Future Facilities: RHIC

:’/

\

SPHENIX
> w

“ 111y
.'l':lrlun:llllll-:!r \ s
[ A i LINAC
oy

_.'.l, .‘K
. ] T EB
e S~
"-\\m\“‘“ <
Oy Wy

gy
W g
- .““‘x

Megan Connors (GSU)

gs Hard Probes
: \ ) 4 March 30, 2023
GC()rglabtatC ’

Univers




RHIC Run Plan 2023-2025

Year Species What’s new
2023 Au+Au SPHENIX: Commissioning, Calibration and 1%t physics
STAR: 15t results with new updates at 200 GeV Au+Au
2024 p+p Precise reference for new HI measurements
p+Au Cold QCD/small system measurements
2025 Au+Au High Statistics Au+Au

“The PAC urges BNL Management and the DOE to do everything possible to
ensure sufficient beamtime to accomplish the physics goals in Runs 23, 24, 25
set out for sPHENIX in the 2015 NSAC Long Range Plan.”

STAR Beam Use Report sPHENIX Beam Use Proposal

PAC Meeting June 2022: https://indico.bnl.gov/event/15148/
PAC Recommendations: https://www.bnl.gov/npp/docs/2022-npp-pac-recommendations-final.pdf
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https://indico.bnl.gov/event/15148/attachments/40846/68568/sPHENIX_Beam_Use_Proposal_2022.pdf
https://indico.bnl.gov/event/15148/attachments/40846/68609/STAR_BUR_Runs23_25___2022%20%281%29.pdf
https://www.bnl.gov/npp/docs/2022-npp-pac-recommendations-final.pdf
https://indico.bnl.gov/event/15148/
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LONG RANGE PLAN
for NUCLEAR SCIENCE

New instrumentation at RHIC in the form of a state-of-
the-art jet detector (referred to as sPHENIX) is required
to provide the highest statistics for imaging the QGP
right in the region of strongest coupling (most perfect
fluidity) while also extending the kinematic reach at
RHIC (as illustrated in Figure 2.13) to overlap that for
jets at LHC energies. Upgrades to the LHC luminosities
and detector and measurement capabilities are keys to
providing a complete picture, as are new experimental
techniques being developed to compare how light
qligrk jets, heavy quark jets, and gluon jets “see” QGP.
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Jet structure
Vary momentum/angular
scale of probe

Y(3s) Y(2s) Y(1s)

Quarkonium spectroscopy
vary size of probe
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RHIC Detectors in 2023

Event Plane Detectors

OHCAL

Inner Time Projection Chamber STAR

MAGNET Forward Silicon Tracker
IHCAL Small Strip Thin Gap Chamber
SEPD — Forward
EMCal, HCal
MVTX 1Fe
MinBIAS

i -
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Upgraded STAR

Event Plane Detectors Forward JEt detection
FCS:

orward — Emcal: refurbished
EMCal, HCal PHENIX PbSc

— Hcal: FeSc Sandwich

— 3 Si mini-strip
sensors

— four stations of
small-strip thin gap
chambers

M. Connors 5



HF to study initial state

0.25
« ey . — STAR 23+25 J/yp projection, Au+Au 200 GeV, 0-80%
* J/Y v, to study initial tilt o
e ITPC: _ © .\, (ZDC), Run23+25 (208 MB + 40 nb"" H)
S~ 015
— Improved momentum 3 is\\'l\"AR
. LL -
resolution 5 OF
tS) -
— Extended 1 coverage © 005
0 B
— More precisely quantify ) SR — + ______________ + ________________________________
directed flow -
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Transverse momentum P, [GeV/c]
List of anticipate HP results: STAR Highlight Talk
STAR Beam Use Report
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https://wwuindico.uni-muenster.de/event/1409/contributions/2400/attachments/808/1693/STAR_Highlights_Sahoo.pdf
https://indico.bnl.gov/event/15148/attachments/40846/68609/STAR_BUR_Runs23_25___2022%20%281%29.pdf
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https://wwuindico.uni-muenster.de/event/1409/contributions/2153/
https://wwuindico.uni-muenster.de/event/1409/contributions/2153/

Calorimeters: HCal
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il oHCal installed
8 Feb 28, 2022!

