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PH:<ENIX
Motivation

EICharacterlze the properties of the QGP

0 dependence of parton energy loss on energy density and nuclei overlap
geometry — better understanding of parton energy loss mechanisms

R/

s Studied by measuring nuclear modification factors:

d*Nys/dydpr 1
Raa(pr) = (Neou) X d2N,, /dydp 15

coll pp T ) ; "Cronin” enhancemen;_
where d?N,,/dydpr is the per-event yield of Rapg 1t ffo B
particle production in A+A collisions and } o
d?N,,/dydpy is the per event yield of the same 0.5 . Suppre:::n—
process in p+p collisions. Scaled by the number of i 1
nucleon-nucleon collisions in the A+A system, N_,;;. % 22 e s 0

p+ (GeV/c)
s Leading hadrons are used as proxy for jets:

» n® meson: abundantly produced — measurable at high p;

» mmeson: hidden strangeness — hadron suppression as a function of
flavor and mass
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PH-<ENIX

Motivation

s+ Available A+A collisions at RHIC:

Cu+Cu Cu+Au Uu+uU
\/SNN 7.7,9.2,14.6, 19.2, 19.6, 22.4, 62.4, 200 200 193
(GeV) 27,39, 62.4 ,130, 200
O Cu+Au:

> first asymmetric heavy-ion collision system
> different overlap geometry compared to symmetric systems

O U+U:
> the largest heavy ion collision system
» the largest energy density in central collisions
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The PHENIX Detector

e UJdly,y 2 ete e’
Central Arms: <D > X+e
*p,m,¢ > e'e KK

Muon Arms:
UJly 2 pru
*D 2> X+u

PHENIX: optimized to measure leptons: rapidity coverage: 1.2<|y|<2.2 & |y|<0.35
» high rate capability with emphasis on mass resolution & particle ID
> first level e&p triggers
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PH._ENIX
The PHENIX Detector o
2012 PHENIX Detector

Yyo9r =we'L

Aerogel

F
N West Beam View East

> first level e& Acceptance: -0.35 <1 < 0.35, Ag — 2 x 90°
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n® & n Reconstruction in PHENIX
3
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» ¥ and n are reconstructed by combining pairs of y clusters in the EMCal
» Combinatorial BG is estimated using mixed-event technigue and subtracted
> 1V peak is better pronounced because of:

o higher production rate and reconstruction efficiency

o larger branching: BR(n’— yy) = 0.988, BR(n— vy y) = 0.39

o smaller width: o(n®)~10 MeV/c?, 6(n)~30 MeV/c?
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Cu+Au Collisions
Cu Au

» first asymmetric heavy-ion collision system
> different overlap geometry compared to symmetric systems
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0 Measured over a wide p; range: up to 20 GeV/c in central collisions and
semi-central collisions, and up to 16 GeV/c in peripheral
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n/7° ratios in Cu+Au

= II|II|II|IIIIII

e [ T T ]
o 140 1, Cu+Au, 5,=200 GeV ] 0-93%
1.2 —~— =] 0-20% - 3 y/n0 is consistent with the m-+-
£ PH ENIX 4/20-40% 1  scaling curve, normalized to
' preliminary +40-60% 1 0.5 at high ps
0.8— 60-90% —| » n/r° is consistent with that
0 6:— - il 4 measured in p+p, p+A and A+A
G @g*ﬁiﬁigﬂﬂ _______ E ____________ ﬁ ______ m 1 collisions at different energies
0.4 .-i"-"a‘-f—f‘ﬁf SSRECE - '
0'2;_ ---- m; scaling normalized to nrx°=u.5 atp >>1 _:
_I | | | 11 I I 1 1 | 1 1 | 11 1 ' 11 1 | 1 1 |_
0 2 4 6 8 10 12 14 1 18 20
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PHENIX, Phys. Rev. C75, 024909 (2007)
CCRS, Phys. Lett. B 55, 232 (1975)
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n® & n R4, INn Cu+Au: Centrality dependence

1 _S,Cu+Au 0 20% \SNN—ZDD GeV E| rt° /Cu+Au 20-40% \SNN—ZDD GeV E| - , o1 S,Cu+Au 0 93% \SNN—ZDD GeV E| - ,
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1.6 PH- ENIX R PH-ENIX in - _
14— preliminary e Pfe'm'”ary - » In central and semi

Em ™ ’ﬂ E central Cu+Au collisions
3 7% and 1 suppressed

E: - » Inperipheral Cu+Au
" E collisions: a hint on r°

! - IIIIII.{L\Illl.{t\\‘ll.lllllll.{_ 11 N N N N Y I
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p_ (GeVic] p_ (GeVic) and 1 enhancement

% 7% and 1 results show a good agreement = have similar fragmentation
function modification by the medium in the accessed p; range.
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Comparison with Jets R,, in Cu+Au
, ®&n

= T T T I
0.8 Cu+Au 60-90%, |5yy=200 GeV [ 10
16— PH "ENIX W
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Y e
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il
w 0 . . . 0.4 Sl [ =
s n¥ & 1 and jets show similar centrality 09k -
dependence of Ry, 274 6 81012 14 16 18 20
P, (GeVlc)
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Comparison of 7°R,, 4, with Other Systems

N
PH-<ENIX

Phys. Rev. Lett. 101, 232301
Phys. Rev. Lett. 101, 162301

g 2:-- B B B

« 60-90% {N =8.85)

