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=" The VlI-th International Conference on the
Initial Stages of High-Energy Nuclear
Collisions (IS2023), Copenhagen.

Recent Results for the PHENIX Experiment

Axel Drees, 1S2023, June 2023, Copenhagen, Denmark

@ Selected results from p+p

@® Small systems p+Au, d+Au, *He+Au
¢ Disentangling centrality biases, initial state and final state effects

@ Selected results from Au+Au
& Summary
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PHENIX Data Sets

® PHENIX stopped data taking after 2016 PH ENIX
® Ongoing analysis of large data sets taken in 2014, 2015, and 2016

2 2 2. ¢ CutAu) / » -~
] DD oW PG

510 *
X ® Focus of this talk: 200 * K * Kk *
Pt » Polarized pp 130
p+p, VSNN = 510 GeV 62.4

P a2 o
ptAu) d@aH@ » Small systems -

p+Al, p+Au, d+Au, *He+Au

| JSNN = 200 GeV 27

‘6@: o Large systems 20
: Au+Au 14.5

JSNN = 200 GeV 7.7

Results in this talk published

or shown for the first time in 2022/23
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Direct Photon In Polarized p+p at 510 GeV

9 PHENIX: arXiv:2202.08158 (Accepted for publication in PRL) Pmlx
+ - . . .
¥ oL+ teolated direct photon cross section @ Double helicity asymmetry isolated direct photons
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Charmonium Production from p+p at 200 GeV
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® J/y vs event multiplicity

¢ Jly enhanced in high N, events
¢ Observed at RHIC and LHC

Contribution from

Multi Parton Interactions (MPI)?

® Caveats:

¢ Rapidity range of N, measurement
¢ Are J/y decay products counted?

PHENIX: Zhaozhong Shi

Parallel Session 7 We 16:30
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Evidence for QGP Droplets in Small Systems

a2 20
p+Au ) diAu 3H@0

0.18

0.16F
0.14f
0.12F
= 0.15
0.08f
0.06}
0.04f
0.02}
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PHENIX: Nature Phys 15 (2019) 214 PH ENIX
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_—p+Au \sNN =200 GeV 0-5% (a) d+Au \s,, = 200 GeV 0-5% (b) 3 —— *He+Au \S\n =200 GeV 0-5%  (c)
~- v, Data PHENIX :
: T R t |
05 1 15 2 25 3 05 1 15 2 25 3 05 1 15 2 25 3
p,(GeVic) p_(GeVic) p_(GeVrc)
® Geometrical ordering as expected from hydrodynamical models
° Vv, ptAu < d+Au ~3He+Au
* V; ptAu~d+Au < 3He+Au
Anisotropy of charged particle production
consistent with hydrodynamic expansion
Axel Drees




Independent Study of Anisotropy

e
pAu dAu 3H@

PHENIX: PRC 107 (2023) 024907

I A L I LA A L L L B L B L R
0.2- PHENIX p+Au at 200 GeV R 0 2?_PHENIX, d+Au at 200 GeV R
' @3><2PC BBCS-FVTXS-CNT . ““I [#/3x2PC: BBCS-FVTXS-CNT )

- = Nat. Phys. 15, 214-220 (2019) - - @ Nat. Phys. 15, 214-220 (2019
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® Using two particle correlations over large rapidity range
o Different systematics, different sensitivity to non flow effects

» Consistent v,
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p Au d@) 3Hé@9 PHENIX: PRC 107 (2023) 024907 p|-| EN|)(
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Independent Study of Anisotropy

Pseudorapidity (n)

Further studlies constrain non flow contribution PHENIX: PRC 105 (2022) 024901
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J/Y and Y (28) In p+Au

D :
0 Au) PHENIX: PRC 105 (2022) 064912

PR
of
1.5
I

0.5

YxA (pT)
(Ncoll> Ypp (pT)

R,a(p7) =

B

| |
-2.2 <y <-1.2, Inclusive

B Y(2S), prAu 5,200 GeV
® J/y, ptAu \s =200 GeV

i ol T Tl T

S—— I —
SRR
KON WA AAAA X

|
PHENIX

PRVAN

(2)

Au-direction

| I I |
1.2 <y <2.2, Inclusive PHENIX (b)

[ w(2S) nCTEQ15 (Shao et al.)

