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Meeting the grand challenge

-

; FOR THE HORIZON "To understand the workings of
the QGP, there is no substitute for
microscopy. We know that if we
had a sufficiently powerful
microscope that could resolve the
structure of QGP on length scales,
say a thousand times smaller than
the size of a proton, what we
would see are quarks and gluons
interacting only weakly with each
other. The grand challenge for
this field in the decade to come
is to understand how these
quarks and gluons conspire to
form a nearly perfect liquid."

LONG RANGE PLAN
for NUCLEAR SCIENCE
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Evolution of the PHENIX Interaction region

h

PHENIX experiment sPHEQRIIX An EIC detector

» 16y+ operation »  Comprehensive central » Path of PHENIX upgrade leads
» Broad spectrum of upgrade base on BaBar magnet to a capable EIC detectcOJr

physics (QGP, Hadron » Rich jet and HF physics > Large coverage of tracking,

Physics, DM) program calorimetry and PID

- . Open for new

» 170+ physics papers with — nature of QGP g - .

24k ci?at%ons pap » Possible forward tracking, and collaboration/new ideas

. . calorimeter - Spin, CNM
» Last runin this form 2016 P

~2000 2017->2022, CD-0 @ 2016 >2025 Time
RHIC: A+A, spin-polarized p+p, spin-polarized p+A EIC: e+p, e+A
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15 kHz MB trigger
10 GB/s data logging

OUTER HCAL
SC MAGNET
INNER HCAL
EMCAL
TPC
INTT
MAPS

ENDCAP

FLUX RETURN

I X B8 Detector

Sept 2016
CD-1 review May 2018
Installation complete 2022



Possible 5-year run plan for sPHENIX baseline

Multi-year run plan scenario for sPHENIX

Year | Species | Energy [GeV] | Phys. Wks | Rec. Lum. | Samp. Lum. | Samp. Lum. All-Z
2022 | Au+Au 200 16.0 7 nh™! 8.7 nb™! 34 nb™!

2023 | p+p 200 11.5 - 48 ph~! 267 ph™!

2023 | p+Au 200 11.5 — 0.33 pb~! 1.46 pb~!
| 2024 | AutAu | 200 | 235 | Mbb' | 26mb" | 83 nb~! |
12025 p+p | 200 | 235 | | 149pb ' | 783 pb~! |
2026 | AutAu | 200 | 235 [ Maob ' [ 48nb ' | 92 nb ! |

- Guidance from ALD to think in terms of a multi-year run plan

- Consistent with language in DOE CD-0 “mission need” document
- Incorporates updated C-AD guidance now officially documented
- Run plan relates to capabilities of full barrel detector

- Incorporates commissioning time in first year

Minimum bias Au+Au at 15 kHz for 1zl <« 10 cm:
47 billion (2022) + 96 billion (2024) + 96 billion (2026) = Total 239 billion events

For topics with Level-1 selective trigger (e.g. high pr photons), one can sample within
Izl < 10 cm a total of 550 billion events. One could consider sampling events over a
wider z-vertex for calorimeter only measurements, 1.5 trillion events.

Presented at the PAC Meeting 6/15/17 by D. Morrison
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sPHENIX: calorimetry jet at RHIC

» Calorimetric triggering and measurement of jets
» Minimum bias to jet flavor and FF

sPHENIX G4 simulation

Pythia8, 50 GeV dijet event
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High statistics hard probes

High statistics data represents large extend in hard probes in

jets, photon and hadrons

Extended kinematic reach
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More differential measurement

» High statistics also allows more differential measurements

» For example, path-length dependent studies via
y-jet transverse balance in correlation with event plane
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/ b-quark

QGP at
slower bottom quarks Primary bw \
Vertex \ /2

b-jet
/% Bhadron (DCA)
/ or photon

Diétance of
Closest

Approach

Au+Au HIJING b=0-4 fm
e DCA for embedded charged pions

» Precision vertex tracker + High rate ¢ ,.r
— Precision bottom observables £

» B-meson @ Low p; : diffusion of HF @ 02t
quark in QGP 5 .