¢ Outer and Inner HCal:

First hadronic calorimeter at midrapidity at RHIC
Important for precise jet energy measurements
Scintillator tiles between tilted absorber plates

In| < 1.1, full azimuthal coverage

Hadron AE/E ~14% + 65%/+E

iHCal installed |
in June 2022! ERSEN

Run Control

17:33:13

Running

Run: 4395

Events: 7647

Logging Enabled

Close

End

seb16.sphenix.brl.gov | seb17.sphenix.brl.gov I

M. Connors



Calorimeters: EMCal

EMCal:

o Scintillator fiber tungsten
sampling calorimeter

o ldentification of photons and
electrons

o Towers with ~0.025 x 0.025
iINNXao

« EMAE/E ~5% + 16%/VE

EMCal installed in
November 2022!

M. Connors 9




Tracking: TPC

Time-projection chamber (TPC)

Ungated continuous readout
Reconstruction of heavy-flavor
decays

150 um ro resolution

Ap/p ~1% at 5 GeV/c charged
particles

TPC outer tracker (TPOT) used for
calibrations

e
B
- " -

January 2023!
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TPC installed in

M. Connors

10



Tracking: INTT

M\ NS K A | « silicon strip tracker
o Interpolation of tracks
between MVTX and TPC
o 2layers
e /8 um pitch
o Low radiation length about
X/Xo < 1.1% per ladder

N INTT installed
March 2023!

M. Connors



Trking: MVTX

3 RN\ |
=3 N

= MVTX:
@ . MAPS based vertex tracker
o J3layers
o ALPIDE chip - near copy of the ITS2 from
ALICE
o Fine pixel pitch (27 pm x 29 um)
o ~5 um position resolution

o Low material budget (~0.3% X, per layer)

MVTX installed
this week...

M. Connors 12
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Tracking: MVIX

i MVTX:
’ « MAPS based vertex tracker
o J3layers
o ALPIDE chip - near copy of the ITS2 from
ALICE
o Fine pixel pitch (27 pm x 29 um)
o ~5 um position resolution
o Low material budget (~0.3% X, per layer)

MVTX installation
underway!

M. Connors 13



Trac k| 1 g NIVTX

M. Connors

MVTX installation
underway!!!!

3:57pm update:
Both halves are on
insertion table!!
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RHIC Run 2023

Acchaffeanbura

COMING SOON

\

_/

Starting next
month...

M. Connors
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SPHENIX will provide

* significant extension in kinematics and
overlap with LHC

M. Connors
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Kmematlc Reach

2,
SPHE}RIIX

< g —~
o< " SPHENIX BUP 2022 0-10% Au+Au, Years 1-3 - S
1L 62 pb™' samp. p+p ] =
- 21 nb ' rec. Au+Au . o
B or 32 nb'samp. Au+Au | =
0.8~ -= directy - -Qm
- —— jet | \_ZIE
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0 10 20 30 40 50 60 70 80
. . pT [GeV]
SPHENIX will provide
* significant extension in kinematics and
overlap with LHC
* jet cone size Ry, comparisons at low p;
where differences at LHC experiments exist
M. Connors
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Event Plane Studies

 Event Plane Detector will improve resolutions to

enable more precise jet v, studies Y R
/ \
Pathlength dependence of energy loss
° ° \ /
— Jet v, in p+Au to deepen understanding of small systems .. '
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Photon-Tagged Jets at R

’_V__
HIC PH ENIX

vdir
_— -
3.0 —p+p NLO
o4 AL~ PbotPbCNM ~1 1l -~ Pb+PbCNM
S"=2.76 TeV §"?=200 GeV
W78 R 2.51 ol
15 p i
N 'B‘ 2.0
~ -~
5 5
o 1.0 R 1.5 X : p . /p
=) o} ]
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z
Jy ZJY

III

 “Golden Channel” for studying energy loss in the QGP

 Photon tags initial hard scattering kinematics directly probes energy loss
 Dominated by quark jets

* Because of y/m°RHIC is ideal for measuring direct photons

* X, may be more sensitive at RHIC

RG102, 054910

20/\23
HARD
PROBES

fffffffffffff
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Photon-Jet Imbalance

1/N, dN/dx

lllllllllllllll
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~ SPHENIX Projection ]

