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SPHENIX

The conclusion of a 20+ years scientific journey

There are two central goals of measurements planned
at RHIC, as it completes its scientific mission, and at the

b

i . LHC: (1) Probe the inner workings of QGP by resolving
, its properties at shorter and shorter length scales. The
i ¥ "4 7 i : > : : complementarity of the two facilities is essential to this
s _ goal, as is a state-of-the-art jet detector at RHIC, called
e S N~ - sPHENIX. (2) Map the phase diagram of QCD with
e ' NS, T B § experiments planned at RHIC.
wr Y X el g S . The 2015
B o - R e e 2015USNPLRP 1 ONG RANGE PLAN
for NUCLEAR SCIENCE
e sPHENIXis the first new detector at any hadron collider in over a decade! ©
o A compact detector with unique, purpose-built capabilities never before -

deployed at RHIC

e Different initial conditions and evolution for QGP at RHIC and LHC
o  Study of scale and temperature dependence

20/\23

PROBES Antonio Silva

Aschaffenburg


https://science.osti.gov/-/media/np/nsac/pdf/2015LRP/2015_LRPNS_091815.pdf
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The sPH ENIX detector
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Outer and Inner HCal
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The sPH ENIX detector calorlmeters
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HCal installed in
June 2022!

First hadronic calorimeter at midrapidity at RHIC
|n| < 1.1, full azimuthal coverage — HF-jets
Hadron AE/E ~14% + 65%/~E

EM-shower tail catcher

Mechanical support for EMCal

Antonio Silva
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The sPHENIX detector - calorimeters ...
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EMCal: Scintillator fiber tungsten sampling
calorimeter
e |n| < 1.1, full azimuthal coverage
e Identification of electrons from
heavy-flavor decays
Towers with ~0.025x0.025 in nx¢
EM AE/E ~5% + 16%/VE

November 2022!

Antonio Silva
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The sPHENIX detector - tracki

ng SPHENRIIX

Time-projection chamber (TPC)
Ungated continuous readout

Reconstruction of heavy-flavor decay hadrons
150 ymr¢ resolution

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

TPC outer tracker (TPOT) used for calibrations

TPCinstalled
in January!

Antonio Silva
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The sPHENIX Detector - vertex trackers ceueffix

/ INTTmstaIIed
this month!

WY INTT:silicon strip tracker
' e 2layers

e 78 pum pitch
e Single beam-crossing
timing
INTT+MVTX

e Reconstruction of
- heavy-flavor decay
e gl MVTX: MAPS based vertex tracker topology
: e 3layers
e ALPIDE chip - near copy of the ITS2 from ALICE
e Fine pixel pitch (27 ym x 29 um)
o ~5pum position resolution
e Low material budget (~0.3% X, per layer)

Antonio Silva 8




RHIC run plan 2023-2025

Cryo Physics o
Year Beam ‘/SNN (GeV) Weeks Weeks (|z|<S1aOSm)
2023 Au+Au 200 24 9 4.5 nb™
p+p 200 24 12 45 pb
2024
p+Au 200 - 5 0.11 pb™
2025 Au+Au 200 24 20.5 21 nb™

sPHENIX Beam Use Proposal

e Year 1: Commissioning, calibration and first physics

e Year2:Cold QCD and heavy-ion reference “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 sSPHENIX in the 2015 NSAC Long Range Plan.”

PAC Meeting June 2022: https://indico.bnl.gov/event/15148/
PAC Recommendations:
https://www.bnl.gov/npp/docs/2022-npp-pac-recommendations-final.pdf
ES Antonio Silva
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e Year 3: Large Au+Au dataset

...and ready for more.



https://indico.bnl.gov/event/15148/
https://www.bnl.gov/npp/docs/2022-npp-pac-recommendations-final.pdf
https://indico.bnl.gov/event/15148/attachments/40846/68568/sPHENIX_Beam_Use_Proposal_2022.pdf
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Tracking resolution
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*Considering the Y'(3S) suppression observed at the LHC.
Nucl. Phys. A879 25, (2012).
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SPHE

Centrality- and p_-differential R, ,
measurements

Clear distinction of three Upsilon states
o Probing the QGP with color dipoles at
three length scales

