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what is sPHENIX
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jet and hard probes optimized detector at RHIC for gold-gold collisions

• high rate 
• large uniform acceptance 

for jets, photons and 
upsilons 

• excellent tracking and full 
hadronic and 
electromagnetic calorimetry 

• first data: 2022 
• 200 collaborators / 60 

institutions
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physics
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PCM & clust. hadronization

NFD

NFD & hadronic TM

PCM & hadronic TM

CYM & LGT

string & hadronic TM

low viscosity fluid 
T = ~400 MeV

jets, photons created

strategy: use jets & 
photons to probe the 
physics of the plasma



physics driven requirements
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Physics Performance Jet Physics Summary
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Figure 4.43: Projected statistical uncertainties on the RAA for inclusive photons (green points, as-
suming RAA = 1), b-jets (blue points, assuming RAA = 0.6), inclusive jets (red points, assuming
RAA = 0.4) and charged hadrons (black points, assuming RAA = 0.2). These projections are made
with a b-jet tagging efficiency of 50%, 10 weeks of p+p and 22 weeks of Au+Au data taking.
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EMCal

EMCal + HCal 
• jets:

•  JER < 120% / √E (pp/pA) 
• JER < 150% /  √E (AA) 
• jet trigger in pp / pA

• electron ID:  

• ε > 70% 

• hadron rejection: > 90:1 in AuAu @ pT = 4 GeV 

• photons: 

• < 15 % / √E 

• Δη x Δφ = 0.024 x 0.024 

• trigger rejection in pp & pA > 100 for Eγ > 10 
GeV

Physics Performance Beauty Quarkonia Performance
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Figure 4.46: Estimate of the statistical precision of a measurement of the U states in Au+Au colli-
sions using sPHENIX, assuming that the measured RAA is equal to the results of a recent theory
calculation [188]. The yields assume 100 billion recorded Au+Au events.

From Figure 4.45 (left) we estimate that without U suppression the S/B ratios are U(1S): 1.6,
U(2S): 0.9, and U(3S): 0.8 for central Au+Au collisions. Using our estimates of the signal and
S/B ratio at each centrality as the unsuppressed baseline, we show in Figure 4.46 the expected
statistical precision of the measured RAA for 100 billion recorded Au+Au events assuming that
the suppression for each state is equal to that from a theory calculation [188]. For each state, at
each value of Npart, both the U yield and the S/B ratio were reduced together by the predicted
suppression level.

The pT dependence of the U modification in nuclear collisions places strong constraints on models,
so we present here some estimates of the statistical precision we expect from measurements with
sPHENIX. Figure 4.47 shows the expected yields as a function of pT for 10 weeks of p+p running —
the baseline for the RAA measurement. The expected statistical precision of the measured Au+Au
RAA versus pT is illustrated in Figure 4.48. These estimates are made assuming that the signal to
background ratio is independent of pT. Estimates are shown assuming no suppression of the U
states (left panel) and assuming the suppression predicted in [188] (right panel).

The expected statistical precision for U measurements with sPHENIX in a 10 week p+Au run is
illustrated in Figure 4.49. The suppression values used in the plot are set to match the double ratios
of U(2S)/U(1S) and U(3S)/U(1S) measured by CMS at 5.02 TeV collision energy in p+Pband p+p
collisions. The U(1S) is taken to be unsuppressed except for the modified feed down from the
excited states, and the suppression of the U(2S) and U(3S) states is arbitrarily taken to be linear
with centrality. The signal to background ratios in p+Au collisions are taken to be the same as
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Chapter 2

Physics-Driven Detector Requirements

Figure 2.1: End view of the sPHENIX detector with its component subdetectors.

In order to perform the physics measurements outlined in Chapter 1, sPHENIX must satisfy a
set of detector requirements. In this Chapter we discuss the physics-driven requirements on the
performance of the sPHENIX detector. In addition, as outlined in the Executive Summary, this
sPHENIX upgrade serves as the foundation for a future upgrade to a world class Electron-Ion
Collider (EIC) detector built around the BaBar magnet and sPHENIX calorimetry, and those
requirements are taken into account. The details of specific detector and GEANT4 simulations
regarding the physics capability of the sPHENIX reference design are given in Chapter 4. The
sPHENIX physics program rests on several key measurements, and the requirements that drive any
particular aspect of the detector performance come from a broad range of considerations related to
those measurements. A consideration of the physics requirements has led to the development of
the reference design shown in Figure 2.1 and this will be described in detail in Chapter 3.
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steel / scintillator HCal 

WSciFi SPACAL

sPHENIX: calorimeters
tracking: silicon + TPC



cross section of the calorimeter
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• tungsten powder SciFi SPACAL 
• φ x η = 2π x 1.1; Δη x Δφ = 0.025 x 0.025 

