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SPHENIX Science Mission in the DOE/NSF LRP

SPHE

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

LONG RANGE PLAN experiments planned at RHIC.
for NUCLEAR SCIENCE

Section 2.2, page 22
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IIII-
II SPHE

Core sPHENIX science program

Key approaches to study QGP structure at multiple scales with sPHENIX

Quarkonium spectroscopy Jet structure Parton energy loss
vary size of probe vary momentum/angular scale of probe vary mass/momentum of probe
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EXperimental approach
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Full characterization
of final state

Different QGP
iNitial conditions

and evolution
at RHIC and LHC

Same hard process

*®
.
.
.
.
.
.
.
.
.
.
.
.*
.
.
.
.
.
.
.
.
.
.
.
.
.*
.
.
.
.
.
.*
.
.
.®
.
.
.
.
.
.
K

P
unc

s
un®
ant®
nn®
unt®
went®
un®
------
un®
nen®
wnt®
unt®
un®
nen®
wnt®

SPHE

= o Short
* ’ b or Wavelength

I
Scale

Long
Wavelength

AdS/CFT low viscosity goo

How does long-wavelength

nysics emerge from

erlying gauge theory?

6



Of

e

Abillity to tag initial state and
to fully characterize final
state drives sPHENIX

detector design

‘Same hard process




IIII-
II SPHE

SPHENIX and complementarity in the Long Range Plan

There are two central goals of measurements planned
L TR 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

LONG RANGE PLAN experiments planned at RHIC.
for NUCLEAR SCIENCE
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Complementarity: Why RHIC and LHC?

A. Ramamurti. E. Shuryak arX|v 1708.04254 M. Habich, J. Nagle, and P. Romatschke, EPJC, 75:15 (2015)
3.0 1 == Pm (lattlcc) ' ' L Lmeemmm T 7 g | Jet Virtuality Evolution ZZ
—= Ppm (pressure) | | _.-"7" = RHIC E, = 20-80 GeV = &
2.01 === Py (pressure) 5 s’ . § RHIC QGP Medium Influence ff—':jj_" ~
- p;, (pressure) // Quasi-particle density by LHC E, = 100-1000 GeV -
20 | 4 LHC QGP Medium Inﬂuence :
Q .
10 |
1.01 - |
0.5- RHIC
0.0- 1 : v c (OZTGV)
0 1 2 3 4 O i PP P P e lessalonly L
100 150 200 250 300 350 400 450 500 550 600
T / T( Temperature [MeV]
) =
Structure of QGP expected to " " .
P Initial QGP conditions and QGP evolution are

depend on temperature different at RHIC vs LHC
RHIC QGP spends more time near Tc

= Use combined RHIC and LHC data to extract T dependence ;
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IIII-
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Direct photons and photon triggered jets

Dai, Vitev, Zhang, PRL 110 (2013) 14, 142001

2.5
IEI 1 = pQCD Rates 2_0_- T'e’i?gg;gNM o
o = —e— i’ (LHC 2.76 TeV) [R, , suppressed] ‘ ﬁpgf/ngS\:/o.e;
g 10 = —e—— Directy (LHC 2.76 TeV) S 7 Com
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5107k
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Transverse Momentum (GeV/c) z,
“The steeper falling cross sections at
Fory (@ E =20 GeV), S/B is 20x larger at RHIC; RHIC energies lead not only to a
underlying event 2.5x smaller narrower z,, distribution in p+p
collisions but also to larger
. broadening and shift in the <z;,>. “
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IIII-
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SPHENIX detector systems

Calorimeter stack

1/30th
volume of
ALICE TPC

Tracker

OUTER HCAL

INNER HCAL

Continuous readout TPC 15kHz readout in Au+Au to i Tungsten/SciFi EMCal
Sj strip intermediate tracker match RHIC collision rate Steel/plastlc scintillator HCAL
- SiIPM readout

3-layer MAPS-based p-vertex

Qualltatlve |mprovement on 20 years of studies at RHIC through )
(x10+), full Calorlmetry and hlgher preC|S|on tracklng

- —— 14
Gunther ROland 1st SPHENIX RUSS[a Workfest https://indico.bnl.gov/event/4640/attachments/18495/23200/sphenix-conceptual-design.pdf
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MV TX enables world-class HF science program

Stave layout

Beam view MVTX based on copy of ALICE staves with
'* ; e support structure modified for sSPHENIX — integrate with
silicon strip (INTT) and all fit inside TPC inner field cage.

