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* Light flavor hadrons in A+A & p+A — properties of the produced medium & reaction

dynamics
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Motivation iz b
* Light flavor hadrons in A+A & p+A — properties of the produced medium & reaction

dynamics

* Different hadrons properties — observables in the soft sector & high p; probes &
signatures of the onset of collectivity in collisions of small systems (possible QGP
formation)

Mass, MeV 1019
— = 1 — = _ 1 — 5 _ 1 — 3 —
Quark content  uti||dd < (uli +dd —2s5) —(uti+dd) ds = (ds +sd) S5

Lifetime, fm/c ~ 2.5-107 1.6-10° 23 4.16 2.7-10%3 46



POLYTECH o o N -
m e T MOthﬂ,tl()n PH -ENIX

..........

* Light flavor hadrons in A+A & p+A — properties of the produced medium & reaction
dynamics

* Different hadrons properties — observables in the soft sector & high p; probes &
signatures of the onset of collectivity in collisions of small systems (possible QGP
formation)

e PHENIX measured
¢ (p + 1_9)/21 TCO, 1, K*, Ks; () & ®
*in p+p, p+Al,p/d*He+Au, Cu+Cu, Cu+Au, Au+Au & U+U:

o Baseline measurements in p+p collisions
o Study of the parton energy loss in heavy ion collisions
o Cold nuclear matter effects

* Comparison to theoretical model predictions
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All measured results were found to be consistent between the
different decay modes

Well described by the Tsallis distribution functional form with
only two parameters:
o T=112.6+3.8+ (11.8+7.0)m,[GeV/c?] MeV
o n=9.48+0.14 + (0.66 £ 0.39)m,[GeV/c?]
(Phys.Rev.D83:052004)

These spectra are used as a baseline to compare with more
complex and heavy colliding systems such as p+A and A+A

These spectra are also needed for tuning event generators and
parameters of fragmentation functions
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Light hadrons R, at Vs\y=200 GeV  PH7ENx

In most central collisions (p + p)/2
are less suppressed than ¢ & K*,
which are less suppressed than

n%, and n in the intermediate p; range
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In most central collisions (p + p)/2
are less suppressed than ¢ & K*,
which are less suppressed than

n%, and n in the intermediate p; range

At pr > 5 GeV/c, ¢, K*, 70 1, K¢, ® show similar

suppression values



POLYTECH \\\/4
Qi Light hadrons R, at \ san—200 GeV  PHIENKX

m m
22} Cu+Au, |y|<0.35, |s,, = 200 GeV 22} Cu+Au, |y|<0.35, |s,, =200 GeV
2'y 0,0-90% 4 7, 0-90% 4 ¢, 0-80% 2y w0 0-20% 4 1, 0-20% 4, 0-20%
1.8] + K., 0-90% + @, 0-90% A T, 0-80% 1.8 + K., 0-20% + o, 0-20% 4 T, 0-20%
B_A K*0-80% = (p+p)/2, 0-80% «= K0-80% 16 A K°0-20% = (p+p)/2,0-20% <= K 0-20%
~— 1.4 ~
PH. ENIX PHENIX
o preliminary 1.2¢ preliminary
418 !
i i- _ ; 0.8
| , Hﬂ 0.6 . -
gy Mﬂ? §i 0 0.4 Mﬁﬁ A
1 0.2 E il y
1 1 1 1 1 1 1 " PR 1 | R R | PR | 1
2 4 6 2 4 6 8 10 12
p._(GeV/c) pT(GeVlc)
m _ m
€22 Cu+Au, |y|<0.35, \'s,, =200 GeV 22f  CusAu, |y|<0.35, |Sy, = 200 GeV
2y 10, 40-60% & 1, 40-60% & ¢, 40-60% 2y 10 60-90% & 1, 60-90% + ,60-80%
1.8] + K., 40-60% + o, 40-60% 4 7, 40-60% 1.8] + Ky 60-90% + 0.60.90% 4 ., 60-80%
1604 K* 40-60% = (p+P)/2, 40-60% <= K 40-60% 4 K 60-802 =BUvEe

_v-
PH “ENIX E
preliminary 0.2 preliminary
L P B | PRI T ST S S S U [N S S N ST ST S [ S S |
0 12 14 2 4 6 8 10 12 14
pT(GeWc) pT(GeVlc)

