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Relativistic Heavy-Ion Collided (RHIC)

RHIC energies, species combinations and luminosities (Run-1 to 16)
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% 2000-2016, obwmpHaga gmsnyeckasa nporpamma:
v p+p, p+A, A+A npu MakcumanbHoi aHeprumn sy = 200 3B (9 komBuHaLmin)
v’ nporpamMmma CKaHMpOBaHMUs MO 3Heprum B3anmopencTeus (13 aHeprun)
v @QMHCTBEHHbIN Konnangep ny4koB NONApu3oBaHHbIX NPOTOHOB, P ~ 70%
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KoHdepeHuuun

“* Mexnynapomnas ceccus-koHdepennms Cekiun ssaepHont puznkn ODH PAH
“@usuka (pyHIaMEeHTaIbHBIX B3aumoecTeuii”, 6-8 utons 2017 romna, Kabapauno-
bankapckuit ['ocy1apCTBEHHBIM YHUBEPCUTET, T. Hanpuuk

«Light meson production in heavy ion collisions in PHENIX experiment»

¢ 6th International Conference on New Frontiers in Physics (ICNFP 2017). Aug 17-26
in Kolymbari, Crete (Greece).
«Recent PHENIX results on high-p light hadron production»
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Measurement of emission angle anisotropy via long-range angular correlations with high p; hadrons
in d+Au and p+p collisions at v syn=200 GeV, arXiv:1711.09003

Measurements of mass-dependent azimuthal anisotropy in central p+Au, d+Au, and *He+Au
collisions at \/SNN=2OO GeV, arXiv:1710.09736

Measurement of ¢-meson production at forward rapidity in p+p collisions at Vs=510 GeV and
energy dependence of 6¢ from Vs=200 GeV to 7 TeV, arXiv:1710.01656

L'evy-stable two-pion Bose-Einstein correlations in \/SNN=2OO GeV Au+Au collisions,
arXiv:1709.05649

Measurements of azimuthal anisotropy and charged-particle multiplicity in d+Au collisions at
\/SNN:ZOO, 62.4, 39, and 19.6 GeV, arXiv:1708.06983

Measurements of multiparticle correlations in d+Au collisions at 200, 62.4, 39, and 19.6 GeV and
p+Au collisions at 200 GeV and implications for collective behavior, arXiv:1707.06108

BB-meson production at forward and backward rapidity in p+p and Cu + Au collisions at \/SNN:2OO
GeV, Phys.Rev. C96 (2017) no.6, 064901

Measurements of e+e— pairs from open heavy flavor in p+p and d+A collisions at \/SNN:2OO GeV,
Phys.Rev. C96 (2017) no.2, 024907

Measurements of B—J/y at forward rapidity in pp collisions at Vs=500 GeV, Phys.Rev. D95 (2017)
no.9, 092002
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Geometry engineering and energy scan

¢ ITorck KOIEKTHBHBIX 3P (EKTOB BO B3aUMOACHCTBHAX MaJIbIX CHCTEM
¢ CBs3b IIOTOKOB C TEOMETPHEH 00JIACTH MIEPEKPHITHUS sJiep —> geometry scan

¢ CBs3b IIOTOKOB C INTOTHOCTHIO PHEPrUu —> energy scan (d+Au)
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Geometry engineering - I

¢ Geometry engineering is a unique capability of the RHIC

3
(o} Q
a . O o g3dAu o g HeAu

% v, & v, for charged hadrons in central p+Au, d+Au, 3He+Au at sy = 200 GeV
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Geometry engineering - 11

L0

» v, & v; well described by hydrodynamics

* System dependence described by hydro

» Mass ordering for 7/K/p in p/d/?*He+Au described by hydro

—> Final State Anisotropy = Initial Geometry + Final State Interactions
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Energy

scan - I

How does the flow depend on collision energy?
Significant v, signal at all 4 energies!
Hydro in good agreement at 200 & 62.4 GeV
Hydro under predicts data at 39 & 19.6 GeV --> Nonflow contributions?
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Energy scan - 11

% Comparison to AMPT:

AMPT v2{Parton Plane}: < Flow

AMPT v2{EP}: «— Flow @ Nonflow

“ Expectations:
difference 1s small at low-p; and grows at high-p
difference grows with decreasing collision energy

d+Au )
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39 GeV
19.6 GeV

:

—> Strong v2 signal even at 19.6 GeV ... interpretation is complicated by nonflow
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bynyumiee (S)PHENIX
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Konnenuusa sSPHENIX

