
The sPHENIX Calorimeters

Presented by E.Kistenev

On behalf of sPHENIX, BNL

2018.05.21

CALOR 2018, UO, Eugene, OR

1

Special thanks to John Haggerty and  
Craig Woody for contributed slidesS



What is sPHENIX?
sPHENIX is a proposal for a major upgrade to the PHENIX detector capable of making high statistics 
measurements of:

– Jets with tracking and calorimetric reconstruction

– Identified electromagnetic and hadronic probes of QGP

– Upsilon states
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What is sPHENIX?What is sPHENIX?

Detector design is driven by the need for 
 Uniform electromagnetic and 

hadronic calorimetry in extended 
central region

 Similar acceptance precision 
charged particle tracking capable 
of good efficiency in heavy ion 
collisions

G.Roland, DOE-OPE CD1/3A Review
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Ultimate Performance Parameters

sPHENIX DOE-OPA CD-1/3A ReviewMay 23-25, 2018

Core physics goals translate to MIE Ultimate Performance Parameters (UPP)

7

Physics goal Analysis requirement UPP

Maximize statistics for rare 

probes

Accept/sample full delivered 

luminosity 
Data taking rate of 15kHz for Au+Au

Precision Upsilon 

spectroscopy
Resolve Y(1s), Y(2s), (Y3s) states

Upsilon(1s) mass resolution ≤ 

125MeV in central Au+Au

High jet efficiency and 

resolution

Full hadron and EM calorimetry 

Jet resolution dominated by 

irreducible background fluctuations

σ/μ ≤ 150%/√pTjet in central Au+Au 

for R=0.2 jets**

Full characterization of jet 

final state

High efficiency tracking for 

0.2 < pT < 40GeV 

Tracking efficiency ≥ 90% in central 

Au+Au**

Momentum resolution 10% for pT

=  40 GeV**

Control over initial parton pT

Photon tagging with energy 

resolution dominated by irreducible 

higher order processes

Single photon resolution ≤ 8% for 

pT = 15 GeV in central Au+Au** 

(**) to be extracted using Au+Au, p+p data and 

simulations, following LHC examples

Calorimeter 
trigger

Calorimeter 
energy

Calorimeter 
Energy Id

Calorimeter 
PId (g/h)



Calorimetry:   overview

• Designed around  Density,  Uniformity  and  Granularity;

• Novel sampling hadronic and electromagnetic calorimetry with 
novel deep longitudinal segmentation 
– “Tilted in azimuth, near pointing  in rapidity” towers tungsten-scintillating fiber 

SPACAL EMC with ~7 mm radiation length 

– “Tilted in azimuth, near pointing in rapidity” longitudinally sectioned steel-
scintillating tiles  HCAL towers with light collected by embedded WLS fibers

– Sampling fraction is allowed to smoothly vary radially

– Common  SiPM based optical readout complemented with low cost 60 MHz 
waveform digitizers (compact, no HV, immune to magnetic field, amplified large amplitude differentially 

driven signals are immune to pick up noise).
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Calorimetry: Implementation

• Tilt is chosen for two neighboring 
towers to overlap in azimuthal space;

• It allows in principle an independent 
measure of longitudinal CG in every 
section if shower vector is at least 
approximately known (measured);

• Local&Global CG knowledge allows to 
compute shower specific sampling 
fraction per section and leakage 
energy per particle or unit of 
acceptance (AI assisted analyses).

2018.05.21 CALOR 2018, UO, Eugene, OR 5



2018.05.21 CALOR 2018, UO, Eugene, OR 6

Calorimeters as relate to physics
• EMC drivers are decay electrons from  U-family

• Coverage: ± 1.1 in h, 2p in f, ~projective in h and f

• Radiation length 7 mm, it is bout 18 X0 deep
• Moliere radius 23 mm (approximate tower size)
• 2.3% sampling fraction
• Energy Resolution: “sE/E < 16%/√E”
• Provide an e/h separation > 100:1 at ~5GeV/c

• Compact, works inside 1.4T magnetic field
• HCAL requirements are driven by measuring jets in heavy 

ion collisions

– Uniform and nearly deadzone free

– -1.1 < η < 1.1,  2π  in φ

– Δη×Δφ∼ 0.1×0.1 fits the jets with R<0.4

– 24 ×64 = 1536 channels

– Sampling fraction 2.8-3.7% (varies in depth)

• The Outer HCAL doubles as the flux return of the solenoid

System
EMC 0.75 Labs
Hinner 0.55 Labs
Houter 3.8   Labs

95% absorption at 20GeV/c momenta



sPHENIX Calorimeters by numbers
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Sectors (-1.1<|h|<1.1) 32

