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Measurement of high p; direct photon and m% in small
collision systems at PHENIX

Daniel Firak (for the PHENIX collaboration) - Stony Brook University

Outline: - Motivation: Ryz(py)

Selection bias, Energy conservation in small systems
Glauber Model in Small systems

Direct Photons, Bjorken-x
Nuclear modification factor in d+Au (PHENIX: arXiv:2303.12899)
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UV PHENIX

Nuclear modification factor in Au+Au

:ttz'4 . PHENIX Au+Au, VSNN =200 GeV, 0-10% most central
X 2.2 & direct y (PRL109, 152302) § J/y 0-20% cent. (PRL98, 232301)
oL §m° (PRL101,232301) @ w 0-20% cent. (PRC84, 044902) :
I fin (PRC82, 011902) § e (PRC84, 044905) Yieldyp
1.8 ¥ ¢ (PRC83, 024904) § K* (PRC88, 024906) RAB (pT) — 3
165 # p (PRC88, 024906) —~— (Ncowr - Yleldpp
sl PHENIX |
1.2 5 1 * For neutral pions (hadrons), R}{;
|71t — AL .[:,.L},.[:].L}’....L}] ....... L{: ............................. shows suppression in large systems
0.8~ ‘}J - For photons, R}, is consistent with 1
0.6
0.4
0.2 . -
| PRI [N TN T N NN ST SN S AN (UM T T N T W | | |

L L L R BRI |
00 2 4 6 8 10 12 14 16 18 20
pT(GeVIc)
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. . i WeHTENIX
Nuclear modification factor in small systems

Central Peripheral
2 >
B ¢ p+Al, 0-20% ¢ p+Al, 40-60% L ¢ p+Al, 60-72%
o prAu, 0-20% PHENIX o prAu, 40-60% Enhancement O prAu,60-84% Enhancement
B O d+Au, 0-20% no’ Inl <035 | O d+Au, 40-60% O  d+Au, 60-88%
1'5__ ¢  SHe+Au, 0-20% ‘SNN =200 GeV [ @ *He+Au, 40-60% C @ *He+Au, 60-88%

__________________

lgﬁiE

® &
0.5 Suppression - -
- - - Yield,,
[ e ' - Rl = ga Ty
[ PH>>/\<<E NIX ‘% [ coll pp
I 1 1 1 1 I 1 1 1 1 I 1 1 1 | 1 1 | 1 | 1 1 | 1 | 1 | 1 I 1 | 1 1 I 1 | 1 1 | 1 1 |
0 10 20 0 10 20 0 10 20
P, [GeV/c] P, [GeV/c] P, [GeV/c]

* Suppression for the central events could be explained with QGP formation.
Enhancement cannot be explained (easily) from physical arguments.
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Is the Glauber Model good both in small Wenrenx
and large systems?

20000 Glauber-MC = £ [ Glauermc o
S [ Pb-Pbysy=276Tev y ] S 6001 p-Pb |5=5.02 Tev
v " AN,
1ooooL______ 10% 10% d = NCOll F====:J Npar 32 b
; ;.% | . N Model/Theory Theory
5000 2 ,“'J A l 10° -
Ll e ~'« Multiplicity window = centrality class
s i * Measurable
Z§ o géagtt))er-sMC 276 TV Glauber-MC a
T oo le —p-Rb- Yo, =5.02TeV | GL dNp . .
: N o o) Not directly measurable!

* Obtained through Glauber model

b (fm)

Red axis: theory / model calculations
Blue axis: experimentally measurable
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UV PHENIX

There IS bias in small systems!

Centrality is determined by event activity in the BBC,
on the Au going direction (PHENIX)

<BBC Charge> [One Side]

[22)

=

TN
. PH.“ENIX (@)

i '"‘i'l'}

L | PHENIX Data p+p @ 200 GeV
2| ssss=s p+pinclusive (42 mb)
" | awss=s p+p with particle p,>1.5 GeVic
I + p+p with n° at given P,
n....|.|..I.L..I....
0 5 10 15 20

P, [GeV/c]

l J Y s s
True central collisions

Small forward activity
(Detected as peripheral)

Ay
S A AT
.........

-------
ARG R PP
......
o
44444
SRRy
ORRs

2
.......
SRRPo

3
A3
AL REe
Ry
.......

Peripheral

s,
A
P

20 40 60 80 100 120 140
BBC Charge (Au-going Direction)
more midrapidity, less forwards/backwards
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UV PHENIX

There IS bias in small systems!

