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Points of Discussion for the FY 2019 S&T Review of RHIC

The quality, productivity, and significance of the laboratory’s scientific and
technical accomplishments and the merit, feasibility and impact of its future
planned physics program;
Plans for utilization of existing data sets and completing analysis of existing
’ RHIC data
- Plans for analyzing large volume sets of future SPHENIX data within envelop
of existing computing resources.
- Only an overview presentation on theory is needed, including articulation of
accomplishments in last year, and update on LQCD efforts @ BNL.
ol e The effectiveness and appropriateness of facility operations and the planning for
\ ! future facility upgrades in support of the research program;
il - Overview of instrumentation efforts, including MVTX, plans for calorimeter
restoration for sSPHENIX, sPHENIX schedule, and small CE efforts.
- Status of LEReC performance
- Description of main activities of Collider-Accelerator Department (C-AD),
including plans and approach to possible pursuit of CeC.
e The effectiveness of management in strategic planning, developing appropriate
core competencies, implementing a prioritized and optimized program, and
7 Mw‘ ‘ promoting and implementing a diverse, inclusive, and safe work environment;
| L% & e The leadership, creativity, and productivity of the facility’s scientific and technical
o 7 staff in carrying out the above activities; and
e The quality and appropriateness of the laboratory’s interactions with, and nurturing
of, its scientific community.
- Describe the interface and synergies with the Center for Frontiers for Nuclear
Science at Stonybrook
| - Description of how community resources leverage the RHIC program




SsPHENIX science mission =P

2015 US NP LRP WG5S for 2019 ECFA process

Conclusions of the Town Meeting:
Relativistic Heavy Ion Collisions

Reaffi rm ed i n E C FA h e avy— i O n https://indico.cern.ch/event/746182
(WG5) discussion '

concluded with an open 2-hour discussion of the priorities in the ficld,

The following text is not endorsed officially by any of the experimental collaborations and facilities mentioned,
but summarizes the consensus view of the scientific community on the priorities of the as expressed by the
participants of the town meeting. It is submitted to the Open Symposium of the European Strategy Group in
Granada, Spain by the convenors of the Town Meeting,

F. Antinori, B. Erazmus, P. Giubellino, K. Redlich and U.A. Wiedemann.

The study of matter under extreme conditions, aside from its intrinsic interest, is central to our
understanding of the early Universe and the evolution of massive stars. At high temperature and
density, new states of matter are dominated by quark and gluon degrees of freedom. Such states
are studied by colliding heavy ions at ultra-relativistic energies. At the highest energies
available at the Large Hadron Collider, the quark gluon plasma (QGP) is created and diagnosed
at nearly vanishing (net)baryon density, i.e. under conditions prevailing in the very early
Universe. Lower beam energies, currently available at the CERN-SPS, RHIC in Brookhaven
and at future facilities such as FAIR in Darmstadt and NICA in Dubna, probe the baryon rich
quark matter under i in various physical settings.

Considering the fundamental physics questions that are coming into experimental reach in the
coming decade, the Town Meeting the following s for fi
progres:

1. The top priority for future quark matter research in Europe is the full exploitation of
e 20 ]. 5 the physics potential of i s leus and p) leus collisions at the LHC.

Since its start in 2010, the LHC heavy ion programme has established in PbPb collisions

momentum scales ranging from ~ 100 MeV to 1 TeV. This has opened a broad phenomenology

uf strong interaction matter under extreme umdumm including .lmong\l many lmporl.ml

or NUCLEAR SCIENCE s v i ror e e

and of jet quenching in all hard hadronic observables. The wealth of data collected and analyzed

by all four LHC experiments bears proof that the pmpn.rues of strong interaction matter can be

accessed with and precise exper in heavy ion collisions at the

multi-TeV scale. It also demonstrates the powerful complementarities of the four LHC

SEa experiments, ALICE, ATLAS and CMS and LHCb with precision tracking down to very low

\ transverse momenta and particle identification on one side, and excellent capabilities for high-
pr detection on the other.

Within the approved heavy ion programme up to LS4 in 2030, it is foreseen to exploit the

currently identified scientific opportunities with PbPb collisions by accumulating an additional

“Probg the inner workings of QGP by resolving its “The Town Meeting observes that the recently approved
properties at shorter and shorter length scales. The sPHENIX proposal targets these opportunities by

complementarity of [RHIC and the LHC] is essential to bringing greatly extended capabilities to RHIC
this goal, as is a state-of-the-art jet detector at RHIC,

called sPHENIX.”
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Hard Probes: sPHENIX/LHC complementarity™-&J

Jet structure
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Engagement with theory community Sk <

Description of how community resources leverage the RHIC program
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transport coefficients has been sPHENIX focus
since beginning

Bayesian inference key approach for both HF
and jet sector (started in soft sector)

Data from two energy regimes, RHIC & LHC, essential to constrain T dependence

Many points of contact between sPHENIX and theory/LHC communities
(e.g., LBNL HF workshop, work with Duke group, JETSCAPE collaboration).
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Engagement with theory community Sk <

Description of how community resources leverage the RHIC program
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Increasing interest and significant progress regarding Decorrelation of jet axes in

jet substructure modifications, e.g., JetTools QGP for low pr jets
workshops at CERN, Bergen, EMMI RRTF in Aug '19

Distinct strengths and drawbacks in
different energy regimes
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LHC & sPHENIX: Jet substructure g C
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Fig. 37: Jet mass distribution with grooming setting (2., 8) = (0.1,0.0) (Upper panels) and (2., 8) =
(0.5,1.5) (Lower panels). [8]

CERN Yellow Report projections for Runs 3, 4

Jet substructure measurements
(e.g. jet mass) focus of current
and Run 3,4 LHC measurements

¥\ U.S. DEPARTMENT OF
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cf. Berta, Spousta, Miller, Leitner, JHEP 1406 (2014) 092
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State-of-the-art constituent background
subtraction implemented in sSPHENIX

Enables wide range of jet substructure studies
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sPHENIX & LHC: photon-jet balance B

CERN Yellow Report projections for Runs 3, 4 Photon—tagged jets in sSPHENIX
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Fig. 29: (Left Panel) Photon-jet momentum balance x ;. distribution for isolated-photon+jets of p, > B —— ; R =0.3 Jets 7
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sPHENIX vs LHC: ISR/FSR T Ve

—— Pb-Pb /5, = 5.02 TeV (0-10% )
6 =0.163 + 0.001 (stat)
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Fig. 31: JEWEL simulation of the angular distribution of charged jet yield in the ALICE acceptance for
40 < p%jet < 45 GeV/cand R = 0.4 recoiling from a high-py reference hadron (20 < pr 45 < 50
GeVJ/e), for central Pb—Pb collisions at /sy = 5.02 TeV with 10 nb~ ' int. luminosity, and pp collisions
at /s = 5.02 TeV with 6 pb71 int. luminosity. The recoil jet azimuthal angle Ay is defined with
respect to the reference axis. The observable shown is ®(A) which incorporates statistical suppression
of uncorrelated background. Figure from Ref. [1].