£u+Au \Su=200 GeV -

. 80-92% (N""=6.3) AutAu, |5,=200 GeV -

T =
& L oF e 0-10% (N =177.2) CutAu, {5,,=200 GeV | + 20-40% (N =80.37) Cu*Au,|5,=200GeV & =
1.8¢ part . = . 40-50% (N '=74.4) Au+Au, |s,,=200 GeV PHEENDC _
16 + 20-30% (Npm=166.6} Au+Au, s, =200 GeV + . 10% (N _93 2) Cu+Cu, {5,,=200 GeV = [reliminary
145 PI:I?FENIX = PHI_ ENIX e Al it l
12;_ preliminary _;_ preliminary _;g r I Hal i
e IR B —
LR m +

v 70-80% (N5 "—s 4) Cu*Cu, {5,=200 GeV
10 12 14 16 18, 20

|||||||||| 1

10 12 14 16 18

:l|1|l||||J|l1||L|lJ|L||J|l1|J| |l::1|||1||||11|
O 246 810 12 14 16 18 200 2 4 6 8

22}02468

p, (GeVic) p, (GeV p, (GeVic)
d In central and semi-central Cu+Au collisions n° yields show similar
suppression as in Cu+Cu and Au+Au at similar Np,:
% ¥ production depends on the size of the nuclear overlap, but not on it’s
shape

Q In peripheral Cu+Au collisions n° yields show a hint on enhancement while in
Au+Au — suppression, Cu+Cu is in between
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Comparison of n R, 4, With Au+Au

o0 Central Peripheral _
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1.8} (4] M, 20-60% Au+Au, | 's,,=200 GeV (N —100 2)[a] n, 60-92% Au+Au, \s 12200 GeV (N =14.5) -
1.6l n, 0-20% Cu+Au, s, =200 GeV(N r-154 8/ 1, 60-90% Cu+Au, |5, §=200 GeV (N -s.ss)—;
[ ——— Ea M i E
1 25 PH:-CENIX Phys. Rev. C 82, 011902(R) (2010) T H+ ** i1l
- preliminary Phys. Rev. C 75, 024909 (2007) T . AT ; S8R
P I ey gL
0.8 T _
0.6- #; | 4 ! | + PH ENIX =
0_4; Tq%é I ¥ * ; _f_ preliminary _f
0_23_ T ? + + Phys. Rev. C 82, 011902(R) (2010)
0: | e |IllllllllllllllphysRe.-\n'(i‘,?Sl}24909'{2(]lil?')I e
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% At high p;, production of ny in Cu+Au is suppressed in the same
way as in Au+Au at similar N,
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U+U Collisions

U U

« The largest heavy ion collision system

« The largest energy density in central collisions
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: PH-<ENIX
n¥ & n spectra in U+U
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O Measured n° (n) over a wide p; range: up to 15 (13) GeV/c in central
collisions and semi-central collisions, and up to 9 (7) GeV/c in peripheral
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n/=° ratios in U+U

Dl;) 1_4_I 1 | T | T | T | T ‘ [ | [ | T | T ‘ T I_
PP n/7° Ratio in U+U, |'s =193 GeV ]
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- preliminary o 20.60%
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» n/nC is consistent at different centralities and with that measured in other
A+A collisions at different energies
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1 Deformed nucleus = use Wood-Saxon distribution of the U nucleus:

Po
1 + e([r—R']Ka)

p:

where R’ depends on the polar angle 6.
R'=R[1+B.Y,(0)+ B,Y (0)]

where YV — Legendre polynomial.

0 Two sets of Wood-Saxon parameters were used for the Glauber MC.

Parameter Setl/Glauberl Set2/Glauber2
R (fm) 6.81 6.86
o (fm) 0.6 0.42
B2 0.28 0.265
Ba 0.093 0
source Phys. Lett. B 679, 440 (2009) | Phys. Lett. B 749, 215 (2015)
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n & n° Nuclear Modification in U+U

21 4; UrU, 0- 20%,\ =192 GeV ‘51 4; U+U, 20-40%, s, =192 GeV E
120 = 70 Glauber 1 é 126 Pﬁle = 10 Glauber 1 _f
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190 p??mx = 0 Glauber1 - 4 o~ PH\\,{?NIX = 0 Glauber 1 gf
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» m shows similar nuclear modification to that of =° over all centralities!
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O Nuclear I\/Iodification in U+U PHTENIX
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» At same N, values, the R,, is consistent in most- to mid-central collisions

/

< n0 production depends on the size of the nuclear overlap, but not on it’s
density

» The most peripheral collision shows larger suppression in U+U collisions
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n Nuclear I\/Iodlflcatlon in U+U
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» At same N_,, values, the R,, is consistent in most- to mid-central collisions
** 1 production does not depend on it's density
» The most peripheral collision shows larger suppression in U+U collisions

o
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Integrated R,, VS Npart
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Summary

» PHENIX has measured p; spectra and nuclear modification factors for n°
and n in Cu+Au and U+U collisions at 200 and 193 GeV

» R, factors for n° and n are consistent within uncertainties at all momenta
and centralities = have similar fragmentation function modification by the
medium in the accessed pT range.

» Very consistent with the previous jet measurements

% In central and semi-central A+A collisions: n® and n production
depends on the size of the nuclear overlap but not on it's shape or
density. However, there is a hint of dependence on both in most
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