Centrality is determined by event activity in the BBC,

on the Au going direction (PHENIX)

<BBC Charge> [One Side]

“Correlations between hard probes and bulk dynamics in small systems”

N
. PH_ENIX @)

[22)

i "‘-M}

=

L | PHENIX Data p+p @ 200 GeV
2| sunnus p+p inclusive (42 mb)

suunns p+p with particle pT::-I.S GeV/c

+ p+p with n° at given P,

0 1 1 1 1 | 1 | L 1 | 1 1 1 L I L 1 1 L
0 5 10 15 20

P, [GeV/c]

Sangyong Jeon — in ~30 minutes!

3o X-SCAPE ]
PA: v 0P @ 5.02TeV -

— — Soft + Hard 7]
= p EEUTE A T Soft -3 5%
o 1al 1 10%
SN0 A A NN — 10%
=k - - ==~ 20%
o BRE—— s -7 - 40%
O E------eeee e 60%
i

O ral L L PR | L L |

10 1 02 1 03
Leading jet pT[GeV/c], (R=0.4, |y, < 0.3)

6
et
= 1 0 T e
g »..._._.-_-,A._._._.,_..:=.‘=,'=.‘:'¢1‘-'~"='=‘-'~ ““““““
| R Rrerer R REPreo
1 0 R
g ,,,,,
1 4 e -"~.~.».q‘.-_';;- ....
0 _Q- ' ". E h
- :
Q
10° a) :
a S . 8

20 40 60 80 100 120 140
BBC Charge (Au-going Direction)
more midrapidity, less forwards/backwards
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UV PHENIX

Direct photons to the rescue!

52-4 [ PHENIX Au+Au, |s,, =200 GeV, 0-10% most central
2.2 @i direct y (PRL109, 152302) § JAp 0-20% cent. (PRL98, 232301)
ol §n° (PRL101,232301)  fw 0-20% cent. (PRC84, 044902)
I iin (PRC82, 011902) b e;, (PRC84, 044905)

1.8 # o (PRC83, 024904) } K* (PRC88, 024906)
161 #ip (PRC88, 024906) —~—

9f PH <ENIX
1.4}
1.2f

A A . I I I ..... l .........................
03| !
0.6 ;
04 i l i
0-2 o . » :

...................................

2468101214161820
p(Gerc)

Suppressed by QGP

Not affected by QGP

 Unlike color charged matter, direct photons are unaffected by QGP.
- ¥4 can be used as a less biased direct measure of N,

Daniel Firak



UV PHENIX

Direct measurement of the Ncoll

wm

be used as a measure of N_,;;:

directyR,,
OOO0O =ms= 0000 === 0000 Smas

ydir é = \(syn =200 GeV :%
ydir B Y. (pr) N 14 E— Au+Au, 0-92% { =
RAB (pT)_N . le( ) 1 ..g ;_ .....'lgii—. ¢ i } .:;

coll pp Pr o E_ _E

SHew ]

E: Syn =200 GeV { :g

. . . =— Au+Au, 0-5% =

The ratio of direct photon yields can = LI T I S =

HI|I|I|
—
(=2

[~ —
—o—

=YY\t

ydir
NEXP _ Vg (pr)

NP2 ROOE MR RO® E\J.n-b:bo—xi\ah'cnbo

< %: =200 GeV :g
Coll — dlr(p ) ¥ 14E Au Au 60-92% ; —
T - = }_ E
Pp g 2:. %] ii }ii + I:;
S SE (© PHTENIX =
0 ; pDp T T T T T T T T =
0 Y (pr) y T /70 2 4 6 8 10 12 14 16 18 20 22
RXB,exp (pr) = W EXP ( ) p. (GeV/c)

= :
Coll Yno (pr) (& /m0)4B
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The Bjorken-x bias

1 0_2 B All Dominant Sub-dominant
- (x5 e ® qg2qg ® qq2qq
(72} .
'E [ ¥"(x05) o O qg2qgamma O ggbar2ggamma
= 4 -
- -
8 10 B -G:_'
O ‘:,
S n .
— — o &
© 6 o8 1—‘; .
= 1 0 — oo **+
O O OO
O{}{} PYTHIAS8 (Detroit tune)
10'8 — Co  p+pat Vs =200GeV
1 | | | 1 | | | 1
o o All e Dominant
= L : i ............................
- *s
-%- 0 ’:.:;.:I A . . 1
0 10 20 30