Moliére Scattering in Quark-Gluon Plasma: Finding
Point-Like Scatterers in a Liquid

Francesco D’Eramo,*" Krishna Rajagopal,® Yi Yin¢
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At comparable jet energies, much smaller
contribution from ISR/FSR at RHIC, as well
as smaller smearing from UE fluctuations
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sPHENIX vs LHC: Medium coupling )

Z-B Kang, J Reiten, | Vitev, B Yoon, “Light and heavy flavor dijet production and dijet mass modification in heavy ion collisions”, Phys. Rev. D99 034006
(2019) Partly supported by LANL LDRD motivated by and connected to sSPHENIX 10
10
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Improving the state-of-the-art: Ac - Hadronization *"""%&
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complex decay topologies enable high
S/B in baseline sPHENIX
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Collaboration update

2016 2017

— UNIVERSITY

Steady growth after CD-0 / o

/ ‘mpi / /
* 18 new institutions (77 total) Z*

CERN recognized experiment (April '19)

- Established task forces to address st of Recognized Experiments @
critical challenges e R
1) Tracker optimization, 2) Computing plan, RE 33 LIGO 2016 31-MAR-2022

3) Detector calibration RE 34 JUNO 2017 31-MAR-2020

» Steady evolution of collaboration
organization R 37 Darkside 20K
EﬁPAEmREEFY 1 2019 31-MAR-2022

B Description of how community resources leverage the RHIC program

SPHEQRIIX

2019

&GREENSBDRO

U. Sao Paulo

@&
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sPHENIX Organization B

Collaboration Project

o - DOE- Office of Nuclear Physics

Institutional Board 1 T. Hallman

Institution representatives : Associate Director of the ijicg-cilf Science for Nuclear Physics

. Gillo
: Director Facilities and Project Management Division
Executive Council 1 J. Hawkins
. . 1 Federal Program Manager
Project and collaboration o — -

DOE -Brookhaven Site Office
R. Gordon

representatives

1
1
1
1
Diversity Office ! Site Manager
established | |V Greene 1 '
1 BNL Director's Office
. 1 D. Gibbs
in 2019 ; ' Laboratory Direct
Speaker’s Bureau . . : aboratory Director
M. Rosati ' re-elected in Jan ‘19 ' — =
: BNL Nuclear and Particle Physics Directorate | == == == | "r0JECt Vianagement roup
lm == = = = = = SPHENIX Collaboration BNL Physics Dept
Co-Spokespersons —— e B. Mueller — - - H.VMa p!
D. Morrison Associate Lab Director J. Dunl
1 G Roland Maria Chamizo Llatas - unop
TOplcal Grou pS Co-Director Office Project Planning and Oversight |_ _ _ | BNL Collider Accelerator Dept
I T. Roser
Jet structure sPHENIX Project Office
D. Perepelitsa, R. Reed E. O’Brien Project Director Project Office of System Integration
Project Support Office G. Young Project Manager M. Chiu Chief System/Integration Scientist
L. Stiegler ES&H J. Hagge Project Scientist
Y spectroscopy C. Gortakowski QA ragerty ! : Project Management Office
E. Desmond Software support J. Mills Project Engineer WBS
T. Frawley, M. Rosati . PP C. Lavelle Resource Coordinator | Sourillé:va
R. Feder Chief Mechanical Engineer .E Menter
| Sourikova  Project Controls Manager ;
Heavy flavor I
J. Huang, X. Dong SPHENIX Control Account/Level-2 Managers
T.Hemmick WBS 1.2 Time Projection Chamber
C. Woody WBS 1.3 Electromagnetic Calorimeter
% U.S. DEPARTMENT OF COk_j QCD ) J. Lajoie WBS 1.4 Hadronic Calorimeter
; ENERGY C. Aidala, A. Bazilevsky E. Mannel WBS 1.5 Calorimeter Electronics
‘ M. Purschke WBS 1.6 DAQ/Trigger Y
13 M. Chiu WBS 1.7 Minimum Bias Detector




SPHEQRIIX

Multi-year run plan for sPHENIX

sPHENIX schedule. hitps://indico.bnl.gov/event/4788/attachments/19066/24594/sph-trg-000_06142018.0df
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~!

* Main Au+Au running mode: 15kHz min bias for |zvtx| < 10cm

* Year-1 (commissioning) + Year-2,3 (high statistics production): 145 billion Au+Au collisions
+ cf. more than 20x STAR 2016 data set of 6.5 billion events (PAC 2017 presentation)

Year-4 | p+p 200 23.5 — 149 pb~! 783 pb~!
Year-5 | Au+Au 200 23.5 14 nb~! 48 nb~! 92 nb!

» Collaboration sees strong science case for additional running
* Improve uncertainties and respond to discoveries in first years

Ongoing discussions with C-AD to optimize RHIC running for sSPHENIX

{0JENERGY Plans for analyzing large volume sets of future SPHENIX data within envelop BROOKHRVEN
— of existing computing resources. 14



sPHENIX software and computing status )

Plans for analyzing large volume sets of future sSPHENIX data within envelop
of existing computing resources.

« Software and computing is key focus of collaboration effort

« Subject of two S&C reviews at BNL w/ experts from RHIC, LHC, RACF
* May 2018, September 2019

« 2018 review generated a number of recommendations

« 2019: All recommendations either addressed or part of ongoing effort

BROOKHFAEN
NATIONAL LABORATORY



sPHENIX software and computing status )

Plans for analyzing large volume sets of future sSPHENIX data within envelop
of existing computing resources.

« Software and computing is key focus of collaboration effort
« Subject of two S&C reviews at BNL w/ experts from RHIC, LHC, RACF
* May 2018, September 2019

« 2018 review generated a number of recommendations
* 2019: A Thank you for a well prepared Review! g effort

The panel thanks sPHENIX project for excellent presentations, documentation and for
being responsive to our requests for information. The committee was pleased to see
much progress and follow-ups from the past review recommendations and an
incredible amount of work being done to design and commission sPHENIX Software &

Computing. BROOKHEAVEN

ATIONAL LABORATORY




S&C focus: TPC reconstruction )

=
I

Plans for analyzing large volume sets of future sSPHENIX data within envelop

Z% 085_ i ﬂ ® -------------------------------- ® _ of existing computing resources.
o] = * TPC reconstruction main resource driver
o.zf— : 8221:2:32223’2&123,,Li.eu,,uoomz, — * In 2018, set goal of 5s/event (vs 500s/event reality in 2018)
e SO S——— * Recent Algorithmic improvements provided
& an Sl i, st o | speedup by x30: currently 10s/event
E O o . ..
= ——— » Goal: 5s/event and 90% efficiency by 9/2020
o 102
: x50 since 18! - estimate of 3-4s/event based on studies of ATLAS/ALICE
o | % code
P « >Computing plan calls for 190k CPU cores

today 9/2020 1/2023

BROOKHFAEN
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S&C focus: TPC calibration )

Raw Disk cache

Calibration + Q/A |« 20PB (2 weeks)

Plans for analyzing large volume sets of future sSPHENIX data within envelop

Digital Current Inversion 7 of existing computing resources.
Synchronous
TPC : : : :
Conditions D8] [Tcnesec « TPC distortion calibration key element of

reconstruction software workforce needs

Asynchronous pass
TPC tracking +

econstruction | o Glose coordination with ALICE effort/technology

Tracking 5sec

TPC Mini Workshop Calibration 5sec
B 11Ju12019,09:00 — 12 Jul 2019,17:35 Europe/Zurich N
ALICE 9 1607-003 (cemy Particle flow 5sec
Calorimeter reco dsec » Urgent ramp-up of expert workforce
Participants Abbey Waldron Adam Tomasz Matyja Alan David Bross

* As presented at 2019 S&C review: timely
opportunity for key contribution by BNL Nuclear

o and Particle Physics Software group

2-day workshop with

ALlCE, STAR, D‘UNE Based on ALICE experience, TPC calibration

at CERN in July “19 will use =10% of sSPHENIX CPU resources BROOKHFAUEN
LLLLL I Description of how con%?nunity resources leverage the RHIC program



Engagement with non-US institutions )

Description of how community resources leverage the RHIC program

purs INTT contributed by Riken
- e assembly/testing at NCU/Taiwan

EMCal prototype block
production at Fudan University

Sampa TPC FE chip
sPHENIX specific v5
U. Sao Paulo

Block production to extend
EMCAL acceptance to |n| < 1.1
by Chinese consortium

Overview of instrumentation efforts, including MVTX, plans for calorimeter
re$toration for SPHENIX, sSPHENIX schedule, and small CE efforts.