3.5 - JEWEL220, T=260MeV = PHEQIX E
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Photon+Jet X,

Photon tagged jets are a key
component to the sPHENIX program

Statistical precision improves
systematic uncertainties %\\FR

. ) . tri
2+ STAR Projection y+jet: 156 <E_° <20 GeV -
1 — _‘ .............................................................. o
x &
.- i Au+Au (0-15%)
0.3+ anti-k;, R=0.5
02F — i:t:'md B Projection including Au+Au Run23+25 and p+p Run24
SCET Au+Au Run14 10 nb™” and p+p Run9 25 pb™” (based on QM2022 results)
0.1 Lo v by o bvv o by I

M. Connors
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Jet Substructure -enef)

. g SPHENIX Projection, Years 1-3
techniques to explore 2 10— JEWEL 2.2.0, T =260 MeV =
: 5 Al P >40GeV, z,,=0.1,p=0 .
substructure of jets z  f . = pip :
: T i o Au+Au (0-10%) i
Groomed jets explore the ] S |
[} _._
evolution of the parton shower I
1— B —
- —— ]
: Rg : B —— _
pm B N
. R ce o b by b by by b by
o mn@yi,Pi2) TR 01 015 02 025 03 035 04 045 05
S pLatpuo P2 || S Jet z,

Jet grooming one of many

M. Connors
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Upsilon Ry, vs N ..,

* Separate 3 Upsilon states at RHIC ‘
* R,, from peripheral to central

collisions Y(3s)  Y(25) Y(1s)
§1 .2 _I T T T | T T T T | T T T T | T T T T | T T T T | T T T T | T T LI | T T T I_ r B : ; l ‘ l ; & 5 : & : l B .‘:
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0.6 — ]
0.4 :— —: }
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sPHENIX Simulation 1
0-10% Au+Au Vs = 200 GeV ~1 ==
24 billion events 1

Upsilon R, VS p; eeEe

Y(3s)  Y(25) Y(1s) — L1200

§1000 3
* Separate 3 Upsilon states at SPHENIX S w0 sp%@f

* Potential to quantify Y(3S) suppression at RHIC energies

tLAA1_,AA-A,l-_K_,ll,_Ll_LlyL_,AJ,AA - s <)
0 8 9. A0 1T 127713
Mass(e'e’) [GeV/c 2]

1 .2 T T T 1 | L | L | L | L | L | T 1T T 71 | T 1T T 71 LI I I |
B '
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1~ @ SPHENIXY(@3S) 21 nb”rec. Au+Au, 62 pb”' samp. p+p.
- STAR Y(13) STAR data: PRL 130 (2023) 112301 -
ogl- [ STARY(ES) ]
L STAR Y(3S) 95% Upper Limit -
S I I R B ' ¢
0.6— |
L [] _
0.4 —
B | i
0 _I 11 1 | | I | | | I | | | I | | | I | | | I | | | I | | 1 1 01 | 11 1 I_
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Transverse momentum [GeV/c]
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Upsilon Ry, VS p;

10
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§ 600
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Heavy Flavor in sPHENIX ence)

* Streaming readout enables huge MB data for unbiased HF
measurements in p+p collisions

* High precision non-prompt D suppression and flow at RHIC

1 6 >(\,] 0_25_ T T T | T T T | T T T | T T T | T T T | T
g . : T T T I T T T I T T T I T T T I T T T | T : : .
T, 4F SPHENIX BUP 2022, 0-10% Au+Au, Years 1-3 ] 0.of SPHENIX BUP 2022, 0-80% Au+Au, Years 1-3 4
"L 6.2pb’str. p+p, 21 nb ' rec. Au+Au - - 21 nb™ rec. Au+Au, Res(W5)=0.5 .
1.2 'S — B-meson 0.15F = B—p° -
S -+ B—D’ - - e - Prompt D° 1
C """ — Prompt D° ] 0.1 P —
0.8[# —m ] n
C 0.05[~ e -
0-6:." ° °o 0 ¢ ¢ f* + 1
0.2F _0.05~ -------- D-meson (fit to STAR PRL118) _
C 7 N B-meson (m_ scaling)
OO I I I é I I I 4|_ I I I é I I I é I I I 1IO I O C 1 1 1 | 1 1 1 | TI 1 1 | 1 1 1 | 1 1 1 | 1
ey 0% 2 4 6 8 10
e
p, [GeV] p, [GeV]
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b-tagged Jets at RHIC

2,
SPHE}RIIX

* Sensitivity to collisional vs
radiative energy loss

e Complimentary to LHC jets,
accessing lower p; region with
larger heavy quark mass effect.