Towers 64x24

Sc. Tiles (and SiPM’s) 7680

Granularity (dh x df) ~0.1x0.1

Sectors (-1.1<|h|<1.1) 32

Towers 64x24

Sc. Tiles (and SiPM’s) 6144

Granularity (dh x df) ~0.1x0.1

Sectors (0<|h|<1.1) 64

Towers (64x8x48) 24576

Sc. Fibers (per tower) 667

Segmentation (dh x df) ~0.025x0.025

SiPM’s 98304



EMCAL sector design
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• 64 sectors (32+32)
• 90 < r < 116 cm
• 1.7 m long
• 450 kg/sector
• Read out on inner 

radius



EMCAL V2.1 assembled
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EMCAL Absorber Blocks (*) 

CALOR 2018, UO, Eugene, OR

Active media

• Matrix of tungsten powder and 

epoxy with embedded scintillating 

fibers

• Density ~ 9-10 g/cm3

• X0 ~ 7 mm (18 X0 total), RM ~ 2.3 cm

Scintillating fibers 
• Diameter: 0.47 mm, Spacing: 1 mm

• Sampling Fraction ~ 2 % and 

changes with rapidty

Mesh screens & Sc fibers
100 Mesh tungsten 

powder

(*) E.C.Dukes et al, in CALOR 1992 Proceedings, p 655

2018.05.21



Light Collection and Readout 
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Blocks are read out in individual towers using optical light guides and SiPMs

Light guide focuses light onto four 3x3 mm2 SiPMs

• Phase space matching between tower and 4 SiPMs is < 6.4%
• Short light guide is a poor mixer 
• Photostatistics gives ~ 500 p.e./GeV

 ~ 4.5%/√E contribution to energy resolution
 0.5 pixels/MeV (each SiPM has 40K pixels) 

Quad injection 
molded light guide 

SiPM
Readout 

Board 
(2x2 towers) 

Injection 
Molded Light 

Guides

Apr 22, 20182018.05.21



Standalone EMC Performance
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1D Projective (h = 0) 2D Projective (h ~ 0.9)

Beam Centered on a single tower2016 2017

1D Projective (h = 0, 0.3, 0.9)

O.Tsai (2014)

2014 - UCLA

Beam spread over more than one block
Apr 22, 20182018.05.21



Inner HCAL
• Nonmagnetic

• 0.7 Labs of Flat Stainless or Cu plates 

• 4 tiles per tower

• Part of Hcal but also serves a leakage section to 
EMCal (neutral hadron rejection in photon 
sample). Has sampling fraction comparable to 
EMC. 

• has been descoped in the DOE-funded detector 
(sPHENIX hopes to recover it as in-kind 
contribution as time goes by) and replaced by 
support structure
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Outer HCAL 

• 32 sectors. Each:
– 1.9 m < r < 2.6 m

– 6.3 m long

– 13.5 tons 
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SECTION A-A

SCALE 1 / 2

SECTION B-B

SCALE 1 / 2

A

A

B

B

SHCS Low Profile Black Oxide Alloy Steel 1/4-20 x .5 LGMcmaster Carr#92220A183  OR EQUIV1412

SHCS Black Oxide Alloy Steel 8-32 x .5 LGMcmaster Carr#91251A194  OR EQUIV1316

SHCS Low Profile Black Oxide Alloy Steel 3/8-16 x .75 LGMcmaster Carr#92220A252  OR EQUIV1263

SHCS Black Oxide Alloy Steel 1/2-13 x 2 LGMcmaster Carr#91251A720  OR EQUIV1163

SHCS Low Profile Black Oxide Alloy Steel 3/8-16 x 1.25 LGMcmaster Carr#92220A254  OR EQUIV1044

SHCS Black Oxide Alloy Steel 1/2-13 X 1.75 LG.McMaster Carr# 91251A718  OR EQUIV972

Outer HCal End Plate B205-0100-0118 Part B81

Outer HCal End Plate A205-0100-0118 Part A71

Outer HCal Middle Comb205-0100-012264

Outer HCal Inner Comb205-0100-012153

Outer HCal Outer Comb205-0100-012047

Outer HCal Half Absorber Plate B205-0100-0116 PART B31

Outer HCal Half Absorber Plate A205-0100-0116 PART A21

Outer HCal Absorber Plate205-0100-011519

BILL OF MATERIALS
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6
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7
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C C
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E E
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Outer HCal Sector Assembly