Kinematic range allows for comparison
between RHIC and LHC measurements

b b b b

Y(3S) - 0.78fm Y(2S)-0.56fm  Y(1S)-0.56fm
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Open heavy flavour: DCA resolution SPHE

[sPH-HF-2017-002]
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e DCAresolutioninrg <40 um for p. > 0.5 GeV/c .
¢ <40 Pr / 0 006  0.08
e Crucial for the open heavy flavor and heavy-flavor jets program D’ DCA [cm]
e Separation of prompt and non-prompt D°
o  Proxy for B mesons
PROBES Antonio Silva



https://indico.bnl.gov/event/3960/attachments/31206/49247/sPH-HF-2017-002-v1.pdf
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Open heavv ﬂavour measurements SPHE
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e Study of heavy-flavor energy loss (R, )
o Interplay between collisional and radiative energy loss

e Study of collective effects (v,)
o  Accessto the bottom quark collectivity

e High precision measurements — deeper understanding of the interaction mechanisms between
heavy-quarks and the QPG
PROBES Antonio Silva
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https://indico.bnl.gov/event/15845/attachments/40963/68517/sPHENIX_Beam_Use_Proposal_2022.pdf
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Heavy-flavor jets: D-tagged jets SPHE

K

D()

(\g : o IsPI-IIEA;IX 'Sirn'ulaltior\ T .I ;Da'ta' T ]

2 25:— VS = 200 GeV _— Fi(} . _:

8 : 22x10° min-bias Hijing AuAu events with pile-up = mIS_>|DK D’ K &t T

g 20 [~ 25minutes of data at 15 kHz collision rate Comb. Bkg. ]

2 — DOpT24GeV/c —

C & I C ]
he) C ]

T 15 —

S ]

e Jetsreconstructed with a D meson as one of the constituents 10 -
o Fulljet reconstruction — tracking + calorimeters ]

o Strongrejection of combinatorial jets at low momentum °E + 11

e Wide range of jet structure measurements 2 e D T -
OE‘“ RLIEIRE FLR. ALY PETILIT TS LT RILIICN ,“

e Interesting comparison to b-jets and inclusive jets T

m(K n*) [GeV/c ]
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Heavy-flavor jets: b-jets SPHE
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SPHENIX Projection

b-jet Anti-k_ R=0.4, 0-10% Au+Au, Year 1-3
p+p: 62pb™ samp., 60% Eff., 40% Pur.
Au+Au: 21nb ' rec., 40% Eff., 40% Pur.
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7 LIDO, arXiv:2008.07622 [nucl-th]
PQCD, Phys Lett. B726 (2013) 251-256
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p, [GeV]

First b-jet tagging at RHIC
o Track DCA based tagger
o Secondary vertices tagger
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SPHENIX BUP 2022, Au+Au, Year 1-3
b-jet, Anti-k_R=0.4, |n|<0.70,Res(¥)=0.5
21nb ™ rec. Au+Au, 40% Eff., 40% Pur.
—@®— 0-10% Au+Au
—4— 10-40% Au+Au
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Full jet reconstruction — tracking + calorimeters

P b-jet Approach
. . ~ B-hadron (DCA)
Antonio Silva or photon
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https://indico.bnl.gov/event/15845/attachments/40963/68517/sPHENIX_Beam_Use_Proposal_2022.pdf

Summary

e sPHENIX will have all the subsystems ready for data
taking
o  First collisions in a couple of weeks!

e The conclusion of a scientific mission to probe the inner
workings of the QGP and resolving its properties
o Heavy flavor is an important part of this mission

e Unique capabilities to probe the QGP at distinct length
and mass scales at RHIC
o Y(2S)and Y(3S) measurements at RHIC

e Open heavy flavor and heavy-flavor jet physics programs
o Precision tracking
m Including hadrons originating from b quarks
o  Fulljet reconstruction
m b-jets and HF-hadron tagged jets

Antonio Silva
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Potential 2 more years run 2026-2027

Year Beam Vs (GeV) V\(/:ergﬁs T/\r/ﬁf: (|z|<T06m)
o+p 200 28 15.5 80 pb-
2026 0+0 200 i 2 37 nb-!
Ar+Ar 200 i 2 12 nb”
2027 Au+Au 200 28 245 30 nb-

Antonio Silva




Quarkonium measurements
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