Engagement with ALICE: MVTX D

 Largely common design of MVTX
and ALICE ITS IB

_ + sPHENIX collaborators (LANL,
Ag MIT) embedded in ITS effort
i « major responsibility, e.g., for ITS

slow control, online monitoring
software; role in ITS commissioning

* Gain expertise for sSPHENIX
-~ MVTX; opportunity for US ALICE
groups to contribute to sPHENIX

- » Regular contact at CERN and in
sPHENIX workfests

Description of how communitgloresources leverage the RHIC program

BROOKHFAEN
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Challenge: Calorimeter restoration - iHCAL )

Description of how community resources leverage the RHIC program
Overview of instrumentation efforts, including MVTX, plans for calorimeter
restoration for SPHENIX, sSPHENIX schedule, and small CE efforts.

Collaboration continues to explore paths to restore
inner HCAL instrumentation

2019 NSF MRI proposal (<$1M) was not funded
* led by Megan Connors and Sevil Salur

* involvement of undergrads (Augustana, UNC)

Impact on jet program documented in notes to ALD

and NSF proposal
» IHCAL provides significant improvement of jet
— resolution
| » * note: UPPs do not assume iHCAL instrumentation

BROOKHFAEN
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SPHEQRIIX

Challenge: Calorimeter restoration - IHCAL

Overview of instrumentation efforts, including MVTX, plans for calorimeter
restoration for SPHENIX, sPHENIX schedule, and small CE efforts.
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IHCAL improves sampling of calo-shower development
Significantly improved jet resolution
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Strong connections to cold QCD and EIC -
community

BROOKHFAEN
NATIONAL LABORATORY

Description of how community resources leverage the RHIC program



2017: Cold QCD opportunities with

SsPHENIX barrel

sPH-cQCD-2017-002

sPHENIX-note sPH-cQCD-2017-002

Medium-Energy Nuclear Physics Measurements with
the sSPHENIX Barrel

sPHENIX G4 simulation
Pythia 8, 35 GeV y+jet event

The sPHENIX Collaboration
. October 10, 2017
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Description of how community resources leverage the RHIC program



2017: Cold QCD opportunities with )
sPHENIX modest forward upgrade

SPHENIX-note sPH-cQCD-2017-001

sPHENIX Forward Instrumentation

BROOKHFAEN
NATIONAL LABORATORY

Description of how community resources leverage the RHIC program



2018: Case study for EIC detector built
around sPHENIX solenoid

SPHENIX-note sPH-cQCD-2018-001

An EIC Detector Built Around The
sPHENIX Solenoid

A Detector Design Study

Christine Aidala, Alexander Bazilevsky, Giorgian Borca-Tasciuc, Nils Feege, Enrique
Gamez, Yuji Goto, Xiaochun He, Jin Huang, Athira K V, John Lajoie, Gregory
Matousek, Kara Mattioli, Pawel Nadel-Turonski, Cynthia Nunez, Joseph Osborn,
Carlos Perez, Ralf Seidl, Desmond Shangase, Paul Stankus, Xu Sun, Jinlong Zhang

_ For the EIC Detector Study Group
= \ oo and the sPHENIX Collaboration

October 2018
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Cold QCD Highlights

sPHENIX barrel

ALL

- SPHENIX Jet proj.

0.03f {5=200 Gev

- ml<1.1
- L=700 pb™? P=0.6

: Theory curve: NNPDF
0.02
0.01
T TH0 20 @0
P, (GeV/c)

High precision AG measurements
Will crucially improve AG constraint at
x>0.05
Multiple channels with different theory/
exp. uncertainites

Y, h, jet, di-jet

Crucial syst. cross check
Complementary to EIC

Crucial universality test in the
overlapping x-range

B\

sPHENIX forward upgrade

1.6 I T TTTT T T I T TTTT I T TTTI

Lol Ll Ll L L 1Ll

0
10—

10—2 1072 10! 1
T

Robust nPDF measurements
DY, v, di-jet

Com

Iemental;y to EIC

R&D ongoing
-~ Japanese groups

A

Repurposéd E864 movd‘ules 27

+ lowa State, UCLA EIC day-1 detector

SPHEQRIIX

EIC-sPHENIX

cryogenic chimney — ) hadronic calorimeter

electronics rack EM calorimeter

support platform
instrumented flux return

magnetic flux
containment doors

superconducting solenoid

intermediate-momentum
particle ID

high-momentum
particle ID

EM calorimeter forward tracking

time projection chamber precision vertexer

e
Roman pots

low-angle spectrometer
neutron detector

-~ p/A—>==
luminosity monitor
low Q? electron tagger

EM calorimeter
forward particle ID
forward tracking

barrel particle ID

detector support carriage

Design study for general purpose EIC detector

sPHENIX augmented with barrel PID, and
forward/backward tracking, calorimetry and PID

Full GEANT4 simulation

Important input to thinking about

BROOKHFAEN
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Summary )

« Continued growth of collaboration since last S&T review

« Strong connections with non-US institutions, theory and EIC
community

» Experimental contributions/connections and science case
* Progress on software & computing challenges

» Opportunity for NPPS to provide expert workforce
* Inner HCAL restoration challenge continues

* Ready to enter construction phase in 2019 for start of
physics in 2023!

BROOKHFAEN
NATIONAL LABORATORY
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Design and Beam Test Results for the sSPHENIX
Electromagnetic and Hadronic
Calorimeter Prototypes

C. A. Aidala, V. Bailey, S. Beckman, R. Belmont, C. Biggs, J. Blackburn, S. Boose, M. Chiu, M. Connors,

E. Desmond, A. Franz, J. S. Haggerty, X. He, M. M. Higdon, J. Huang™', K. Kauder, E. Kistenev, J. LaBounty,
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P. W. Stankus, S. Stoll, A. Sukhanov, E. Thorsland, F. Toldo, R. S. Towell,
B. Ujvari, S. Vazquez-Carson, and C. L. Woody

Abstract—The super Pioneering High Energy Nnclear Inter-
action eXperiment (SPHENIX) at the Heavy Ion

calorlmeter (EMCal) prototype is composed of scintillating fibers

Collider will perform high-precision measurements of jets and
heavy flavor observables for a wide selection of nuclear collision
systems, elucidating the microscopic nature of strongly inter-
acting matter ranging from nucleons to the strongly coupled
quark-gluon plasma. A prototype of the sPHENIX calorime-
ter system was tested at the Fermilab Test Beam Facility as
experiment T-1044 in the spring of 2016. The electromagnetic
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d in a mixture of tungsten puvu‘lu' and epoxy. The
hadronic calorimeter (HCal) prototype is composed of tilted steel
plates alternating with the plastic scintillator. Results of the test
beam reveal the energy resolution for electrons in the EMCal
is 2.8% ® lS.S%//E and the energy resolution for hadrons in
the combined EMCal plus HCal system is 13.5% & 64.9% /E.
These results demonstrate that the performance of the proposed
calorimeter system satisfies the SPHENIX specifications.