UV PHENIX

%) PR B BLELELLE BLELELELE ELELELELE NLELELELE BLELELELE BLELELL

& 0.12F Pythia 8.307, 200 GeV -

[ — m:p_=7.5-18 GeV, [ <035

0.1~ <x>(m’)=0.17 -

0.08F- — Y, P, =75-18GeV, N <035

- <x>(y,)=0.11 -

0.06f -

0.04f 3

0.02f -
0- llllllllllllllllllllll lllllllll z

0O 005 01 015 02 025 03 03 0.4

Bjorken-x in the deuteron

 To first order, the same kinematic
bias would affect both p + p and

d + Au
(ydir/no)pp

0
RgAu,exp (pr) = (ydir/T[O)dAu
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The Bjorken-x bias

* High py y2" and n° (7.5 < p; < 18

GeV/c)

- Y%7 consistent with 2003 min bias data

(PHENIX: PRC87(2013)54907)

- 19 consistent with 2008 data
(PHENIX:PRC(2022)64902)

dir

SPCID
Eg(lf(pT) C:,/clllllr d
Yop (01)
dir ;.0\PP
. DT _ y*r/m%)
Raauexp(Pr) = (ydir /z0) T

* No obvious p; dependence.
- pp and dAu (Y%7 /n°) behave similarly

o T 1 — 1 T T T 1 -
&) 8 s, =200 GeV, |y|<0.35 ]
~ ry !
> 10—7 - Y E d+Au —
(o)) E * T an A 0-100% E
0] et 3n o 0-5% g
U IRSSEL PR -
z|o 108 Ty ¢ i b 20-40% 3
Bl a E v ’ o 40-60% 3
© - m 8 .e088% A
-
2107 Y ' n =
= S E
N - v + 2 m
107 PH-<ENIX " ¢ 3
r v p+p m :
(o} =3 i u |
) g vd" \j 200 GeV |y|<0 35 3
% X : To00% ]
[(h] ¥
& 10k .rne, e 05% =
=, E *.% o 5-10% =
>|3 F oy e 5 = 10-20%
oL T 1y PR
© 1077 & ¢ 40- —=
o - - 8 G0
a” C v ¢ ! ]
e
N 1070 v % E
- v I
107 g verp ¥ 3
I | I | |y . 7
E : ]
03F % i =
2 gt  :
0.1f # =
O r

12 14 16
P, [GeV/c]

co
N
or
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x1.2

E
¥ 0.8

u,EXP

UV PHENIX

® 0-100% d+Au =200 GeV
— (R, ) = 0.92+0.02:0.15

Illllllllll
-
—

@

i++

) 0.75+0.03+0. 1i

.......

.05%
_(R

lIIII]IIIIIlII IIIIlIIIII IIIIIIIl]IllIIIlIIllIIII]

dAu,EXP

| |
L
e
¢ ]
¢ ]
e
1
—
| |

t { %
f— + 60 -88% -
<RdA EXP) =0.94+0.05+0.16 —
'8" 10 12 14 16
P, [GeV/c]
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UV PHENIX

Comparison with Glauber N,

o _ . FE E
ﬁ§125_" Ncoll =7.610.4 P_FBZE_le _5 )/ ( )
Z 1ME e ' 3 exp _ Yap (Pr
10E — N =7.6:0.2¢1.2 3 Ncou = ydlr
8E ! -
4 £ T HNL SR BN B - Good agreement between NEEP and NSL, s
6F e 0-100% d+Au\[_ 200 GeV - seen in central collisions
/T - . L. . . . . .
%§30: NS = 18.1:1.2 E * 15% deviation is seen in peripheral collisions
2255_—Ngg:r-17.3io.7i2.8 3 g3 [T T
208 35 L §=1-2;‘ % PH:- -ENIX-
isE S P G314 -
10F © 0-5% . < 1 {' 4 :
o_ :==:===:===’.===:===:---E e . NS + ______ =
a<-|28 6—__Ncoll_32+02 1 _: E + + E
b — Noi =37:0.2:06 _5 0.9 E
Y T; l l & 0.8  d+Au\s, =200 GeV :
:--}_T_T_l__i___i _______ ] - | ]
3__ - oo 1 e g b o by e e by g by g e b g by g by g 1y
-+ 60-88% i 0 2 4 6 8 1012 14 16 1§XP
8 10 12 14 16 Ncol
p_ [GeV/c] Peripheral > Central
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Nuclear modification factor for @