• → 24576 channels

EMCal

HCal
• steel / scintillating tile w/ WLS readout 

• plates parallel to beam 
• tilted to avoid channeling  

• Inner HCal: inside magnet 
• Outer HCal: outside magnet 

• doubles as flux return 
• φ x η = 2π x 1.1; Δη x Δφ = 0.1 x 0.1 

• → 3072

18X0; 1λ
1λ

1.4X0

3.5λ



hadronic calorimeter
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R1370.0

R1167.7

32°

Rout = 2.7m 

24 towers in |η| < 1.1

SF ~ 3.5%

SF ~ 6.7%

ΔSF(R) ~25% 
both sections have  

SiPM readout



EMCal structure
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Rin = 0.90 m 

SiPM readout/electronics/cooling



EMCal module construction

• absorber: tungsten powder 
• fiber: Kuraray SCSF78 

0.47mm 
• X0 = 0.7mm, RM = 2cm 
• ρ ~ 10g/cm3
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diamond fly cut end

Module 1 and Module 2 in process

Module 1 Module 2
Currently filled with tungsten powder 
and will be epoxied this afternoon.

5

SEM of tungsten powder

fiber assembly before filling



1D projective EMCal prototype
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1 brick = 2 towers

prototype = 64 towers

industry made

University of 
Illinois made



HCal prototype
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SiPM readout

Outer HCAL prototype with 
assembled steel plates and 

readout electronics

Inner and Outer HCAL prototypes each 4 x 4 towers 
• Inner:  =56 x 94 cm2 
• Outer: = 74 x 165 cm2

Polystyrene scintillating tiles (7 
mm) with WLS fiber (1 mm). One 

SiPM reads out both ends of 
fiber. SiPMs from 5 tiles summed 

into 1 tower



testbeam setup at Fermilab
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Geant 4 based simulations
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hadron
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data & simulation



EMCal Calibrations
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hadron rotated EMCal position 
for calibrations

beam

calibrate w/ 120 GeV 
proton beam MIP



HCal Calibrations
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HCAL calibration done with 
cosmic μ’s
Edep ~ 750 MeV (inner)
Edep ~ 1 GeV (outer) 

self triggering w/x16 higher 
gain



EMCal energy resolution & linearity
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sPHENIX Preliminary

Center	of	Tower	
center of tower (selected via hodoscope)

• similar performance between industry at Illinois built blocks 
• resolution better than our requirements 

• larger tilt angles → shallower showers 
• deviations from linearity  in part due to beam energy shifts from nominal 

values



position dependence of energy scale

• sources: 
• lightguide 

inefficiency near 
edges 

• gaps in fibers 
between towers?

17

Vertical Hodoscope Finger (5mm)
0 1 2 3 4 5 6 7

 5
 T

ow
er

 E
ne

rg
y 

Su
m

 (A
.U

.)
×

5 

3

4

5

6

7

8

9

0

100

200

300

400

500

Before Position Correction

Vertical Hodoscope Finger (5mm)
0 1 2 3 4 5 6 7

 5
 T

ow
er

 E
ne

rg
y 

Su
m

 (A
.U

.)
×

5 
3

4

5

6

7

8

9

100

200

300

400

500

sPHENIX Preliminary

After Position Correction

Energy	Across	Hodoscope	

width of tower



position dependence of energy scale
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EMCal energy resolution & linearity
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combining EMCal & HCal energy
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combined resolution

• combined resolution: 13.4% ⊕ 65.9 / √E 
• significantly better than our requirement
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HCal showers alone

• hadron resolution: 12.9% ⊕ 78.8 / √E 
• some deviations from linearity / saturation at high 

beam energy
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plans for further prototyping

• demonstrate high | η | performance 
• new tiles in HCal corresponding to | η | ~ 0.7 
• improved gain setting 
• 2D projective EMCal modules 

• also 4 towers / brick 
• redesigned lightguides
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Fermilab 
testbeam: January 

2017



summary & outlook
• sPHENIX is the planned new detector at RHIC in order 

to study the QGP with jets, photons, upsilons and 
heavy flavor 

• design and testing of the calorimeters is well 
underway 

• improvements identified, but test beam performance 
shows that the calorimeters meet the physics 
requirements 

• paper on these results is nearing completion and will 
be submitted soon! 

• next testbeam of high |η| modules planned for January 
2017
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extras



1D vs 2D projectivity

• projectivity in η improves large |η| hadron rejection 
• 1/17 testbeam: deomonstrate high |η| 

performance
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Collaboration MeetingJin  Huang <jihuang@bnl.gov> 12

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

Baseline performance, 
design goals
• Sum all scintillator energy
• 1D SPACAL material with hits 

grouped into 2D SPACAL 
towers 

2D projective SPACAL
• Updated studies (Preliminary)
• 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)

1D projective SPACAL

• Updated studies (Preliminary)

• 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)

Reconstructed η and p Reconstructed η and p



e/h: calorimeter system

27

Beam Energy
0 5 10 15 20 25 30

> π
>/

<E
e

<E

1
1.1
1.2
1.3
1.4
1.5
1.6
1.7
1.8
1.9

2

sPHENIX Preliminary


