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High resolution calorimetry – functions and requirements

 EM calorimetry has two main functions

 Particle IDentification: important for 

discriminating single photons from, e.g., p0

decay and e/p

 Particle Reconstruction: driven by need to 

accurately reconstruct the four-momentum of 

scattered electrons at small angles, where the 

momentum (or energy) resolution from the 

tracker is poor. 

 EM Inner Calorimeter Requirements

 Good resolution in angle to at least 1° to 

distinguish between clusters

 Energy resolution to a few %/sqrtE for measurements of cluster energy

 Ability to withstand radiation down to at least 1° wrt beam line

o Resolution helps to extend useful y-range, “purity” in x/Q2 bins

Example: JLEIC detector
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What was planned for FY17 (first few months)

 Setup infrastructure for crystal testing at CUA and IPNO, and understand 

systematic effects in characterization of 2014/15 SICCAS produced crystals

 Construct a prototype to study actual energy and position resolution of 

SICCAS or CRYTUR crystals with test beam and test a SiPM-based readout 

system

 Procure a reasonable batch of full-sized crystals from CRYTUR to 

evaluate crytal-to-crystal variation

Need to develop process towards acceptable crystals quality assurance towards EIC needs.

Need to develop an alternate supplier of PbWO4

Need to cross check performance of acceptable crystals.

 PbWO4 has been extensively used for high precision calorimetry (CMS, JLab, PANDA…) 

because of its energy and time resolutions and its radiation hardness.

 A potential alternate supplier of PbWO4 is CRYTUR, Czech Republic.

 SICCAS (China) uses the Bridgeman method - problems maintaining good crystal quality..

From previous reports recall that:



What was achieved in FY17 (first few months)

o Tested two methods for crystal chemical analysis and obtained initial 

results, developing non-destructive sampling methods

 Studies and procurement of full-sized CRYTUR crystals

 Partially setup crystal testing infrastructure at CUA and IPNO

 No substantial progress on prototype studies

o Continued crystal optical and radiation-hardness studies – initial results are in 

good agreement with earlier studies at Giessen and Caltech

o In collaboration with NPS project and Giessen Univ. studied optical 

properties of all so far produced CRYTUR crystals

o In collaboration with VSL ad JLab projects, setting up test with with PWO 

and SiPM readout in anechoic chamber

o Performed a beam test with PWO and SiPM readout



Tests of recent CRYTUR crystals – through collaboration with 

NPS project at JLab and PANDA

 The first rectangular full-sized crystals from CRYTUR (2016) have been analyzed

Grown in Ar atmosphere & doped with La+Y

First full size rectangular  (2x2x20 cm3) crystal 

produced by CRYTUR (Oct 2015)

o Low light yield (12-13 pe at 18°), with tolerable non-uniformity

o Crystal have low radiation induced coefficient

After some 

changes in doping

 Comparison of light yield of all crystals produced so far 

illustrates significance of details of the production 

process on quality – feedback to company crucial

Light yield for pre-production 
rectangular and T11 crystals

Crystals have good radiation 
resistance – out of 28 crystals 79% 
passed NPS and PANDA specs

Integral dose: 30Gy



Chemical Analysis

 Two analysis methods established with fragments of SICCAS01

 Initial results available – some mysteries

 Developing non-destructive sampling method – optimize for testing large 

number of crystals

o Different techniques available, e.g., laser ablation

 Also have been developing setup for growing crystals and investigating 

methods for cutting/polishing

CUA in collaboration with the Vitreous State Laboratory (VSL)



Beam Test of PWO Crystal with SiPM Readout
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SIC PWO 5  2x2x20 cm (previously studied for light output and radiation damage

Light output measured 

at Caltech with PMT

Light output measured 

at BNL with 4 SiPMs

Double ended readout

4 SiPMs 4 SiPMs

Beam
T0

120 GeV p 2 GeV e/p

electrons

Edep ~ 1 GeV

overflow

mip (200 MeV)

Ch1 & Ch2 

gains not 

balanced

Will use to study timing



Priorities (remainder FY17)

 Main priorities – complete FY16 activities (that were not funded in FY16)

 Quantify crystal-to-crystal variation of SICCAS crystals and possibly 

understand their origin – provide a measure of the quality that can be 

achieved by the vendor

 Provide feedback to vendor based on crystal characterization 

including chemical analysis

 Prototype to study actual energy and position resolution of 

crystals with beam

 Assuming FY16 activities completed successfully, R&D will focus on 

optimization of geometry, cooling, choices of readout

 In anticipation of the next crystal testing phase and with support 

from universities and laboratories CUA and IPNO have been 

actively procuring components and allocating space

 Procure additional full-sized crystals from CRYTUR to do a 

reliable evaluation of crystal-to-crystal variation



External Funding

 All of the FTEs required for working towards finalizing the crystal test setup and 

crystal characterization are provided by CUA/IPNO or external grants. The 

absence of any labour costs makes this R&D effort extremely cost effective.