= =] I I | l ]

31-2;—————~ -

T — =

oo 1 2H ¢ {» :

0 8'_ * + _

| o

0.6 ® 0100°/od+Au ]

[ — <|=adA o) = 0.92+0.02+0.15 :

0'4-_R§A’;"/R , (JHEP 04,055) —~ — -

0 2__ — nandywith EPS09 PH>//\\<ENIX__

" [ — mEPS09, y pp PDF only i

o 1 ¢ o o 0 ¢ o o 0 o ¢ 5 [ o 4 w J o o 5]
0=%8~70 12 14 16

P, (GeV/c]

UV PHENIX

0in d+Au
Y7 (pr) (y@ir /m®)P"
RAB exp(pT) — Ngg(lfAB Y7:0 (pr) (ydir /nO)AB

* Minimum bias (0-100%):
* No significant p; dependence
 Average:

<jou,exp> = 0.92 +0.02 + 0.15

» Consistent with unity

» Consistent with 5% enhancement
from CNM effects®

*Arleo et al.: CNM effects largely
cancel in the Yy /% in this p; range
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UV PHENIX

Nuclear modification factor for © in d+Au

YAB (pr) N (Vdir/ﬂo)pp

Rglg,exp (pT) Ngoxlllp Yno (pT) (ydir/TCO)AB
D_ H | | ' ' ' | |
ﬁ‘l 2 - ; { ; } PH.ENIX -
- E 1:_ SR h 8 } """""""""""" ¥ ]
E O - t L
oos !t :
0.6;— E
0.4F ¢ 60-88% .
0.2F <RdAu EXF,> 0.94+0.05£0.16
e VR T

P_ [GeV/c]

Daniel Firak

* Peripheral collisions are

consistent with inclusive (0-
100%)

* No peripheral enhancement
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UV PHENIX

Nuclear modification factor for © in d+Au

70 _ YAni-;O (pr) (Vdir/ﬂo)pp
Ripexp(PT) = NEXP | 1/297;90(2%) = (y@ir /770)4B
a2l M r - r -1 71 1
ﬁ 1.2 T PHUENIX
* Central collisions (0-5%) are | S —
consistent with >20% =S ok I ~20%
suppression X 0.8 L E il T % + 4
« No enhancement 0.6 - ! T

 Clear suppression!

0.4F ® 0-5% j
0.2;—— { RZAU,EXP ) = 0.75+0.03+0.1
8 10 12 14 16

P_ [GeV/c]
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UV PHENIX

Nuclear modification factor for © in d+Au

0

Average Ry oxp VS Nooft Peripheral > Central
« For N_, ] < 14: An_ :l"hll"'h"""t" LT
- 0 enhancemen -
Rﬂo (60 — 88%) E 1:_______ e ____________P__I_-I_%>§<<__E_N_I_X_____

- 0

ST = 1.017 + 0.56 S5 T ¢ + -
RdAu,exp (O _ 100%) C’|=, % B 1 '%‘ T 1
+ Consistent with inclusive d+Au m 09_— 0 to 5% ]
~ B 1 i
- Suppression for N_ ' > 14. 0-8:_ Suppression = + + -
[ + \/ = ]
jolu,exp(o —5%) — 0.806 4+ 0.042 07: d Au SNN 200 Gev :
Rgflu,exp(o — 100%) | T 0 6:_ 7.9< pT < 18 GeV/C _:
:I 11 | L1 I 11 1 | I 1 1 | 11 1 | 11 1 | 11 1 | 11 1 | 11 1 | 11 I:

« 20% suppression with 4.5¢ significance in central 0 2 4 6 8 1012 14 16 18
d+Au collisions at 200GeV! NEXP

coll
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UV PHENIX

Summary

. . A | | I I I | | I I I | | I I I I I | | | I I T T
- New method of obtaining N7 P —~—— -
i o - PH -ENIX °
- Ratio of y%" in d+Autop + p n ¥ SR S S oL mENIA E
* No dependence in Glauber model 2 N l _

« No longer enhancement in peripheral events: & o L + T
selection bias Y 0.9 0 to 5

