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In Spring 2023, the sPHENIX detector at BNL’s Relativistic Heavy Ion 
Collider (RHIC) will begin measuring a suite of unique jet and heavy 
flavor observables with high statistics and kinematic reach at the 
RHIC energies. 

The combination of electromagnetic calorimetry, hadronic calorimetry, 
precision tracking, and the ability to record data at a very high rates 
enables measurements of jets, jet substructure, and jet correlations 
at RHIC with a kinematic reach that will overlap with similar 
measurements at the LHC. 

Jet observables are a particularly useful probe of the Quark Gluon 
Plasma (QGP) formed in heavy-ion collisions since the hard scatted 
partons that fragment into final state jets are strongly “quenched”, 
losing energy to the medium as they traverse it.

Jets reconstructed using 
calorimeter towers

Event by event underlying 
event determination
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UE estimation for HI jets

4

Same algorithm used for pp & PbPb collisions even though UE small in 
5 TeV pp (mu~1).
Inputs 0.1x0.1 calorimeter towers
UE determined event by event in 0.1 η strips
Jet candidates excluded from UE determination

Based on max/mean tower in the first UE estimate
Additional correction for φ modulation of UE (v

2
-v

4
) due to collision 

geometry.
The UE is estimated for “DF jets” as

“DF” jets reco. corrects for φ variation in detector response by tower-
level weights.    
Modified version of UE estimates for “non-DF” takes into account also 
sampling layer information. 

 

 

Average energy 
density, excluding 

regions with jet 
candidates

Flow modulation: v2

Method from: Phys.Rev.C 86 (2012) 024908

Expected yields based 
on 3 year run plan

Jet v2

Constrain models of path-
length dependence of 
energy loss for jets near 
QGP medium scale

R-dependence of 
jet quenching

Expect precision in region 
of tension between LHC 
experiments

Complimentary to the LHC

Jet measurements at:
• high pToverlap with LHC
• low pThigh precision

High statistics:
• Photons for 𝛾 + jet measurements
• Charged hadrons for substructure

Heavy flavor jets
• see talk by 

A. Silva on
Tuesday

Inner and Outer HCals EMCal

TPC INTT

Jet Physics

Calorimeter Jets in sPHENIX

Introduction The sPHENIX Detector

Installation

Calorimeters: Inner and outer hadronic calorimeters (iHCAL, oHCAL), electromagnetic calorimeter (EMCAL)
Tracking: Time projection chamber (TPC), TPC outer tracker (TPOT), intermediate silicon tracker (INTT), 

MAPS-based vertex detector (MVTX)
Event characterization: minimum bias detector (MinBIAS), event plane detector (sEPD) 
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Figure 4.2: Statistical projections for (left) the jet-to-photon pT balance, xJg, for photons with pT >
30 GeV and (right) the subjet splitting fraction zg for jets with pT > 40 GeV. Statistical uncertainties
in the right panel are smaller than the markers. The projected distributions are sampled from those
predicted according to JEWEL v2.2.0.
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Figure 4.3: Left: Statistical projections for the jet yield as a function of the azimuthal distance from the
event plane in 10–30% Au+Au events. Right: Statistical projection for a measurement of the jet v2 in
10–30% events as a function of jet pT, compared to that from ATLAS and ALICE at the LHC (where
the error bars show the total statistical and systematic uncertainties together).

below.

Figure 4.2 shows a statistical projection of the photon–jet pT balance distribution, and of the sub-jet
splitting function zg, both in p+p events compared to that predicted by the JEWEL Monte Carlo
event generator [7] configured for RHIC conditions in 0–10% Au+Au central events. In both
cases, sPHENIX will have large-statistics data samples to measure these specific distributions and
investigate the associated physics.

