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An und ers t'and i.ng of the structure, production laws and in
terac tions of elementary particles ís Lns epa'rab Ly linked to 
the development of expe~imental methods. 

Putting big acceleratórs into' operation and the complexity 
of experimental problems arising from this fact nave required 
development of new' detectors. 

Detectors using Cherenkov radiation in different media have 
become one of the effective methods whi ch were widely adopted 
in high energy experimental physics. Among them are Cherenkov 
total adsorption lead-glass y-spectromkters used for' y-quan
tum and electron detection. 
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Fig.l. A general view.of the Cherenkov Zead-glas8 y
speetrometer (1954). The glass is 36 em in d~ámeter and 
30 em deep , The radiatrion Lenqtr: is 1.76 em. ''1'he energy 
resolution for 200 Me V' eleetrons is 40% (HWHM). 
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One of the first Cherenkov y-spectrometers was proposed and 
constructed at JINR in 1954-55 and intended fQr the detection 
of antiprotons and antineutrons at the 10' GeV proton synchro

/1/	 . 
tron (Fig. 1). 

To Lncrease the energy resolution of Lead-rg'las s y -spectro
meters which is to a great extent dependent on the optical trans
parency of a radiator) in 1955-56 new lead-glasses were made 
from extra pure materiaIs. This allowed the energy resolution 
of lead~glass y-spectrometers to be considerably increased. 
In 1957-59 one of these counters was used in measurements of 
,the Panofsky ratio /2/ (Eí g , 2). 

At the end of the fifties a great deal of information on the 
interaction cross sections of charged hadrons was obtained by 
a number of laboratories. The situation was less favourable 
for the production cross sections of neutrons ~ith nucleons and 
nuclei for which there were practically no experimental data 
above 1.4 GeV. This circumstance was naturally limited by check
ing a variety of theoretical models which predict the behaviou~ 
of nucleon cross sections at high energies. The lack of experi
mental data for neutron cross sections was related to thc faat 
that existing neutron detectors based on measuring the energy 
of recoil protons by means, of absorbers could be used only over 
an energy r~nge of less than 1 GeV. As energy increasca above 
1 GeV, the protón paths become many times larger than the mean 
nuclear free path in an absorbe~, and this results in a dramatic 
dearease of detector efficiency. In order to measurc the neut
ron cross sections for GeV energies, a device based on other 
principIes 'of.energy measurement should be used. For high ener
gy neutron cross section measurements in 1958 we propoaed a lead
glass Cherenk~v counter several nuclear free paths in thickriess s 

i.e., a hadronic total absorption detect~r (Fig.3). Tbis detec
tor was used for'neutron cross section measurements with pro
tons, neutrons and nucLe i over an energy range of 2-10 GeV /3/. 

The construction of Cherenkov counters having a high enerqY
 
resolution' made it possible to measure for the first time the
 
charge exchange scattering cros~ section óf "--mesons ou hyd

rogen over an energy range of 2 GeV /4/. A study of the charge
 
exchange reaction "-p ~ "on (I) is of great interest for check

ing the principIes of field theory and a1so theoretica1 models
 

'in which particle interactions for high energiek are 1nterpre
ted as an exchánge of virtual partic1es. 

Using kinematical features Df the reaction (I) at higb ener
gies, in ~962 it was pointed to tbe possibility of measuring 
the charge exchange cross section using a characteristic maxi
mum'in the y-quanta spectrum arising from the absorption of 
practically monoenergetic "°-mesons in a lead-glass counter. 
A 18x18x30 cm3 lead-glass counter was constructed for these 
measure~ents/5/. A study of the y -spectrometer on a UIOnoener

2 

1;\'	 Fig .. 2. A echemat-io diagrom of 
the experimental eeti-up for 
measuri~ the Panofsky ~tio. 

:." The radiato» is SOxSOx20 em 3 
.~ 

in size. The radiation length 
is 2. S ame 

,.~ 

. Fig.3. The Cherenkov lead-glass
" ealorimeter (19S7) used to mea

sure the interaation aross 
seations between 2-10 ,GeV 
neutrons and protons, neutrons 
and nuclei. The Pb glass size 

3.Theis SOxSOxSO em radiation 
length is 2.S em. The energy 
»eeo Lutrion for 1 Ge,V e Lectirone 
is 14% (HWHM). 
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p-r"etal AI window Fig.4,. A echematric diagramaf 
the Cher~nkov lead-glass spect
rometer. The radiator dimensions 
are 18x18x30 am~. The radiation 
length is 2.5 am. The energy 
reeol.utdon, R for 4 GeV el.eot> 
rons is 5% (HWHM). 

600 2 G.. v/c Fig.5. The amplitude spea~ra 

for 2 and 4 GeV eleatrons. The 
energy resolution is shown on 

!,,. 

the aurves. 
400 

getic elec~ron beam demonstra
4 GeV/c ted a s~rprising result: óver an 

o " 
U ener.gy range of 2-4 GeV the 

206 counter resolution was practi 
cally constant and very high 
(about 5~O (Figs. 4 and 5). The \~ 

obtained data suggested that 
00 / 

.t6-/. 

