Identified Charged Hadron Spectra and Ratios in
Au-+Au and d+Au Collisions at /syy = 200 GeV

Ron Belmont
University of Michigan
for the PHENIX Collaboration
(also Wayne State University)

July 224, 2013

—V—
Al v
PHZSENIX TN

Ron Belmont, University of Michigan SQM2013, 22 July 2013 - Slide 1



Introduction

PHENIX

@ Central arms: hadrons, 2
photons, electrons 5

@ Muon arms: muons \

@ New for 2011: VTX - Ve Beam View Ea _

o New for 2012: FVTX

@ VTX and FVTX give good H HJ/H\JL H il

weolr

c¢/b separation
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South Side View North
18.5m= 60 ft
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Introduction
What is and isn't in this talk

Things NOT in this talk

® Heavy Flavor—See talk by D. Jouan for overview of recent PHENIX
heavy flavor results! Tomorrow, 23 July, at 10am (Plenary 4)

@ Lower energy—See talk by Y. lkeda for recent PHENIX results from
the beam energy scan! Friday, 26 July, at 11am (Plenary 11)

What I'm focusing on in this talk

@ |dentified charged hadrons 7/K/p from recent PHENIX paper
arXiv:1304.3410

@ I'll also use some previously published PHENIX data on the 7° and
the ¢ meson
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Motivation

Baryon vs. meson production
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PHENIX, Phys. Rev. C69, 034910 (2004) PHENIX, Phys. Rev. C72, 014903 (2005)

@ Ry, of unidentified hadrons and 7° shows factor of 5(!) suppression
@ Rcp shows no suppression of baryons?

@ Heavy meson ¢ has similar mass to proton (1.019 GeV/c? cf 0.938 GeV/c?) but
similar suppression to pion—not a mass effect
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Motivation

meson production

PHENIX proton/ mratio
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PHENIX, Phys. Rev. Lett., 91, 172301 (2003) PHENIX, Nucl. Phys. A757, 184-283 (2005)

@ Baryon production significantly enhanced relative to meson production

@ Hadronization by string fragmentation yields similar baryon/meson ratios in p+p
and Au+Au

@ Hadronization by parton recombination may explain this enhancement
(also explains quark number scaling found in elliptic flow data)
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Motivation

Cold nuclear matter effects

Syn = 200 GeV/

et H } E

@ In addition to effects from the QGP, i E
there are initial state effects caused / cherged hadrons E|
» Ry d-Auminbias E

O Rus AGAUO10%centrd |

by the cold nuclear matter

@ Some models proposed particle
suppression at RHIC could be from
initial state effects, but the data
show Cronin enhancement

@ Cronin enhancement: enhancement
of particle yield at intermediate p1
in p+A collisions relative to p+p

@ Unidentified hadrons show greater

. m charged hadrons
enhancement than neutral pions...

o neutral pions

T T T T T
1 2 3 4 5 6 7 8 9 10
p; (GeVic)

PHENIX, Phys. Rev. Lett. 91, 072303 (2003)
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Motivation

Cold nuclear matter effects

@ Strong particle species dependence
for Cronin enhancement

@ Most models of the Cronin
enhancement rely on initial state
effects like multiple parton
rescatterings—no particle species
dependence 2

[ Minimum Bias

Rd/‘\u

@ Recombination model applied to
d+Au uses final state effect in cold
nuclear matter, greater Cronin
enhancement for baryons than for
mesons—discussed in 0 ! ! !
Phys. Rev. Lett. 93, 082302 (2004) 0 ! 2 b, (GevIe)
by R.C. Hwa and C.B. Yang

@ Soft partons at low x can take place
of thermal partons in hot nuclear
matter, so recombination may make
sense here

PHENIX, Phys. Rev. C91, 024904 (2006)
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Results

1
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@ New PHENIX results, arXiv:1304.3410
@ Au+Au up to 6 GeV/c and d+Au up to 5 GeV/c
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Results