B W(2S) EPPS16 (Shao et al.)
"] w(2S) Transport Model (Du & Rapp)
] J/y Transport Model (Du & Rapp)

A e — —
R AN e DG e A G .
Zr -w‘v&#?m-;m —

o — <00y
LB ?Y’!’A =]

8

(N
® Similar modification of J /4 and y(28) in p-direction

® Stronger ¥ (25) suppression in Au-direction

¢ nPDF only can not describe the data

coll

)

2

¢ Qualitatively agree with the transport model with final-state effects

q\\\\ Stony Brook University
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Qualitatively consistent with
QGP formation
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Nuclear Modification of &® spectra in Small Systems

Do S o
_ _ QD . .
p+Al ptAu) d@ 3He‘@9 Inclusive Cross Section

1.4
1.2

%
1

0.8

0.6

PHENIX: PRC 105 (2022) 064902

YxA (pT)

v

R,a(p7) =

(Ncoll> Ypp (pT)

i p+Al, 0-100%, isNN =200 GeV
L 1%, Inl<0.35

. PHENIX

i p+Au, 0-100%, S,y = 200 GeV
L 1%, nl<0.35

i|_f‘3 _________ ,’lr
%oom} _

i d+Au, 0-100%, fsNN = 200 GeV
n°, Inl<0.35

*He+Au, 0-100%, S, = 200 GeV
n?, Inl<0.35

L] & & * +
¥ TR {
:-l (a) | ] :-I (b) | | -I (c] | | (d) | ]
0 10 20 0 10 20 0 10 20 0 10 20
p_ [GeVrc] p_ [GeVic] p_[GeV/c] p_ [GeV/c]

@ Cronin peak in intermediate range 2 < pr < 6 GeV/c
@ Peak increase with “target” A in p+A
» Broadening/decrease/shift of peak with increasing

“projectile” p+Au —
High pr> 6 GeV/c

d+Au — 3He+Au

Modification of “Cronin” peak

No/little suppression at high p;

*» R, , consistent with unity p+Al ~p+Au ~ d+Au ~3He+A
‘\\\\ Stony Brook University
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Comparison to Nuclear PDFs

PHENIX: PRC 105 (2022) 064902 PHENIX PRC 106 (2023) 014908 ~~—
- Inl < 0.35, 0-100% - d+Au - n’+X nNNPDF | (502200 GeV, <035 (@ | (5200 GeV, <035 (b) PH ENIX
1_5??':m+-:oosn:)!+x - —EPPS16 [ p+Al, 0% - 100% [ p+Au, 0% - 100%
I i - nCTEQ15 150 ¢ 1 ]
| | J ff H+w | Nuclear effects
g b +- #‘” ““““ == with system size
_ | :: | .
i - 0 05 , 4—KK PHENIX 1, )oKk PHENIX | 20 _ -
0.5 (a) - (b) T L PYTHIA+NCTEQ15 .~ PYTHIA+NCTEQ15 3He@ P+Au =
N | PYTHIA+EPPS16 1 PYTHIAEPPSTE | a3
| PrAUS T+X P PHAl S EX V_—zooeev w035 © 1 \{_—zooeev 035 | @ 2 0 'I
| d+Au, 0% - 100%, PRC 83, 024909 °He+Au, 0% - 100% diAu) d¥Au A
z | ! o 8
o {_*_U_i__jl___"____ RS +* ______ H an 3He‘® =
o + | #“!,q?f p+Au u o
- PHENIX 3 08 | 4Kk PRENIX 1 ok PHENX | nPDF  Data
0.5F (c) - (d) -~ PYTHIA+NCTEQ15 1~ PYTHIA+NCTEQ15
T | PYTHIA+EPPS16 [ PYTHIA+EPPS16 |
0 10 20 0 10 20 2 4 6 8 2 4 6 8
GeV/ GeV/
p. [GeVic] p. [GeVIc] Pr{GeVie) pr(GeVic)
a2 > i ; s ..
PRl ptA) dkau) sHepAu) Consistent with nuclear PDFs within large uncertainties,

Inclusive Cross Section but trends qualitatively different from data
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Centrality Selected Small System Collisions