Index Terms— Calorimeters, electromagnetic calorimetry,
hadronic calorimetry, performance evaluation, prototypes, Rel-
ativistic Heavy Ion Collider (RHIC), silicon photomulti-
plier (SiPM), simulation, “Spaghetti” Calorimeter (SPACAL),
super Pioneering High Energy Nuclear Interaction eXperiment
(sPHENIX).

I. INTRODUCTION

HE super Pioneering High Energy Nuclear Interaction

eXperiment (SPHENIX) is a planned experiment [1] at
the Relativistic Heavy Ion Collider (RHIC). RHIC is a highly
versatile machine that collides a diverse array of nuclear
beams from protons to heavy ions and supports a very
broad physics program for the study of both hot and cold
quantum chromodynamics matter. SPHENIX is specifically
designed for the measurements of jets, quarkonia, and other
rare processes originating from hard scatterings to study
the microscopic nature of strongly interacting matter rang-
ing from nucleons [2] to the strongly coupled quark—gluon
plasma (QGP) created in collisions of gold ions at /syy =
200 GeV [3]-[6]. SPHENIX is equipped with a tracking sys-
tem and a three-segment calorimeter system, both of which
have a full 2z acceptance in azimuth and a pseudorapidity
coverage of |7 < 1.1. sPHENIX has acquired the former
BaBar magnet, which has an inner radius of 1.4 m and
an outer radius of 1.75 m [7]. The sPHENIX calorimeter
system includes an electromagnetic calorimeter (EMCal) and
an inner hadronic calorimeter (HCal), which sit inside the
solenoid, and an outer HCal located outside of the magnet.
The EMCal will be used for identifying photons, electrons, and
positrons. Photons can be used to tag the energy of opposing
jets traversing the QGP, while electrons and positrons will

0018-9499 © 2018 IEEE. Persona] use is permitted, but repub]lcauonlledlsmbunon requlres IEEE pemuxslon
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Open HF observables — b-tagged jets, B

mesdC: -
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SPHENIX Simulation
PYTHIA-8 b-jet, Anti-KTR=0.4, |n|<0.70, CTEQS6L
p+p: 50 pb', 60% Eff., 40% Pur.
Au+Au: 140B col.. 40% Eff.. 40% Pur.
—@— b-jet R,,, Au+Au 0-10%C, |/s =200 GeV

pQCD, Phys.Lett. B726 (2013) 251-256
\syy=200 GeV, b-jet R=0.4
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Upsilons at sPHENIX and LHC
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Differential suppression of Y(nS), temperature dependence of QGP Debye screening

length

Y(1S) width key f.o.m. in work of Inner Detector Optimization Task Force — deciding
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Quarkonium in the medium - recent work @
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0.5_ 1 1 1 1 1 1 1 1 | 1 1 1 1 1 1 1 I_
107 107 1 |
+ Builds on October 2017 study of ME physics with sPHENIX 0.01 N . """""""""""""""""""""""
barrel ( )
* Spin structure, parton dynamics, hadronization, (n)PDFs, 0
quarkonia...
« Utilize jet, heavy flavor, and direct photon strengths of pT (GeV/C)
(@) ENERGY¥ /X barrel .
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https://indico.bnl.gov/event/3866/

5-yr vs. 3-yr

Rcp (0-10%/60-80%)

v, (10-40%)
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0.1 5H_— ® SPHENIX MVTX proj.
— Duke
0.1
0.05
0
_0'05’_x I L 1 1 1 | 1 1 L ] I 1 1 | 1 1 1 1 I ;i

et 6 8 10
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/o\ [ T T T T T T I T T T I T T T | T T T I ]
S 4L imulati -
8 S SR SPHENIX Simulation -
S 190 ' AU+AU |5,,=200 GeV, 1408 MB_
2 C ]
[=)
‘9 1‘_ e sSPHENIX MVTX proj. ]
=) C N ]
S—" L =, o -
& 0.8 B ]
e C ]
0.6
e + ______ .
04 Duke . + 2
IS TAMU .
0.2 CUJET -
- AdS/CFT 1
PR NN S SR NS ST SR NS ST S NN S R |
O0 2 4 6 8 10
Transverse Momentum [GeV/c]
3 year
\/? C T T T | T T T ‘ T T | v ' v | T _|_|_'_|__
o . .
S 0.2~ sPHENIX Simulation —
g T Au+Au\s,,=200 GeV, 140B MB ]
hal -
;c’\. 0.15- ® SPHENIX MVTX proj. -
C — Duke 7
O_ 1__ """ PHSD __
B AdS/CFT ]
0.05- .
o e fod
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5-yr vs. 3-yr

<
x

S22 U.S. DEPARTMENT OF

1_2 L L L | L I UL | L | L

r sPHENIX Slmulatlon 1

[ PYTHIA-8 b- Jet, Anti-k R=0.4, |n|<0.7, CTEQS6L ]

1= p+p: 200 pb”, 60% Eff., 40% Pur. |

~  Au+Au: 240B col.. 40% Eff.. 40% Pur. 1

| —@— bjet Ry, Au+Au 0-10%C, \5,=200 GeV ]

0.Sj ]

0.4 — =]

I pQCD, Phys.Lett. B726 (2013) 251-256 4

0-2; S\ =200 GeV, f—jet R=0.4 B

L gme=2_0 .

- gmed= 22 -

_I 111 | 1 1 11 | 11 1 1 | 111 1 | 111 1 | 1 1 11 | 11 1 I_

q5 20 25 30 35 40 45 50

Transverse Momentum [GeV/c]

5 year

0.3————/————— ]
r  SPHENIX Simulation 7
0.25F PYTHIA-8 b-jet, Anti-k R=0.4, |n|<0.7, CTEQ6L -
I Au+Au: 240B col., 40% Eff., 40% Pur. b
0.2 pjetv Projection, Ry =06, Res(¥,)=0.7 =
0.150 —@— Au+Au0-10%C =
0 1_ —— Au+Au 10-40%C E
0.05 —
Fees o + ¢ =
-0.05F -
_0 : 1 1 1 1 | 1 1 1 | L 1 1 1 | 1 1 1 1 | 1 1 1 1 :
15 20 25 30 35 40

Transverse Momentum [GeV/c]

1

RAA
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0.25

0.2
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2

sPHENIX Simulation

PYTHIA-8 b]et Anti-| kTR =0.4, |n|<0.70, CTEQ6L
p+p: 50 pb', 60% Eff., 40% Pur.

Au+Au: 140B col.. 40% Eff.. 40% Pur.