 The 2014 and 2015 SIC crystals are provided through synergistic activities with 

independent research for the Neutral Particle Spectrometer (NPS) project at JLab.

 The expertise and use of specialized instruments required for crystal 

characterization and their chemical analysis, as well as additional crystals 

samples are made possible through collaboration with the Vitreous State 

Laboratory (VSL) at CUA that is also collaborating on the NPS project.

 Similarly, the work highly benefits from support groups within IPN Orsay and the 

expertise provided by Giessen University.

o Nine people working on project – additional collaborators at JLab, Giessen 

University, Yerevan, VSL@CUA



Summary and conclusions

 Potentially 2 vendors available for PWO crystals:

 SIC show quality control instabilities

 Crytur making very good progress towards mass production capabilities

 Infrastructure being developed at CUA and IPNO for crystal quality 

assurance including radiation resistance and detailed chemical 

analysis through collaboration with the Vitreous State Laboratory

 Results will be important for work towards EIC crystal specifications and 

vendor feedback

 Results will also provide input to simulations

 Prototype being constructed for beam test of position and energy 

response

 Photodiode readout is being explored in collaboration with PANDA 

and JLab projects



Publications and Talks
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Meeting 2017, 28-31 January 2017, Washington DC



Students

 Salina Ali, Marco Carmignotto, Richard Trotta, Andres Vargas (CUA graduate)

 William Lash (CUA, undergraduate)

 Frederic Georges (IPN-Orsay, graduate)

 Abigail McShane (Stanford, undergraduate)

 Dannie Griggs (Marshall High School)

 Christian Runyon (Trinity High School)



PWO crystal specifications



Simulations 
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Goal of this round of simulations  
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Try to quantify the requirements on the stochastic and constant terms in 
the crystal calorimeter energy resolution at backward pseudo-rapidities 

  
 Consider (x,Q2) kinematic plane parameter smearing in inclusive DIS in a 

20x250 GeV configuration as the first benchmark process  

 

 Procedure:  

 Run the simulation chain {PYTHIA} -> {GEANT} -> {Kalman filter track fit} 

 Smear scattered electron energy “by hand” using {a/√E + b} ansatz 

 Where appropriate, calculate scattered electron energy as a weighted mean of the 

precisely reconstructed tracker momentum and smeared e/m calorimeter energy  

 Calculate “reconstructed” this way (x,Q2) parameters and check bin-to-bin migration  

 

 

 

 NB: bremsstrahlung turned off in this study for simplicity  

 

-> Describes migration between kinematic bins 

-> Important to keep it close to 1.0 for successful unfolding 



“Purity” in (x,Q2) kinematic bins 
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 Tracker momentum resolution rapidly degrades at h < -2 because of the vanishing B*dl 
integral of the solenoid field; this definitely affects {x,Q2} reconstruction quality  

 

 A possible remedy: use high resolution e/m calorimeter in addition to tracking 

 ~2%/√E energy resolution (and ~0 constant term) for h < -2 (PWO crystals) 

 ~7%/√E energy resolution for -2 < h < 1 (tungsten powder scint. fiber sampling towers) 

High-resolution crystal calorimeter at very backward rapidities should  

definitely help to increase available y range  

Lepton tracking only Lepton tracking + EmCal 

These plots were shown as part of the “wish list” at the July R&D meeting already  



Effect of stochastic and constant terms 
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 Consider two more cases with non-zero constant term at h < -2: 

 PrimEx PWO calorimeter at JLAB: ~1.75%/√E + 1.15% energy resolution  

 Some “ideal” crystal calorimeter   : ~1.00%/√E + 0.50% energy resolution 

-> a clear indication, that constant term should be maintained below ~1% 

-> at least for the highest lepton beam energy stochastic term is less critical 

PrimEx calorimeter “Ideal” crystal calorimeter 
Bj
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NB: positive impact is defined as the “dark red area widening” 



Next steps 
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 Consider constant term impact at smaller electron beam energies 

 Negative effect can be less pronounced than at 20 GeV … 

 … yet tracker momentum resolution also improves (and scattered leptons are boosted 

towards more central pseudo-rapidities, where tracker in general performs better) 

 

 Consider more realistic simulation 

 precisely account for the bremsstrahlung tails 

 reconstruct EmCal cluster energy rather than smear scattered electron energy 

 

 Quantify required crystal granularity (and spatial resolution) 

 

 Simulate EmCal impact on the E/P ratio criterion in lepton ID 

 Look into other physics processes (DVCS photon reconstruction, etc)  