» b-jet @ Higher p;: differentiate N
collision VS radiative energy loss o
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b-jet tagging @ sPHENIX

Secondary
Vertex

» Demonstrate b-jet capability: tagging
algorithms evaluated using full

Lsp

1 H QGP at ¢
detector HI simulation ey bi,j
Vertex \ /2

» Reaching a promising working point in

. . b-quark vad
central Au+Au collisions Closest
b-jet Approach

Track-counting tagger Secondary vertex tagger

/% Bhadron (DCA)
or photon
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CMS work-point, Phys. Jin Huang <jihuang@bnl.gov>
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b-jet projection
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Precision open bottom meson

Prompt and non-prompt D-meson
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B-meson projections

non-prompt D-meson and predictions for sSPHENIX
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Upsilon spectroscopy

1Tracking efficiency and transverse momentum resolution
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Jets in forward upgrades — Portal to EIC
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Calorimeters beam tests

February 2014 February 2016 February 2017 Next Month!
Proof of principle  n~0 prototype n~0.9 prototype Final n~0.9 prototype
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Super conducting magnet

» 1.4 Tesla magnet, ®=2.8m,L=3.8m
Previously used in BaBar @ SLAC

» Moved to BNL in Feb 2015
» Successful cold low field test in 2016

» On-going full field test as we are
speaking.

. Photo by Andy Freeberg, SLAC National Accelerator Laboratory
breaking

January 16, 2015

20-ton magnet heads to New York

A superconducting magnet begins its journey from SLAC laboratory in
California to Brookhaven Lab in New York.

By Justin Eure




Tracking detectors
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Inner tracking:

»

»

»

MVTX: 30-um-pitch MAPS pixel sensors (3-layer)

o Precision vertexing

INTT: strip silicon sensors (4-layer)

o Pattern recognition, timing

DCA"< 50um for p;>1 GeV/c, <10 um for p;>10 GeV/c

MOD-DIAM>43.18
oD OF BEAMPIPE
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Quter tracking:

» TPC: gateless and continuous readout

» Low diffusion, high ion mobility Ne-
CF, gas + Quad GEM + mini pads

» 1 Tbps DAQ, FPGA-based reduction,
100 Gbps data file rate

» R&D <200 um

»  &p/p < 2% for p;<10 GeV/c
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Full detector simulation + reconstruction

Open source @ GitHub: https://github.com/sPHENIX-Collaboration/
SPHENIX Geant4

e )

(:» / 9 ? L “
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Jin Huang <jihua?@


https://github.com/sPHENIX-Collaboration/

Evolving upgrade concepts

Letter of Intent for Forward
Instrumentation at sSPHENIX

A
~<PH-“ENIX

An Upgrade Proposal from the PHENIX Collaboration
2

PHHENIX|

The sPHENIX Collaboration
June 1, 2017

To RHIC PAC 2017

arXiv:1501.06197
CDR in preparation

N
¢PH-ENIX

AlLatiorof ttan tom the PHENIX Caaboration A A s =
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Evolving sPHENIX collaboration

» Established in Dec 2015

» ~70 institutions and growing

» Most recent: 7 Chinese institution joined in Dec 2017 as
consortium with interesting of construction and analysis




Summary

» Rich physics cases

o Precision jet and HF @ RHIC, probes inner working of QGP when
combined with LHC

o Predictions on sPHENIX observables welcomed!
o Completing scientific RHIC mission and connect to EIC
» Advanced design and many progress in detector R&D
o CD-0 approved, in preparation for CD-1.
o Planned data taking start 2023
» Growing collaboration
o ~70 institutions with 9 new in the past year
o Abundant opportunities to contribute
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Welcome to join the collaboration

Welcoming more collaborators!
Many opportunities to contribute: in physics program and in detector R&D/construction
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Inclusive b-jet R,, Performance

<1_2II\III|\|II|I|IIII|IIII|II|I|IIII
o -  SPHENIX Simulation §
| PYTHIA-8 b1jet Anti- kTR =0.4, |n|<0.7, CTEQ6L i
{ p+p: 200 pb", 0% Eff., 40% Pur. -
- Au+Au: 5508 col.. 40% Eff.. 40% Pur. .
) 8: —@®— b-jet R,,, Au+Au 0-10%C, |5,,=200 GeV|
0.4 ]
- pQCD, Phys.Lett. B726 (2013) 251-256 -
0 2‘_ Vsun=200 GeV, b-jet R=0.4 N
L gmed= 20 |
B gne=2.2 .

| T | | I T | | I T | | | I | | 1111 | 111 1 | L1 1 1
q 20 25 30 35 40 45 50

Transverse Momentum [GeV/c]

(8)}

MVTX aiming first b-jet nuclear modification factor

@ RHIC, covering ~15-40 GeV/c
» Mass dependence of parton energy loss
 Cleaner access to partonic kinematics

ess at RHIC (vs. LHC)
contribution is much less (~10%)