—@— b-et R,,, Au+Au 0-10%C, |5, =200 GeV

Illll

lllllll
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PQCD, Phys.Lett. B726 (2013) 251-256
\s\n=200 GeV, b-jet R=0.4

gmed= 2.0
gne=22
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Forward Arm Physics

 Builds on June 2017 study of forward instrumentation

)

Forward calorimetry expands sPHENIX QGP jet

10°
108
107
10°
10°
10*
108
102

10

Expected jet yield / 2 GeV

0 10 20 30

" 'sPHENIX Proj., 59x10"2'NN evt
17" <1, pJ et > 20 GeV

L

— 1o<n‘e‘2<+10
— +15<? <420
— #20<7"%<+25

P R

20

50 60

R=0.4 jet P, [GeV]

- arXiv:1904.09921

EPPS16

BEPPS16+4+CB
BEPPS164+CB+FI

@eiiERsy 10° 10
S L

101

1

(

SPHEQRIIX

tomography program
Long range correlations (p+p—r

Enables robust nPDF measureme
broader nHEP community

Forward spin phenomena
Direct photons

Forward quarkonia

|. Helenius, J. Lajoie, J. Osborn,

|P. Paakkinen, H. Paukkunen

arXiv:1904.09921

+A—A+A) SR

N tS N O'E@ld Mcrd Instrumentation

ALh‘ of Intent

The sPHENIX Collaboration
June 2017

40
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https://indico.bnl.gov/event/3867/
https://arxiv.org/search/hep-ph?searchtype=author&query=Helenius%2C+I
https://arxiv.org/search/hep-ph?searchtype=author&query=Lajoie%2C+J
https://arxiv.org/search/hep-ph?searchtype=author&query=Osborn%2C+J+D
https://arxiv.org/search/hep-ph?searchtype=author&query=Paakkinen%2C+P
https://arxiv.org/search/hep-ph?searchtype=author&query=Paukkunen%2C+H
https://arxiv.org/abs/1904.09921

. |
Potential of forward upgrades )

Energy
resolution

Cut E864 module for use as a hlgh Hadronic calorimeter: test beam

granularity EMCal: cosmic tests recently finished by RIKEN in
OF: ROOKHFEAEN

at lowa State University collaboration with STAR/U@LA™ mrorsrory
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UPPs

SPHEQRIIX

Ultimate Performance Parameter

Physics Goal
Maximize statistics for
rare probes

Precision Upsilon

spectroscopy

High jet efficiency and

resolution

Full characterization of

jet final state

Control over initial parton
PT
(@ENERGY

Analysis Requirement

Accept/sample full delivered luminosity

Resolve Y(1s), Y(2s), (Y3s) states

Full hadron and EM calorimetry
Jet resolution dominated by irreducible

background fluctuations

High efficiency tracking for
0.2 < pt < 40GeV

Photon tagging with energy resolution
dominated by irreducible higher order

processes

42

Data taking rate of 15kHz for Au+Au

Y(1s) mass resolution < 125MeV in central Au+Au

o/u<150%/,/prjet in central Au+Au for R=0.2 jets

Tracking efficiency = 90% in central Au+Au

Momentum resolution < 10% for pt = 40 GeV

Single photon resolution < 8% for
pr = 15 GeV in central Au+Au

BRUUKHFAVEN

NATIONAL LABORATORY



Calorimeter stack

Outer HCAL

Inner HCAL
(Frame)

43

Covering -1.1<n<1.1:
* Quter HCAL ~3.5\
* Magnet ~1.4Xo
* Frame ~0.25\
« EMCAL ~18Xo= 0.7\

BROOKHFAEN
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Calorimeter beam test =i

E ARG i
[ . n
NOTICE gl

e 1

~ § 2 | ‘ T « EMCAL (sim and test) for photons
E ' AE./E,<8% at 15 GeV pT

— ic3 n / : : : o
EY Tl T « HCAL (sim) for jets AE./E,; <150%//E;
. s S  |n all configurations, meets sPHENIX spec

Calorimeter energy resolution

ﬁJ\ 02:I T | L | T T T | LI | LI | LI | LI | LI | T I:

B/ C 4x4 cm region within one SPACAL block .

0.16 :_ ® 10° Incident Angle, Hodoscope Corrected _:

014 — Fit, AE/E = 2%(3p/p) ® 1.6% @ 13%/VE T

E ® 10° Incident Angle, Position Corrected E

0.12 — Fit, AE/E = 2%(3plp) ® 1.3% @ 13.6%/\E =

C ... GEANT4 Simulation ]

0.1 AE/E = 2%(3p/p) ® 2.5% @ 12.7%/VE E

= 0.08 —

0.06— .

0.04 -

0.02~ —

0:I L1 | 111 | 11 | 111 | 111 | 11 | 111 | L1 1 | 1 I:
0 2 4 6 8 10 12 14 16

V- \ U.S. DEPARTHMENT OF - &
{)ENERGY Input Energy (GeV] CHAWEN
e 44
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HCAL )

* Provides energy resolution for hadrons and jets
 Scintillating tiles interleaved in steel magnetic flux return
* Analog SiPM signals from 5 tiles combined into one tower
e 48 towers ( Anx Ap = 0.1 x 0.1 ) per sector

e 32 azimuthal sectors 6.3m x 0.7m, 13.5 tons each

.
I
¥ 4 . ‘
b of ]
y 5
|

Baruch
COLLEGE I

$r

GeorgiaState
University.

s

BRO T D DIKHOATEN,

NATIONA

E‘(;JAL




EMCAL

* Provides energy resolution for EM particles and jets
» W/SciFi SPACAL design for compactness

e Segmentation: An x A¢p = 0.025 x 0.025

e Channels: 96 x 256 = 24576 2-D projective towers
 Energy resolution: < 16%/1E ® 5%

Blocks: 9.4° in n
Sectors: 9.1°in ¢
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Provides momentum reconstruction

Operates in continuous readout mode

Gas-Electron Multiplier (GEM) avalanche for low lon Back Flow (IBF)

FEE, Data Aggregation from ALICE and ATLAS

47

72 modules
2(z), 12(¢), 3(r)

SPHEQRIIX

WJ[ 1]

il i

il |

S 1’0 ,J
- =m— = iy LI

B e HM {”LH

rot e R —

— R i
uad-GEM Gain Stage A
Operated @ low IBF lﬂl‘HH | rfﬁl

¢ v FES
S e VL
Oy ot WAYNE STATE i S
LTl

I[' V| srookunuen
v v BROOKHREAVEN
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INTT sPHER[IX

Front View

P i
T\

Collisions: +/-35ps | TPC:£13us |« MVTX: £5US  INTT:[-20ns, 80 ns]

S 107 ML AL
< Truth hits with recongtriicted MVTX clusters
6 e Truth hits with reeonstructed INTT clusters<
10 | z
10° 0 olo g fon ot 0l
r ) lr’tﬂ
N JUEE:) ]
10 1l
10° I _ 0
L.J- f
10?
il ‘ ,,,,,
-40000 -30000 -20000 -10000 0 10000 20000 30000 40000