2% cuu 035, s, =206 |n most central collisions (p + p)/2

¥ 0, 20-40% 4 1, 20-40% 4 ¢, 20-40%
1.8| + K, 20-40% + o, 20-40% A T, 20-40%
|4 K 20-40% = (p+p)/2, 20-40% <+ K 20-40%

—are less suppressed than ¢ & K*,
iy

.:-:"‘:"* % % sﬁ%@ @M M EB which are less suppressed than

oo . m° andn in the intermediate p; range

At pr > 5 GeV/c, ¢, K*, 70 1, K¢, ® show similar

suppression values

R g in peripheral collisions consistent with each other

within uncertainties.



R,

POLYTECH

Peter the Great
St.Petersburg Polytechnic
University

Light hadrons integrated R,

PH

Al
7

N
-+<ENIX

_I T I L I LI | LI LI I T T T | LI ] LI | I_ A~ _| L B - LN R A N L B B N B B BN L B B |_ ’G _
F Cu+Au, {5y, =200 GeV, y|<0.35 3 2 20 U+U, (s =192 GeV, |y|<0.35, (SET1) | > - Cu+Au, sy = 20?( GeV, ly|<0.35
1.8F = ¢ (p >2.2GeVl) v 1 (p, >2.0 GeVic) 3 T 1.8F ¢9—-K'K (p >22GeVic) an—yy (p.>20GeVic) ] ol *P "N 4RsT T
C + K*(p. > 2.1 GeV/c) A TO (p > 2.0 GeV/c) ] T owaloyy (P, > 2.0 GeV/c) -u-K*—>(Kr|:)I(p > 2.0 GeVic) | o —
1.6f ¢ (p+p)/ 2 (p, > 2.0 GeVic) - 1.6F n(p+p)/2 (P, >'2.0 GeV/c) ] . PH -ENIX
ol - ] 1 3 a3 E - reliminar
1.4F = ) R 1.4 - IS . P Yy
1.2 = - LR <
; i = —7 1 : s F B oo
1316 ¢ 4| 13 i
- ¥ | ] 3 1 B
0.8: o : L . 0-8__ H _: 06_ i i
C —] ] C T~ ] C
0.6 ] - B s\ ] .
: ¥ PHENIX ; 06 . PH ENIX /| | ., .
0.4F preliminary  [¥] 0.4 ' W preliminary . g T !
0:||||||||||||||\||\||\||||||||||||_ 0'....|..1.11.,.l....l....I,..,I..m.l' cec e b b b e e e e b b L I
20 20 40 60 80 100 120 140 160 20 50 100 150 200 250 300 350 0 20 40 60 80 100 120 140 160 I\SIO
part part part



R,

eter
etel
University

POLYTECH

Peter the Great
St.Petersburg Polytechnic

[ 17T I L I LI | LI | LI I T T T | LI ] LI | I_
2 Cu+Au, \s, = 200 GeV, |y|<0.35
1.8 mQ (p > 2.2 GeV/c) A A (p > 2.0 GeV/c) -
C + K*(p. > 2.1 GeV/c) ATEO(p > 2.0 GeV/c)
1.6F 4 (p+p)/2(p,>20 GeV/c) -
145 ] |T| [ ]
.25 o iE' ] 4
L3I ¥ N
0.8F _] N
0.6F * o~ E
C PhR> <SNIX
0.4F preliminary E 3
: 11 1 I 1 L1 | L1 1 | 1 1 | | 1 | 1 I | 1 1 | 1 11 I 11 1 | I_
0'20 20 40 60 80 100 120 140 160
Npart

!f 2_
1.8
1.6}
1.4
1.2}

B

0.8

0.6

0.4F

L A L B L B B L
U+U, \s,, = 192 GeV, |y|<0.35, (SET1)
ANSTY (pI>2OGeV/c)
+K*—(Kn) (p > 2.0 GeV/c) ]

+9—-K'K (p > 2.2 GeV/c)
vrloyy (p, > 7 2.0 GeV/c)

o n(p+p)/2 (p >20GeV/c) ]

3 . ]

C - [ ]

H ) Ij 1
- PHENIX fi

- ' ——preliminary ]

0 P T S S B BT B . . P
20 50 100 150 200 250 300 350
part

» The ordering is seen at pt=2 GeV/c:

TL'O &77<RAB> < ¢ &K*<RAB> < (p + ﬁ)/z (RAB)

b
~

—
[

(RAA) (pT > 5.0 GeV/c)

o o
o o5

©
~

—

Light hadrons integrated R,

1 LZOI |

N
PH -ENIX

Cu+Au, |sy,, = 200 GeV, |y|<0.35
o(p I‘I] AKSvﬂ:O

——
PH -ENIX
preliminary

B
T i

1 ‘ § { - | - ‘ 1
120 140 160 180
part

N I I - L\I‘IL\I\I
40 60 80 100



POLYTECH

Peter the Great

eter
etel
University

St.Petersburg Polytechnic

Light hadrons integrated R,

PH

——
PH -ENIX
preliminary

Al
AN

L‘I\I{\l\ll\l‘l
120 140 160 180

/\m [ T I T 1T T I T 1T T | LI | LI l T T T | LI ] LI | l_ A~ [rrrr[ftrr[rrrr[rrrr|rrrr[| 117 T l_ ’G _
©  CusAu, [5,,=200GeV, [y<035 | g% 2 Usl, (5,,=192GeV, |y|<035,(SET1) | 5 = CUrAU |5y =200 GeV,[y}<0.35
1.85 = ¢ (p, >22GeVic) v 1 (p, >2.0GeV/c) 3 ~1.8F *9-KK (p >22GeVic) an—yy (p,>20GeVic) ] G 1.4r *P "N 4RsT T
C + K* (pT>21GeV/C) ATl (p > 2.0 GeV/e) ] TEovntsvy (e, > 2.0 GeV/c) +K*>(Kn)® (p, > 2.0 GeVic) | o
6F 4 (p+p)/ 2 (p, > 2.0 GeVic) 3 1.6F u(p+P)/2 (P, >2.0GeVic) ] 64 5
C ] - i A
AF ] [ ] 4 1.4F | a I
- ? * o i = ] = 1
- | <
E i —_— 1 1 1.2f n 7] ct( L
- — s = ik 4 Yos
- Ea ¥| ; : -
“F ' — L] o8 ' H H E ; 06
“E M PH -ENIX ; =t H PH- ENIX ] 04
0.4 preliminary E = 0.4F ' W preliminary | T
O:|||| | | | \||\||||||||||||: 0',||,| ,,,,,,,, ||l|||l|1||;|||mnl: Ll RTINS T TS S
20 20 40 60 80 100 120 140 A1 I\EISO 20 50 100 1 50 200 250 300 1350 0 20 40 60 80 100
part Npart

» The ordering is seen at pt=2 GeV/c:

TL'O &77<RAB> < ¢ &K*<RAB> < (p + ﬁ)/z <RAB)

« The ¢, 1% n & Kqintegrated R,z at pt>5 GeV/c show same suppression level

N
-<ENIX

part



eter
etel
University

G [ [ ]
S | TAutAu +Cu+Cu =Cu+Au \'Syn = 200 GeV
814 sU+U
8 FmnAL ¢ - K'K”
N
Al
= ~:}if‘
£ % I
~ Tl
o N v
0.6 ~——
- PH ENIX
0_4} preliminary
I @in Au+Au & Cu+Cu (PRC83, 024909)
I I | ‘ | ] I . ‘ | I | ‘ I I l Ll
0 50 100 150 200 250
/\q B T T T T [ |
o U+U, |s,, =192 GeV Au+Au, |5, =200 GeV
~ 10— ® P >5GeVic O n% p,>5 GeV/c, PRL101:232301 —]
: ’ T], pT>5 GeV/c KSI p.r>6 Gev,c :
_ ®Kg, p>5GeVic ]
L Cu+Cu, s, =200 GeV _
N
. PH ENIX & Kg, p_>6 GeVic .
preliminary U
1§% """"""""""""""""""""""""""""""""""""""" —
- 30 ﬁ ]
B s i
- NS q i
| lyl<0.35 1 .
10*1 | 1 | 1 | L Il L
0 100 200 300
part

POLYTECH

Peter the Great

St.Petersburg Polytechnic

Light hadrons 1ntegrated R

VS = 192 GeV

, ly|<0.35

7300

350
part

"2 ob
1.8}
1.6}
1.4

(R

1.2
1

0.8}
0.6}
0. 4'