Figure 4.3 which shows a statistical projection for a jet v2 measurement in 10–30% Au+Au events.
The azimuthal dependence of jet quenching is of particular interest since most theoretical calcu-
lations have been unable to simultaneously describe suppression and anisotropy at RHIC. The
right panel compares the expected kinematic reach with measurements at the LHC by ATLAS [8]
and ALICE [9]. Whereas the LHC can achieve a controlled measurement at high pT, the systematic
uncertainties grow substantially at lower pT. sPHENIX is expected to have a significant advantage
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Figure 4.2: Statistical projections for (left) the jet-to-photon pT balance, xJg, for photons with pT >
30 GeV and (right) the subjet splitting fraction zg for jets with pT > 40 GeV. Statistical uncertainties
in the right panel are smaller than the markers. The projected distributions are sampled from those
predicted according to JEWEL v2.2.0.
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event plane in 10–30% Au+Au events. Right: Statistical projection for a measurement of the jet v2 in
10–30% events as a function of jet pT, compared to that from ATLAS and ALICE at the LHC (where
the error bars show the total statistical and systematic uncertainties together).

below.

Figure 4.2 shows a statistical projection of the photon–jet pT balance distribution, and of the sub-jet
splitting function zg, both in p+p events compared to that predicted by the JEWEL Monte Carlo
event generator [7] configured for RHIC conditions in 0–10% Au+Au central events. In both
cases, sPHENIX will have large-statistics data samples to measure these specific distributions and
investigate the associated physics.

Figure 4.3 which shows a statistical projection for a jet v2 measurement in 10–30% Au+Au events.
The azimuthal dependence of jet quenching is of particular interest since most theoretical calcu-
lations have been unable to simultaneously describe suppression and anisotropy at RHIC. The
right panel compares the expected kinematic reach with measurements at the LHC by ATLAS [8]
and ALICE [9]. Whereas the LHC can achieve a controlled measurement at high pT, the systematic
uncertainties grow substantially at lower pT. sPHENIX is expected to have a significant advantage
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in measuring jets down to lower pT given the lower RHIC energy, and the projection in Fig. 4.3
demonstrates that sPHENIX will have the required luminosity to constrain the jet v2 in the range
25–60 GeV.
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Figure 4.4: Left: Statistical projections for the jet RAA double ratio between a large cone size and that
for R = 0.2 in 0–10% Au+Au events. Right: Statistical projection for the RAA double ratio for R = 0.5
compared to the latest similar measurements at the LHC.

Figure 4.4 shows a projection for suppression measurements of large-R jets in sPHENIX. These
measurements probe the interplay of out-of-cone energy loss and the angular distribution of
medium response effects, most recently highlighted by CMS [10]. For the projection in Figure 4.4,
we expect that the jet RAA for different jet R values can be reported in the kinematic region where
the jet energy resolution is below 30%. Even with this conservative assumption, sPHENIX will
be able to report the R-dependence of the RAA over a wide pT range and multiple cone sizes. The
right panel compares the expected RAA double ratio to the state of the art at the LHC. Note that in
the low pT region, the LHC experiments are in significant tension, with measurements featuring
large, model-dependent uncertainties. sPHENIX can make a well-controlled measurement directly
in this region of interest.

4.2 Upsilon Physics

High precision measurements of Upsilon production with sufficient accuracy for clear separation
of the U(1S, 2S, 3S) states is a key deliverable of the sPHENIX physics program. The centrality
dependence and particularly the pT dependence are critical measurements for comparison between
RHIC and the LHC, since the temperature profiles from hydrodynamic calculations show important
differences with collision energy.

The projected statistical uncertainties for the RAA of all three U states, including the U(3S), are
shown in Figure 4.5 (left) as a function of the number of participants in the Au+Au collision.
For the U(3S) projection, we assume that the RAA for the U(3S) is approximately half of that for
the U(2S), as observed in a recent measurement by CMS at the LHC. Thus, if the relationship
between the 2S and 3S is reasonably similar at RHIC, sPHENIX has the opportunity to explore the
systematics of the 3S suppression in some detail.