Truth time of hits in tracking detectors

PURDUE BROOKHAVEN

Tiivinsiiy NATIONAL LABORATORY
ENVP2-IN

i o @@ﬁ\fzaﬁi\% @ LB RS

RIMEN National Central University N Nara Women'’s University

48



INTT @B

o Sensors from HPK BUS Extender HDI Silicon Module  Silicon Module HDI BUS Extender
— 78 u pitch . .:
— single-sided g0 v
- AC coupld oN
- 320 “ thiCk ?2})%)61 5039 3.937
(128.0]) (100.0]
«  Two sizes of sensors B om el
—128x20 mm L1, L2, L3 Sensor design: better seg in ¢ Type A: Single sensor = 8 x 2 cells
Single cell Type B: Single sensor =5 x 2 cells
—100x20 mm A
° FPHX ASIC (developed for PH ENIX) < § Thickness: 320 um
o 3 Pitch: 9.984 mm/128 =78 um
— 128 channels o 3 ®-length (single sensor) = 22.5 mm
3 b_t ADC %- ‘ = \\/ F-length (active ?rea)= 20.0 m)m
— | S | € - - Z-length type-A (single sensor) = 130.0 mm
. Z-dir:(.:tlicsmmm (8:20 mmf Z-length type-A (a.ctive area) = i28.0 mm
— 64 mWICh|p Z-length type-B (single sensor) = 102.0 mm
200 MH d t rt Z-length type-B (active area) = 100.0 mm
— z data po
. Near detector Readout Cards (ROC's) from
PHENIX FVTX
. Data acquisition by FVTX FEM + DCM II/JSEB I
#5 us e o— Alternative under consideration
{&JENERGY TS O A TO N

49




MVTX sPHER[IX

o] * Provides spatial resolution for displaced vertices
‘/ | /1 * 3 layers of hermetic Monolithic Active Pixel sensors
< .

ALICE ITS design modified to fit SPHENIX envelope

Displaced Vertex Resolution

’E\ | I LR | LN B gree

= . 100 pions only

S 107 -
3 - i Central+200 kHz pileup+100pions -
5L ﬁ
= .

< -~ DCA<25um @1GeV |
(a]

10° ~

0 5 10 15 20 25 30 35 40
pT(GeV/c)

oﬁjs Alamos I l I i |-

NATIONAL LABORATORY
EST.1943

FTEXAS [

The Un K“‘l BERKELEY LAB

NATIONAL LABORATORY




MVTX

ALICE Pixel Detector

Very fine pitch (27um x 29um), for superb
spatial resolution

High efficiency (>99%) and low noise
(<109), for excellent tracking

Time resolution, as low as ~5 ys, for less
pileup

Ultra-thin/low mass, 50um (~0.3% X,),
for less multiple scattering

0.5M channels with on-pixel digitization,
for zero-suppression and fast readout

Low power dissipation, 40mW/cm?2, for
minimal service materials

NWELL NMOS PMOS

DIODE TRANSISTOR / TRANSISTOR
T i it
PWELL PWELL NWELL
IS
R DEEP PWELL J
e W
S leY/ Sk )
o h
Y] h

Epltaxial Layer P- S I " ‘ A N

28 um

SPHE

Staves: detector modules consisting of a Hybrid
Integrated Circuit (HIC) mounted on carbon fiber
mechanical support structure

HIC: a row of 9 ALPIDE sensors wire-bonded to a
Flexible Printed Circuit (FPC). Area covered by the
chips: 15x271.2 mm?, including a gap of 150 um
between adjacent chips.

Mechanical support: single light structure composed
of a Space Frame, providing the required stiffness,
and a Cold Plate, high-thermal conductivity carbon
fiber sheet with embedded polyamide cooling pipes.
Space fra me . Heat Dissipation — The ALPIDE sensors dissipate only
40 mW/cm?.

9 sensors

BROOKHFAEN

NATIONAL LABORATORY
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MBD
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\Y/ENERGY
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SPHEQRIIX

htemp
Entries 10000
Mean -0.008656
r RMS 0.04704
500 __ Underflow 0
- Overflow 0
- ¥/ ndf 1719145
C Prob 1.019e-16
— Constant 509.1=7.5
400 - M::: " -0.006086 = 0.000503
r Sigma 0.04282 = 0.00040
300
200~
100
0 ! n 1 1 1 | 11 1 | I 11 1 | I 1 1 1 1 I
-02 -015 -0.1 -0.05 0 0.05 0.1 0.15

tagc - tLaser (NS)

BROOKHFAEN
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SPHEQRIIX

10

hep-ph/1810.10007 LHC RHIC

il

AA
[a—

il

AA
p—

E E L
2 :E - L H . ) . = jt: - . . .. L'_L'_
~ ~ b- and inclusive-dijet R~ ~ b- and inclusive-dijet
- rad. + col. - rad. + col.
~ 0-10% Pb+Pb - 0-10% Au+Au
" Vs=5.02TeV — baseline - Vs =200 GeV — baseline
- 30 <p- <350 GeV — ¢ =18 - 8 <p-<50GeV — g =20
T med T med
30 < p° <350 GeV 8 <p> <50 GeV
10—1 1 T l 1 l 1 l 1 l 1 l 10—] l 1 T 1 1 l 1 1 1 l 1 1 1 l 1 1 1 l
100 200 300 400 500 600 20 40 60 80 100
m,, (GeV) m,, (GeV)
Light and heavy flavor dijet production and dijet mass modification :t( 1.2 R ; L
in heavy ion collisions m : SPHENIX MIE 201 8 0'20 /0 AU+AU :
Zhong-Bo Kang,1»%3* Jared Reiten,»?' 1 Ivan Vitev,® ! and Boram Yoon?:$ 1_"
! Department of Physics and Astronomy, University of California, Los Angeles, California 90095, USA = Lp+p = 197/pb —
) 2qui L. Bh.aumzik Institute for Them."eticql Physics, - b'et ono —
University of California, Los Angeles, California 90095, USA 08 L J NO 20% _ 1 1OB |
3 Theoretical Division, Los Alamos National Laboratory, Los Alamos, New Mexico 87545, USA — i evt - —
(Dated: February 22, 2019) - —— Jet 7]
0.6 __ —V—Y—*—*_‘ y— | —_
® |ntheory community, many examples o4 HH N
of phenomena/observables more oo [ i
visible at RHIC: - y
0 L Il Il Il I Il Il Il I Il Il Il I Il Il Il I Il Il Il I Il Il Il I Il Il Il I Il ]
0 20 40 60 80 100 120 140 OKHEAVEN

7R U-S. DEPARTMENT OF g .
(@JENERGY ™ SPHENIX provides crucial level arm
53
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Jetpel‘fOI’mance QA5 sPHENIX

. NE; 0'42_ . zzo)-gisseew _i
Deconvolution of UE Y A O bro 3
. < - el ' ]

term in Au+Au 03 e ---2P6>5=7-666V/PT =

® e —— & ¢ H=0. :

response — 0-255— --- f(p)=92GeV/p
02F~4— = Tiag ——. 4 =

- R P — ..-—".-—.__._E

0.15F — o= . - -

O-pT . n @ S @C - _¢—'_';._.._____-. —O—=.. =
— 0.1 T I-—-—

pr Pt /PT i —— -
.05 —]

sPHENIX MIE 2018
1 1 1 1 I 1 1 1 1 I 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 L
%5 30 35 40 45 50 55 60

truth P, [GeV]

Noise Stochastic Constant

e One advantage of purely calorimetric measurement:
reconstruction proceeds identically in pp and Au+Au

