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Relativistic Heavy-Ion Collided (RHIC)
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% 2000-2016, obwmpHaga gmsnyeckasa nporpamma:
v p+p, p+A, A+A npy MakcumarnbsHoi aHeprnmn Vs, = 200 3B (9 komMBuHaLmin)
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QGP droplets in small systems
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https://doi.org,/ 101038 /s41567-018-0360-0

Creation of quark-gluon plasma droplets with

three distinct geometries

PHENIX Collaboration’

Experimental studies of the collisions of heavy nuclei at rela-
tivistic energies have established the properties of the quark-
gluon plasma (QGP), a state of hot, dense nuclear matter in
which quarks and gluons are not bound inte hadrons™. In
this state, matter behaves as a nearly inviscid fluid® that effi-
ciently translates initial spatial anisotropies into correlated
momentum anisotropies among the particles produced, creat-
ing a common velocity field pattern known as collective flow.
In recent years, comparable momentum anisotropies have
been measured in small-system proton-proton (p+p) and
proton-nucleus (p+A) collisions, despite expectations that
the volume and lifetime of the medium produced would be
too small to form a QGP. Here we report on the observation
of elliptic and triangular flow patterns of charged particles
produced in proton-gold (p+Au), deuteron-gold (d+Au) and
helium-gold (*He+Au) collisions at a nucleon-nucleon centre-
of-mass energy _[s),,, =200 GeV. The unique combination of
three distinct initial geometries and two flow patterns pro-
vides unprecedented model discrimination. Hydrodynamical
models, which include the formation of a short-lived QGP
droplet, provide the best simultaneous description of these
measurements.
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Compelling Evidence for Small Drops of Perfect Fluid

PHENIX publishes new particle-floww measurements to support their case that
tiny projectiles create specks of quark-gluon plasma.

Decernber 10, 2018

+ ENLARGE

If collisions between small projectiles—protons (p), deuterons (d), and helium-3 nuclei {3He)—and gold
nuclei (Au) create tiny hot spots of quark-gluon plasma, the pattern of particles picked up by the detector should retain
some "memory” of each projectile’s initial shape. Measurements from the PHENIX experiment match these predictions
with very strong correlations between the initial geometry and the final flow patterns. Credit: fjovier Orjuela Koop,
University of Colorodo. Boulder



Geometry engineering — v,, v; of charged hadrons
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%  Geometry engineering is a unique capability of RHIC
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v,, ¥; of charged hadrons — model comparison (hydro)
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% v, and v; in three systems are simultaneously described by hydrodynamic models:

v" both models use 1/s=0.08, MC Glauber initial conditions, 2+1D viscous hydrodynamic evolution
v'different hadronic rescattering packages: B3D(SONIC), UrQMD(GEBE-VISHNU)

¢ Same models describe the production spectra

—> strong evidence for QGP droplets in high-multiplicity collisions of small systems
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v,, ¥; of charged hadrons — model comparison (AMPT)
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Hadronic rescattering (ART package)
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¢ Decent consistency with v, and v; in three systems, but only at low momentum

¢ AMPT calculations do not describe large and small systems with a consistent set of parameters
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v,, ¥; of charged hadrons — model comparison (CGC)
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Phys.Rev. C94 (2016) no.6, 064901

* Simultaneous description of the large photon yields and flow is a challenge for theoretical models

¢ Similar situation at the LHC

Direct photon puzzle

N\ (a) Invariant yield

= Fireball senario

—— Semi-QGP w/o viscous
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% Systematic studies vs. collision system and energy are required
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Direct photons, pp@200 & pAu@200 & CuCu@200

pAu@200, 0-5% arXiv:1805.04066
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** New pp @200 reference & fit

+¢ Clear enhancement of the photon yield in central pAu@200 with respect to N_,-scaled pp @200
—> consistent with formation of the QGP droplets in hydro evolution

> Cu+Cu: pr spectra and dN/dy are consistent with Au+Au data at similar N,

* Exponential fits:

T = 285 + 53(stat) = 57(syst) MeV (MB)
T = 333 £ 72(stat) £ 45(syst) MeV (0-40%)
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Direct photons, AuAu@62 & AuAu@39
arXiv:1805.04084

AuAu@62, 0-86%
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AuAu@39, 0-86%

B AutAu— v+ X, |y|<0.35
E 0-86%, \Sun= 39 GeV
m T Fit o< Exp[-pTr'Te"]
E T‘? T, = 0.176 + 0.027 + 0.070 GeV
[ e — Extrapolated to 1 GeVic
3 T ¢
E
= T,-scaled pQCD
. u=05 P,
E_ v L =1.0 P,
- -.p=20p
1 11 ‘ 1 i1 | | 1 L1 1 I 1 11 1 Il 1 1 1
0 0.5 1 1.5 2 2:5

** Substantial direct photon yield at py < 3 GeV/c at both energies

“* In AuAu@62 observe increase of the photon yields with centrality

¢ Exponential fits:

T = 214426(stat)x45(syst) MeV (62 GeV);
T = 17627 (stat)£70(syst) MeV/c (39 GeV)
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Spectra normalized by (dN_,/dn)!-?3
arXiv:1805.04084
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% Spectra in A+A collisions at different energies and centralities as well as pQCD curves are
normalized by (dN_,/dn)!%:

v’ separation by energy at high momentum

v nearly perfect scaling at low momentum



Scaling of low-p photon yields

arXiv:1805.04084
10°g ' =1.25
e e PHZENIX % Photon yields are integrated at p; > 1 GeV/c
g 105 Mautu, jag= 2000y preliminary P - dominated by thermal photons
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102
> E
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- = it
L = B —> large photon production near the phase
10 dN_/an legz 10° transition to hadronic phase?
* p+p:

v integrated pQCD curves have similar slope

% p/d+Au:

v" another trend for small systems, suggests the possible turn on of thermal radiation
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R,,, p/d/ He+Au@200
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¢ OOpaboTKa JaHHBIX IIPOIOKACTCS
¢+ HoBble SKCIIEpUMEHTAIBHBIC PE3YJIBTAThI M ITYOIMKAIIHH

% Yuactue B SPHENIX npobGrnemarnano
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Konnenuusa sSPHENIX

% OmHoponusiii akcentanc: 0 < ¢ < 2w; In| < 1.1
¢ 1.5 T cBepxmpoBosmuii conenouns (BaBar)
¢ Tpexunr (0.2 - 40 I'3B/c):

v VTX: MAPS (Monolithic Active Pixel Sensors)

v' TIpomekyTouHBIi Tpekep: silicon strips

v" Buemmnuii Tpekep: TPC

¢ Kanopumerpus:
v" EMCal: tungsten-scintillating fiber (W/ScFi) 12 '
V' BHyTpeHHMI aJpOHHBIN KATIOPUMETP i

v BHemHui aIpOHHEIA KaJOPUMETD; TAKKE
VCIIOJIB3YETCs KaK BO3BPATHOE SIPMO
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