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SPHENIX: state-of-the-art Jet Detector at RHIC

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

Section 2.2: Page 22 m (1) Probe the inner workings of QGP by resolving

Thc 20715 its properties at shorter and shorter length scales. The
. INOUI\ECi E{A’\II{\I?(% E)II\JI%E _ 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
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g experiments planned at RHIC.
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SPHENIX Core Physics Program

Jet cor. & substructure
Vary momentum/angular
scale of probe

Open heavy flavors
Vary mass/momentum
of probe

g
u,d,s

Upsilon spectroscopy
Vary size of the probe
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Cold QCD

Spin-orbit correlations in
transversely polarized
nucleons

Cold nuclear matter
effects and hadronization
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SPHENIX Proposal:
https://inspirehep.net/literature/1341090



https://inspirehep.net/literature/1341090

sPHENIX Collaboration

Large global Effort
e Over 300 members
* 83 institutions
* 14 Countries




SPHENIX Detector:

Tracking system:
MAPS-based Vertex Tracker (MVTX) SC MAGNET
Intermediate Silicon Tracker (INTT)
Time Projection Chamber (TPC)

Superconducting Magnet (1.4 T solenoid) y _—t

INTT

MVTX

ENDCAP
FLUX RETURN



sPHENIX Tracking:

MAPS-based Vertex Tracker (MVTX)
3 layers of Monolithic Active Pixel Sensors (ALICE)
« Short integration time (few ps)

» Great spatial resolution < 6 [um] precise
« Ultra-thin ~0.3%Xo vertexing

Intermediate Silicon Tracker (INTT) |Pattern=
recognition &

timing

« 2 layers of strip silicon sensors

Time Projection Chamber (TPC)
« Compact: 20<r[cm] <78

» Spatial resolution < 200 um

» Charge collection via GEMs

2.1m

1.6m



SPHENIX Detector:

Tracking system:

MAPS-based Vertex Tracker (MVTX)
Intermediate Silicon Tracker (INTT)
Time Projection Chamber (TPC)

Superconducting Magnet (1.4 T solenoid)

Calorimetry:

Electromagnetic Calorimeter (EMCal)
Inner Hadronic Calorimeter

outer Hadronic Calorimeter

High Rate DAQ and trigger system:
15 kHz Trigger, >10 GB/s DAQ

OUTER HCAL

SC MAGNET

INNER HCAL

EMCAL

TPC

INTT

MVTX

ENDCAP
FLUX RETURN



SPHENIX Calorimetry: TR T

Full Electromagnetic and Hadronic calorimeter system! Outer HCal\
* Large Acceptance: |1.1| < n and full 2 azimuthal coverage "

* SiPM used for light collection/readout
outer Hadronic Calorimeter (Outer HCal)
» Steel absorber plates and scintillating tiles with embedded WLS
fibers
* AnxAp=0.1x0.1 Magnet

Inner Hadronic Calorimeter (iIHCal)
« Aluminum absorber plates and scintillating tiles with embedded
WLS fibers Inner HCal
Electromagnetic Calorimeter (EMCal) il i
« Tungsten powder with embedded scintillating fiber matrix EMCal |
« AnxAd~0.025x 0.025
« Compact design with large radiation length of material: ~14cm =
20X, ;



SPHENIX run plan “

Less than 2 years
| N
J until first data! 2023

2024
An extensive three-year 2025

SPHENIX run is planned

» Variety of collision
systems!

Additional running is
proposed incase the EIC
experiences delays ——

2026
2026
2027

Anticipated run plan from beam use proposal

Au+Au
p+p
p+Au
Au+Au

Physics Running Weeks Sampled
Luminosity
|z] <10 cm

Installation and commissioning

200 GeV
200 GeV
200 GeV
200 GeV

13 6.9nb1
16 62 pb~1
5 0.11 pb~1
24.5 25 nb~1

Proposed expanded run plan

p+p
0+0
Ar+Ar
Au+Au

Energy

200 GeV
200 GeV
200 GeV
200 GeV

Physics Running Weeks Sampled

Luminosity
|z] <10 cm
15.5 80pb~1
13 37nb?
16 12nb~?
24.5 30nb1

SPHENIX Beam Use Proposal
[BUP] sPH-TRG-2020-001
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Direct Photons, hadrons, and Jets: dydpr

[BUP] sPH TRG 2020-001
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Large statistic data samples will enable multi dimensional jet studies with new
high pr reach! 10



Direct Photons, hadrons, and Jets:

https://arxiv.org/pdf/2102.11337.pdf
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FIG. 7. (Color online) Posterior predictive distributions of inclusive hadron Raa using LBT compared to the same data as
Fig. 6.

