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•Essential for Jet Physics Program.
• 32 Sectors.
• 48 tower per sectors.
• 5 scintillator tiles per tower.
• 1536 readout towers (7680 SiPM’s).
• 7,680 tiles sandwiched between steel 

absorber.
• Each sector has 10 rows with >8mm 

gap between  steel absorber.
• 24 tiles per row.
• 240 tiles in each sector.

INNER HCAL FRAME

sPHENIX Hadronic Calorimeter System

12 different tiles shapes per row(covering different pseudo rapidity)

February 2014/ Proof of Principle

February 2016/ h~0 Prototype

February 2017/ h~1 Prototype

March-June 2017/h~1 Prototype

Calorimeter Beam Tests  (T-1044 at Fermi LAB)
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Fig. 3. A measurement of the linearity of the energy response for electrons
in the EMCal. A position dependent energy correction was applied to the
data using beam position information from the hodoscopes (black) and from
EMCal clusters (red). The bottom panel is the ratio of the measured energy
to the input energy of the beam.

well within the sPHENIX requirement of 15%/
p
E but this

is an idealized resolution for this detector since these clusters
are selected such that they hit the center of the tower which
is not realistic in the eventual sPHENIX environment.

For the 2016 test beam we relaxed the requirement that
the beam be centered on a tower and reported the energy
resolution which one would expect to achieve in the actual
sPHENIX experiment. However, when the requirement was re-
laxed for the 2017 prototype, which used the first 2D SPACAL
blocks ever produced, a degraded resolution was measured.
This effect is attributed to poor block boundaries that were
observed in the early production of the 2D SPACAL blocks.
Since improvements to the production of the 2D SPACAL
blocks have been achieved, a more accurate measurement
of the resolution for the expected sPHENIX performance is
expected in the 2018 prototype of with new blocks. While
the data and simulation show reasonable agreement, quantified
comparisons and conclusions from the 2017 test beam should
not be made until the test beam results of the improved 2018
prototype are measured.

V. 2017 HCAL PROTOTYPE PERFORMANCE

First, results for the hadronic calorimeters without the
EMCal in front are discussed. In the 2016 test beam, data
was only collected for the negative charged pions. In 2017
data was collected for both negative and positively charged
pions. Those results are shown in Figure 4. The data are
consistent with expectations from GEANT4 and indicate no
significant difference in the HCal response to positive and
negative charged particles.

To assess the sPHENIX calorimeter response to hadrons,
the energy resolution for pions with the all calorime-
ters in place is measured. Since the response de-
pends on where in the calorimeter the shower devel-
ops, the resolution for pions that start showering in the
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Fig. 4. The energy resolution for positive (black) and negatively charged
pions (red).
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Fig. 5. The energy resolution for hadrons which start showering in the EMCal
(black circles), inner HCal (red squares) and outer HCal (blue triangles).
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Fig. 6. The linearity of the energy response for hadrons which start showering
in the EMCal (black circles), inner HCal (red squares) and outer HCal (blue
triangles).

Response consistent for both positive 
and negative pions.
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Fig. 25: Tower to tower calibration for inner and outer HCal was done with cosmic muons. (a) Inner HCal cosmic muon energy
deposition in simulation in one column. Muons were simulated at 4 GeV moving from the top to bottom. Bottom towers energy
depositions are higher due to the tilted plate design where muons has to go through a longer path through the scintillating tiles.
(b) Measured raw ADC spectrum of cosmic MIP events in the inner HCal.
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Fig. 26: Hadron reconstruction in standalone HCal setup. Cali-
brated 4⇥4 tower energies were added together from inner and
outer HCal. The simulation is shown by the filled histogram and
the solid points are the data. Both are in good agreement. The
peak at the lower energies in the data corresponds to the small
fraction of muon events that MIP through the HCal, were not
simulated.

matches the expected resolution from simulations very well.847

The HCal was calibrated for hadronic showers and then used848

to measure electron showers. The electron resolution for the849

standalone HCal is 8.1 � 31.3%/
p
E. This demonstrates the850

HCal’s ability to assist the EMCal by measuring the electron851

energy leaking from the EMCal into HCal.852

As seen in Figure 27(b), the hadron energy response is853

well described by a linear fit where reconstructed energy is854

same as the input energy. The bottom panel shows the ratio855

between the reconstructed energy and the fit. The 4 GeV hadron856

measurement is poor due to the fact that the hadron peak is hard857

to distinguish because it is too close to muon MIP peak as seen858

in Figure 26. The electrons are described well with a second859

order polynomial due to non-linear e/h response.860

Figure 28 shows the HCal hEei/hE⇡i response. Data is861

compared with several different GEANT4 simulation setups by862

changing physics lists and Birk’s constants. Simulation with a863

Birk’s constant of 0.02 cm/MeV describes the data well.864

E. Hadron Measurement with sPHENIX configuration865

The full hadron measurement is done with the sPHENIX866

configuration, which includes all three segments of calorimeters867

including the EMCal in front of the HCal. In this configuration868

the total energy will be reconstructed by summing up the869

digitized data from both the EMCal and HCal. The development870

of hadronic showers is a complicated process with significant871

fluctuations of the reconstructed energy compared to electro-872

magnetic showers. Distinguishing the shower starting position873

helps to understand the longitudinal shower development fluc-874

tuations. Therefore, in this analysis, the events are sorted into875

three categories depending on their longitudinal shower profile:876

• HCALOUT: Events where hadron showers MIP through877

the EMCal and inner HCal. These showers are developed878

primarily in the outer HCal alone or MIP through the full879

calorimeter system. These events are shown as the blue880

curve in Figure 29.881

• HCAL: Events where hadron showers MIP through the882

EMCal. In these events, hadron showers start either in883

the inner HCal or outer HCal or MIP through all three884

16

Consistent with GEANT4 simulations 

Full calorimeter system plots
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Energy resolution is best when looking at entire calorimeter system

Energy resolution is a bit worse when requiring shower to develop in
HCal

Energy linearity is excellent

All results reasonable in comparison to 2016 prototype
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Full calorimeter system plots
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2016 mid rapidity 2017  high rapidity

Identical to the right with 12 tile shapes

Additional beam test was carried out in February-March 2018 
with inner HCal un-instrumented.

Side view of a 32 GeV p-
shower as simulated in the
EMCal and HCal prototype.
The inner HCal is the tilted
plates in the middle while
the outer HCal tilted plates
on the right side.

GEANT4 Simulation

Prototype Performance

HCal prototypes satisfy the energy resolution requirement of less than 150%/√E

Scintillator Tile Production at Uniplast

Extruded scintillator
Cut & Groove

Pack & Ship to 
GSU for 

performance test 

Coating

Cosmic ray test @ factory

Glue fiber & wrap

Wrapped tile
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Scintillator Tile Performance Test at GSU

Unpack 
& fit test

Cosmic 
ray test

Data 
Analysis

Repack & 
ship to BNL

8 tiles + 2 reference tiles

Summary & Outlook
• Multiple beam tests successfully demonstrated the performance of calorimeter

system within sPHENIX specifications.

• Test procedure to check tile performance is established at GSU before
sending scintillator tiles to BNL.

• Sectors assembly with calorimetric towers each having five tiles of same
shape and similar performance (PR) grouped together in azimuth is already
started in BNL.

• sPHENIX will start to take data at RHIC in 2023.

Two sectors of steel absorber plates

Outer HCalInner HCal