Py at
Vr””ary b,
effe)( -
) 5“/11:111{
D/S
Corgt drop (g Dore ;‘t
Oto Cq ) Ch

M. Connors

faster bottom quarks

6

26



b-tagged Jet Projection

* First b-jet measurement at RHIC

* Power to constrain medium coupling parameters in models

RAA

1 _2 B T T | T T T T { T T T T { T T T T T T T T T T T T T T T ]
- SPHENIX BUP 2022 : . S
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- p+p: 62pb” samp., 60% Eff., 40% Pur. . Secondars A ° Lo brietAntik R=0.4,15<p <30 GeV, z,>0.1,p=0 |
- . - % _ A _ N econdary zZ j -
0.8) Au+Au: 21nb"rec., 40% Eit., 40% Pur N Vertex /s o/ = @ pp:62pb" samp., 60% Eff., 40% Pur.
N ] . / 7« biet 8—e—®  Au+Au:21nb'rec., 40% Eff., 40% Pur.—
0.6 Qo — v / ;._ 1
. : . at b-quark ® ; 7:
- . Primary _ ; i —— ]
0.4 ] Vertex \ 2 )./ 4- —0— ]
- [ LIDO, arXiv:2008.07622 [nucl-th] B’ Distance o it —o— -
2 ] . < bt A h n == B
%21 PQCD Phys Letl B726 (2013) 251-256 | A Binacon 00A R =
N i rrarer gnd=22 - ' or photon 81 7015 02 025 03 035 04 045 05
15 20 25 30 35 40 45 Jet z,
p, [GeV]
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Summary

 STAR measurements with increased rapidity
and statistics

* The sPHENIX era is upon us
— First ever b-jet measurements at RHIC
— Measurement of upsilon 3S suppression
— Precise imbalance & substructure measurements
with jets and y-tagged jets
* Achieve the goals established in the 2015 US
LRP to complete the scientific mission of RHIC

* Looking forward to interesting results at the
next HP!

M. Connors



Back up Slides

Acchaffenbura

OHCal

IHCal

EMCal
MAPS+IT+TPC

sPHENIX G4 simulation
Pythia8, 50 GeV dijet event

M. Connors
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Jets Statistics with Cold QCD

Utilizing p+Au and p+p data from year 2

Extends previous RHIC photon/hadron measurements beyond 20 GeV/c

1 > ‘
% 1 O 0 %I T T T | LI | L | LI | LI | L | LI | LI | LI | LI Ig m<of_ 2 : :
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b-jet Projections

 sSPHENIX b-tagged di-jets compared to calculations from
SCET,,s framework

Precision capable of constraining medium coupling

o < 1 .4 B T T { T T T { T T 7T { T T T { T T 7T { 1T T T { T T 7T { T T ] < B T T T { T T T { 1T T T { T T T { T T T { T T T { T T T { T T T ]
T " SPHENIX Projection, b-jet, 0-10% Au+Au, Year 1-3 ’ B 14]~ SPHENIXProjection, b-jet, 0-10% Au+Au, Year 1-3 -
1.2 |n1 2|<0 7, |A(p |>21r/3 P, >15 GeVle, P, >1O GeV/c ] g\:g B |n1 2|<O 7, |A(p |>2n/3 P, >15 GeV/e, P, >10 GeV/c 7
- p+p: 62 pb’ samp 60% Eff , 40% Pur. " ] o 12— p+p:62pb™ samp 60% Eff 40% Pur. T -
1; Au+Au: 21nb™ rec., 40% Eff., 40% Pur. _ - Au+Au: 21nb’ rec., 40% Eff., 40% Pur. ’
—  Kang et al, PRD99, 034006 (2019), m=m, rad.+col. ] 10 ; Kang et al, PRD 99, 034006 (2019), m=m, rad.+col. 7:
0.8 —g ~18 ] o — = 18 .
- — Oed™ 2.0 . . .
0.6 - - gmed= 2.2 | . ]
0.4 — ® .
0.2\ N -
- > \/\’—\ﬂ\
B I I ‘ I ‘ I I ‘ I ‘ I I ‘ I I ‘ I I ‘ I I B B I ‘ | I ‘ L1 1 | ‘ | I ‘ | I ‘ | I ‘ | I ‘ |
%5 40 45 50 55 60 65 70 75 %5 40 45 50 95 60 65 70 75
Di-jet invariant mass [GeV] Di-jet invariant mass [GeV]