» Bayesian analysis of world charged hadron Ry, data to extract the jet transport coefficient, g, using
the JETSCAPE framework


https://arxiv.org/pdf/2102.11337.pdf

Direct Photons, hadrons, and Jets:

https://arxiv.org/pdf/2102.11337.pdf
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FIG. 7. (Color online) Posterior predictive distri p. [GeV] @ as

Fig. 6.

» Bayesian analysis of world charged hadron Ry, data to extract the jet transport coefficient, g, using
the JETSCAPE framework

» Enhanced charged R4 4 precision and reach compared to PHENIX will provide constraint to theoretical

models at RHIC energies -


https://arxiv.org/pdf/2102.11337.pdf

Jet Correlations:

[BUP] sPH-TRG-2020-001
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Large statistical sample enables high precision measurement of photon-jet balance

Ability to study event plane dependence to jet quenching
» Enable simultaneous comparison of models across LHC and RHIC energies
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Jet Sub-structure:

Jet Sub-structure:
Spllttmg functlon
T [ | I | o
SPHEHJX PFDJEC’IIIDH Years 1-3
JEWEL 2.2.0, T = 260 MeV
o pftz-zm GeV,z_,=01,B=0

i — — " pp
e Au+Au (0-10%)

SPHENIX fine segmentation in the calorimeter
and tracking resolution will enable studies of
jet sub-structure
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[BUP] sPH-TRG-2020-001 1



HAA

. Precision tracking and vertexting will enable extensive
O p e n H e aVy F | aVO r . heavy flavor measurements in SPHENIX

[BUP] sPH-TRG-2020-001
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Heavy flavor quarks enables a powerful range with which to study the
mass dependence to interactions within the QGP
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Heavy Flavor Jets:

[BUP] sPH-TRG-2020-001
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MVTX will enable heavy flavor jet tagging!

» Enables study at of heavy flavor at high pr where the mass difference between heavy and light quarks
is less significant
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Upsilon Spectroscopy:

Xb(lP)
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21200} o Ao o Ga » The high-temperature medium induces

2. ook 24 billion events E melting of Upsilon states

= c(1s) =100 MeV > Higher-mass states melt more readily at a

E 800 op line shap — fixed medium temperature

€ 600 _normalized to

T 15 : : :

™ 400 7 »Precise mass resolution of sSPHENIX
200 : tracking will enable separation of Y states

E : in both Au+Au and pp:
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[BUP] sPH-TRG-2020-001
Upsilon Spectroscopy:

Raa number of participant dependence pr dependence of Y modification
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»sPHENIX will enable precise modification factor measurements of Y
suppression across centrality and Y pr for 1S and 2S states
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sPHENIX proposed as upgrade / replacement of PHENIX est beam (mission need)
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| 2016 2018 1 design, place
2014 !
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Time Pro ectlon Cha ’nber Construction

Inner field cage test i

OCN'{RU;.
=

20

Assembly of ﬁeld cage & modules 1




Electro-Magnetic Calorimeter Construction

B

Calorimeter block
production at UIUC

e W ? Sector Assembly and testing at BNL

Calorimeter block
production at Fudan

SEM - HC
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21, Assembly: 50%
pre amps,

fibers & power
cables done; needs
preamps, boxes

‘ 6, Assembly: power
cables complete,
fibers underway

23, Assembly:
power cables
complete, fibers
underway

254 Assembly:
power cables
complete

264, Assembly:
power cables
underway

oHCal ¥

Sector 22, being put in storage
m—-m'ﬁ
vS Sampa chips at USP

T e A Y

| 27,, Assembly:
1 100% tiles & SiPMs
§| 16,, Assembly: 58%

| tiles & SiPMs

17,3 Assembly:
|| waiting for tiles

18,, Assembly:
waiting for tiles

= 19, Done: waiting
for move to storage

20,5 Assembly:
waiting for move to
blocks

5, Storage: waiting
* for LED driver board

alorimeter Construction

Tile testing at GSU ?

N o

LY 00T

6/16/2020
HCal Lab
GSU
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Time Projection Chamber:
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https://arxiv.org/ct?url=https%3A%2F%2Fdx.doi.org%2F10.1109%2FTNS.2020.3034643&v=a4311cf9

Summary and Outlook

LONG RANGE PLAN

»SPHENIX will enable a wide range of for NUCLEAR SCIENCE

precision measurements of the QGP 0@
» Providing critical insights

» First data expected in 2023!!

» Detector construction is well under way

» Final installation and commissioning starting
in December!