LANL LDRD addressing key questions —demonstrating
successtul read-out chain test and stave performance
IN FNAL test beam

1

él | L | | I | I | | | | I | L | | | | L I | | |
_ (dz) = 0.005 + 0.000
10 G4, = 0.116 + 0.000
102 Hit spatial resolution: < 5 pm
s FNAL test beam results
10 3'§— -
107° 3 =
' - —I || I | I | I | I | | | I | | I | I | | L1
0 10255 4 6 8 10
) . track dz [npixels] 15
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When will sSPHENIX take data”

2015 2016 2017 2018 2019 2020 2021 2022 2023
sPHENIX DOE CD-0 DOE CD-1/3A Installation
science “Mission need” Cost, schedule, and
collaboration approval advance purchase commissioning
approval
PP Start physics
data taking
2023 2024 2025 2026 2027
-— — N
First data taking campaign Second campaign Towards the EIC
p+p, p+Au, Au+Au p+p, Au+Au

https://indico.bnl.gov/event/4788/attachments/19066/24594/sph-trg-000_06142018.pdf

Gunther Roland 1st SPHENIX Russia Workfest
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Multi-year run plan for sPHENIX

SPHE

Year | Species Energy (GeV| | Phys. Wks | Rec. Lum. | Samp. Lum. Samp. Lum. All-Z
Year-1 | Au+Au | 200 16.0 7 nb~* 8.7 nb~* 34 nb!
Year-2 | p+p | 200 11.5 — 48 pb! 267 pb*
Year-2 | p+Au | 200 11.5 - 0.33 pb™! 1.46 pb!
Year-3 | Au+Au | 200 23.5 14 nb~! 26 nb! 88 nb !
Year-4 | p+p 200 23.5 — 149 pb ! 783 pb~!
Year-5 | Au+Au 200 23.5 14 nb™* 48 nb™! 92 nb™*

e Consistent with

* Incorporates BNL C-A

DOE C

-0 "mission need” document

D guidance on luminosity evo

ution

* Incorporates commissioning time in first year

Minimum bias Au+Au at 15 kHz for |z] < 10 cm:

|
h

47 billion (Year-1) + 96 billion (Year-2) + 96 billion (Year-3) =|

Gunther Rolarfcor topics with Level-1 selective trigger (e.g. higst sPAfENIXSRusEaxWordfasie within 1zl <
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Il SPHENIX today SPHE
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Illil- SPHENIX ZLOC/ay SPHE

L2 /Development/sPHENIX/magField.mon  PPM User: RHIC_Ru =
File PPM Setup Logging Diagnostics

s ppey s FUIL field magnet test e
Flux return/oHCAL absorber ” e =nv o I Bll==s ot 1.4T at BNL on =
First production sectors ; “ = i ' 2/13/2018 -

arrived two weeks ago b .. - O RO

pocl

L)

MVTX full chain test and beam

test in Spring 2018 =S
Expecting stave procurement in e/ T ST = s =1 S RE : _

late 2018 g = o 3
B @ = ‘ — N1 > % Approval of EMCAL materials

purchase received in August ’18
“Sector 0” production starting
2018

L LT T I

Beam test of TPC prototype in
June 2018
Ready for producing of full-size
INTT telescope beam test in field cage “prototype”
Spring 2018
Detector will be delivered by Riken

