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Abstract - A new photomultiplier tube active base is designed
and tested. The base combines active voltage division circuit and
fast amplifier, powered by the current flowing through voltage di-
vider. This base is developed to upgrade older photomultiplier
bases of Jefferson Lab lead-tungsten calorimeter (about ~1200
crystals of PbWQO, from the PrimEx experimental setup). This is
need in order to extend detectors rate capability to meet require-
ments of new Hall C proposal PR12-11-102 of measurements of
the L/T separated cross sections and their ratio R = o./01 In neu-
tral-pion p(e,e’mr)p deep exclusive and p(e,e’'mT )X semi-inclusive
scattering regions. New active base is direct replacement of old-
er passive base circuit without adding of additional power or sig-
nal lines. In addition, it extends detectors rate capability with fac-
tor over 20. Moreover, transistorized voltage divider improves
detector’'s amplitude resolution due to reduction of photomultipli-
er gain dependence from tube anode current. The PMT active
base is the invention disclosed in V. Popov’'s U.S. Patent No.
6,791,269, which successfully works over ten years in several
Jefferson Lab Cherenkov detectors. The following design is a
new revised and improved electronic circuit with better gain sta-
bility and linearity in challenge to meet requirements of new Hall
C experimental setup. New active base performance was tested
using fast LED light source and Pr:LuAg scintillator and gamma
sources. Electronics radiation hardness was tested on JLab ac-
celerator. Results of testing R4125 Hamamatsu photomultiplier
tube in new active base are presented.

I. INTRODUCTION

To Implement JLab proposal PR12-11-102 [5] of measLi@scope was used to plot pulse height distributi@tsD) with different
radiation sources. Fig. 5 shows a samplé’ s source PHD obtaine

in neutral-pion p(e,&’)p deep exclusive and p(ef®X semi- with active base at 1.09kV bias voltage. Passiae [saow almost iden:
Inclusive scattering regions the lead-tungstatergsakter (about tical h|stogram at 1.5kV applled to PMT.

ments of the L/T separated cross sections andridugn R =, /ot

with passive circuit from PrimEx experiment werefpemed using Ag-
llent 54832D MSO digital oscilloscope, Agilent 38&functional gen-
erator connected to LED light source trough desigoe this test ampli-
fler-shaper, and with Pr:LUAG fast bright scintitia radiated from dif-
ferent gamma sources [4]. This scintillator has20&Dph/MeV light
output and it is used to simulate hundreds MeV\edant light pulse of
PbWQ, scintillator.

used to estimate detector energy scale. Fig. 3 slmwaveforms of |
pulses obtained with passive and active base.
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lll. TEST OF ACTIVE BASE
Test measurements of new active base performamteanparison

A. Test with scintillator light source.
5mnt cube shape sample attached to R4125photomultipler was
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Fig. 6 Normalized gain as a function of pulse repetition rate of PbWO,
scintillator similar LED light source.

; Active base, initial amplitude: =—— 300mV; —— 600mV; 1000mV
Fig. 4 A-output pulse waveform from passive base with PMT and Pr:LUAG Passive base, initial amplitude:-- 300mV; ----- 600mV
scintillator, 20ns/div scale FWHM=20ns, fall time=2.4ns;
B-output pulse waveform from passive base with PMT and Pr:LuAG scintilla- C. Two bases test with sweep generator.

tor, 20ns/div scale FWHM=24ns, fall time=3.2ns;

Agilent 33220A functional generator operating melarly varying
Both bases were evaluated with scintillator and mansources to frequency mode was connected to LED light sour@suRs of this

equalize both examine systems gain and linearigyleAt 54832D osclil- test are presented below.

~1200 crystals of PbWOfrom the PrimEx experimental setu),

will be used [2]). The calorimeter is needed foutna pion detec-

tion by measuring of itgy decay products in a dedicated neutr.

pion detector.

The radiation background and detectors’ count smteulation

predicts 10-20 higher rates comparing to PrimEXxeexpent.

PrimEx lead tangstate calorimeter is assembled R#h25 Ha-
mamatsu photomultiplier tubes equipped with passe&stors
chain dividers, which are not capable to handle reshation flux.

To Iincrease detectors’ rate capability, new acplietomultiplier

base Is developed and tested. This base iIs comdmisamplifier,

entirely powered by the current flowing through thesse voltage
divider [3], and replaces the older passive baseuiti without

adding any additional power or signal lines. Thevacbase elec-
tronic circuit supports the detector operationoatdr high voltage
bias, at the same time maintaining high output d&oge. In addi-
tion, active high voltage division circuit substatly reduces pho-
tomultiplier gain dependence from tube anode curasa count
rate.

II. ACTIVE BASE CIRCUIT OVERVIEW

R4125 is a round shape, 19mm Iin diameter Hamaptisto-
multiplier tube. With gain about 8.7E+5 at 1.5kV>manode volt-
age, and rise time 2.5ns. New photomultiplier bgsdesigned
with the same as PrimEx experiment base voltagaelison ra-
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tio, but with lower total impedance and two tratmis added to
dynode 9 and 10 connection nodes. Fig. 1 showsplifed cir-
cuit diagram of new base.

Fig. 1 Simplified circuit diagram of new photomultiplier base
which comprise an active base dynodes biasing circuit and amplifi-
er powered from divider current.

