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Why H8500C? Reminder: this option was discussed during the 

SoLID Collaboration Meeting in June of 2011

Main goal of tests: measure the PMT signal degradation in 

magnetic field & the effect of shielding

Results in what follows…



Reminder

6”

6”

Effective area of 1 PMT

 PMTs: photon detector option for both SIDIS and PVDIS 

Cherenkov detectors

 Not any PMT but one that has:

 Good resistance in magnetic field

 Potential for tiling

2.05”

1.93” effective area (94%)  H8500C (Hamamatsu 

specifications):
H8500C

 up to 60-80% reduction in the 
anode output at 100 G (no shielding)

 square + large photocathode 
coverage: good for tiling

 spectral response: 300-650 nm; 

could be 185-650 with UV glass 
(model H8500C-03: desired) 2



More on 
H8500C

P stands for 
anode

Metal channel dynode 

structure: 12 stages

 64-channel multianode

 For our tests we “read” the sum 

of all anodes!
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Test Setup

 Tests: Temple U., July 18-22 2011

 We tested H8500C (H8500C-03 expected to have 

the same response in magnetic field)

Dark box

PMT: back view

Source: green LED

HV cable

PMT signal 
cable

PULSER

PMT signal

gate

gate

PMT

ADC 
spectrum

HV = 799 V

 Tests performed:

 field, no shield

 field, with shield

 absolute measurement of 
number of P.E. 4



Magnetic 
Field

 Magnetic field provided by Helmholtz coils connected to a 

power supply
Power supply 

voltage     current

 Box open, PMT out: for each power supply setting we measure the field with 

the transverse probe at the position of the face of the PMT inside the box & 1” 

away from the box top on the same axis (the latter is used as reference once 

the box is closed); field very uniform: the 2 measurements very similar

 Box closed, PMT in: we go back to the same power supply settings, measure 

the field 1” away from the box top and take data: previous field measurements 

reproducible within few G 

Transverse 
probe (1-D)

Gaussmeter

No shield

Power supply settings – field 

correspondence
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 Field, no shield measurements: the 

magnetic field is varied from 12 G to 

70 G while all the other experimental 

parameters are kept the same

 The PMT response is recorded as 

ADC counts

Field, 
no Shield

 The ADC distributions 

are fitted with a 

Gaussian function

Note: the field recorded 

here is that perpendicular 

to the face of  the PMT 

(longitudinal w.r.t. PMT)
pedestal not yet subtracted 6



Field, 
no Shield

 As a result of the applied field, the PMT signal degrades: the ADC 

channel counts (mean of ADC distribution) decrease with increasing 

field

 The PMT experiences “only” a 30% signal reduction at 70 G (not bad!) 

pedestal subtracted

All runs normalized to 

the no-field run

no-field 

run
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Field, 
with Shield

PMT inside the shield: schematic

Face of PMT here

7 3/4”

5 1/8”
6 ”

shield

 For shielding we are using a cylindrical 2mm thick mu-metal shield

PMT inside shield

coils

shield

PMT

 We measure the field outside the box at 

same location as for no shield runs. However, 

this field is:

 not the same as inside the shield at the 

face of the PMT (we couldn’t measure it there 

as we had a transverse probe only: sticking the 

probe inside the shield would mean to tilt it and 

not access the “full” longitudinal component of 

the field w.r.t. the PMT)

 not the same as for the no shield runs for 

the same power supply settings: the presence 

of the shield modifies the field distribution 8



Field, 
with Shield

 Field, with shield measurements: the magnetic field is varied from 9 G 

to 60 G (longitudinal component w.r.t. the PMT, measured outside the 

box – see slide 8) while all the other experimental parameters are kept 

the same

Note: pedestal not 

shown and not 

subtracted yet but at 

the same ADC 

“location” as for no 

shield runs

 9 and 18 G easily shielded: the PMT ADC distributions overlap with the 

no field one…

same PMT 
response

PMT inside the shield: 

schematic

Face of PMT here

7 3/4”

5 1/8”
6 ”

Field 

this 

way
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Field, 
with Shield

PMT inside the shield: 

schematic

Face of PMT here

7 3/4”

5 1/8”
6 ”

Field 

this 

way

pedestal subtracted

All runs normalized to 

the no-field run

no-field 

run

 Field, with shield measurements: the magnetic field measured is 

longitudinal w.r.t. the PMT

 With our shielding, no field effect on the signal up to ~20 G (compare this to 

the no shield runs, slide 7); at 60 G 25% reduction in the PMT signal
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Field, 
with Shield

PMT inside the shield: 

schematic

Face of 

PMT 

here

7 3/4”

5 1/8”
6 ”

Field 

this 

way

 Field, with shield measurements: we wanted to verify whether we can 

shield a large transverse (w.r.t. the PMT) component of magnetic field 

we rotated the dark box by 90 deg w.r.t. the coils

Note: pedestal not 

shown and not 

subtracted here but the 

same for both runs and 

same as before

 Compare the no-field and high-field runs: they peak at the same location 

in the ADC spectrum  we could completely shield a 61 G transverse field; 

as expected, the transverse field component way easier to shield

+ shield
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No Field
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 Several no field measurements were taken to convert the PMT ADC 

signal in number of photoelectrons (P.E.)
 the LED parameters (pulse width) were varied to trigger different 

PMT responses    

34 mV

Example:

 The ADC distributions are labeled according to the amplitude of the PMT 

signal on the oscilloscope 



No Field
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 The number of P.E. is calculated from the mean and sigma of the ADC 

distribution as follows:
2
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Assumptions & Derivation:

 incoming photons are Poisson 
distributed

 the emitted P.E.s follow a binomial 
distribution

 they distribute as delta-functions in 

the absence of noise and statistical 
fluctuations

 the statistical process of secondary emission widens the delta to a Gaussian 
function

Thus, if n photoelectrons are detected at the same time, their signals are merged 

into one peak which is the nth convolution of the 1 P.E. Gaussian:
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Noise of electronics ignored

pedestal subtracted
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No Field
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 For the P.E. calculation is very important to correctly identify the 

1 P.E. signal (not trivial & time consuming for such device)

 calculated under the 

assumption that the 8 mV 

PMT signal is coming from 
1 P.E.

pedestal subtracted
Did we identify the 1 P.E. 
signal correctly?

If so:

1
)(..

)(

840,34,28,16,14

40,34,28,16,14

PEDADCEP

PEDADC

mVmV

mV

 we will follow up with few more measurements at JLab to calibrate the absolute 
response of this PMT

ratio within 20%



Summary
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 H8500C has been tested at Temple U. in magnetic field:

 the “field, no shield” measurements showed H8500C to be fairly resistant 

when exposed to a longitudinal magnetic field of 70 G or less: only a 30% 

signal reduction was seen at 70 G

 the “field, with shield” measurements showed that a longitudinal field of ~20 

G and a 61 G transverse field could be completely shielded

 the absolute response of the PMT in the absence of magnetic field was 
measured; the 1 P.E. signal needs to be identified for an accurate conversion of 
ADC counts to number of P.E.; we will follow up with few more calibration 
measurements at JLab

The hope is that the SoLID magnetic field can be minimized to an acceptable level (< 50 G) 

at the PMT location (work in progress by Paul Reimer): custom designed shields which would 

incorporate the Winston cones could then further reduce the field to prevent significant loss of  

signal