PHENIX: PRC 105 (2022) 064é02

1.5

p+aL0-20%  Central
p+AU, 0-20% 0-20%

¢
o
O  d+Au, 0-20%
&

*He+Au, 0-20% R xA <1

¢ p+Al, 20-40%
O p+Au, 20-40%
O d+Au, 20-40%
% *He+Au, 20-40%

1]
--4In
[0}
pr > 8 GeV/c
(c) L (d)
2-| L 1 I 1 1 1 1 I 1 L 1 -I 1 l I
- ¢ p+Al, 40-60% r ¢ p+Al, 60-72%
O p+Au, 40-60% O p+Au, 60-84%
15k O d+Au, 40-60% [ o d+Au, 60-88%
[ % He+Au, 40-60% [ # *He+Au, 60-88% )
L & $ L o E *
s | 4 - Pyt
R W ones J-—-—E—-#-—-— SR s AR S . 1

oo "Peripheral (>60%)
(e) I )]
G-I L L 1 1 I 1 1 1 L I 1 1 L _I 1 1 1 IR¥AI >I I1 1 I 1 1 L
10 20
[GeV/c] P, [GeV/c]

B 4D )i
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® n°R , from p+Au, d+Au, SHe+Au
* Central: 20% suppression - consistent with energy loss

+ Peripheral: 15 % enhancement - unexplained, likely
due to selection bias

W.Ke & I.Vitev: "\i\Li
d+Au 200 GeV arXiv:2204.00634°
201 A SN 020% 45 =Y 0-20%
4 N 40-60% |
< 1571 p\ 10
- . 101 #
e 1.0 4- rerrrrrer Y
05 - CNM effects + 0.51 CNM effects + QGP |
0 10 20 0 10 20
pr [GeV/c] pr [GeV/c]

¢ Similar observations at RHIC & LHC

Inconclusive R, for high p; in small systems

Bias or final state effects?

11
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Mapping Event Activity to Centrality With Glauber Model

d‘:z D PHENIX: PRC90 (2014) 034902

2408 d+Au @ 200 GeV
=

g > Data

S10° Glauber + NBD

20 40 60 80 100 120 140
BBC Charge (Au-going Direction)

- d+Au @ 200 GeV
- <Ney>=2.64.35.87.59.311.313.4 155 18.1

5-10% — N_,,=15.5
10_1 coll

10

1 I | I | | 11 1 | [ 1 | 1 1! | 1 1 11 1

0 5 10 15 20 25 30 35
Number of Binary Collisions

‘\\\w Stony Brook University

RPC3

ZDC South ¢,
ul ‘}

M

PHENIX Beam-Beam Counters (BBC)
3.0<n|<3.9

Central Magnet

ulD)

b 4 Side View

TN
PH ENIX

18.5m= 60 ft

Procedure for small systems
Measure event activity (N,,) in BBC on Au going side

Fit event activity to superposition of negative binomial
distributions for each nucleon-nucleon collision

Select events in percentiles of event activity
(0-5%, 5-1090, etc. ) for data & model

?
9

12

Assign N, from model to data
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Bias in Event Activity from Hard Scattering

3 PHENIX
PHENIX: PRC90 (2014) 034902 i
)
® Reduced forward event activity in 2 gl PP 200 GeV (a)
nUCIeon_nUCIeon COIIiSiOn With hard m EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEER
scattering S “ecee, @
» Averaged out in Au+Au collisions A oo : {.
+ High p; events shifted to lower EA and UE,‘
lower N, in small systems S g4t BBC N,
? Increases RAB in peripheral events’ U EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEER n r-e-dljCed When
probably p; dependent % high pr i event
m
v PHENIX Data p+p @ 200 GeV
Bias in event selection for 2[7| w===ss p4p inclusive (42 mb)
hard prObeS in Small I =nsnus P+p with particle pT}1.5 GeV/c
SyStemS — + p+p with n° at given P,
0 1 1 1 1 I. 1 1 1 1 I 1 L L | l L L L L
0 5 10 15 20

P [GeV/c]
‘\\\\ Stony Brook University 13 Axel Drees



Use Direct Photons to Minimize Selection Bias

® No nuclear modification of direct y

¢ Au+Au direct y scale with N,

dir
dir Y'. (pr)
RZB (pr) = a2 ydir ~1
Neou Yy, (Pr)
® Use direct y to measure factor “N

scale hard scattering processes

2 to

coll

ydir
exp _ Yap (1)
coll — dir

Y};p (pT)
® Redefine Nuclear Modification Factor

N

0 dir .
Vie @) Yo ) _ (r*7/m®)”