Jet fraction

Production fraction

= Pair Creation
PYTHIA p+p 200 GeV = Flavor Excitation

== Gluon Splitting

b-jet P, (GeV)

Gluon splitting

ATLAS
Simulation
Truth jets, Vs= 7 TeV

Heavy flavour
quark excitation

b-jet production
Pythia 6.423

30 100 200 1000
b-jet P, [GeV]
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EMCal: EM-shower energy resolution

T — : :
g :
< 0.14 Positrons -

0.12] —147%NVE®35% ]

0.1

0.08

0.06

0.04

Truth Energy [GeV]

016 T T T T T

AE/E

0.14 Photons —E
012 —13.9%/NE ® 4.5%

0.1
0.08
0.06

0.04

0.0

d‘\)

Truth Energy [GeV]

0.08F
0.08F

0.04F

Electrons u

— 15%/E @ 3.4%

0.020:- s

10 20 30 40 50
Truth Energy [GeV]

1 perfect tower simulation, 11 8%/NE @2.1%
Position uncorrected, n=0

Position uncorrected, n=0.3

Position uncorrected, n=0.6

Paosition uncorrected, n=0.9

Paosition corrected

Joe Osborn (UMich),
June 13 Sim meeting

Request:

» Update with EMCal
tower-by-tower
calibration

» Apply sPHENIX
style
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Performance : electron-ID in Au+Au

Updated and more detailed simulation show good safety margin on electron-1D
performance on top of the baseline design (as required to reach Upsilon program physics
goal)

1-D Proj. SPACAL, e VS h in Au+Au 10%C

,\\\\l\\\\|\ff"?"-r-.i.__\u.l'\|\\I\ I\\\I\‘\\I\

2-D Proj. SPACAL, e VS h in Au+Au 10%C
T 1T | T 1 1T ""\'--\,..\..J__J 1

—_
(=)
W

—_
o
w

jection

: e |

Pion Re
Negatively Charged Hadron Rejection

-

—_

Q
]

—_
o,
N

Reconstructed n and p~ | Reconstructed 1 AR p -

Negatively Charged Hadron Rejection

10 Single Partlcle T 10 10k
; Goantd ’:.‘é,“:.?h‘é’;:ci‘i“"a' o 00<n<01 —8GeVic  __ 0.0<n<01 —8GeVi
- Poors = 2 GeVic ? — 4 GeV/c - —4 GeV/c
—p,, . =4GeVic B L
Poy,=8GeVE | @ | 09<n<10 _sGeve = |8 | 09<n<10 5 Gevic
e e e e e bE 507 75 08 085 08 095 1~ be 05 07 075 08 085 08 0% i

Electron Efficiency Electron Efficiency Electron Efficiency

Baseline performance, 2D projective SPACAL

Updated studies (Preliminary)

1D projective SPACAL
. Updated studies (Preliminary)

design goals -

. Sum all scintillator energy -

. 1D SPACAL material with hits
grouped into 2D SPACAL
towers

Sum all hadron taking account
of hadron ratio

Full digitization (w/ Birk
corrections)

Full tracking with silicon opt.

Fully implemented 2D SPACAL
(tower/support structure)

Sum all hadron taking account of
hadron ratio

Full digitization (w/ Birk corrections)
Full tracking with silicon opt.

Ideally towering (no-tower boarder,
no enclosure structure)

Jetsand HF Workshop




EMCal: Hadron rejection

Hadron rejection @ 90% electron eff. for embedded particle in 0-4.4 fm Au+Au collision
Work by Sasha Lebedev (ISU), quoted from Quarkonium-TG wiki, June-2017 Col. meeting

po -0003171L(;DG1645 r J;ZOIMI)BOSM?:O_;-;:;: 700; + gre?n: fa:ke-fake
10" o 02021+ 001597 i pi 0.7175  0.06667 - 1 brown: fake'HF
- pi OMOEB:::E;:Z: 10 p2 -1.264 £ 0.08471 BOO? ' bIac:k: total
- . o i Anti-proton
0k Pion rejection ol Rejection o
I : T es w95 10 106 1 7:185 s -000n
i [ Invariant Mass[GeV/c] sigmalS 0,09064 = 0.00215
r %250__ ¥ N1S 2704 = 6.4
10'30\ Il \zll 1 \A\ 1 lé\ 1 Ié\ L \1‘0I 1 I1|2\ 1 I1‘4\ 10'30L L Lél L l4ll 1 lél 1 lél 1 J1|0I 1 I1|2I 1 I1{4L zoof_ i‘.
p; [GeV/c] p; [GeV/c] o i
Requests in priorities: : !
. 100 {
1. Update to sPHENIX plotting style i3 ++
2 Produce Upsilon spectrum update with updated background %wwl A
3. Use 2017 EMCal design and tracking simulations. Help on running? R R
4 Finalizing Upsilon R_AA projection?