S

- Evidence of suppression (20%!) of high pr (7.5 to 0.8

18 GeV/c) % in central 0-5% d+Au collisions at

Suppression > + +

I]IIII]IIII]IIII]I

200 GeV 0.7t d+Au\s,, =200 GeV
7.5<p_<18 GeV/c
. o 0.6 T
* Further investigations: T T T T T T e
- Ordering of other small systems 0O 2 4 6 8 1012 14 16 18
p+Au i d+Au i 3He+Au NEXP
coll

* Reduction of systematic uncertainties from p + p
dataset
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UV PHENIX

Backup:
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The Bjorken-x bias

2

0.5 ~+r prAU
[ e d+Au
ob HerAu L
10 20
p_ [GeV/c]

-
-
LI

[ 10 In| < 0.35, {5y = 200 GeV
L 0-20%
1.5}
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®
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116
0.9f
0.8
0.70

0.6

0.5_\ L1

7%,y Il <035 p =7518 GeV
- ¢ PHENIX Data

==+ Color Fluctuation Model (all Ry, g = 1) 3
L — Color Fluctuation Model (x0.90 normalization) 1

LI LI L L L
d+Au, 200 GeV ;

0

2 4 6

Illlll\\\lllll\\lllll_
10 12 14 16 18 20

(N_,’
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UV PHENIX

i~ PRSI BLELELELE LA R ELALILALE SLRLELELE NLELELELE BLRLELEL
T 0.12F Pythia 8.307, 200 GeV ]
- — m:p_=7518GeV, <035
0.1 <x>(m’)=0.17 -
0083_ — v, 1P, =7.5-18GeV, N <035 1
E <x>(Y,)=0.11 -
- dir -
0.06_— -
0.04F -
o.oz}J -
O- 1

I IR I PR B e o
0 005 01 015 02 025 03 035 04

Bjorken-x in the deuteron

* Even so, the final answer to this
puzzle comes from the (upcoming)
systematic study of small systems

* Final State
SHe > d > p

Daniel Firak

« p Size fluctuation
p > d > 3He
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UV PHENIX

Energy conservation in small systems

. ) T XSCAPE
Pb + Pb ot Mo 0-Pb @ 5.02 TeV -
- 208 + 208 v100F  JETSCRFE — Soft + Hard
= B — Soft
o p+Pb VvV F-=-=--- - ———Hard
o))
1+ 208 <+
— S50 AN T N 4 -
"p+Dp = YD ~—
«1+1 O
T —
*d +Au, e
10 102 10

* 3He + Au,...

_: 5%
110%
120%

140%
460%

Leading jet pT[GeV/c], (R=0.4, |yjet| < 0.3)

“Correlations between hard probes and bulk dynamics in small systems”

Sangyong Jeon — in ~30 minutes!

Daniel Firak

—

ET[GeV], (-4.9 <1 <-3.2)

[ »  X-SCAPE |
: M p-p @ 5.02 TeV |
5F JETSCAFE — Soft + Hard -
- — Soft
FTTT T — Hard g
Op---- /7" "\ -
] s -
O;l Ll P
10 102 10°

1 5%
110%

120%

40%

160%

Leading jet pT[GeV/c], (R=0.4, ly 4 <0.3)
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corrected directy
corrected m°

dir ' PHENIX

An observable of centrality bias

Corrected direct y spectrum
(centrality independent)

—
o
T

Neutral n%s : arXiv:0801.4020 CO rreCted A 0 SpeCtrum
direct y : arXiv:1205.5759 (centra[ity dependent)
Au+Au Dﬁ 0 6I | T T | I T I I T T T | T I T '| T I_
RS o = | d+Au Vs =200 GeV, |y|<0.35 ]
im0 ~o5f ° d+Au 00-057% 1 * Au+Au shows a clear centrality
3 oens l | w deAu 10-20% | separation
- 160-701% 0.4 o d+Au 20-40% —
T [ d+Au 40-60% i
——[00-92] % |+ d+Au 60-88% i
— H i 0-3p 1 + d+Au shows consistency between
i o2b ] peripheral events and min. bias
! ;! } ﬁ | h gég .
L Qigg ?HI 01:_f A d+Au 0-100% E
SRCT IR RNNE ~— T 1 e C _EO
TSI i \/— entral (0-5%) separates
_| I.l.-lilé|f|i| i lfl L1 1 1P11 | |>|>|<<|E|NI|X 0_' - T " 'p:'-p """ /'>><<\'ENIX
4 6 8 10 16 18 20 8 10 12 14 16