RT, =
asexp(Pr) YS; o7

Insensitive to event selection bias

No Glauber model dependence

Largely insensitive to CNM effects

Partially accounts for p; dependent bias

¢ Many systematic uncertainties cancel
‘\\\\ Stony Brook University

¢ & ¢ ©

dir o di 0)AB
YXB (pT) (Y lr/n )

—V—

%’: PH ENIX
PHENIX: PRL109 (2012) 152302 -

18 ’ ' ‘ ‘ ‘ ‘ ‘ ‘ ‘ -
<16 z_{s_mﬂooee\r =
o }3 =~ Au+Au, 0-92% % =
L oeE } =
© 02E (a} | | | | | | o | | =
< 16 [E- VS =200 GeV =
c }g =~ Au+Au, 0-5% =
go'ggi..!.iiﬁii_; Y ; .:g
Gy = =
S §3E (b) ¢ =
18 -

é 16 = Sy =200 GeV —
o }g = Au+Au, 60-92% ; } =
| S I
5 ae ST 1
S 02E (0) =

é 1|0 1|2 1|4 1:6 1IB
P, (GeVic)

M2
.
=2]
M2
(=]
M2
Mo

Search for final state effects

14

simultaneously measure direct y and r°
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y9" to #° Ratio in d+Au and p+p Collisons

@ +dir/z0 for inclusive samples (0-100%b) @ vdir/z0 for different centrality P?ET\IIX
N + Equal for p+p to d+Au » Peripheral events consistent with min. bias
S o p+p systematic dominated by 2003 yd9'r data o 0-5% visibly larger
06F T T T T T 06F T T T T T
; C d+Au Vs = 200 GeV, |y|<0.35 ] ; " d+Au Vs = 200 GeV, |y|<0.35 ]
?"0_5_ . ?“0_5_ e d+Au 00-05% .
] o d+Au 05-10% ]
-~ A d+Au 0-100% ] m d+Au 10-20% ]
0.4 - 0.4 o d+Au20-40% .
B N ] o d+Au 40-60% -
v PP % ] [ ¢ d+Aﬂ 60-88% ]
0.3F - 0.3F .
i 1 : : :
0.2F 5 - 0.2F ; -
- “1% i - é; ’ ’
o1 ¢ . 0.1F ! .
0012 14 16 010 12 14 16
PHENIX: arXiv:2303.12899 p_ (GeV/c) p_ (GeV/c)
No or similar modification of y9"/z% for most d+Au selections
Different modification for 0-5% central d+Au
q\\\\ Stony Brook University 15 Axel Drees



Evaluating Bias in N&;, from Glauber Model

PHENIX: arxivi2303.12899 : ® Determine scaling factor Ngqy; from ydir PH  ENIX
X 512F - N 76404 (@) = )C) » Independent of p, for 7.5 to 18 GeV/c
= 11(;-‘ NP 7.640.241.2 : e o NEXP and N&I, consistent within scale uncertainties
9F E I3 I L N LA B B BUNLELE NUNLELE NLRLELEY BLRLELES UL
sE?, ¢ E 38 | ]
7E ﬂt AR BENS S N Z 1.2 -
6E @ 0-100% d+Au \5,,=200 GeV = dir %g : } ]
a _35:— : : : : : - EXP _ YdAu (pT) z 112_ + E
x5 F .. N?L - 18.1+1.2 (b) . Ncoll - dir - ~£< I "
LUZUSIO__ o ! Y (pT) 1_— “““““““““““ 1T 7T & T -
o5 f — Nooi = 17.3£0.7+2.8 g Yop ) g; + T + ]
20F = f ]
15;%%%}1 T : 0.8~  d+Aus,, =200 GeV -
105_..0-5% % . —E E...I...I...I...I...I...I...I...I...I...E
T VAN © . @ Visibletrendin NEY and Ny 0 2 4 6 8 101211476 18,
o F - - = + 1 . . . .
e 6p 7 N =320 : with centrality within common scale uncertainties Coll
F — NV =3.7£0.2+0.6 ] : . o
5F ] » Good agreement in central collisions within 5%
aF 4 T; * l } ] * 15% deviation in peripheral collisions
ST L T — —
St e0-68% Bias in event selection:

~8 10 12 14 16 . Event activity reduced in presence of hard scattering
‘\\\\ Stony Brook University DT [GeV/c] 16 Axel Drees



Nuclear Modification Factor for n°in inclusive d+Au

32
d+Au

dAu (pT) x Ypp (pT) (ydir/n.O)pp
YTtO (pT) dAu (pT) (ydir/n-O)dAu

RdAu EXP T)

PHENIX: arXiv:2303.12899 ) 0
| I I 1 | I I ] I I I I 1 I I I I 1 ] . Redeflned RgAu,EXP(pT)

N
PH ENIX

e
w1.2r - + No significant p; dependence
%L é — f%___‘ ] » Average value:
1:_ §+ % % ______ % __________________ _ Rgzu,Exp(pT) =0.92+0.02+0.15
0.8 + | N » Consistent with unity within 16% scale uncertainty
0 6: e 0- 100% d+Au i o Consistent with 5% enhancement from CNM effects*
, 4 — (Fldﬁt exp) = 0.92£0.02+0.15
b Rian /Ry, (JHEP 04, 055) ] Small or no final state
0oL — ™ and y with EPS09 N modification in inclusive d+Au
. — n EPSQ9, v pp PDF only Z
OT.|...|...|...|...|...'
8 1 0 1 2 1 4 1 6 * From Arleo et al: CNM effects largely
p [GeV/C] cancel in 4 /m® ratio in this p; range

‘\\\\ Stony Brook University T 17
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Centrality Dependence of Rd awexp(PT)

PHENIX arXiv:2303. 12899 32 ~—
1 4 Au)

128 E dir /..0\PP
Y e s O YEw @D Y @n (/)™ PHOENK
-z IE : . - dAuEXP Pr) = 0 dir dir /70)dA
cosE® ! } { . Yoo(P1) YV, (Pr) - (ptir/mO)ti
0.6F E
0.4f ® 0-100% G+Au |5, =200 GeV - @ Peripheral d+Au collisions
u-o 2_——: mdA. LExp) = :0.92i[?.02i0.:15 E RdAuExp(PT) ~ 0.94+0.05+0.16
1.2 . s :
F ] S (e)_ » Consistent with inclusive d+Au sample
osf4,1 |
oCosf4ytes ¢ . E
0.6F t e ® Central d+Au collisions
0.4F © 0-5% i =
S12F T | .
=23 ;H % , E @ Clear suppression of «° yield
DTI%OB:- $ l} + E » About 20% relative to inclusive sample
~r ' ¢ ]
0.6 + :
0.4F ¢ 60-88% ; : :
0.2F — (RY _ )=0.94:005:016 7 Suppression of ©° in central 0-5% d+Au

0= 70 12 14 ~
‘\\\\ Stony Brook University p [GeV/ c] 18 Axel Drees



Centrallty Dependence of Rd AWEXP

)Q. '—V_

PHENIX: Niveditha Ramasubramanian d+Au PH ENIX
) RdAu pxp VErses Nfg(lll) or dN,/dn Poster 137 at Reception Mo 19:00 dN /g
» Assess significance relative to min. bias PHENIX: arXiv:2303.12899 h/ N
sys. uncertainty and CNM effects cancel 2 4 6 8 10 12 14 16 18 20
1 I T T T T I T | T T '| T T |' T T T T I T | T T I T ]
. _ . o ]
o NEXP < 14 consistent with inclusive d+Au > _I-_ __________________________________________ E
R% 1, £xp(60 — 88%) <. | IS :

=1.017 + 0.056 Hnogj— I . + + .