2 28661.6 lbmassA3

205-0100-0100 

OUTER HCAL

0.0050.015

C. GORTAKOWSKI

D. LYNCH

J. MILLS

3/30/2018C. PONTIERI

OUTSTANDING ECN NUMBERS
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REVISION HISTORY

REV ECN NUMBER ZONE DESCRIPTION DATE APPROVED

A   RELEASED FOR FABRICATION 4/4/2018  

248.669 0.060

6316.2 1.52[ ]
SEE NOTE 2 & 3

B

35.180
[893.6]( )

20.721
[526.3]( )

R71.752
[R1822.5]( )

R76.476
[R1942.5]( )

0.010 B

NOTES

 1. DIMENSIONS ARE IN in[mm].

 2. SECTOR ASSEMBLIES SHALL NOT VARY MORE THAN 0.060" IN LENGTH (248.669") TO EACH OTHER WITHIN THE GIVEN TOLERANCE ZONE.

 3. INSPECTION MEASUREMENT OF ASSEMBLY LENGTH SHALL BE MADE AT 72deg F +/- 8deg AND BE TAKEN LAYING ASSEMBLY DATUM "A" ON FLAT SURFACE. 

 4. SAND BLAST AND PRIME OUTSIDE OF ASSEMBLY WITH KELLY-MORE PRIMER 1710 OR EQUIV. ALL 2.75" HOLES AND 0.336" GAPS SHOULD BE FREE OF ANY PRIMER.

 5. ALL HARDWARE SHOULD BE GRADE 5 OR BETTER.

 6. ALL BOLTS SHOULD BE LUBRICATED WITH FAST LUBE AG (http://www.fastorq.com) OR EQUIV. AND TORQUED TO THE FOLLOWING SPECS;

 

    1/2-13 SHCS - 80 ft.lbs

    3/8-16 SHCS - 33 ft.lbs

    1/4-20 SHCS - 9 ft.lbs

    8-32 SHCS - 19 in.lbs    

C

A

0.020

0.125 A

0.336
[8.5]

 MIN.

ASSEMBLED GAP

SEE NOTE 4

105.881
[2689.4]( )

C

0.010 B

35.253
[895.4]( )

D
0.010 D

0.010 E

E

SEE NOTE 4

SEE NOTE 4

SEE NOTE 4

SEE NOTE 4

11

10

14

12

11.25°



HCal Tiles 2018 (12 small/ 12 large)
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HOuter

HCal Prototype Scintillating 
Tiles v2.1

HCal Prototype

2018 FNAL Test beam 2018 FNAL Test beam

HInner

UTFSM 2016

CALOR 2018, UO, Eugene, OR



Calorimeter electronics 
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beam_00000624-0000.root adc[37] Entry$ == 226

• 60 MHz FADC – sufficient for energy measurements, not optimized for timing
• Base line restoration in two crossings
• 14 bit waveform digitizers
• Digital trigger data available on every crossing
• Transmit 192 channels in <40 μs

ADC

DCM



Calorimeters in the test beam
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2018

History
2/2014 Proof of principle
2/2016 System at η~0 
2/2017 System at η~0.9
2/2018 System at η~0.9. 

”Production” components

2017

2016



sPHENIX Calorimeter Performance
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In all cases, the combined 
system meets the sPHENIX spec!

EMCAL
IHCAL

OHCAL

Simulated Magnet

Beam

2014 – 2016 – 2017 
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Calorimeters and sPHENIX Physics 
Jet measurements 

Υ measurements 

• Measure the EM component of the  jet energy 
along with HCAL

• Requirements on energy resolution and 
segmentation are determined mainly by the 
underlying event

g/p0

Provide electron id (e:h > 100:1) Tag and measure photons for pT > 20 GeV

True jets begin to dominate fake jets for pT > 20 GeV/c

Ee±~ 4-5 GeV

AuxAu Central 
Hijing

For a 5 GeV electron from Υ decay
16%/√E   ~ 340 MeV 

True jets

Fake jets

g-jet and direct photon measurements 
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Summary
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sPHENIX is building deeply segmented longitudinally and laterally near pointing 
calorimeters optimized for jet extraction and characterization, electron identification 
and photon measurements at RHIC in the pT range free of underlying event effects in 
Heavy Ion Collisions.

The Calorimeters are nearly dead space free, have several novel features including 
deep longitudinal segmentation and intentional overlaps between neighbor towers in 
azimuthal space allowing enhanced shower shape measurement, control of the energy 
leakage from the system and event by event compensation for shower fluctuations in 
detector with sampling fraction inversely dependent on the depth in calorimeter.

The design was validated in beam tests of prototype sPHENIX electromagnetic and 
hadronic calorimeters from 2014 until 2018 (latest run was finished on May 18th).



Mapping tile response
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