% OmHoponusii akcentanc: 0 < ¢ < 2w; In| < 1.1
¢ 1.5 T cBepxmpoBosmuii conenoun (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 KATOPUMETP i

v BHemHui aIpOHHEBIA KaJOPUMETD; TAKKE
VCIIOJIB3YETCs KaK BO3BPATHOE SIPMO

¢ Bo3MOXXHOCTE OOaBIEHUS MIOOHHOIO IIIeUa,
fSPHENIX |

¢ Komnabopamus sSPHENIX co3gana Ha OCHOBE
xostadopanuu PHENIX, 0051b1110# ONBIT U o\ .

noaAcpkKKa B
=%

¢ IlepBoie manHbie oxkumarorcs B 2022 romy e p AN
R/ H ENIX



Bo3moxxkabsin Bkaaja IIUAD

¢ TpekoBbIe cTaHIIUK Pa30UTHI HA TP CEKTOPA IO paanycy U 12 CEeKTOpOB IO
A3UMYTAITBHOMY YIIIY

¢ AKTHUBHO BEIYyTCS pabOTHI IO ONTHUMHU3AIMN KOHCTPYKIINK aeTekTopa, GEM
CTPYKTYPhI U TEOMETPHUH TAJIOB

¢ [TNSD odurmanbHO YUCTUTCS YUACTHUKOM MPOESKTA, TPEANOoaracTcs y4acTre B
MIPOU3BOJICTBE U HAJAJIKE TPEKOBBIX CTAHIIUHA

17



3aKkJII0UYeHHe

¢ OkcniepumenT PEHUKC npekpaTun cBoe CymmecTBOBaHHUE
<& (3
¢ JlanpHelee yyactie B 00pab0oTKe JaHHBIX = 3alllMTHI, CTaThH, KOHPEPECHITUH ...

¢ Yuactue B oOHOBIIeHHE ycTaHOBKH 10 SPHENIX

18
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BACKUP
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HoBble puznyeckue 3agauu

% HccnenoBanne MuKpocKomuaeckon cTpykrypbl KI'TI [ REACHING FOI

¢ W3zydenue cTpyii:
v’ MoJaBlICHHE CTPYH U JHIUPYIOMIMX aJIPOHOB
v HF-tagged crpyu
v’ U3MEPECHHUE BBIXOMA Yot M Y giec)EL KOPPEIATIHIA
v’ (pyHKIMU PparMeHTaUH TP Zp ~ |

¢ Tsoxenpie apoMarthr:

v’ BBIXOI C M b ripu pp >> 1 | o N TheOl 5
v TlogaBiieHus OOTTOMOHUS LONG RANGE PLAN
for NUCLEAR SCIENCE

¢ V3mepenus HEOOXOIUMEI B p+p, p+Au u
Au+Au ctonkHOBeHUsIX @ 200 I'5B

There are two central goals of measurements planned

at RHIC, as it completes its scientific mission, and at the
LHC: (1) Probe the inner workings of QGP by resolving
its properties at shorter and shorter length scales. The
complementarity of the two facilities is essential to this
goal, as is a state-of-the-art jet detector at RHIC, called
sPHENIX. (2) Map the phase diagram of QCD with
experiments planned at RHIC.



Soft direct photons, Au+Au at sy, = 200 GeV

“* Observed large yield of soft direct photons in central collisions = QGP
radiation

% Results for yields and v, & v; can not be explained within the same models

o SN SNSTat ] [ (a) 0-20%
10! ‘e Neon-scaled pp hl_. 0.3 Direct photon v_
’ + 2007, 2010 - @ Conversion method
— 100 . Au+Au T JieE _ m Calorimeter method
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Soft direct photons, Au+Au energy scan

7/

% T, in collision energy range 39-2760 GeV

2 —
> 350 i omm Phys. Rev. C 91, 064904 (2015) .
=, - PH 2 E NIX PHENIX S, = 200 GeV, 0-92%
%300 preliminary Fit range p_< [0.6 GeV, 2.0 GeV] ;
- Au+Au T, =242+ 28+ 7 MeV/c
250 } ALICE |5, = 2760 GeV, 0-20%
2 Fit range P € [0.9 GeV, 2.1 GeV]
200 —PHENIX 'IS_NN= 39 GeV, 0-86% + Pb+Pb Teﬁ =297 £ 12 £ 41 MeVic
—Fitrange p_<[0.5 GeV, 2.0 GeV] Phys. Lett. B 754, 235 (2016)
150 CRUFAU T,y =177+ 31+ 68 MeVic PHENIX {5, = 62.4 GeV, 0-86%
I Fit range P, € [0.5 GeV, 2.0 GeV]
= Au+Au T, =211+ 24 + 44 MeV/c
100 —
= 2760 GeV Pb+Pb: o subftracted
- 200 GeV Au+Au: y = subtracted
S0— 62.4 GeV Au+Au: y " unsubtracted
= 39 GeV Au+Au: y M”Wunsubtracted
—1- 1 1 IIIIII| | 1 IIlIIIl | 1 IIIIIII Ipro":prl IIIII|
1 10 102 10° 10*

