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PHENIX ¢ (2S) Final State Effects in p+A Collisions?

d+Au and p+Pb

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

o Would not be expected if only CNM effects are present
o Reproduced by Co-Movers model - Phys.Lett.B 749 (2015)
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PH “ENIX ¢ (2S) Final State Effects in p+A Collisions?

d+Au and p+Pb
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PH “ENIX ¢ (2S) Final State Effects in p+A Collisions?

d+Au and p+Pb

e Strong suppression observed for 1(2S) with respect to J /v
o Not expected if only CNM effects present
o Reproduced by Co-Movers model - Phys.Lett. B 749 (2015)

Flow in Small Systems at LHC and RHIC

o Consistent with QGP production in most central collisions
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PHENIX ¢ (2S) Final State Effects in p+A Collisions?
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PH“ENIX ¢/ (2S) Final State Effects in p+A Collisions?
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PH“ENIX ¢ (2S) Final State Effects in p+A Collisions?

d+Au and p+Pb
e Strong suppression observed for 1(2S) with respect to J/v

o Would not be expected if only CNM effects are present
o Reproduced by Co-Movers model - Phys.Lett.B 749 (2015)

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
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PH“ENIX ¢/ (2S) Final State Effects in p+A Collisions?
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PHENIX ¢ (2S) Final State Effects in p+A Collisions?

d+Au and p+Pb

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

o Would not be expected if only CNM effects are present
o Reproduced by Co-Movers model - Phys.Lett. B 749 (2015)

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

Analysis Motivation

e Look for evidence of final state effects by comparing ¢ (2S) with J /¢
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PH-<ENIX PHENIX Detector: Muon Arms
3 . Phys. Rev. C92, 044909 & RPC3
Muon Arms w57
® rapidity coverage: i, &

12< |yl <22

® Muon Tracking followed
by Muon Identifier

weol

* South

L Lk

Y 9¢

® Iron and copper absorbers
for hadron rejection

RPCI

® BBC measures collision
vertex along beam axis

South Side View North
18.5m= 60 ft

@ All dimuon hits recorded in coincidence with BBC Minimum Bias trigger
@ Centrality is measured using the BBC detector in the A-going direction
o PHENIX includes two tracking detectors in Muon Arms: MuTr and FVTX
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Reconstructed Dimuon Mass Distribution
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=+ Crystal Ball Fit
= 2nd Guassian Fit

u*y mass (GeVic?)

2015 p+p data set at /s =200 GeV

Mixed events background

o Estimate of combinatorial
background

Correlated background

o Open heavy flavor, Drell Yan, etc.
Gaussian fit to high-mass tail

o MuTr-FVTX misassociated tracks
J/, ¥(2S) Crystal Ball fits
Total fit

Paper submitted to PRC' (arXiv:2202.03863)
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PHFENIX Charmonia Nuclear Modification in p+Al Collisions
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o At forward rapidity, J/v and ¥(2S) modification consistent with unity

@ At backward rapidity, nuclear absorption cannot explain suppression in ¥(2S) modification
o 1)(2S) suppression could be due to final state effects, however error bars sizeable
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PHZFENIX Charmonia Nuclear Modification in p+Au Collisions

2
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o At forward rapidity, J/¢ and (2S) modification show similar suppression

o Data well described by EPPS16 and nCTEQ15 shadowing predictions
@ At backward rapidity, nPDF effects alone cannot describe ¢(2S) modification
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PHZFENIX Charmonia Nuclear Modification in p+Au Collisions
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o At forward rapidity, J/¢ and ¥(2S) modification follow similar trend
o Would be expected if cold nuclear matter effects dominate

o At backward rapidity, clear difference in 4 (2S) modification in most central collisions
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PHZFENIX Charmonia Nuclear Modification in p+Au Collisions
s 2T T T T T T T T
S -22<y<-1.2, Inclusive PHENIX (a) 1.2<y <22, Inclusive PHENIX (b)
o B Y(2S), prAu {5, =200 GeV [ w(2S) Transport Model (Du & Rapp)
15~ © JU,p+Au|§,=200 GeV 1 X3 Ju Transport Model (Du & Rapp) Haz
—— CNM Effects Estimate (Du & Rapp) 23
=2
cd
g8
=
1 1 1 1 1 1 I

N

coll

[

@ Cold nuclear matter estimate shown at both rapidities

@ Largest contribution to Transport Model at forward rapidity from EPS09 shadowing
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o At backward rapidity, model predicts stronger hot nuclear matter effects for ¢(2S) state
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PHFENIX Charmonia Nuclear Modification in p+Au Collisions
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o At forward rapidity, J/v and ¥(2S) modification well described by shadowing models
o Consistent with cold nuclear matter effects

@ At backward rapidity, charmonium inconsistent with shadowing effects alone
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PHZENIX  ¢(2S) Nuclear Modification at RHIC and LHC
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o Initial state effects expected to be different at RHIC and LHC energies

o Larger mean pr values at LHC lead to higher Q? values; different Bjorken-z probed

@ Similar ¥(2S) modification seen between experiments at backward rapidity
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PH>SENIX ¢ (2S) Nuclear Modification at RHIC and LHC