More in Sasha’s talk today.
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Performance : Single Hadron showers

-
=N

— 60_
» Single pion shower studied with clusters of digitized  ; | [ Cnearty Linearity
towers (3x3 and 5x5 clusters), which is compared with g *} i:‘]:gso
ideal sum of Geant4 hit in scintillator (label G4Hits) 5 wb 4 =060
» Energy resolution satisfied design goal. £ [ [Hn=0% -
Tails <= 10% © oo -
» Refinement underway: time cut-off and light 20/~ L
collection variations C T
Oozlf".\-”..m...|....|...‘|....|....

60
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5 06 Fit (0>16GeV): —&— 7 =0.90 (G4Hits) ] L —#— 1= 0.60 High Side (545 SP)
° % Fit (p>16GeV): —%— 1 =0(3x3 SP) w 02— —4— 1= 0.90 High Side (5x5 SP)
o B 46% —— 7= 0.30 (3x3 SP) 5 - o
D;\ 0.5 G4Hits: ®7.4% —%— 1 =060 (3x3 SP) p L —}— 1) = 0 Low Side (5x5 SP)
% Ci VE —4— 1=0.90 (3x3 SP) % = —4— 1= 0.30 Low Side (5x5 SP)
2 : 64% —+— 1 =0 (5x5 SP) o B —— 1 = 0.60 Low Side (5x5 SP)
w : 3x3 SP: ®10.4% _ 0.15—
0.4 36 JE ° —— : - ggg Eg:g g::{ = L —4— 1= 0.90 Low Side (5x5 SP)
:é- 5 46% —4— 1 =0.90 (5x5 SP) B
5x5 SP: @ 8.6% — . .
oshh b /3 N 10% stat. in each tail; ;
:_!;-gvi “"-;g R . 01%@-5—4————————T——Q—___G___
%, e e Ulre . | ] ¥
0 2lg g i e i - ment. 100%/vE D 10% " s . H i <
“F oy "'3_.__%';‘. 3 e B N " ] i i ! 8 A g
C L R S N S St e — 0.05— g i t '
- ® g Tt LT TTITIR] et S — v = '
S e S— — ;
- I LBt G ieeegrr e e e reemmeeeemomeeeemmereescmeesesssseeesseseemesanee
- g8 © /
0 C 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 I I 1 1 1 1 0 _OJE 1 1 1 | 1 L 1 1 1 1 1 1 | 1 1 1 1 | 1 1 1 1 { 1 1 1 1
0 10 20 30 40 50 60 0 10 0 30 40 50 60

Momentum (GeV) Momentum (GeV)

2.5% stat. in tails as expected from Gauss shape
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Occupancy in central Au+Au

'y
N -
AU

PH ENIX

SPHENIX are designed to handle large background environment of central

AU

Mg T L L L

2x2 Tower Mean =

767 MeV

>
AuAu collisions
» Such background is simulated with HIJING - full detector in Geant4 - full
analysis chain
» Folded into electron ID and jet projections via embedding
_ g00,Scintilator Energy Density with 2D-proj. SPACAL in HIJING Au+Au 0-10% C
§ Tk ' R - HLING AurAy 0-10% Central + Geantd
é 250;_ s 2 ! Tower Mean = 193 MeV
200; euter Hga|1° Inner Hcal
“F ~———Inner HCal , |
EMCal
-%o:o ‘ 200 oo o0 200 . b L T R I

2D-proj. SIPAC/-‘?L in H,JING ‘AU+Au‘ 0-10% C
e A R

21
< f

Tower Mean = 38 MeV 1

EMCal

0.1 0.

2 ‘0.3‘ : 0.4 0,5‘ - 0.6
EMCal Single Tower Energy [GeV]

Inner HCal Single Tower Energy [GeV]

5 - G euma 0o L Contral = Scanig
D =) 1
Py s 4 < Tower Mean = 70 MeV
3x3 Tower Mean = 341 MeV/ 107 -
Outer HCal
10724 -
10 .
107
10 .
104
PP PSPPI IO PR PO IPOTIN O TO UP B e, I AR R B | |
0 02 04 06 08 1 12 14 16 1.8 2 0 02 04 06 08 1 12 14

EMCal 3x3 Tower Energy Sum [GeV] Quter HCal Single Tower Energy [GeV]
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