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Outline

FCAL detector:

² Introduction and basic design

Optical readout:

² Light collection

² Magnetic shielding

² Cockcroft-Walton base

Lead glass:

² Refurbish lead glass

² Radiation environment and lead glass

Electromagnetic background:

² Timing from �ash ADCs

Conclusions
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Introduction

² Photon detection in the forward region of the GlueX
detector

² Provide signals for trigger
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Concept
Reuse lead glass and PMTs from E852 and RadPhi

E852 at Brookhaven
² 18 GeV/c pions

² Fixed target

² Dipole spectrometer

² ¾E=E = 5:2=
p

E © 2:0 %

² ¾r ¼ 5 ¡ 6 mm

² Threshold: 150-350 MeV

NIM A332 (1993)419-443

NIM A387 (1997)377-394

RadPhi at JLAB
² 4.4-5.5 GeV photons

² Fixed target

² No magnet

² ¾E=E = 7:3=
p

E © 3:5 %

² ¾x = 6:4=
p

E mm

² Threshold: 120-150 MeV

NIM A566 (2006)366-374

NIM A570 (2007)384-398

Take advantage of lessons learned in these experiments and
improve on the performance where possible.

4 / 33



FCAL Detector PMT Lead Glass Digitization Conclusion

The Lead Glass Wall

² 560 cm from target

² 2800 blocks in a circular shape

² 236 cm diameter

² 12x12 cm2 central hole

² Lead glass 40x40x450 mm3

² Optically isolated

² F8-00 and F108 lead glass

² Readout each block with 1" PMT
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Lead Glass Parameters

Speci�cation of the lead glass block F8-00:

² 45%PbO, 42.8% SiO2, 10.4% K2O, 1.8% Na2O

² Density: 3.6 g/cm3

² Index of refraction: 1.62

² Molière radius: 4.3 cm

² one radiation length: 3.1 cm

² Total radiation length: 14.5

² Transverse dimension tolerance: 0.05 mm

F108 same as F8-00 with the addition of CeO2

6 / 33



FCAL Detector PMT Lead Glass Digitization Conclusion

PMT Holding Structure
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PMT-Base PMTIron shield Light guide

Sylgard cookie
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² PMT wall separate
structure

² FEU-84-3 1 in PMT

² Max. gain 2.4¢105

² Magnetic shielding

² Recess PMT cathode into
shield

² Light collection with light
guide

² Cockcroft-Walton base
(low power)
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Optical Readout: Outline

Optimize light collection:

² Investigate light guide design

² Optical coupling

² Magnetic shielding requirements

HV supply:

² Cockcroft-Walton base
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Readout in Magnetic Fringe Field

FEU-84-3 1" PMT readout:

² E852 and RadPhi: air-gap coupling
air-gap » 1 mm

² GlueX: large stray �elds from solenoid

² up to 200 Gauss close to beam line

) shielding needed

² recess PMT photo cathode by » 4 cm

) light-guide needed
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Develop a Light Guide

Questions to answer:
² What material?
² What shape?
² What length?
² Any re�ective coating?

Address questions with:
² MC simulation based on GEANT4
² Experimental tests
² Considerations of cost/performance ratio

Impact:
² Improve light collection
² Better resolution at low energy near threshold
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Light Guide: MC Simulation

PMT entrance window

Light guide lead glass

silicon rubberphoto cathode

² Simulate and track �Cerenkov
photons

² Characteristic angular distribution

² Parametrize surface interactions and
re�ectivities

² Light guide shapes: Winston-cone,
conical, cylinder
Lead glass 16 cm2, PMT 5.1 cm2

² Light guide material is PMMA

² Light guide re�ective coating

! Cylindrical shape as effective as
Winston-cone
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Light Guide Bench Tests
Test cylindrical light guide (C. Cude, S. Adams):

Lead glass
PMT Light-guide

² Inject light from blue led

² Different injection angles
0±, 22.5±, 45±

² Measure PMT anode current
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Light Guide Bench Tests
Test cylindrical light guide: (C. Cude, S. Adams):

Lead glass
PMT Light-guide

Light guide test:

² Various length

² Different surface treatments:
Al vapor deposit,
Aluminized Mylar foil
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Light Guide Bench Test Results

Results with cylindrical light guides of various lengths:

» 20%
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Light Guide Bench Test Results

Results with different surfaces:

Angle Al vapor dep. Al Mylar LG no LG
0.0 0.80 0.97 0.98 1.0

22.5 0.36 0.90 0.72 1.0
45.0 0.25 0.83 0.53 1.0

Light guide choice:

² Cylindrical light guide

² Wrapped with aluminized Mylar

² » 4 cm long
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Cosmic Ray Test
Cosmic ray tests with light guide:

50 100 150 200 250 3000

5

10

15
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35

40

45 h103
Entries  1087
Mean    82.92
RMS     30.86

 / ndf 2c  129.1 / 110
Prob   0.1035
Constant  10.2± 223.3 
MPV       0.32± 68.76 
Sigma     0.160± 4.542 