Because of progressive
voltage division function of
used divider, two transistors
active circuit is sufficient for
tube gain stabilization. Divid-

“er current is changed from

Fig. 2 Photograph of passive and 170mkA at 1.5kV of passive

active bases for R4125 phototube PrimEx divider to 470mkA at

1.1kV of new divider to im-

prove rate capability and for better operation of inserted am-
plifier circuit.

Fig. 2 show photograph of both bases used in this study.
Upper photo is a passive divider base and lower is a new ac-
tive tube base. Both of them allow a scalable photomultiplier
counter layout, and operate from a single high voltage source.

Amplifier circuit is designed on discrete high frequency
transistors and it is similar to previously published at [2] cir-
cuit. Amplifier gain is about 10 and maximum linear pulse out-
put amplitude is about 5V on 50() load. This amplifier serve to
compensate gain reduction at lower PMT operating voltage
and allowed system operation with 10 times lower anode cur-

rent without loss of overall gain and output amplitude see.
[ 1,2].

0

ized for linearity at different count rates usinigido LED source con-
trolled by pulse generator. Two set of results warsgained, with LED
pulse width around 15ns and 6ns. Shorter LED pulsee produced
with designed active circuit made of 74AC TTL fayngates with LED
In SMD 0805 case mounted close to logic chip artdd WIC circuit used
to reproduce near identical to real PbY\&intillator crystal waveform.
Fig. 5 shows pulses captured from scintillator adpisted LED source
with two examined PMT bases.

Fig. 5 A and B are waveforms of PbWQ, scintillator, A-with passive base, B-
with active base: C and D are similar waveforms but generated with LED
light source. All four pictures are presented at 10ns/div scale:
A-FWHM=5.1ns, ti=2ns; B-FWHM=7.8ns, t;=3.5ns; C-FWHM=6.5ns,
t=2.6ns; D-FWHM=8.1ns, t;=3.2ns. X-scale is 10ns/div

ACQULSLTLION 15 Stopped.
4.00 GSafs ©£4.0 kpts
- 10.0 mvyf 2

PHD histogram of active base output
pulses with light pulse frequency vary-
Ing in (1kHz-1.5MHz) range with peri
od of 100sec.

/

Fig. 4 *’Na gammas energy spectrum
(PHD) histogram recorded with Agilent
54832D oscilloscope from active base
with PMT, Pr:LuAG scintillator.
FWHM=20% for 511keV peak.

This test shows that we have a very Sii1 s

ilar behavior of both bases, but new a: R R
tive base could operate at much low: [ i -392.4 v /
high voltage and anode current witho It —— — E—
reduction of output amplitude and line- |PHD histogram of passive base —
511keV 1275keV arity. output pulses with light pulse can-  IlEg Teleson oo 320.6 oy
stant frequency 10kHz. el 72, % p-p 1147 my

AT 96, 3% Min -332. 4 mv
Ht3T 99, 8% Max -267.6 mv

B. Test with LED light source

Active and passive PMT biasing circuits were tgésiad character-
PHD histogram of passive base output
pulses with light pulse frequency vary-
Ing in (1kHz-100kHz) range with peri-
od of 100sec.

—

This simple test shows a noticeable
difference and higher gain stability of
=l designed PMT base in case of variable
Hii-:;I§;|I3FEI4HE-.HE4E my Median -400,0 my |Ight pUISeS rate

Std Dev 46,9719 my Mode -352.4 my

ptlo 66, 5% p-p 270.6 my
pt2o 97, 3% Min -564, 7 m¥

W57 99, P Max -294.1 my II1. CONCLUSION

New type of active photomultiplier base for upgradieJLab Hall
C PbWQ scintillator crystals calorimeter is designed &ested to fit
all requirement of new proposed experiment. Achase circuit does
not need additional power lines and could be ilexlahs a direct re-
placement of older bases. Base shows importantdlmrimeter ap-
plication gain stability at increased event raagfrency and frequen-
cy variation. Radiation hardness of designed dineais tested during
operation of JLab accelerator. After receiving &0ORrad dose no
changes were observed.

Developed active base circuit contains 5 silicgmolar discrete
transistors (three in amplifier circuit and twoHV divider) and may
be easy assembled on a small board (see Fig. #indfsd cost is
about ~$5 in case of 1000+ boards production.

Active base with amplifier powered from currergviing through
high voltage divider was invented in JLab, andsitested over 10
Rate capability of both bases was studied with Pp\8milar LED years in JLab, mainly as a part of Cherenkov detegith Photonis

light source. During this test an average amplitafleutput pulse was XP4572B phototube [2,6], which are rarely workinchagh rate high
measured using oscilloscope. Fig. 6 shows a fetg pioPMT and base anode current mode. New active base circuit withrawed gain sta-
assembly gain dependence from light pulse rate.n\\dogh bases are bility has a wider field of application where highin and gain stabil-
operating with the same rate and average outpsepamplitude, new ity are important. It may be applied to many agédtpmultipliers
active base has factor 10 lower anode current im#ar operation rate for loss of gain compensation, or in new systemisere this base
range over factor 50 higher. makes possible use of less expensive low gain tubesll applica-

Active base equivalent output integral currenteses from divider tions the developed circuit will extend photomulgp tube life, it

circuit drain current, linear region is about 85%dwider current. For does not need additional power line, and reducespéov PMT oper-
designed circuit linear operation maximum, of eglewt integrated out- ation at desired rate.
put current, is about 400mkA.
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