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Relativistic Heavy-Ion Collided (RHIC)

RHIC energies, species combinations and luminosities (Run-1 to 16)
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Center-of-mass energy V’s“ [GeV] (scale not lincar)

+» Run-16:

d+Au, 40T>B d+Au, 20T>B d+Au, 62T3B d+Au, 200 T'>B AutAu, 200 5B

Luminosity, [nb-!] 9.5 3.75 22.8 155 303

% 2000-2016, obumpHaga gmsnyeckasa nporpamMmma:
v p+p, p+A, A+A npy MakcumanbHoi aHeprmn Vs, = 200 3B (9 koMBuHaLmin)
v/ nporpamMmma CKaHMpOBaHMsI MO 3Heprum B3anmopencTeus (13 aHeprun)
v @QMHCTBEHHbIV Konnangep ny4koB Nonspu3oBaHHbIX NPOToHOB, P ~ 70%
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KoHpepeHuun

Mexnynaponnas Ceccusi-koHpepenuust Cekiuu sineproit puzuku OOH PAH, /lyoHa
- Collective effects in small systems measured by PHENIX at RHIC

New Trends in High-Energy Physics, 2-8 October 2016, Budva, Montenegro
- Recent results from PHENIX experiment at RHIC
- PHENIX results on leading particles and jets measured in Cu+Au collisions at RHIC

66-as MexxayHapoaHas HaydHast KoHdepenuus «Aapo-2016, Capos
- Kectkue anpons! u ctpyu B Cu+Au B3anmoaeiicTBusax npu suepruu 200 ['3B
- KonnextuBHbIe 3¢ (eKThI BO B3aMMOACHCTBIM MabIX cucTeM Ha kosmaiaepe RHIC

Mexnynaponnas monoaexxkHas kondepeniusa @uzukA.CI16, Cankr-IlerepOypr
- Poxnenne HeltpanbHbIX Me30HOB B Cut+Au crosnikHOBeHMX npu dHeprun 200 ['3B

14-1 KypuaroBckas MEeXIUCHUIUIMHAPHAA MOJIOIC)KHAA Hay4dHas mikoja, Mocksa
- KonnextuBHbie 3(h(pexThl BO B3aUMOIEUCTBUAX MaJbIX cucTteM Ha yckoputene RHIC


http://icssnp.jinr.ru/
https://indico-new.jinr.ru/confLogin.py?confId=84
http://www.vniief.ru/wps/wcm/connect/vniief/site/scienceevents/nuclerstruct/
http://physica.spb.ru/

Iyoauxkanuu

* ~ 20 xoymabopaIMoOHHBIX CTaTeH:

1. Scaling properties of fractional momentum loss of high-pT hadrons in nucleus-nucleus collisions
at \syy from 62.4 GeV to 2.76 TeV, Phys.Rev. C93 (2016) no.2, 024911

2. Transverse energy production and charged-particle multiplicity at midrapidity in various systems
from Vsy=7.7 to 200 GeV, Phys.Rev. C93 (2016) no.2, 024901

3. ¢ meson production in the forward/backward rapidity region in Cu+Au collisions at Vs,,=200 GeV,
Phys.Rev. C93 (2016) no.2, 024904

4. Forward J/y production in U+U collisions at \/sNN=193 GeV, Phys.Rev. C93 (2016) no.3, 034903
5. Dielectron production in Au+Au collisions at \/SNN=200 GeV, Phys.Rev. C93 (2016) no.1, 014904

6. Centrality-dependent modification of jet-production rates in deuteron-gold collisions at
\/SNN=200 GeV, Phys.Rev.Lett. 116 (2016) no.12, 122301
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Geometry engineering

* Interpretation of long-range correlations in small systems requires understanding of
how initial geometry is transformed into final state momentum correlations

* Geometry engineering is a unique capability of the RHIC
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4 | p+Au (2015) d+Au (2008) | 3He+Au (2014)
2 =t T 0 i
o log | ®

9 L -+ T ’ i

4 -2 0 2 4 4 -2 0 2 4 4 -2 0 2 4
X [fm] X [fm] X [fm]

I |

I
|
|
|
|




Elliptic flow, model comparison

0-5% p+Au 200 GeV 0-5% d+Au 200 GeV 0-5% 3He+Au 200 GeV
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= Substantial v, is measured for charged hadrons in 0-5% p+Au, d+Au and *He+Au
"  Asymmetric systematic uncertainties account for non-flow contributions

= Model comparison:

v" SONIC: hydrodynamic model, standard Monte Carlo Glauber initial conditions followed by viscous
hydrodynamics with /s = 0.08, and a transition to a hadronic cascade at T = 170 MeV

v' superSONIC: additionally incorporates pre-equilibrium dynamics
—> good description of data

v' AMPT (A-Multi-Phase-Transport Model ): combines partonic and hadronic scattering
—> describes data up to 1 GeV/c

v' IP-Glasma + Hydro:
- overpredicts d+Au, *He+Au while underpredicts p+A 9



Jet production: p+p and Cu+Au @ 200 GeV

|III|III|I[I|"III|III|III‘III

PhysRevLett.116.122301
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¢ IlepBbIe pe3ynbTaThl MO BEIXOAY CTPyH B p+p u Cut+Au npu \/SNN =2001I>B

