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1. Response Summary plots
• Possible jet pT response summary plots 

➡ note: no jet-level calibration, but see y-axis label 
➡ (since last GM: fixed HI jet reco)
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pick R=0.2 and R=0.4, see centrality-
indep. response (compare same 

markers of different colors)

pick p+p and 0-4fm, show all 
cone sizes (compare the 

different markers of same color)
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1. Resolution Summary plots
• Possible jet pT resolution summary plots 

➡ note: y-axis is sigma / mean 

➡ (since last GM: fixed HI jet reco, fixed y-axis def’n.)

pick R=0.2 and R=0.4, see how 
JER grows with event activity

pick p+p and 0-4fm, show 
how JER grows with cone size
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Fragmentation functions
• Compare generator-level with reco-level z = pTtrk / pTjet distribution 

in all collision systems, one subtlety in these plots: 
➡ use truth charged-particle kinematics (assume one can 

measure pTtrk much more precisely than pTjet, and correct by 1/ϵ)
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(minimal centrality dependence in this kinematic region)

Fragmentation functions
• Compare generator-level with reco-level z = pTtrk / pTjet distribution 

in all collision systems, one subtlety in these plots: 
➡ use truth charged-particle kinematics (assume one can 

measure pTtrk much more precisely than pTjet, and correct by 1/ϵ)
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(minimal centrality dependence in this kinematic region)

Dijet Asymmetry 

Dijet AJ distributions
• Compare generator-level with reco-level AJ = (pT,1 - pT,2) / 

(pT,1 + pT,2) distribution in all collision systems 

• Two cone size + pT selections to illustrate a point: 

R=0.2, pT,1 > 50 GeV: 
essentially no centrality-

dependence at reco-level 

R=0.4, pT,1 > 30 GeV: 
visible but “small” 

centrality dependence
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Fragmentation Function  

• Redistribution of energy within parton shower is an important observable 
 for understanding the underlying dynamics of jet quenching 

• Truth charged-particle kinematics are used  
(assumes pTTrack can be measured more precisely than pTJet)

Photon+Jet pT balance 

Jet physics at sPHENIX

Jet Response and Resolution 

• Reconstructed calorimeter jet pT / Particle-level truth jet pT 
• Similar response in p+p and Au+Au (no centrality dependence) for the same R 
• JER is worse for larger R  

• At large R and low pT: dominated by fluctuations in the underlying event 
• At small R or high pT: dominated by an intrinsic resolution of calorimetry system

Conclusions and Outlook

Calibration study in p+p

Jet Response Jet Energy Resolution

z = pTrackT /pJetT
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Photon+jet xJg distributions

R=0.2: essentially no centrality-
dependence at reco-level 

R=0.4: visible but “small” 
centrality dependence
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• Compare generator-level with reco-level xJɣ = pTjet / pTɣ distribution in 
all collision systems, two subtleties in these plots: 
1. Use truth photon (assume ɣ E res. subdominant to that for jet) 
2. Apply multiplicative “calibration” such that <xJɣ>pp-reco = <xJɣ>truth

• Truth photon information is used 
(assumes resolution of photon is subdominant to  
that of jet)

Photon-tagged jetDijet

• Sensitive observable to jet quenching in QGP 
• Dijet observables are much less contaminated 

by fake jets than inclusive jet measurements 
• No centrality dependence at RECO level

Performance of the sPHENIX Calorimeter System
and Results of the 2018 Beam Test at Fermilab