= can understand Au+Au response as pp response ® UE

= identical, i.e. sensitivity of response to fragmentation, in
both systems
BROOKHFAEN

NATIONAL LABORATORY
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Jet performance summary

T\T 50, T T T T
,:J 7 :I. T 1 71 I T 1T T 71 I T T T 7T I T T T 7T I T 1T T 71 I T T T 7T I T T T 7T I T 1 71 J__ _O E _________ generator_level
E C ---i SPHENIX MIE 2018 T E 45 ;...I reco_level, p+p 7:
% 6 Dijets, R=0.2, P> 50 GeV — -\2 40 —&— reco-level, Au+Au b=4-8fm _J
= - generator ;evel . 3 - : —— reco-level, Au+Au b=0-4fm -
§ s : T ) 4 < 35 == =
< - reco-level, p+p ] E Fo— ml < 0.45 ]
A AF- . = I 30 L -
:_,_ : —&— reco-level, Au+Au b=4-8fm E Py C =3=- piet > 30 GeV =
3 ;_*5—0— —#— reco-level, Au+Au b=0-4fm_f g’ 25; =*= R =0.4 Jets é
E s . 20 - E
2 - — 15F : E
C P == . n _._l
1 e ] 106 : 3
C :"'-'F.—='= . - .*'E
Qb T 55 SPHENIXMIE 2018 o= E
0 0.1 0.2 0.3 0.4 05 0.6 0.7 0.8 S ‘ .- . ]
A 107
di-jet pt balance inclusive jet FF z

Good news: kinematic regions where p+p ~ Au+Au

= put want to make measurements in difficult regions too

(detector corrections via unfolding, etc....)
(2)ENERGY BROOKHEAEN

NATIONAL LABORATORY

55



Semi-inclusive jet measurements

& ¥\ U.S. DEPARTMENT OF
G7) ®
D g

R

|3

SPHEQRIIX

e AL
5 L Au+Au, \s\=200 GeV 3
> 9.0 <p"?<30.0GeV/c -
1 _
G 10 Ay >0.35 R=04 3
< 1.87\ 1T ‘ L LI ‘ LI L LI LI LI LI LI S C . E
= - ALICE — anti-k;
L= C 8102 =
£ 5 16 0-10% Pb-Pb sy, = 2.76 TeV E E
oo C  Anti-k; charged, R=0.4 5 C 7
< LRt S A(; <0.6 ALICE §-10°% -~
T § 12F TT{20,50} - TT{8,9} JHEP 09 (2015) 170 ) c ]
o ) e N9/._4 0O,
N E £ 104 =OL10%
< F p i & = PVTHIA
||< 0.8F S [ © = An Clarian IN[IVa)
_= %% 8 _+_A STAR 3
< 06p % E | - PRC 96 (2017) 024905 N
0.4F £ ® ALICE data = B o e ]
0.2:— 8 Shape uncertainty .
C § : [] Correlated uncertainty 1
7\ 11| ‘ - : - ‘ - ‘ L1l ‘ - ‘ - ‘ - ‘ - ‘ 11| \7
% 10 20 30 40 50 60 70 80 90 100
ch (GeV/c ?
P )

0 10 20 30
& (GeV
= different philosophy: write out all jets in an event (usually triggepr‘ed,
l.e. h+jet ), including obvious UE-fluctuated-dominated “jets”
= cxtract hard-scattering component via statistical subtraction

= pbenefit: push to much significantly lower pr without fake jet
rejection

Charged jets in ALICE/STAR — what about calo-based reco? P M TN
o6



Hadron-triggered recoil jets o

10§|\\\‘\\\|\\\‘\\\‘\\\‘\\\‘\\\‘\\\E

i~ , 5 o B L L L L B B B B |
S S ALICE | 0-10% Pb-Pb {5,y =2.76 TeV; o [ ALCE
® T i Anti-k; charged jets, R = 0.4 3 @, [ 0-10% Pb-Pb |5, =2.76 TeV .
S F A Aw <0.6 ] I— | Anti-k; charged Jets, R = 0.4 .
5 107¢ OTT¢{8,9} = t T -Ap<0.6
g8 r Integral: 1.644 + 0.005 7 810 L _
Qe ® @ TT{20,50} E o f -4 -
© '0,6 - .- Integral 1.651+ 0.009 - o I i
5 . F E
S 107¢ &L - 1
o o : —D— . =
’_2‘: 1074 : —-o- = t
s o T 3
107° ?lflj I - E -'(_3' —
- Statlstlcal errors only —[J— E o Statistical errors only 7
R I 1 | ' ! L T RN SNSRI B R R |
10° 40 200 20 20 60 80 ~00 120 60 80 100 120
reco,ch GeV/c reco,c V/
p T,jet ( ) p T, jet (GeV/c)

= |n ALICE: use hadron trigger to select jet-enhanced sample on the away side

= report all charged-jets, including those at negative jet pr (possible from scalar
equation priet = praw - pye Ajet)

= combinatoric jet sample comes lower-pr hadron trigger

= Right. significant S > B in the region pr > 20 GeV 'BROOKHAVEN
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Hadron-triggered recoll jets

SPHE

I X

@2 L L R T ] @2 L I L N L IR ) I L L B
S B R 0. 4 0-20% Au+Au - S - R=0.4,0- 20% Au+Au _
g 10'g MB Hijing = 3 " p_=20GeV/MB i
-y = | T |
kS C Embedded p_ =20 GeV - D p,=30GeV/MB
3 10°L Embedded p_ =30 GeV | % p, =40 GeV/MB %
£ g Embedded p_ =40 GeV 3 g 10 =
[e) C T ] o - $Jz B
=z - - E O | b
102 3 © A ?i | (additional cone sized
E 3 o 4{ .
E 3 = = . i in backup)
B N m — b ¢
10 3 l
E E 1 = S0045E :
1§_I L 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 L L L L L il I—E :I 1 ‘I 1 1 1 1 1 1 1 1 1 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1
-20 -10 0 10 20 30 40 50 -20 20 30 40 50
p_x Sgn( E *) [GeV] p_ x Sgn( E®) [GeV]

e Mock up hadron trigger with our Pythia dijet embedded samples
e Note: in our reco, full jet four-vector gets updated for subtracted UE

= o for negative-E jets points opposite to “geometric” direction, represent these ¢
a signed quantity via pr x sgn( Eet )

e [ight jet-triggered / MB ratio is flat in UE-dominated region

ST U.S. DEPARTMENT OF
) BROOKHFAEN
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= then clear S > B starting past_ some minimum pr
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- - o/ _410°.
- - > Au+Au @ 200 GeV, 0% 1.0/0? PHENIX

IXed event construction : N o<n a0

3 w** 9.0<p,?<30.0 GeVic |

. o *same event (SE) 3

. . :."i i, “mixed event (ME)

Mixed Event Generation for Jets 5 % nomm.region 3

S =

Mixed event g E‘ 1 0—3 ///// “T* ;

Q g 3

Mix only similar ~ ey N

centrality, ¥, , ﬁ LA =

z-vertex position ‘\-'O 7 ?22;, ;%; ““ E ;