Kaon spectra
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@ New PHENIX results, arXiv:1304.3410
@ Au+Au up to 4 GeV/c and d+Au up to 3.5 GeV/c
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Results
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@ New PHENIX results, arXiv:1304.3410
@ Au+Au up to 6 GeV/c and d+Au up to 5 GeV/c
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Results

Ratio K/m in Au+Au
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PHENIX, arXiv:1304.3410
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Results

Ratio K/m in d4+Au
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PHENIX, arXiv:1304.3410
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Results

Ratio p/7 in Au+Au
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Results

Ratio p/m in d+Au
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Results

What did we learn from K /7 and p/ ratios?

@ Centrality dependence of K/m in Au+Au is consistent with strangeness
enhancement

@ The detailed p7 dependence may shed light on the strangeness
production mechanism

@ The K/ ratio in d+Au is centrality independent and consistent with the
ratio in p+p, in contrast to Au+Au

@ The p/7 ratio exhibits strong centrality dependence in both Au+Au and d+Au

@ The enhancement of p/7 in Au+Au and d+Au relative to p+p cannot be
attributed to flow alone

@ The centrality dependence of p/m in Au+Au is straightforward to
understand based on the system size, what about d+Au?
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Results

Nuclear modification factor Rcp in Au-+Au
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PHENIX, arXiv:1304.3410

@ All particles show a “bump”, a rise then a fall—the proton bump is larger and
at a higher pr than that of the mesons

@ The kaon bump is higher than the pion but in the same place; the enhancement
relative to the pion is decreased for 0-10%/40-60% relative to 0-10%/60-92%

Ron Belmont, University of Michigan SQM2013, 22 July 2013 - Slide 16



Nuclear modification factor Ra4 for different centralities

Results
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@ The kaon and pion are most separated in the most central
@ The ¢ seems to stay in between the kaon and the proton
@ The proton shows little or no centrality dependence
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Results

Nuclear modification factor R4 for different centralities
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@ The charged pions and kaons are consistent with each other
@ The ¢ meson exhibits minimal modification to higher pr like the 7°
@ All four mesons consistent while protons strikingly different with strong

centrality dependence
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Results

What did we learn from the nuclear modification factors?

@ Two main things to consider—strangeness and baryon production

@ The additional strangeness production mechanism present in Au+Au is absent
in d4+-Au
@ Kaon Ryp is above pion Raa and the difference varies with centrality, and
the ¢ Raa is in between kaons and protons
@ The Rya of pions, kaons, and ¢ are all consistent with each other
@ The K/ ratios tell a similar story

@ Both Au+Au and d+Au have significant baryon enhancement
@ The enhancement in d4+Au has no dependence on mass or strangeness,
but strong dependence on type (baryon vs meson)

@ The enhancement in both systems is strongly centrality dependent, as
seen in the p/ ratios as well as the Rya
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Results

Peripheral Au+Au and central d+Au

Centrality (Ncoir) (Npart)
Au+Au
e0-02% 14.8 + 3.0 14.7 4+ 2.9
d+Au

020% 15.1 +1.0 15.3 + 0.8

@ Peripheral Au+Au and central d+Au have the same Ny
@ Peripheral Au4-Au and central d+Au have the same Npat
@ The N,y ratio is 1.02 £ 0.22, the Npape ratio is 1.04 £ 0.21

@ As an added bonus, all 4 of these numbers are consistent within uncertainties
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Results

K/m and p/m in peripheral Au+Au and central d+Au
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@ Both height and shape are identical for peripheral Au+Au and central d4+Au
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Results

of yields in peripheral Au+Au to central d+Au

@ No scaling applied,
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Results

of yields in peripheral Au+Au to central d+Au

@ No scaling applied,
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Results

What did we learn from this comparison?