Figure 4.5 (right) shows the projected RAA in 0–60% Au+Au events, as a function of Upsilon
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Figure 4.1: Projected total yields (left) and RAA (right) for jets, photons, and charged hadrons in 0–10%
Au+Au events and p+p events, for the first three years of sPHENIX data-taking.

Signal Au+Au 0–10% Counts p+p Counts

Jets pT > 20 GeV 22 000 000 11 000 000

Jets pT > 40 GeV 65 000 31 000

Direct Photons pT > 20 GeV 47 000 5 800

Direct Photons pT > 30 GeV 2 400 290

Charged Hadrons pT > 25 GeV 4 300 4 100

Table 4.1: Projected counts for jet, direct photon, and charged hadron events above the indicated
threshold pT from the sPHENIX proposed 2023–2025 data taking. These estimates correspond to the
28 cryo-week scenarios.

photons.

As another way of indicating the kinematic reach of these probes, the nuclear modification factor
RAA for each is shown in Figure 4.1 (right). There are varying theoretical predictions concerning
the behavior of the RAA at higher pT which will be definitively resolved with sPHENIX data.

The projection plots above indicate the total kinematic reach for certain measurements, such as
those which explore the kinematic dependence of energy loss. For other measurements, it is useful
to have a large sample of physics objects to study the properties of their intra-event correlations,
for example for jets (their internal structure), photons (for photon+jet correlations), and hadrons
(for hadron-triggered semi-inclusive jet measurements). We illustrate the total yields in sPHENIX
above some example pT thresholds in Table 4.1. We highlight that, in many cases, it is the p+p
baseline rather than the Au+Au data will be the dominant contributor to the statistical uncertainties
in many of the unique, flagship sPHENIX measurements.

Several specific examples of sPHENIX projections for jet correlations and jet properties follow
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As another way of indicating the kinematic reach of these probes, the nuclear modification factor
RAA for each is shown in Figure 4.1 (right). There are varying theoretical predictions concerning
the behavior of the RAA at higher pT which will be definitively resolved with sPHENIX data.
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those which explore the kinematic dependence of energy loss. For other measurements, it is useful
to have a large sample of physics objects to study the properties of their intra-event correlations,
for example for jets (their internal structure), photons (for photon+jet correlations), and hadrons
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Figure 4.2: Statistical projections for (left) the jet-to-photon pT balance, xJg, for photons with pT >
30 GeV and (right) the subjet splitting fraction zg for jets with pT > 40 GeV. Statistical uncertainties
in the right panel are smaller than the markers. The projected distributions are sampled from those
predicted according to JEWEL v2.2.0.
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Figure 4.3: Left: Statistical projections for the jet yield as a function of the azimuthal distance from the
event plane in 10–30% Au+Au events. Right: Statistical projection for a measurement of the jet v2 in
10–30% events as a function of jet pT, compared to that from ATLAS and ALICE at the LHC (where
the error bars show the total statistical and systematic uncertainties together).

below.

Figure 4.2 shows a statistical projection of the photon–jet pT balance distribution, and of the sub-jet
splitting function zg, both in p+p events compared to that predicted by the JEWEL Monte Carlo
event generator [7] configured for RHIC conditions in 0–10% Au+Au central events. In both
cases, sPHENIX will have large-statistics data samples to measure these specific distributions and
investigate the associated physics.

Figure 4.3 which shows a statistical projection for a jet v2 measurement in 10–30% Au+Au events.
The azimuthal dependence of jet quenching is of particular interest since most theoretical calcu-
lations have been unable to simultaneously describe suppression and anisotropy at RHIC. The
right panel compares the expected kinematic reach with measurements at the LHC by ATLAS [8]
and ALICE [9]. Whereas the LHC can achieve a controlled measurement at high pT, the systematic
uncertainties grow substantially at lower pT. sPHENIX is expected to have a significant advantage
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JES and JER are for uncalibrated jets and do not include flow subtraction

https://journals.aps.org/prc/abstract/10.1103/PhysRevC.86.024908