Vs [GeV]



Projected Future sPHENIX Schedule

CD-0 Fall 2016
Director’s Cost and Schedule Review Nov-Dec 2016
Test Beam at FNAL(2™ round prototyping) Jan 2017
OPA-CD-1/CD-3a Review May-Jun 2017
CD-1/CD-3a authorization Nov-Dec 2017
All Preproduction R&D and Design complete May-Jun 2018
OPA- CD-2/CD-3b review May-Jun 2018
CD-2/CD-3b authorization Jul-Aug 2018
sPHENIX Installed, cabled, ready to commission Apr 2021

First RHIC beam for sPHENIX Jan 2022
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TectupoBanue EMCal u HCal nyukax

Electron Resolution Electron Linearity
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LleHTpaabHBIN TPEKEP

% Boccranosienue TpekoB: A < 27, || < 1.1, 0.2 < py (IMB/c) < 40
s DAQ ~15kI'
¢ Y paspemienue mo macce ~ 1%
¢ IIpo3payHOCTh

* DCA,, <70 mMkm

TPC:

- HENpPepbIBHOE CYMUTbIBAHUE
-R =20-78 cm
- BNL & SUNY funding for development

-MAPS (ALICE ITS IB: ALPIDE
sensors, 28x28 um pitch, 99.9%

efficiency, 2-4 usec integration time)

[TpoMeXyTOouUHbIN Tpekep: -3 cnos: 2.3, 3.1, 3.9 cm

- silicon strips: FPHX Chip - LANL funding for development
(108 identical ladders each 2x24 cm2,) - funded by consortium

-4 cnos: 6, 8, 10, 12 cm 26

- In kind contribution from RIKEN



Konunenuusa TPC
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Collaboratmg Instltutlons and Techmcal Experience
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“...we anticipate that the features and experience gained
with this device might provide the basis for a “day-1" detector
at a future EIC, independent of where the new facility will be sited.

It is envisioned that this new collaboration will consider the possible|
evolution toward such a detector as part of its mission.”

--Berndt Mueller

RHIC / LHC Timeline

1 Month lon Running

1 Month lon Running
11/2015, 11/2016, 6/2018

11/2020, 11/2021, 12/2022

End of

LH C Long Shutdown 1 Long Shutdown 2

2015

Electron-lon Collider
(Notional BNL Plan)

RHIC

‘ Eﬁ”E“"'R"E"Y gg::czf RHIC User Meeting June 9, 2016 29
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dyHaaMeHTAJIbHBIE 3a0a4u elC

The EIC is designed to address several important question that are described in detail
in the recent EIC White Paper [3]. Quoting from the White Paper, these questions are
reproduced here:

¢ How are the sea quarks and gluons, and their spins, distributed in space and
momentum inside the nucleon? How are these quark and gluon distributions
correlated with overall nucleon properties, such as spin direction? What is the role of
the orbital motion of sea quarks and gluons in building the nucleon spin?

* Where does the saturation of gluon densities set in? Is there a simple boundary
that separates this region from that of more dilute quark-gluon matter? If so, how do
the distributions of quarks and gluons change as one crosses the boundary? Does
this saturation produce matter of universal properties in the nucleon and all nuclei
viewed at nearly the speed of light?

¢ How does the nuclear environment affect the distribution of quarks and gluons
and their interactions in nuclei? How does the transverse spatial distribution of
gluons compare to that in the nucleon? How does nuclear matter respond to a
fast moving color charge passing through it? What drives the time scale for color
neutralization and eventual hadronization?



Konnenuusa ePHENIX

¢ ePHENIX nerekTop mocTpocH Ha
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Using Jets to Probe the QGP

g | Jet Virtuality Evolution '
= RHIC E, = 20-80 GeV
2 || wm RHIC QGP Medium Influence
@ LHC E, = 100-1000 GeV
| HC QGP Medium Influence
10

arxiv:1501.06197
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Lower energy jets at RHIC have
increased sensitivity to QGP
interactions
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Kinematic Reach

Extends range at RHIC Overlaps with LHC
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