—..».JPC field cage at SBU

Gunther Roland 1st SPHENIX Russia Workfest "
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Tungsten SciFi EMCal moving from R&D to pre-production

technology pioneered by UCLA group

now 2D projective, to be read out by SIPMs
same electronics (up to form factor) as HCal
production techniques advanced by UIUC group
discussions with Chinese institutions about

Gunther Roland 1st SPHENIX Russia Workfest
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Performance simulation: Track and jet resolution

Track pT resolution (central Au+Au) OS7ingle jet resolution (central Au+Au)
o - B £[\ -h""l""I""I""I""I""I""I""I”":
< & 01 E- Au+Au b = 0-4 f
l 2 0.6f At D =T -
i S f - R =0.2 anti-k, jet ]
0081 v 050 - olu=150%/\p[GeV] -
I central Au+Au T .
0_06_ — 04: o
I store-average Linst o 2 e
I R S ~03[ Tl -
0.04_ “‘0":613'.‘ % + I ET I
I et 0.2 —o— Tllg—ee
0.02 :— ',::::::"‘ SPHENIX 0.1 - -
o simulation - SPHENIXMIE Simulaion -
“ llllllllllll Illlllllllllllll llllllllllll
00510 16 20 28 30 35 40 15 20 25 30 35 40 45 50 55 60
p. [GeV/c] truth P, [GeV]
High momentum resolution Calorimeter-related performance
Tracking efficiency > 90% In high studied using GEANT simulations
plleup Au+Au environment verified with test beam data

arXiv:1704.01461 22
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http://arxiv.org/abs/arXiv:1704.01461

SPHE

Microvertex tracker performance

Stave layout beam view

Layer 1 Layer 2

Rmax 34,60 Rmax 42,10

Rmid 31,50

ALICE Inner Barrel staves

/? //
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MVTX spatial resolution MVTX DCA resolution
1§III|III|III|IIIIlll|lll|lll|lII|IIl|III§ ’LE: o e L L L
- (dz)=0.005 +0.000] & ...
101 G4, = 0.116 +0.000= -é 107 ':' E
= 1 3 - .
- 9 i i
102 = o . .
Hit spatial resolution: <5 pm - E . 1
FNAL test bzeam results __. § _" central Au+Au |
F : store-average Linst
10 §— 3 10"3 - L
E - ooo.f.oo.....0000000€
10‘5§— - i 100-pion events )
10-—61;)1 | I—|8| | I—Isl | I_|4I —2 0 2 | L 11 é L 11 8| || 11-0 0 = é — 11 |0L — ‘1J5' l l210l = L2]§141 : JBb‘ = ’315L — l40
track dz [npixels] pT (GeV/c)
Spatial resolution verified in full b-jet tagging and open HF
chain test beam at FNA hadrons through secondary
vertexing

https://indico.bnl.gov/event/4072/attachments/11335/13816/sPH-HF-2018-001-final.pdf
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Physics projection: Upsilons at sSPHENIX cf. LHC
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SPHE

Physics projections: Jets in sSPHENIX cf. LHC

y+Jet momentum balance

Direct measurement - |-
of parton energy -z

loss in the QGP
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Heavy flavor at sSPHENIX cf. LHC
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Open heavy flavor

suppression probes

flavor dependence
of energy loss

26



Illil- SPHE
The sPHENIX collaboration — formed December 2015

More than 70 Institutions currently, significant growth since formation

Augustana University Lehigh University University of California, Los Angeles

Banaras Hindu University Los Alamos National Laboratory University of California, Riverside 20 1 6 2 O 1 7 2 O 1 8
Baruch College, CUNY Massachusetts Institute of Technology University of Colorado, Boulder

Brookhaven National Laboratory Muhlenberg College University of Debrecen

China Institute for Atomic Energy Nara Women'’s University University of Houston k 1

CEA Saclay National Research Centre "Kurchatov University of Illinois, Urbana-Champaign Bﬁr e ey P@RD@E

Central China Normal University Institute" University of Jammu R - R

Chonbuk National University National Research Nuclear University "MEPhI" University of Maryland