Eric J. Mannel for the sPHENIX collaboration

Abstract—sPHENIX is the next stage of the PHENIX ex-

periment at the Relativistic Heavy Ion Collider (RHIC) at

Brookhaven National Laboratory designed to provide a detailed

understanding of the evolution of the Quark-Gluon Plasma

using precision measurements of jets and heavy flavors in heavy

ion collisions at RHIC. The sPHENIX detector is based on

the former BaBar 1.5T super-conducting solenoid and consists

of precision tracking, electromagnetic (EMCal) and hadronic

(HCal) calorimetry covering 2⇡ in azimuth and ±1.1 in pseudo-

rapidity. The EMCal is a 2-D projective calorimeter consisting

of scintillating fibers embedded in a tungsten powder infused

epoxy. The HCal is 2-D projective design using tilted plate

consisting of steel absorber and scintillating tiles with wave-

shifting fibers. Both the EMCal and HCal calorimeters use

silicon photo-multipliers (SiPMs) as the optical sensor and have

a common readout based on a new 14-bit ADC digitizer system

system designed for sPHENIX. To verify the final design of

the calorimeter system, prototype EMCal and HCal detectors

and full readout electronics were constructed and tested at the

Fermilab Test Beam Facility as part of the T-1044 experiment in

the spring of 2018. In this paper we present the results of the

2018 run of T-1044 and prospects for the sPHENIX experiment.

I. INTRODUCTION

The sPHENIX collaboration has proposed a major upgrade
to the PHENIX spectrometer, sPHNEIX [1], to provide de-
tailed studies of the Quark-Gluon Plasma (QGP) produced in
heavy ion collisions at the Relativistic Heavy Ion Collider
(RHIC) at Brookhaven National Laboratory. Based on the
BaBar 1.5T super-conducting solenoid the sPHENIX detec-
tor will consist of tracking, electromagnetic and hadronic
calorimetry. The conceptual design of the sPHENIX detector
is shown in Fig. 1. The detectors will have a uniform coverage
over a range of 2⇡ in azimuth and |⌘| < 1.1 in pseudo-rapidity,
and optimized for jet studies in p+p, p-A and A+A collisions
at the RHIC. The compact nature of the calorimeters and
their close proximity to the solenoid requires that the optical
sensors be small and capable of operating in a high magnetic
field. In order to meet these design constraints, Silicon Photo-
multipliers (SiPMs) have been selected as the optical sensor.
A common front-end electronics design for the calorimeters
has been adopted for both calorimeters in order to minimize
the design costs. The analog signals are waveform digitized
with a 14-bit ADC operating at 6 times the beam crossing
frequency, nominally 60 MHz.

II. PROTOTYPE DETECTORS AND ELECTRONICS

The baseline design for the electromagnetic calorimeter,
EMCal, is a 2-D projective SPACAL design that consists of
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Fig. 1. The conceptual design of the sPHENIX detector showing the two
calorimeters, solenoid, inner tracking and support structure.

tungsten powder and epoxy with embedded scintillating fibers
(W/SciFi) [2], [3]. A light guide is positioned on the inner
radius of the EMCal to form a tower. On the end of the
light guide a 2 ⇥ 2 array of SiPMs is attached to sample the
light produced by a shower in the tower. The analog front
end electronics are located next to the light guides on cooling
plates which are connected to a water-glycol based cooling
system to maintain a stable operating temperature.

A key element of the sPHENIX detector is the hadronic
calorimeter, HCAL, which is a sampling calorimeter consisting
of 2 radial sections; an inner HCal detector which is located
inside the solenoid directly behind the EMCal and an outer
HCal detector that is located immediately outside the solenoid.
Both inner and outer HCal detectors are constructed from
alternating layers of absorber plates and scintillating tiles with
a wave-shifting fiber. The plates are tilted from the radial
direction to provide a more uniform sampling of showers and
minimize channeling. The steel plates of the outer HCal also
serve as the flux return for the solenoid.

The compact nature of the EMCal and HCAL, and their
close proximity to the solenoid require an optical sensor that
is both small and capable of operating in a high magnetic field.
In order to meet these requirements, the Hamamatsu S10362-
33-15C MultiPixel Photon Counter (MPPC) has been selected
for the sPHENIX calorimeters. A common front end analog
system has been designed to amplify, shape and drive the

• Calorimeter system 
• Uniform and hermetic in |η|<0.85 and 0 < φ < 2π 
• ElectroMagnetic Calorimeter (18 X0, 1 λ) 

• Tungsten-Scintillating Fiber 
• Δη x Δφ ~ 0.025 x 0.025 

• Aluminum Frame (0.25 λ) 
• Located between EMCal and SC Magnet 
• Potential to be instrumented for increased 

performance 
• Outer Hadronic Calorimeter (3.8 λ) 

• Steel plates and scintillating tiles with WLS fibers 
• Also serves as the flux return 
• Δη x Δφ ~ 0.1 x 0.1

