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Abstract
The SPHENIX detector is a new experiment at RHIC at BNL, designed to measure jets
and upsilons in heavy-ion collisions. The SPHENIX hadronic calorimeters are used to
measure jets and are comprised of two metal/scintillator sampling detectors inside
and outside of SPHENIX's cylindrical magnet. The outer calorimeter has acceptance
of –1.1 ≤ η ≤ 1.1 and 0 ≤ φ < 2π, and a depth of 3.8 nuclear-interaction lengths.
Construction of the detector was completed in spring 2021. The 32 sectors comprising
the outer calorimeter were built in a factory setting, with multiple sectors
simultaneously being assembled (populated with scintillator and electronics), tested
(using fixed LEDs to record scintillator response), and calibrated. Each sector was
calibrated with cosmic muons. This poster discusses the design, assembly, and testing
of the outer hadronic calorimeter. Status of testing and calibration using cosmic rays
and simulation are shown.

sPHENIX Detector	in	General

Conclusions
• The calorimetry systems of SPHENIX

work together to provide unbiased jet 
measurements for the experiment’s jet 
and fragmentation-function studies.

• The self-trigger developed during 
testing provides a basis for cosmic 
muon calibration during the 
detector’s life at RHIC and the EIC

• The data and analysis developed here 
provide groundwork for additional 
tools and investigations 

(Supported	by	DOE	Award	DE-SC0007017)

 IEEE	NUCLEAR	SCIENCE	SYMPOSIUM
AND	MEDICAL	IMAGING	CONFERENCE

Calorimeters
• Uniform, hermetic in |η|<1.1 and 0 ≤ φ < 2π
• Electromagnetic Cal. (18 X0, 1 λI)

• Tungsten–Scintillating Fiber 
• Δη × Δφ ≈ 0.025 × 0.025
• sE/E < 16%/√E ⊕ 5%

• Inner HCAL (0.25 λI)
• Aluminum plates, scintillating tiles 

w/WLS fibers
• Used in tandem with EMCal and OHCal

• Outer Hadronic Calorimeter (3.8 λI)
• Low-carbon steel plates, scintillating tiles 

w/WLS fibers; 6m long, 12t heavy
• Flux return
• Δη × Δφ ≈ 0.1 × 0.1
• sE/E = 100%/√E

Tracking
• MVTX (based on ALICE ITS)

• 3-layer MAPS vertex tracker
• Excellent 2D DCA resolution, 

< 25 µm, pT > 1 GeV/c
• INTT:

• 2-layer Si strip 
• TPC:

• 48 layer, continuous readout, 
R = 20 − 78 cm

• Good momentum resolution 
pT = 0.2 − 40 GeV/c

Magnet
• Babar SC solenoid, 1.4 X0
Read-out
• All detectors at 15 kHz trigger rate

Outer	Hadronic	Calorimeter	Design	and	Assembly

Cut-away	of	sPHENIX

Outer	Hadronic	Calorimeter
BaBar Magnet

Inner	Hadronic	Calorimeter
Electromagnetic	Calorimeter

Time-Projection	Chamber
Silicon	Strip	Tracker

Monolithic	Active	Pixel	Detector

Hadronic Calorimeter Prototype construction

Figure 4.3: Transverse cutaway view of an HCal module, showing the tilted tapered absorber
plates. Light collection and cabling is on the outer radius at the top of the drawing.

structure is shown in Figure 4.4.1455

Validation of this mounting scheme has been demonstrated using finite element modeling1456

and analysis to calculate the stresses and displacements of the design concept.1457

4.3 Prototype construction1458

To verify the design performance, HCal prototypes have been assembled at Brookhaven1459

National Laboratory and tested at the Fermilab Test Beam Facility (FTBF) as experiment1460

T-1044.1461

• The first beam test was performed in February of 2014. It was during the prelimi-1462

nary stage of the detector development. The goals included characterization of the1463

light yield of the full detector for hadronic showers, as well as an investigation of1464

the energy response and calibration procedures. This prototype reflects an earlier1465

iteration of the design, where both the Inner and Outer HCal were located outside1466

of the solenoid magnet. In addition, fiber routing from this earlier design has since1467

been further optimized.1468

• The second beam test was performed in April of 2016. The prototype configuration1469

was intended for mid-rapidity configuration in the sPHENIX detector and reflects1470

the current positions of the Inner and Outer HCal.1471
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▲ Scintillating	tiles	tilted	in	φ from	radius

Hadronic Calorimeter Detector Design

embedded fiber pattern.1422

Figure 4.2: Scintillator tiles in a layer of the HCal.

4.2.2 Detector design1423

The major components of the HCal are tapered steel absorber plates and 7680 scintillating1424

tiles which are read out with SiPMs along the outer radius of the detector. The detector1425

consists of 32 modules, which are wedge-shaped sectors containing 2 towers in f and 241426

towers in h equipped with SiPM sensors, preamplifiers, and cables carrying the differential1427

output of the preamplifiers to the digitizer system on the floor and upper platform of the1428

detector. Each module comprises 9 full-thickness absorber plates and 2 half-thickness1429

absorber plates, so that as the modules are stacked, adjoining half-thickness absorber plates1430

have the same thickness as the full-thickness absorber plates. The tilt angle is chosen to be1431

12 degrees relative to the radius, corresponding to the geometry required for a ray from1432

the vertex to cross four scintillator tiles. Table 4.3 summarizes the major design parameters1433

of the HCal, which is illustrated in Figure 4.3.1434

Since the HCal will serve as the flux return of the solenoid, the absorber plates are single,1435

long plates running along the field direction. The HCal SiPM sensors and electronics are1436

arranged on the outer circumference of the detector.1437

The SiPMs attached to the tiles in a given tower must be gain matched, because we plan to1438

provide the same bias voltage on all five of the SiPMs in a tower. This should be possible1439

by sorting the SiPMs according to the manufacturer’s measurements. The SiPM sensors,1440
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▲ Scintillating	tiles	tilted	in	η from	center	of	barrel

▲ HCal Assembly	at	BNL’s	AGS	Fixed-Target
Experimental	Hall

▲ In-Progress Assembly

▲ Electronics;	power,
signal	cables;	LED	drivers	

and	optical	fibers
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Tower-sum	LED	pulse	(single	event)
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A	single,	triggered	cosmics eventTime
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Testing
• Tower-ID Test: Check connections
• Test Pulse: Charge-injection to make sure that the 

electronics are working correctly
• LED Scan
• tests the SiPMs and associated electronics
• individual tiles’ response to fixed LED light
• benchmark for changes

• Cosmics
• Sector is divided into thirds

1. Group’s sum is above a threshold; and
2. At least two towers in group have their 

individual signal above another threshold
• Each triggering event reads out the whole sector
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▲ Cosmics data	for	one	sector over	1	hour	
(black =	no	cuts;	red =	vertical-muon	cuts)
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Calibration	with	Cosmic	Muons
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h_raw_vert_veto_12 (5-S-B25-U, 8213)Single-Tower Muon Response & Gamma Distribution Fit (1 hr.)

PRELIMINARY

Fitting	Single-Tower	MIP	Peak	with	
Gamma	Distribution

▲ Points	represent	mean	MIP	peak	position,	
error-bars	represent	RMS	of	the	48	towers	in	each	sector
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▲ Vertical	muon Response	in	one	tower	
from	one	sector	over	1	hour