Columbia University New Mexico State UniversityOak Ridge University of Michigan Mmnl TEMPLE
Eotvos University National Laboratory University of New Mexico I][I UNIVERSITY

Florida State University Ohio University University of Tennessee, Knoxville

Fudan University Peking University University of Texas, Austin

Georgia State University Petersburg Nuclear Physics Institute University of Tokyo -~
Howard University Purdue University University of Science and Technology, China rjr—r>‘ ,ﬁ
Hungarian sPHENIX Consortium Rice University Vanderbilt University ‘
Insititut de physique nucléaire d'Orsay RIKEN Wayne State University BERKELEY LAB
Institute for High Energy Physics, Protvino RIKEN BNL Research Center Weizmann Institute e
Institute of Nuclear Research, Russian Rikkyo University Yale University

Academy of Sciences, Moscow Rutgers University Yonsei University

Institute of Physics, University of Tsukuba Saint-Petersburg Polytechnic University

Institute of Modern Physics, China Shanghai Institute for Applied Physics

lowa State University Stony Brook University

Japan Atomic Energy Agency Sun Yat Sen University

Charles University (CUNI), Prague Temple University

Czech Technical University in Prague (CTU) Tokyo Institute of Technology

Korea University Tsinghua University

Lawrence Berkeley National Laboratory Universidad Técnica Federico Santa Maria

Lawrence Livermore National Laboratory University of California, Berkeley
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sPHENIX @ EIC

Timely: US National Academies of Science Study group (incl. non-sPHENIX members) working on
recommend construction of EIC EIC detector design based on sPHENIX/Babar magnet -
Design Study Report in final review

s |eénzmne THE NATIONAL ACADEMIES PRESS

valanle o hepNnapedu25171 [‘:

An Assessment of U.S.-Based Electron-lon Collider Science

DETALLS

CONTRIBUTORS
GET THS BOOK

FIND RELATED TITLES

Visitthe National Academies Press at NAP.edu and login or register to get:

" Solenoid B Flux return B central tracking
Rkt P et a1 St 7O S oy st Acsry S Electromagnetic calorimeter Bl Forward/backward tracking
- B Hadron calorimeter B Particle ID ;

28
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IHir SPHE@

Outlook

- sSPHENIX will probe microscopic structure of strongly coupled QGP

- New state of the art detector at RHIC, complementing capabilities of LHC
- Upsilon spectroscopy
- Jet suppression and substructure
- Open heavy flavor over full kinematic range

- Growing international collaboration

+ Work on sPHENIX Is In full swing

- Exciting physics program at RHIC starting in 2023

Gunther Roland 1st SPHENIX Russia Workfest
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From June 2017/

RHIC Users’ Meeting talk | sSPHENIX Vsnn = 200 GeV tentative run plan

by
BNL ALD Berndt Mueller

campaign 1

campaign 2

2022"

2023

2024

2025

2026

*operations start now planned for 2023

U.S. DEPARTMENT OF

ENERGY

Au+Au

p+p
p+Au

Aut+Au

p+p

Au+Au

Commissioning

Single jet, di-jet, photon-tagged jet, b-tagged jet spectra
D-jet asymmetry

|Upsilon spectra

Reference data for modification of jets, di-jets, b-tagged jets
Jet ALL
Reference data for cold nuclear matter effects

Direct photon measurement
Study of flavor dependence of jet observables
Modification of jet fragmentation functions, jet splitting functions, other complex

jet observables

High statistics data for Upsilon modifications
High statistics data for jet ALL

High statistics data for b-tagged jets and photon-tagged jets
High statistics data for jet fragmentation functions, jet splitting functions, other
complex jet observables

Hig
Hig
Col

n statistics data for high pr direct photons
n statistics data for Upsilon modifications, including Y(3S)

ective flow of b-quarks (B hadron elliptic flow)

BROOKHIAEN

NATIONAL LABORATORY