 Al frame

 Outer HCal

 SC Magnet

 EMCal

 TPC

 INTT

 MVTX

 Endcap 
 Flux Return

• Detector performance requirements 
• Jet radius down to R=0.2 (fine segmentation) 
• Jet energy resolution:  

• σE/E < 120%/√E in p+p for R=0.2-0.4 
• σE/E < 150%/√E in central Au+Au for R=0.2 

• Photon energy resolution in EMCal: σE/E < 15%/√E 
• Tracking resolution: dp/p < 0.2% x p (for a 40 GeV jet) 
• Track reconstruction efficiency > 90 % for pT > 3 GeV/c

• Jet Simulation 
• Anti-kT algorithm with FastJet package 
• Full Geant4 simulation 
• Jet |η| < 0.45, E=15-60 GeV, R=0.2-0.4 
• PYTHIA8 jets for p+p  
• PYTHIA8+HIJING for Au+Au 

• b=0-4 fm (0-7%) 
• b=4-8 fm (7-30%)

• Jet response depends on EM fraction in a jet 
• Different EMCal response to EM vs. hadronic showers 
• Response depends on longitudinal center of gravity 

• Calorimetry segments need to be calibrated separately 
• EMCal clusters with hadronic energy (EEMCalhad) and  

with EM energy (EEMCalem) are separated using  
1) Cluster-Track matching and 2) EEMCal/pTrack cut 

• Scale factors A, B, and C (B=0 for MIE 2018 configuration)

• Jet response close to unity after calibration 
• JER shows no significant improvement for MIE 2018 configuration  
• JER is observed to be improved over the entire energy range with instrumented inner HCal

• Photon provides good access to parent parton energy  
of the associated jet 
• Also useful for jet energy calibration 

• γ-jet events are mainly initiated by quarks 
• Flavor comparison between quark and gluon jets

• Data-driven calibration technique using γ-jet events 
• Reconstructed photon energy as a reference 
• A,B,C determined by minimizing the quantity with MINUIT: 
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Abstract 

The proposed sPHENIX detector at RHIC will allow state-of-the-art measurements of jets and jet 
correlations, making use of recent technological and conceptual advances. The kinematic reach of 
these measurements will overlap with those made at the LHC by taking advantage of the increased 
luminosity due to RHIC accelerator upgrades and the sPHENIX acceptance and rate capability. 
Particle jets, formed when a hard scattered parton fragments and then hadronizes into a spray of 
particles, have been proposed as a probe of the Quark-Gluon Plasma (QGP) and used extensively at 
the LHC. As these partons traverse the QGP, they lose energy to the medium, an effect called "jet 
quenching". To answer fundamental questions about parton energy loss and the microscopic nature 
of the QGP, we need to characterize both the medium induced modification of the jet fragmentation 
and the correlation of the lost energy with the jet axis. Photon+jet correlations are especially useful 
as the photon kinematics are more tightly correlated with the hard scattered parton. Jet 
fragmentation and jet structure measurements, which require the precise tracking and calorimetry 
that are part of sPHENIX, will provide highly detailed information about the interaction of the parton 
with the medium. . We will show the performance of jet and photon+jet observables within the 
sPHENIX simulation framework developed for understanding the performance of the new detector.

pT,1

pT,2 RAA projections (“T-shirt” plot)

• Updated for 5-year run plan luminosity projections & reduced 
acceptance of MIE 2018 configuration  
➡ see GM or JS slides for more details 

• Summary of results: 
➡ x-axis now extends to 75 GeV (c.f. 80 GeV in old plots) 
➡ all RAA series “lose” 1-2 points w/ large statistical error at the end
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OLD

• Jet measurements provides us better understanding of 
parton energy loss mechanisms in the QGP 

• sPHENIX, the new generation experiment at RHIC, will 
allow a direct comparison to the LHC 
• Expanded kinematic range (jet up to ~70 GeV) 
• Jet performance satisfies our specification 
• Investigation into the various LHC-inspired 

observables (AJ, xJγ, fragmentation,  etc) is underway  
• Calibration using γ-jet events is developed in p+p 

• Need further study to extend calibrations to Au+Au
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