~ 04t o

Rgglu,EXP (O - 100%)

» Suppression for NEXP > 14, i.e. top 10% centrality ; -+- 1
0.7 d+Au\s,, =200 GeV .
— BO 5 i
R;’A“EX” O=5%) _ 4 806+0.042 . 75<p_<18GeV/c ]
R% 4, £xp(0 — 100%) 0.6 oo k

» Increasing suppression with NEXF or dN,/dn 0 2 4 6 8 1 0 1 2 1 4 1 6 1 8
NEXP

coll

20% high p; &® suppression with 4.5¢ significance

INn final state of 0-5% central d+Au collisions at 200 GeV
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Comparison to ALICE limit from Jets

TN
ALICE: PLB783 (2018) 95
e ALICE PLB783(2018) 95 pH ENIX

® PHENIX n®suppression in 0-5% d+Au

o Assume nlis leading particle

* Use momentum loss op; estimate from
PHENIX:PRC93(2016)24911

¢ 20% suppression relative to 0-100%

ALICE p-Pb |5, = 5.02 TeV

50-100% VOA
\®)

Illl+llllllllll

» momentum shift 8p; ~0.2 GeV/c <
o |‘"‘|""|(')"'|""|"" <\ -
g B n° d+Au \]S_W=200 GeV- g — E
3 0 0-5% /NEXP S B0.8F  TT(1250) - TT(6,7) E
= N o e L @ T F  Antik; charged jets, R = 0.4 ]
4 0-100% /N . .
- % 108 » o/ N < 0.7F -043<y’<1.36; -0.03< y. <097 -
S fit (p_/p )" i - 7-Ap<06 ]
ge]feN - N T0 . [ s 3
© - - 0.6F [] Syst. uncert ]
— i . _ - 0.4 GeV/c spectrum jet shift .
Q_ _lllllJlllJlllllllJlIlLllI.Jlll|.lll]—
A cﬁ i a i 15 20 25 30 35 40 45 50
i ¢ 1 ch (GeV/c
i SpT = 0.213+0.055 GeV/c A pT,J'et ( )
¢ ® ALICE limit 0-20% p+Pb at 5.02 TeV:
- il + forcharged jet p;> 15 GeV/c
7|5 L E|3 Ly |8|5| Ly é Ly .9|5. Ly ¢ AE move outside of R=0.4 cone in
: : : _ recoil jet <0.4 GeV at 90% CL
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Non- Prompt Direct Photons from Au+Au

|||||||||r||ll__|||||||||||III

Nonprompt y

¢ PRC 91, 064904

—0.8-1.9 GeV/c
—2.0-4.0 GeV/c

o T 4 extraction range -
o arXiv:2203.17187

40-60

PR

o ":'_,'_“- “ |

]JIJl"‘-{lIII";‘I-

'_60-93% B m

1

PHENIX Au + Au ]

|[5Tm=2006ev ]
1 ® Increasing T with p

2

4 6 8
p, [GeV/c]

q\\\\ Stony Brook University

P, [GeWc]

High statistics Au+Au

VSNN =200 GeV
data taken 2014

T [GeV/c]

PHENIX: arXiv 2203.17187 Pmlx

- | I | ' -

- PHENIX Au + Au, |5, = 200 GeV .

0.6 — Nonprompt vy -

| T, extraction range i

0.5 ® 08<p <19GeVic ~

L © 20<p <4.0GeVic —

0.4 — [ﬁ_ 376 MeV/c ;

o.j H ; -

________ SR P ) S d- -1

3 N e 260 MeV/c -

0.2 B 1 1 L 1 1 1 1 1 1 1 ]
0 200 600

dN,/d

¢ Low p; : Hadron Gas + flow
¢ Medium p;: additional contributions from source with T > T

Possibly Contribution from QGP

or pre-equilibrium phase

21
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Summary

N
PH ENIX

@ Polarized p+p at 510 GeV:
¢ Isolated direct photons consistent with zero or small positive Ag

@ Small systems p+Al, p+Au, d+Au, 3He+Au at 200 GeV:
* V,/v, consistent with geometrical ordering expected from hydro expansion
* ’ suppressed more than J/y in Au direction, consistent with final state effects
+ High p;y9" resolve bias in event selection bias inherent to Glauber model approach
9

First evidence for significant 20% final state suppression of high p; n° (7.5 to 18
GeV/c) in central 0-5% d+Au collisions

Small system data consistent with

QGP droplets in central collisions

® Au+Au collsions at 200 GeV:
* Non prompt y9'" sensitive to early emission prior to Hadron gas formation
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Other PHENIX Presentations at 152023

TN

® Measurements of J/y production vs event multiplicity in the forward rapidity in PH ENIX

p+p and p+Au collisions in the PHENIX experiment

PHENIX: Zhaozhong Shi

Parallel Session 7 We 16:30

® Disentangling centrality bias and final state effects in small system collisions