2 T T T T
ﬁ;_ Inclusive Y(2S) PHENIX (a) Inclusive y(29) PHENIX (b)
(o4 B PHENIX p+Au {§y=200 GeV, -2.2 <y <-12 B PHENIX p+Au {§,=200 GeV, 1.2<y <22
5 ® ALICE p+Pb |5,=8.16 TeV, -4.46 <y <-2.96 ® ALICE p+Pb y5,,=8.16 TeV, 203 <y < 353 a
< 15 — PHENIX CNM Effects (Du & Rapp) T g
0 d [ Ww(2S) PHENIX Transport Mode! (Du & Rapp) =3
Y(2S) ALICE Transport Model (Du & Rapp) SR
1 g
S 2
g%
=<
&
1 1 1 1

L N O

coll coll
o Initial state effects expected to be different at RHIC and LHC energies
o Larger mean pr values at LHC lead to higher Q2 values; different Bjorken-x probed
@ Both transport models at backward rapidity predict similar degree of suppression



roduction in small systems with PHENIX

19 /21

J/ and ¥ (2S) p

Krista Smith "5 Los Alamos
29th International Conference on Ultrarelativistic Nucleus-Nucleus Collisions &9 NATIONAL LABORATORY
’v
PH -ENIX 1(2S) to J/¢ Ratio at RHIC and LHC
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@ The 9(2S) to J/1 ratio in p+p collisions at RHIC, LHC show no clear energy dependence

@ Comparison of the p+A to p+p ratio strongly suggests the presence of final state effects in
p+A collisions at backward rapidity, as initial state effects expected to largely cancel
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PH -ENIX Charmonium Modification at RHIC and LHC

m 2T T T T T
m{ PHENIX MZZUO GeV  LHCbp+Pb m:s Tev PHENIX
Y(2S)@p+Au Vd+Au  EY(2S) Iy
15l v Oprau d+Au  ALICE p+Pb {§y=5 TeV

Ay AWy

I :
of ¥4 boin

1 1
0 -4 -2 0 2

@ J/¢ and ¢(2S) modification similar at forward rapidity

o Suggests initial state effects dominate charmonium production

IN

<

JHEP 02 (2021), 002 ; JHEP 03 (2016), 113

ARX1Vv:2202.03863 ; PRL 111, 202301

e PHENIX, LHCb, and ALICE consistent with increasing final state effects in A-going direction
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@ Nuclear absorption cannot explain 1(2S) suppression at backward rapidity in
p+A collisions

@ At forward rapidity, PHENIX J /v, ¢(2S) modification consistent
with EPPS16, nCTEQ15 shadowing predictions

@ Final state effects on charmonium states appear very similar at RHIC, LHC
energies

@ Comparison of 1(2S) to J/¢ ratio in p+A versus p+p collisions

strongly suggests presence of final state effects in p+A collisions at
backward rapidity
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PH: -ENIX Model Overview

nCTEQ15 and EPPS16 NLO (Shao, et. al.) PRL 121, 052004

o Reweighted using LHC p+Pb data
o Gives tighter J/v constraints
o Centrality integrated only
o Impact-parameter dependent nPDFs included in PRD 101, 054036

EPS09 NLO + Transport Model (Du & Rapp) JHEP 03, 015

o Includes fireball, MC Glauber for initial conditions
@ pr broadening included

o Backward rapidity: Nuclear absorption added
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PH-“ENIX Combining MuTr and FVTX Tracks

QL]

@ The FVTX detector provides additional space points near the collision vertex
o Located upstream from hadron absorbers, FVTX improves dimuon mass resolution
@ New track reconstruction method for 1(2S) results at 1.2 < |y| < 2.2

o One muon track has momentum determined by the FVTX detector, and the other track
has momentum determined by the MuTr detector (A and C)

@ For better statistics, at least one track associated with the FVTX was required (A, B, and C)



J/1 and 4 (2S) production in small systems with PHENIX

Krista Smith ‘@ NLOS Alamos

29th International Conference on Ultrarelativistic Nucleus-Nucleus Collisions ATIONAL LABORATORY

PH-<ENIX Centrality Categorization
o Centrality is characterized using the BBC counter, +Au @ 200 Ge
where events are ranked by total charge produced . ‘ Glauber + NBD

e However, impact parameter and total number of
nucleons involved in a collision cannot be s
80 100 120 140

experimentany measured BBC Charge (Au-going Direction)
e A model was developed by Roy Glauber to describe _ Participant
the scattering between high energy composite SO EA .
particles, known as a Glauber Model Pm A Pﬁn_’
o (Nou) average number of binary collisions and e Remnant
depends on average thickness of target by
o cppc corrects for the bias towards larger charge in b - gpecator

the BBC for hard scattering events

Top: Phys. 1019 Rev. C 90, 034902, and bottom, M. Bruinsma (Utrecht U.)
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PHENIX  Inclusive ¢/(2S) Results in Small Systems

PHENIX has measured inclusive

¥ (2S)— pt ™ nuclear modification in
PHENIX added 3 new small p+Al and p+Au collision systems at
systems data sets 1.2 < |y < 2.2.

e 2003, 2008 d+Au at \/syny = 200 GeV

3 _
° 2014 “HetAu at \/syn = 200 GeV This analysis builds on recent results of
e 2015 p+p, p+Al p+Au at J/v — ptp~ nuclear modification
VSNN = 200 GeV measurements.