020----

(p+p)/2 |y|<0 35 (p > 2 2 GeV/c)

T~ vU+U, s, = 192 GeV (SET 1)
PH-<ENIX ¢ AusAu, |5, = 200 GeV
prellmlnary ACu+Au, S, =200GeV -

Lo by oo by oo o by oy by oy by oy 1]
100 150 200 250 300 350
part

PH

Al
AN

N
“+ENIX

Light hadrons integrated R, , show approximately
same suppression level

o Production and suppression of the light

mesons seem to depend on nuclear overlap
size, but not on its geometry



10/8/2020

Small systems:
pt+Al, ptAu, d+Au, "He+Au

t=1.0fm/c t=1.7 fm/c t=3.2fm/c t=4.5fm/c

Temperature [GeV]

-6-4-2 6-6-4-202 4 6 -6-4-20
x [fm] x [fm] x [fm] x [fm]

M. Mitrankova for PHENIX at ICPPA 2020

17



. en
W= n0& @ Rypin ptAu, d+Au, S He+Au  PHIENX

2 m :I 1 I LI L) I LI L) I LI L) I LI B I rrri I rrri I rrrT I T I::I 1 | LI | LI | LI | LI | LI | LI LI 1 I:
| 7% n|<0.35, {s\, = 200 GeV | 7%, n|<0.35, {s\, = 200 GeV ,f‘1_3:_ 0, 0-20%, \syy=200GeV, ly|<0.35 F @, \sy,=200GeV, |y|<0.35 3
TN i % inty 9.7% - T 1
- %E NIX Global uncertainty 9.7%[ P"T%:‘E.‘le Global ungertainty 9.7% 1.6F PT_I\X/E_NIX —+ Pmlx -
_ 1.5~ preliminary - preiminary 1.4 i preliminary | preliminary E
T [ ENT i + N .
T 4 l F Y M B + ..l Bo.vBA & | I
S T ILL*;* II—: **** II—
Q = [ I
8 : 0.8 gy -
T [ 0.6f - :
05-* p+Au, 0-20%, prelim: f + s p+Au, 80-84%, prelim. FE V¥ p+Au F Vv p+Au, 40-84% ]
L L - | —a [+) —
[ o d+Au, 0-20%, PRLO8, 172302 [ o d+Au, 60-88%, PRL9YS, 172302 0.4 § frAu, PRC 83, 024909 T ] arAu, 00 507 FRC 89, 024309 :
L ® *He+Au, 0-20%, prelim. L “He+Au, 80-88%, prelim 0'2:_ Scaling uncertainty from p+p — 9.7% E3 | Scalling ur|1certainty frtI)m p+||o 79.7|% | E
Ly v v by v by ey by Lo v v b e b e by Ly o L L L L L b L Lo L L L Do Lo Lo L L
05 20 0 20 1 2 3 4 5 6 7 8 1 2 3 4 5 6 7 8

10 15 10 15
p, [GeV/c] p, [GeVic] p,(GeV/c) p.(GeV/c)



W= m0& ¢ R,gin ptAu, d+Au, SHe+Au  PHIENKX

2 m L I LI L) I LN | I LN | I T I rrrT I rrrT I rrrT I et | LI | LI | LI | LI | LI | LI LI 1

[ 7% [|<0.35, |5, = 200 GeV [ |n|<o 35, |, = 200 GeV e 1.8F ¢ 08 =200 GeV, |y|<0.35 F @, \sy, =200 GeV, |y|<0.35 =

- T Global uncertainty 9.7%/ ot Global uncertainty 9.7% s T~ F T~— B

Ny - PH® HEN ENIX 1.6f PH “ENIX I PH ‘ENIX :

_ = i 1_4 preliminary 3 i 1
E - - 1.2 =
% 1 - l I@I g |5 R AR R AR TR AU A ST B (R SR -_::
3 | ' i : ]

05-* p+Au, 0-20%, prelim: f + s p+Al, 60-84%, prelim. 0'65_ Vv p+Au E ]