Pick one random ] —~o 1 0_5 L Z '\‘ -

track per real event Z: 7 / ) =

— add to mixed = 2 7 700 T
- v 000 ;

event - % x Z 2 | =

| : |

w E

E =

~~ —

LLl E

wn 3

E

Real events E

prTejce‘;’Ch (GeV/c) .
e STAR: construct a synthetic “mixed” event, using tracks from’pool of events with

matched multiplicity, W2, Zux

= replaces need for lower-trigger-threshold reference distribution
e |n sPHENIX, conceptually different calorimetric jet reconstruction

GEiERey™ We are ‘mixing" square-sized regions of overlapping showers, not dicdsiGirven
D part|C|eS NATIONAL LABORATORY




Mixed event construction @

LI S L L L S S I B N IR B B B
R =0.5, 0-20% Au+Au

= N
g 107 Embedded p_=30 GeV 3
3 . MB Hijing ]
N — .
= Mixed Event
© 3L
£ 10 S
@) C
e -
10? =
10 =
'E I | | | ! E
-20 10 0 10 20 30 40

P x Sgn( E') [GeV]

e TJake each of the 1536 subtracted 0.1x0.1 CEMC+I+OHCal tower triplets from 1536
distinct events

= |oose but imperfect matching of b, Wa (limited stats. of Hijing HITS)
= run jet reconstruction on mixed event

e Mixed event distribution undershoots UE-jet width in MB or jet-embed
= some aspect of intra-event correlations not being properly captured

{@)ENERGY . . . T o
= may require more detailed technical development to work




Jet energy

EMCAL IHCAL OHCAL
ERECO = D (EemcalEM + A - EemcaLad+ B+ EjqcaL + C - Eoncal ) hadron=% | A
) B|lC
ey =
» Flow chart for EMCAL cluster selection @
Y E/p > 30 from unity _Y, E had
Cluster has = or Sl
an associated track N Track p <1 GeV/c N > iy
(Idnl<30, Idpl<30 ) . EemcaL
slide from Songkyo

Exploring calibration schemes based on multiplicative scale
factors for each calorimeter layer

® separation of EMCal energy into e/y (no track or E/p ~ 1
track) and hadronic (track with EEM/p < 1)

P, U-S. DEPARTMENT OF
{9JENERGY

' ' N of - : : - : BROOKHP
* discussion of in situ validation with y+jet events in p+p s

NATIONAL LABORATORY



SPHEQRIIX

T T T T T T T T T T 7 11— — 7] —45
o5 SPHENIX MIE 2018 Profile 1 —180 o5 SPHENIX MIE 2018 Profile 2 o
[ PYTHIAS dijet, R=0.4 =y=a+bx 1 1 [ PYTHIAS dijet, R=0.4 =y=a+bx ]
o < sz 7 o< s 1mesome oS
E : : £ : - - - - - - m - = -- - : 30
=3 T 1 50 =3 T ]
w50 w50
85 [:° - . 40 s
23 - - s N
o q- : 30 e
N 20 N
0.5 0.5
- 10 -
C by ] C by ]
00 ~"02 04 06 08 T 0 0002 04 06 08 1

Fraction of EM energy in truth jet

/

Fraction of EM energy in truth jet

B B B B BN BN R

. - SPHENIX G4Simulation ]

Response nearly /ﬂd@pendent A 055 s Re0.4, i < 0.45 -

of truth-EM fraction (i.e. =8 | Instrumented Al IHCAL ]

fragmentation) in p+ g, 04 - E

g )i ptp L% auenu Go 0 R=04

AR .

=~ L . i

§ - i e 1 ]

=3 B —o— §

E 0 27— e 1 ~ -

§ _ i + - o e 1 ]

W : . l:fore gb_—__n_o_ .

IE. O b 1j -@- z+z after calibration [ e | n

: -©- Au+Au (0-4 fm) before calibration :

| O L ‘f‘AL‘,H‘AU‘ ((?—4‘ frr"n) ‘aft‘er‘ca‘lllb‘ra‘tlo‘n ol Ll _
o) R B gD £ 0O 10 20 30 40 50 60 70 BROOKHFAEN
NATIONAL LABORATORY
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Our UE determination and subtraction “factorize”:%)
Constituept subtraction in sPHI?NIX

full event
Standard
subtraction
>
background v resulting energies. ..
A Constituent A
l subtraction
il=|—| ’
f 1 f positive-definite
hep-ex/1403.3108 ‘og/
P Bl Y BROOKHIEAVEN
a = 1’ Rmax — 03 v NATIONAL LABORATORY
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EM+IH+OHCal -~ B
| YL S\ a0
Standard S o A
Subtraction ]

~40 GeV Pythia dijet
+ 0-20% sHijing

EM+IH+OHCal
-

Constituent
Subtraction




P-dependent jet performance

HI jet reco w/o flow determination...

0.1
i T
- ] 0< |¢Fruth _ qjtruthl < 1/6
- w=0.812 = 0.003
0.08—
B 0=0.176 = 0.003
: /6 < Iq)truth truthl < /3
0.06~ w = 0.741 = 0.003
L 0 =0.169 = 0.003
0.04—
0.02—
B (o)
- ++
0 +p;:t4:+ L1 | ‘ L1 | ‘ L1 | ‘ 1| .\T ++j—t-r+l__; u \\\\\
0 02 04 06 08 1 12 14 16 1 8 trutfe
reco /
T jet Tjet

e Jetresponse vs. (¢iettruth -

HI jet reco WITH flow determination

0.09F
- truth truth
0.08 — 0 < I¢jet -y I < J'E/G
- u =0.743 = 0.002
0.07— 0=0.192 = 0.003
0.06 — /6 <| q)truth piruth) o a
005k w=0.757 = 0.002
' - \ 0=0.186 = 0.003
0.04— T
0.03 '
- i
0.02— \;
- 1 ! (o)
oo ., 0-20%
- +4 1 T
07 St ﬁ\‘ I B R AT R T = === TS PR ‘
0 02 04 06 08 1 12 14 16 i t@
eco
TJet Tjet

Wotruth): jn-plane, mid-plane, out-of-plane

= /eft. ~15% E-scale difference b/w in- vs. out-of-plane(!!)

= right. including flow modulation reduces this to ~2%

= cnables reaction plane dependent jet measurements

= control of flow likely sets the ultimate limit on low-pr / large-R reach...
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RHIC vs. LHC

R .S. DEPARTMENT OF

(] - T T T T T T T T ! ;6\| \\\\\\\\\\\\\ T ]
|3 | Lattice QCD 00@\ \\\\\\\\\\ a0
‘‘‘‘‘ [V -
Bk opingera S pACD L2.%s%ak e

/T
Te RHIC  LHC->

Complementarity: RHIC vs. LHC
* Sensitive to different temperature regions

Uniqueness at RHIC (vs. LHC)
* Gluon splitting contribution is much less
(~10%)
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Jet fraction

Production fraction

SPHE

A. Adare et al., 1501.06197

U= T I
0.9 = Pair Creation =
08E" PYTHIA p+p 200 GeV = Flavor Excitation
0'7;_ === Gluon Splitting _;
065 B
05— T

-y /
0.3F E
0.2F =
0.1 =

B l Ll l e b b

qO 15 20 25 30 35 40 45

|IIIIIIIIIII||I|I|I||I|

Heavy flavour

quark excitation

b-jet production
Pythia 6.423

30 100
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50
b-jet P, (GeV)
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| * ] 1 | .‘
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