PHENIX: Niveditha Ramasubramanian
Poster 137 at Reception Mo 19:00

® Lévy HBT analysis of Bose-Einstein correlations
PHENIX: Sandor Lokos

Poster 136 at Reception Mo 19:00

e n¥and y%Tat high p; from high statistics 2014 data set

PHENIX: Nour Jalal Abdulameer

Poster 156 at Reception Mo 19:00
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Backup

TN
PH ENIX

q\\\\ Stony Brook University 24 Axel Drees



PHENIX Experiment at RHIC

TN
PH ENIX
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y*'" and =° Yields from d+Au and p+p at 200 GeV

L o

= - E — N ) TN
S v z S 8 e 1 PH ENIX
) . ;‘ = @ ‘| -7 — —
0] 458 d+Au ¢ 107 R d+Au E
= j0°L .18, o 00-05% = S " ° 00-05% ]
z|o - . 18 ©0510% ] Z|o S Tk~ 0 05-10% A
Sla T ' 8 . 10-20% ol [T, g . 1020% ]
O S T 0 20-40% - T 108 y ' s 020-40% -
o nsl o 40-60% | o g v . 0 40-60% A
—e 10°¢ v * P . o6088% ] e - 5 B +60-88%
V| - v A . Al | i i
! . ? g | 10°F ' ' g -
“0[ } _ - 4 ]
10°E v ] v $ t -
- . ] 10°F . ¢ E
10 ' : .
- Y p+p ] ¥ p+p
a d+Au0-100% - a d+Au0-100% -
P TN TR AT SRS NIRRT BT RIS AT SRR NS S RN SRR RN
8 10 12 14 16 8 10 12 14 16
p, [GeV/c] p, [GeVi/c]
® Highp;y? (7.5 < pt < 18 GeV/c) @ High p; = (7.5 < pt < 18 GeV/c)
o First centrality selected data from d+Au ¢ d+Au data from 2016 consistent with 2008 data:
» min. bias d+Au data consistent with 2003 data: PHENIX:PRC(2022)64902
PHENIX:PRC87(2013)54907 * p+p reference data from: PHENIX:PRC(2022)64902

o p+p reference from: PHENIX:PRD86(2012)72008
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Energy Loss In Small Systems?

ificati Y 4p(P1)
Nuclear modification factor: R,p(pr) =
(N Y
. A. Huss et al. PRC103 (2021) 054903 cott) Ypp(Pr)
Predict o
few % 1.2 '}}}111{}l+

suppreision 1-°‘EI!L’/ |

0.2
LHC ~5Tev ~ —— XeXe
0.0 —— PbPb
10 20 50 100 200
p. (GeV)

® Expectation/Predictions
¢ Small system size — few fm path length
¢ Limited energy loss (<10% in min bias p+Pb at LHC)
* Competing CNM effects of possibly similar size

Small Signature — Challenging Measurement

‘\\\\ Stony Brook University 27
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PHENIX: PRC90 (2014) 034902 PH ENIX
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(a) typical N+N collision

-f?-.TQ _________ o T
collide if b, < 2r

(b) N+N collision with large-x,, projectile nucleon

collide if b, < ry + r(xp)

NN

McGlinchy, Nagle, Perepelitsa PRC 94 (2022) 024915

Expected ordering with

system size not observed

‘\\\\ Stony Brook University

High-x Proton Size Fluctuation

® Hard scattering of parton with high x in pAu
+ nucleons has smaller than average size

» Ncoll and Npart smaller
+ Smaller number of produced particles

® Characteristic Projectile Dependence

» Projectile nucleons interact independently

* Dilution of effect with increasing Nproj

o Ordering of modification pAu > dAu > 3HeAu

PHENIX: PRC 105 (2022) 064902

o

2

1.5}

TN
PH ENIX

[ 7%, Il <0.35, S, = 200 GeV
L 0-20% ° p+Au 60-88(84)% .-
[ (b) TAAU ) e e
[ . ¢%He+Au | ..o 9B gL
___________ LS AREN
$ : PRC94 (2016) %
P O 024915: 1
---------- --- p+Au
------- d+Au
PHENIX L + - "HerAu 1
10 20 10 20
s P [GeV/c] p. [GeV/c]  axel Drees
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