Cosmics response Air-gap

- pedestal

- PMT1 response

- pedestal
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Entries  991
Mean    102.3
RMS     28.71

 / ndf 2c  180.1 / 103
Prob   3.958e-06
Constant  5.3± 104.2 
MPV       0.7±  90.4 
Sigma     0.339± 7.858 

Cosmics response 3.7cm LG wrapped

- pedestal

- PMT1 response

- pedestal

- PMT1 response

! Factor of 2-3 improvement compared to air-gap!
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Optical Coupling

² Glue light guide to PMT
² Use silicone rubber cookie: light-guide to lead glass

! for easy removal
² Test applicability of silicon rubber cookies

2800 connections: ! minimize overall pressure

Lead glass

Light guide

Cookie

Force sensor

Test pressure requirements

² Pressure needed to remove
bubbles » 2 psi
! Good alignment of surfaces!

² Holding pressure ¿ 2 psi

² Sylgard cookies cut from sheets
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Magnetic Fields at FCAL Location

Magnetic �eld calculations of the fringe �elds from the
spectrometer solenoid at the location of the FCAL.
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FCAL upstream face FCAL PMT
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Magnetic Field Studies at IU

² Tests in Helmholtz coils

² 82 Gauss �eld

² Small section of PMT wall
(5x5 array)

² Shield OD. 4 cm

² 1.6/0.8mm wall thickness

² Shield to below 10 Gauss

² With ¹ -metal · 1 Gauss

² NIM A533 (2004)467-474

² Iron tube shield covers 12% of front surface area
² Scaling �eld strength to 200 Gauss 19 / 33
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Cockcroft-Walton Base

Use Cockcroft-Walton base for HV:

Bene�ts

² No HV lines (cost, safety)

² Low voltage: 24V

² Low power consumption 0.2 Watt

² Remote control per base
Voltage, Current, Temperature

² Tailored to our mechanical needs

Cost

² Custom item

² Extensive development of
hardware/software

Prototype designed and built
(improved from RadPhi: NIM A414 (1998)466-476 )
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Prototype CW-Base

Cockcroft-Walton base developed at IU (P. Smith)

² 100 prototypes constructed
² Range 1000-2000V
² CAN-bus comunication
² Output voltage temperature stable
² Power consumption max/aver = 0.3/0.2 Watt
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Refurbish Lead Glass

Reuse lead glass from E852 and RadPhi

² Some lead glass blocks
with radiation damage

² Develop heat treatment
procedure

² Cure all radiation damaged
blocks

² Recover full transparency
100%

² All damaged blocks cured
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Refurbish Lead Glass

Reuse lead glass from E852 and RadPhi

² Some lead glass blocks
with radiation damage

² Develop heat treatment
procedure

² Cure all radiation damaged
blocks

² Recover full transparency
100%

² All damaged blocks cured
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Radiation Environment
² Radiation environment in GlueX very similar to RadPhi
² Electromagnetic background from beam
² Radiation dose on central region signi�cant
² Degradation for inner most F8-00 blocks is fast

Slope: 12% of original gain / 100 hrs.

PMT HV
increased

RadPhi Data

GlueX MC
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F108 Radiation Hard Lead Glass

Use F108 radiation hard lead glass in the inner region

² F108 rad. hardness » 100£ F8-00

² F108 same as F8-00 with CeO2

² Equip inner region with F108

² Gain loss of 35% expected in:
> 30000h for F108 (layer 1-4)
> 3000h for F8-00 (layer 5-8)
> 30000h for F8-00 (layer 8+)

² Reduced transparency of F108

² Photo-electron yield 50% of F8-00

² In situ UV curing of F8-00 if required
(during shutdown)
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Flash ADC and Timing
² Electromagnetic background in the inner region of FCAL
² RadPhi suffered from high rates
² Exploit �ash ADC information to extract timing information

² fADC 250MHz sampling rate

² FCAL signal rise time > 12 ns
» 3 samples of signal rise

² Fit rise time samples to extract
timing

² Compare to event time to reduce
background

² Match time of tracks with neutrals

² Reduced background with new
geometry and helium bag

GlueX MC
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Conclusions

² Reuse lead glass and PMTs from E852 and RadPhi:
2820 Lead glass blocks tested

130 F108 lead glass blocks to be purchased
2755 FEU-84-3 PMTs tested

800 PMTs to be purchased
2500 Signal cables refurbished

300 Signal cables to be made
! low cost

² Improved light collection with wrapped light guide

² Statistical term of resolution improved from 6% (RadPhi) to
3.4%

² Cockcroft-Walton Bases working prototypes

² Addressed magnetic shielding

² Exploit fADC capabilities to reduce accidental background
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Calibration

In situ calibration using ¼± and ´ following the method
developed in RadPhi
NIM 566A (2006) 366-374

² Initial match using gain monitoring system
(scintillation light)

² Minimize invariant mass peak of ¼± and ´ in an iterative
procedure

² Each block receives an energy correction factor
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Light Guide Mirroring

MC simulation: mirroring the light guide improves light collection:
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