P, (GeV/c)

P, (GeV/c)
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UV PHENIX

Data analysis

Unfolding
The 2016 dataset for d+Au at 200 GeV is used Invariant n/m® | Invariant1
- 7° reconstructed from y clusters on the EMCal 70 yield yield
- Triggered on high p; range. Analysis done for y and
% on py > 7.5 GeV i PHENIX MC simulation i
Analysis chain: deca
. y decay
- Reconstructed Raw n° from y showers (7° - yy) Raw VYo Raw y,
- Raw spectra is unfolded to obtain Invariant n° ‘ 4 decay ‘
% ratio used to obtain invariant n yield i .1
+ Model ° and n decay in PHENIX to obtain y®ecay
« Subtraction of decay from inclusive raw y to obtain d
Raw y 4" ’ ! SE7
- Unfolding Raw y%" to obtain Invariant y %"
Systematic uncertainties Inclusive - Decay
« ~12% on ® and y %"
© 6% on y4" /0
- Uncertainties on y%" /z° are common to all _ Unfoldin :
centralities Raw y %" : ":i‘:?"ant

Yy yield

Daniel Firak 21



UV PHENIX

Bias in Centrality determination

Charge distribution in BBC
I (South, gold going direction)

Soft

- B Hard
central . Ul °
‘ e central
\ 03 &
& "O‘ ® O
<— o & ®
} Small forward s
Largt? fgryvard multiplicity T Soft
multiplicity : periphera|
L J
Y I
Similar forward multiplicity ; 40 60 BO 100 120 140

BBC Charge South

 Since the event activity is measured < This can drive central events to
in the forward region of the detector, appear as peripheral, explaining a
a hard event (think jets) can deplete source of “peripheral enhancement”
the forward activity, and would have a  at high pT
high pT event on the central detectors

Daniel Firak 22



ydi‘l‘ Q' PH ENIX

—-+ An observable of centrality bias

RATIO Centrality dependent: direct photons
are not affected - centrality
dependence in ° is genuine physics

Corrected direct y
spectrum (centrality

independent)

Corrected n°

spectrum (centrality
dependent) Centrality Independent: affects direct

> photons - bias on centrality
determination affecting m's

Daniel Firak INPC 2022 - South Africa 23



UV PHENIX

Event activity to centrality

1

© e A A B L L B L 10"
§ fs=.  Glauber-MC i
Z 4005 Pb-Pb |5,,,=2.76 TeV ]
% 1<10°
300-F _" .
I ] 1< 10+
200p= -I- l .
100 — I I’ i 10°
S .
0y 10
> [T | 102
Z0000.. Glauber-MC 4
S [ Pb-Pbys,=276Tev , 3 f ]
3 i T 1403
E15000_— . ‘ 5
L -4
10000% 10
5000f 10°
_.' ”
0y 10

Red axis: theory / model calculations
Blue axis: experimentally measurable

Centrality is determined by event activity in
the BBC, on the Au going direction

WNet , Ny ===== Npgr ==== b
d = Neoll j——'——:z par ====
n Model/Theory Theory
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UV PHENIX

Event activity to centrality

" Glauber-MC

_p-ab.ﬁ 5.02 TeV

Npart

- Glauber-MC
600~ p-Pb s, =5.02 TeV

Multiplicity

10°
10"

200 I 10°

10°®

Red axis: theory / model calculations
Blue axis: experimentally measurable

Centrality is determined by event activity in
the BBC, on the Au going direction

WNet , Npou ===== Npgr ==== b
d = Neoll j—_'—_% par ====
n Model/Theory Theory
dN:p a
N.,;; X ( < )
coll dn
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UV PHENIX

Nuclear modification factor in d+Au

1.5

RxA

0.5

1.5

Rea

0.5

¢ p+Al, 0-20% PH EN Ix
©  p+Au, 0-20% 9, | < 0.35

i 0O  d+Au, 0-20% m =200 GeV
% °He+Au, 0-20%

p+Al, 20-40%
p+Au, 20-40%
d+Au, 20-40%
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« For high p; % in small systems, large centrality

dependence is observed:
» Suppression for central events
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Suppression for the central events could be
explained with QGP formation. Enhancement cannot
be trivially explained from physical arguments.
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UV PHENIX
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