¢ He tpeOyroT 3Hanms GyHKINNA (pparMeHTaIIH
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Poxnenne cTpyi ogaBiICHO B JiBa pas3a B LIEHTpadbHbIX Cu+Au CTOJIKHOBEHUSX;

HEOOIBIION U30BITOUYHBIN BBIXO B EpUGEPUITHBIX B3aUMOJICUCTBUSIX

R/
000

Cnabas py 3aBucuMocts i R, 4, B 001aCTH U3MEpEHUI

(ala Pb-Pb @ 2.76 TeV, Phys.Lett. B746 (2015) 1-14)

35 40
P; (GeV/c)

» N3mepenust B p+p xopomo Bocrpou3oastess NLO pQCD (NLOJET++ with NNPDF2.3)
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J/Y /P’ ratio in small systems at \s =200 GeV

Double ratio, [V’ / J/], i to [V / I,
Y’ [ J/V ratio is unchanged in p(*He)-going direction

cancels out systematic uncertainties

Y’ [ J/W ratio is suppressed by a factor of ~2 in Au-going direction

Y’/ J/¥Y and arecc pairs with different binding energies of ~ 640 and ~ 50 MeV
Plotted vs. co-moving particle density shows common behavior at RHIC and the LHC
Note suppression in p-going direction in p+Pb

Understanding suppression due to co-movers could play a critical role in interpreting
quarkonia data from A+A collisions.

arxiv:1609.06550
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OcHOBHBIE IMPOMCKYTOYHBIC UTOI'H
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Discovery of sQGP

¢ B 2005 rogy (QM-2005) Bce xomrabopanuu Ha RHIC caenanu 3asBinenue
00 OTKPBITUH HOBOI'O COCTOSIHUS — CHIIbHOB3aumoercTByromen KI'TI

¢ 3agsiaenne DEHUKC ob6yciaoBiaeHO 00HAPYKCHUEM U H3MEPCHUEM

v’ a¢dekra ramenus crpyi

v 3IIMITHYECKOTO MOTOKA, €r0 N, - MACIITaOUPOBAHMS
v/ BBIXOJa MATKHX IPAMBIX (POTOHOB

v’ IoaBJIeHrEe KBAPKOHHS

¢ B neaTpanpabix A+A B3aumoneiictBusax mpu 3Heprusx RHIC o6pa3syercs cpena,
oOnaaronias CiIeayIUMUA CBOMCTBAMU:

v GbIcTpast TepManu3anus (T, << 1 ¢pm/c)

v’ WaeanbHas KUIKOCTh (N/s ~ 1/47); cubHO-CBSA3aHHas, HE ra3

v £>15T3B/dpm3, T, ~ 300-400 MeV - nipeBbIleHbI YCAOBUS T (ha30BOTO Mmepexoa
v dN,/dy > 1100, BeIcOKasi ITFOOHHAS TUIOTHOCTH, CPEZia He MPO3padHast

¢ Hu omHO M3 ciemaHHbBIX 3aKITFOUYCHHH HE OBLIIO ONMPOBEpPTrHYTO 3a 10+ jeT, B ToM
yuciie u ¢ 3anyckom LHC

13



Jloctuskenus INNAD

¢ OnbIT co3gaHna OCHOBHOrO Tpekepa bornbLoro akcnepnumeHTa (OK)
% JKCnepmMeHTanbHoe n3yyeHne cBOMCTB nerknx agpoHos (w, K, n, n’, p, ¢, ® n 1.4.)
% HoBble pesynbrartbl, NybnMkaumm, BbICTYNNIEHNA Ha KOH(epeHUmsx
¢ KysHunua kagpos:
v’ 4 kangmaaTcKkMx gucceprtauum + 1 nnaHupyeTcs

v 1 JOKTOpCcKas guccepraums
v ALICE, CBM ...

* PWG-LF, PSB (PHENIX Speaker Bureau)

% AHanu3 gaHHbIX NpoAdoskaercs ...

14



byaymee (s)PHENIX
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Konnenuusa sPHENIX

¢ Opaoponmnsmii akcentanc: 0 < ¢ <2m; In| < 1.1
¢ 1.5 T cBepxmpoBozsmuii conenoun (BaBar)
¢ Tpexunr (0.2 - 40 I'3B/c):

v VTX: MAPS (Monolithic Active Pixel Sensors)

v" TIpomekyTouHBIii 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
xkostadopanuu PHENIX, 0051b1110# ONBIT U o\ .

noaAcpkKKa B
=%

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



Bo3moxkubsin Bkaaa IIUAD

¢ TpekoBbIe cTaHIIMK Pa3OUTHI HA
TPHU CEKTOpa Mo paauycy u 12
CEKTOPOB MO a3UMYyTaIbHOMY YTy

¢ Komma6opanus sSPHENIX
npemioxuna [TNAD npunsaTs yyactue
B pa3palbOTKe U CO3IaHUM TPEKOBBIX
CTaHIIMH OJTHOTO M3 THUIIOB (110

paauycy)

¢ YUHTBIBasI ONBIT U OTHOIIEHUS, CIIOKHUBIITNECS B KOJITIAOOpAIUy, PECTABIISAETCS 1IeTIeCO00pa3HbIM
yuactue [INUAD B cozmanuu TPC.