- L ] | i o, _

"o d+Au, 0-20%, PRL98, 172302 [ » d+Au, 60-88%, PRL98, 172302 0'4; R f_'l’;ﬁ‘xh PRC 83, 024909 3N ﬂ;ﬁ‘zuﬁggsagg/"m 83, 024909 ]

e *He+Au, 0-20%, prelim. L ® *He+Au, 80-88%, prelim 0'2:_ Scallng uncertamty from P+p - 9 7% E3 | Scalling ur|1certainty frtI)m P+p 79.7|% | E

v v b e v v by e by e b I e ey e by by |y oL L L L L L P - N A A N A S ' W A W

% 5 10 15 20 0 5 10 15 20 R R B R S A A S R R R R S A
P, [GeV/c] P, [GeV/c] p.(GeV/c) p.(GeV/c)

At intermediate p; range:

O z z . .
mPand ¢ R, = Rya, = Ryen, in peripheral
collisions



. en
W= n0& @ Rypin ptAu, d+Au, S He+Au  PHIENX

2 @ I ARARES RARRN RRARE RRRRE RRRRS RERAN RARRERE:
| 7% n|<0.35, {s\, = 200 GeV | 7%, [<0.35, Ysy, = 2of GeV o1 8F ¢, 0-20%, @, sy = 200 GeV, |y|<0.35 E
B s en Global uncertainty 9.7%: = Global un“ertaimy 9.7% - \\//— ]
1.5 Ergmﬁng - Erlélﬁzﬁrg?g 1-6E PH “ENIX
_ i 1.4F preliminary
T [ -
O 1'2:5 I!i *
i F11L DM T4 TS fii
2 [t 0.8F ‘ ***
oC - -
05-* p+Au, 0-20%, s p+Au, 80-84%, prelim. 0'65_ Vv p+Au Vv p+Au, 40-84% ]
"o d+Au, 0-20% PRLOS, 172302 [ ¢ d+Au, 60-88%, PRL98, 172302 0.4c § arAu, PRC 83, 024909 = d+Au, 60-88%, PRC 83, 024909 E
- e+Au A He+Au, 60-88% ]
[ *He+Au, 0-20%, prelim. [ ® *He+Au, 60-88%, prelim 0'25_ | Scalling u?certainty fr(I)m p+[? 79.7|% | | Scalling ur|1certainty fr(l)m p+[|:) 79.7|% | E
O™ 5 0 15 200 5 10 15 1 2 3 4 5 6 7 8 1 2 3 4 5 6 7 8
p, [GeV/c] p, [GeVic] p,(GeV/c) p.(GeV/c)
At intermediate p; range: At high-p; range:
. . _ lo) O ¢ . . . _
Ordering R 5, > Ryay > Ryea, in 0-20% nOR,g's consistent with each other at high-p+
O z z ° ° ° ° ° ° ° O
mPand ¢ R, = Rya, = Ryen, in peripheral Hint of suppression in central collisions for w
collisions

Hint of enhancement in peripheral collisions



POLYTECH

Peter the Great

St.Petersburg Polytechnic

University

21.8
1.6
1.4
1.2

0.8
0.6
0.4
0.2

0 & () R AB in p+Al p+Au, d+Au,3He+Au PHENIX

C1.8F
1.6
1.4F

1.2

0.8f
0.6F
0.4F
0.2F

N A N iy R T P T T

e I I L I I L L L RS AN RN R
F 0-20%, p+Al, \;sTm =200 GeV F 40-72%, p+Al, \(’% =200 GeV
;— ly|<0.35 —— ly|<0.35 -
S E%E%+E.“}E‘%B """ [ﬂ H . E
E a9 S KK v T a9 KK v E
ol PH-ENIX ol PH:-“ENIX -
: ¥ =YY preliminary : Y2 =YY preliminary ]
E  Scaling uncertainty frnm p+p— 9.7% - Scaling uncertainty from p+p— 9.7%
S P P I |||||| \
1 15 2 25 3 35 1 15 2 25 3 35

P, (GeV/c) P, (GeV/c)
SARALASAALEEARE RS RARRN RARRN ALY IAARE RARE= SARLN LALAE LEREN RAREE LARAN LEREE RERLEN RRLE IRRRES
. 0-20%, p+Au, \sy, = 200 GeV I 40 84%, p+Au \ = 200 GeV E

ly|<0.35

v ¢ - K'K
AT =y

Scalmg uncertamly from p+p 9 7%

’v
PH -ENIX
preliminary

I i

3 . J + ? +
z %M@BB[HBH“ S—

ly|<0.35

@mmﬂﬁﬂﬂﬂé

v ‘PﬁK K PHTENIX
A T =YY preliminary

Scalmg uncertamty from p+p 9 7%

|||||||||||||||||||||||||||||||||||||

115225335445
pT(GeV/c)