20 23
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Photon-jet in SPHENIX

 Photon-jets are a powerful tool for studying jet quenching and
medium response effects with sSPHENIX
* +y-jet fragmentation functions require:
— Photon reconstruction in EMCal
— Jet reconstruction (EMCal+HCals)
— Tracking (MAPS+|NTT+TPC) Fragmentation Function
N 50: T T T ‘ ' t 3
KS) o e generator-level ]
= 4 . 2 45;---5 reco-level, p+p _:
5 - SPHENIX Projection . % 40% + reco-level, Au+Au b=4-8fm _]
2 3-55" JEWEL 2.2.0, T = 260 MeV E > 350 i T # recotlevel, AurAub=0-4fm
> 3F Years 1-3, pl.>30 GeV = = 30;._ == Il < 0.45 E
= 255 m 62 pE‘1 samp. i+pA 0109 3 ’:T 25§ =S p’et> 30 GeV ]
5 e 32nb" samp. Au+Au (0-10% = N - T= . =
2__ + _f Q 20; =,: R =0.4 Jets —i
- —— ] 150 - =
1.5 ———— :+= — E —a— ]
- - 10F . E
= S —— _+_ E 5E_ '—.-‘ _E
: . Y ] = SPHENIX MIE 2018 e
0.5 —— ++ = o |1(I)_1 ‘ s NS
- —— —— N - sPHENIX G4 simulation
% 02 04 06 08 1 12 14 Pybia 8,35 G yojat ovn prrack z
Photon+Jet X, L= Jet
Pr
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SPHENIX Detectors

Tracking ’kﬁ

Time Projection Chamber (T
(TPOT not shown)

...........

. L
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Calorimetry
Hadronic Calorimeters

Outer
Inner

Electromagnetic Calorimeter

Trigger/event
characterization:

Minimum Bias Detector (MBD)

Event Plane (sEPD) (not shown)



Run Plan 2023-2025

2023 2024 2025

Au+Au p+p/p+Au Au+Au

V/SNN | Species Number Events/ Year
Year | Species snn | Cryo Physics Rec. Lum. Samp. Lum. (GeV) Sampled Luminosity
200 | Au+Au 20B / 40 nb ! 2023+2025
200 pip 235 pb~! 2024
[GeV] | Weeks | Weeks 1z| <10 cm 1z| <10 cm 200 | ptAu 1.3 pb-! 5024

2023 | Au+Au | 200 |24(28) | 9(13) 3.7 (5.7) nb~! 45 (6.9) nb~1

2024 | plpt 200 | 24(28) | 12(16) 0.3 (0.4) pb~! [5kHz] | 45(62) pb~!

4.5 (6.2) pb~! [10%-st7]

2024 | p'+Au | 200 - 5 0.003 pb~! [5 kHz] 0.11 pb~!

0.01 pb~! [10%-st7]

2025 | Au+Au | 200 | 24(28) | 20.5(24.5) 13 (15) nb~! 21 (25) nb~!
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Opportunities beyond 3-year plan

* SPHENIX goals accomplished with 3 year plan
* Additional physics opportunities achievable beyond 3 year plan

Year | Species snN | Cryo | Physics Rec. Lum. Samp. Lum.
[GeV] | Weeks | Weeks |z| <10 cm z] <10 cm
2026 | plp! 200 28 15.5 1.0 pb~! [10 kHz] 80 pb~!

80 pb~! [100%-str]

- 0+0 200 - 2 18 nb~! 37 nb~1

37 nb~! [100%-str]

— Ar+Ar 200 - 2 6 nb~1 12nb~!

12 nb~! [100%-str]

2027 | Au+Au | 200 28 245 | 30 nb~! [100%-str/DeMux] 30 nb 1
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