@ Identical K/m and p/7 ratios suggest common mechanisms for strangeness and
baryon production in the two systems

@ Direct ratio of spectra is flat and independent of species above 2.5 GeV/c

@ Baryon enhancement is quantitatively the same—this is further evidence
that the mechanism is the same in both systems

@ Ratio is significantly less than unity—suggests energy loss for all species
in peripheral Au+Au

@ The ¢ data don't have enough precision for this measurement, but the
kaons seem to suggest that any possible strangeness effects also cancel

@ Remarkable similarities between peripheral Au+Au and central d+Au suggest
other asymmetric collision species could reveal some very interesting physics

[+

Should see rapidity shift

nPDFs will be different

Strangeness effects may come into play

Cu+Au in Run12! 3He+Au planned for Run15! How about Si+Au?

[* 2 <
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Summary

Summary

@ Strangeness enhancement in Au+Au but not in d4+Au

@ Rpa of phi is above kaon, which is above pion

@ K/m ratio in Au+Au show centrality dependent enhancement

@ Rya of strange and non-strange mesons consistent with each other

@ K/m ratio in d+Au has no centrality dependence and is consistent with

p+p
@ Baryon enhancement in both Au+Au and d+-Au

@ p/m ratios have strong centrality dependence in both systems
@ Rya of protons has strong centrality dependence

@ Striking similarities between peripheral Au+Au and central d4+Au

@ Identical K/7 and p/ ratios
@ Direct ratio of spectra is independent of particle species

@ Further theoretical investigation and comparison to these precision data is
warranted! Viscous hydro, recombination, baryon junctions, color field effects,
etc...
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Our good friends in STAR
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STAR, Phys. Rev. Lett. 97, 152301 (2006)

@ STAR sees Rcp and p/m with very similar trends as we do

@ Rcp of proton comes down and gets very close to pion, consistent within (large)
uncertainties at highest p1

@ p/m rises quickly, falls off much more slowly than model predictions
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A new era at the LHC

Cronin enhancement even at 2.76 TeV, though appreciably smaller than at 200 GeV
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ALICE, arXiv:1210.4520
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RCP and Vo

Au+Au\[sy, = 200 GeV
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R. Belmont, Nucl. Phys. A830, 697c-700c (2009)
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Ratio 7~ /7™
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PHENIX, arXiv:1304.3410

@ 7~ /7" ratio is independent of pr, centrality, and collision system
@ Ratio is essentially equal to unity

@ Ratio decreases with increasing pt in p+p
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Ratio K~ /K*
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PHENIX, arXiv:1304.3410

@ K~ /KT ratio is independent of pr, centrality, and collision system
@ Ratio is slightly less than unity (0.93)

@ Ratio decreases with increasing pt in p+p
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PHENIX, arXiv:1304.3410

@ p/p ratio is independent of pr, centrality, and collision system

@ Ratio is roughly 0.73

@ Ratio decreases with increasing pt in p+p
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Antiparticle/particle ratios in p+p
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STAR, Phys. Rev. Lett. 108, 072302 (2012)
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What did we learn from antiparticle/particle ratios?

@ The most boring result ever? Minimal dependence on p, centrality, and
collision species...

@ But the result is different in p+p collisions!

@ The heuristic argument in p+p is basically isospin conservation—high pt
produced particles should have at least once valence quark from the initial state

@ This favors production of 7t (ud), K*(u3), and p(uud), so all the ratios
decrease with increasing p1

@ The 7~ (ud) also has a valence quark in common with the initial reactants,
while K~ (@is) and p(@iid) do not—thus the w— /7™ ratio falls off more slowly

@ Something similar may happen in d+Au and Au+Au, but if so the pr regime is
higher than in p+p

Ron Belmont, University of Michigan SQM2013, 22 July 2013 - Slide 35



Radial flow is important
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Greco et al., Phys. Rev. C68, 034904 (2003) Hirano and Nara, Phys. Rev. C69, 034908 (2004)

@ Radial flow is important

@ Hadron spectra and ratios reflect the interplay of many important and disparate
phenomena
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