1 15 2 25 3 35 4
(GeWc)

[11]
<

RAB

e IR N I s o e o e e  RA L REEEE
T8 0-20%, d+Au, |5, = 200 GeV T 60-88%, d+Au, |5, =200 GeV| ]
1.6F y<0.35 T+ lyl<0.35 E
14F m + .
12F ¥l + H M
F I@ ..... @ .................. " VI el VR JU'E
(YAl m iy R a]
0.8 -+ B
0.6F - + e
oab Y &KK pHTENIX i VKK pyTENIX E
AT =YY  preliminary I AT=YY  preliminary ]

l""2:_ Scallng uncertalnty from p+p 9.7% T IScal|r|1g un?ertaipiy fr?m p+|p o 9.|7% |
Gl saa Loy ..I .I.r'i. o b b b s by g g bonnn bogsa Iyl

1 2 3 4 5 6 1 2 3 4 5 6 7 8
pT(GeV/c) pT(GeV/c)
185 R S R L B RS LR B ROl LRSS LR RARAS LAAR) RARA RRRAR Y
°F 0-20%, *He+Au, y‘% = 200 GeV T 60-88%, *He+Au, \:% =200 GeV 3
1.6F |y|<0.35 T lyl<0.35 g
140 + .
120 I é £ 4 B £
L LRl e 4t
LY i _ ]
0.8F T @ EH E[ B = 1 Elfl ‘ 3
0.6F 0l =+ =
oat T KK pHTENIX 3 VOoKK pyTENIX E
E A TOYY preliminary I ATy preliminary ]

l",'2:_ Scalmg uncerlalnty from p+p 9.7% T IScallng un?ertalmy from p+p QIT% |
Gl I |||||||T'i| 11 Ll )

1 2 3 4 5 6 1 2 3 4 5 6

pT(GeV/c) pT(GeV/c)

In whole ¢ p; range m°and @ mesons R,g’s are similar in small systems

Might indicate that CNM effects are not responsible for the differences between ¢ and n° seen

in A+A
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In contrast to heavy-ion, ¢, 1% n,
n’, ® & Kq exhibit similar shape

Protons R,z show enhancement
at moderate p; as in the most
central heavy-ion collisions

Ry,g in peripheral collisions
consistent with each other within
uncertainties.
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n*& p invariant yield in 0-5% are well described by SONIC and superSONIC

FLOW might be responsible for proton enhancement
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h* (R,p)in p+Al and p+Au
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arXiv:1906.09928v1
Phys. Rev. C 101, 034910 (2020)
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In central collisions

Backward rapidity shows large enhancement
Forward rapidity shows suppression
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Strong centrality dependence

Au-going direction consistent with pQCD multiscattering calculation
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h* R,p in p-going direction is described by EPPS16+PYTHIA and nCTEQI5+PYTHIA

(Rgp) vs. Npygrt in A-going direction is described by pQCD multiscattering calculations
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Large Systems:
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Light mesons R,g in large systems for similar N_, . values exhibit similar shape

part
* Production and suppression of the light meson seems to depend on nuclear overlap size, but not on its geometry and

not on its density
Hadron’s R ,; exhibit a three different suppression patterns: 1° & n{R,p) < ¢ & K*(Ra5) < (p + P)/2 (R4p)
* The observation of these patterns in many collision systems can provide a contribution to the understanding of the
strangeness enhancement competing with energy loss
Small systems:

The ¢ & 1° mesons R,p’s are consistent in p/d/3He+Au collisions in all centralities

* That might indicate that cold nuclear effects are not responsible for the differences between ¢ & 7° seen in
AutAu, Cu+Cu, CutAu and U+U collisions

In most central collisions in the intermediate py range there’s an ordering of R , >Rja, >Ry, for both ¢ & m

mesons:
* The ordering might indicate a system size dependence

These results can provide additional constraints for the models that try to explain CNM effects (like AMPT, EPOS)



