduced)

©

o For current analysis, considering using one muon FVTX track and one muon
with no FVTX track

e Acceptance will increase while resolution will decrease

o

Also considering using no FVTX track matching
* Best acceptance

o Planning to measure modification for each case and compare as cross check

o Decision will be based on systematic and statistical uncertainties

Krista Smith
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Conclusion for Charmonia Analysis PH\/E_N|X

» Measurement of 1(2S) Rap can provide more information regarding cold nuclear
matter (CNM) effects, particularly centrality dependent gluon shadowing

= [t can also provide information regarding nuclear absorption, a CNM effect that does
not seem as significant at LHC energies

LHC and RHIC have both published results consistent with hydrodynamic flow in small
systems

= Suppression in *He-+Au wrt p+Au in most central collisions (0-20% Centrality) at
backward rapidity observed for the J/1, consistent with small final state effect
s The t(2s) is more loosely bound, more susceptible to final state effects than the J/v

» Study of the modification of the excited state, 1)(2S), could best indicate if final
state effects are due to presence of a QGP GALE
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Invariant Yields as a function of y and Centrality PH\/E_le
p+Al and *He+Au

s
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Invariant Yields as a function of y with Centrality

p+Au
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Invariant Yields as a function of pr
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J /v Nuclear Modification (0-20% Centrality) PH\/E_le

R A p as a function of pp for 0-20% centrality for p+Al and p+Au

p+Al and p+Au
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o At forward rapidity with same projectile, quite different suppression

o At backward rapidity, expect trade off between absorption and shadowing
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Comparison of LHC and RHIC
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