¢ Takoe ygactue Tpedyet nposeaeuus B [INAD B TeueHue 3-x JieT ciaemyonmx pador:
v/ pacdeTsl ¢ 1EIBI0 ONTHMHU3AINN TEXHOJIOTHH JIETEKTOPOB U BEIOOpa paboueii ra3oBOl CMECH;
v/ MOJTOTOBUTH COOPOYHBIM YYACTOK C YCIOBUSAMH TOBBIIIEHHOM YUCTOTHI;
v OCHAaCTUTDb Yy4aCTOK 060py,IIOBaHI/ICM 1 MaTrcpuaiaMu, HCO6XOI[I/IMBIMI/I AJIA1 CO3JaHusA U TCCTUPOBAHUA
IIPOTOTHIIOB,
v CO3aaTb CTCHA IJIA IIPOBCACHHA TCCTOBBLIX WCHBITAHUM IIPOTOTHUIIOB, 06J1az[a}0m1/1ﬁ Ha60p0M pPadIrnOaKTHBHBIX
HCTOYHHUKOB MOHU3HUPYIOIINX HBqueHHﬁ, CHUCTEMOM IMPUTOTOBJICHUA PA3JIMYHBIX I'a30BbBIX CMGCCﬁ, CHUCTEMOH
IIO4a491 BBICOKOI'O HAIIPAXKCHMA, CHUCTEMOM TOYHBIX MEXaHNUYECKHUX nepeMemeHI/Iﬁ I IIPOBCACHU A
KaJIMOPOBOYHBIX U3MEPEHUHN, HEOOXOTUMOM PIEKTPOHUKON CUMTHIBAHUS U OTOOpakeHUs nH(popmaIuu.

17



3aKkJII0UYeHHe

¢ OkcriepumenT PEHUKC 3akoHumnin HabOp JaHHBIX
<& (3
¢ JlanpHelee yyactre B 00pab0oTKe JaHHBIX —> CTaThU, KOHGEPEHIIUN U T.1.

¢ Yuactue B oOHOBIIeHHE ycTaHOBKH 10 SPHENIX

18
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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 Yo M Y girece) €L KOPPEIAIIHIA
v’ (pyHKIHU PparMeHTaUH TP Zp ~ |

¢ Tsxenvie apoMarsr:

v’ BBIXOJI C ¥ b tipu pp >> 1 | o N TheOl 5
v' TlogaBiieHus OOTTOMOHUS LONG RANGE PLAN
for NUCLEAR SCIENCE

¢ V3mepenus HEOOXOaUMEI B p+p, p+Auu
Au+Au cronkHoBeHusix @ 200 I'>B

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.



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

22



Tecruposanue EMCal u HCal nyukax

Electron Resolution Electron Linearity
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X I[OCTI/II‘HYTBI N IIPCBBIIICHBI ITPOCKTHLIC 3HAYCHUA 110 Pa3pCIICHUIO U JIMHEHHOCTHU

¢ M3MmepeHus B OCHOBHOM MOATBEPIMIH pe3ysibTaThl MoHTe-Kapio monenpoBanus 93



LleHTpaabHBIN TPEKEP

¢ Boccranosnenue TpekoB: Ad < 27, [n| < 1.1, 0.2 < p; (I™B/c) <40
s DAQ ~15kI'
¢ Y paspemenue mo macce ~ 1%
¢ IIpo3payHOCTh

< DCA, <70 mkm

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 24

- In kind contribution from RIKEN



Konnenuusa 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 21
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DdyHaameHTaJbHbIe 3aaayu 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 nerexTop mocTpocH Ha
ocHoBe SPHENIX ¢ no6aBnenuem
dbopBapIHOTO MIeya

**VYuactue B SPHENIX moxer crarh
MOCTOM K YYaCTHIO B JIaJIbHEHIITNX
OOHOBJICHUSIX YKOPUTEIA U
AKCIICPUMEHTAJIBHOM 0a3bl

100 | “ |- 400

R (cm) R (cm)

300 - — 300

200 —

100 —




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

> A6 PG Todzy I FHC Tomceow YA WG Tosy I L HC Tomerrom
) ) ' | R B | [ T T 11 T T T T Y T T

| ; A . 7

L/
g < MW/////////////////I_ 5 —

<
D Mesons

O T -
R "

TSI SIS ST S S LSS LSS LSS ST
e

sPHENIX:

llllllllll

7/
v O P g
B $ Ensemble-based
- =3 DOTHNIA Y e )
—] - and x+hadron
7] > correlations /B 7°+) 7z
n add low py reach — .l
han q Double b-Tag (py 4)
80
| i ' i 4 | ST A i i 1 il il ' i 4 i i PR
Py (GeVic) 10 102 10°
py [GeV/c]
Fa N
10/14/16 & "‘;ig Ry -
““PH “ENIX
AN/ 7N