\'_ c, 
120 

relatively small (7.2x702xI2 rad.......... I
 

Pulse hei9ht lengths) counters could be used 9< 

for the spectrometry o f y -;quan
..~,'ta with an epergy o~ several GeV at a high' energy resoluoion.
 

The se r es'ul, t s -opened up possibili ties of constructing mul,t.í.chan
nel lead-glass hodoscopes. '
 

A qualitatively new method/6 / proposed in 1964 permitted pne
 
to measure the ef~ective mass of electromagnetic particles by
 
means of spark chambers and lead-glass counters.
 

The- operation principIe of a y-mass-spectrómeter is very 
simple and based on the possibility o f raeasur í.ng s Imul t aneousLy 

the direction and energy o~ electrons and y-quanta.A high aç ~ 

curacy in measuring the energy and the possibility of identi  ,(, 
fying the nature of the electromagnetic particles in íead-glass 
are important when very rare processes 'are under study.The ~e

~\I' 

\ 

velopmerit of this method and the construction of a htgh-effici  '} 

ency detector,i.e., a two-arm Cherenkov mass-spectrometer/ 7 / , 

,made it po's s í.bl e to carry out a series of cotnpl í.ca t ed experi :.v~ 

ments to prove the existence of rare electromagnetic decays of 
po and ~~mesons into electron-positrôn pairs and to measure 
their partial widths /8/. 

The partia! widths "vector meson-Iepton pair" is directly 
relétted to the transition constants "photon-vector meson" that 
are of fundamental importance in the vector dominance model and 

.r~ 

its numerous application~. This mass-spectrometer allowed one s. ,to observe the structure in the differential cross section of ,I 

the reaction 17-p ..... 1Jon at -t < O'. I (GeV /c) 2/9/, to establish the '1 

Figo 6. The tiaa-arm Lead-ql.aee y -maee-epectrometer .
 
The radiator i q 50x50x30 em 3 in size The radiation
o 

length is 2.5 am. The energy 'resolution for 4 GeV eleat
rone is 5% (HWHM). 

existence of rI' (958)-meson decays into two y -quanta and to 
measure their relative probability/l0/. 

To search for heavy vec tor mesons, in '1967 we proposed 
a multichannel Cherenkov lead-glass mass-spectrometE:r which can 
be considered as a second generation of mass spectrometerso The
new set-up (Fig.7a,b) consists of 90 lead-~lass modules /11/. The 
use of new optical high-transparen~y glasses, photomultipliers 
with high sensitivity, new technical aids and materiaIs made i~ 
po s s í.bl.e to increase s í gní f LcantLy ' the energy resolution R cf 
lead-glass counters. For example, for electrons with an energy 
of 4 GeV R = 2.3% (HVrnM). 

The 'set-up includes:1. beam detectors composed of scintillati 
on counters and proportional chambers;2. y-quantum detectors çdm
posed of 32 wir.e spark chamhers with magnetostrictive informati
on readout.The t~tal number of wires is n40000The wire chambers 
are separated into two identical arms of 16 chambers.The cham- , 
bers are grouped in four: in order to remove ambiguities in thi 
correlation of sparks between different planes,two of them turn 
through an angle of 17 9 . Copper converters 1.2 rad lengths in 
thickness are, placed between the groups of chambers, and their 
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Fig. ? The hodoseopie Cherenkou y -mass-speetrometer. The hexa
gonal module is 35 em deep . The radiation length is 2.5 em. The 
energy resolution for 4 GeV electrons is 2.3% (HWHM). 
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Fig.8. The effective mass speetTIO 
rum for 2y events measured by 
means of the hodoseopie Cherenkov 
y -mass-speetrometer. 

thickness is a compromise between 
~o detection efficiency and angular 

resolution. The direction of y
quanta is measured by a group of 
4 chambers positioned directly 
after the converter in which y

100 300 500 700 conversion occured. The first 
Mn,MeV group of 4 chambers from a target 

is used for y-quantum identifi 
cation. 

Four identical scintillation fodoscopes, each consisting Oi 

10 elements 100 em long and 10 em wide, oriented in the hori
zontal and vertical planes, are placed between the wire cham
bers and Cherenkov y-spectromete~s. 

The lead-glass counters for y -ray energy,measurements con
sist of 90 hexagonal prisms 14 radiation lengths deep, each 
viewed by a 17 em phototube. The counters are grouped in 45 
in each of the two arms. The set-up operates on-line with a com
puter. The effective mass distribution of 2y events measured 

-by the y-mass-spe~trometer is presented in Fig.S. 
A series of experiments has been performed using the multi 

channel y-mass-spectrometer. Among them the following experi
ments should be noted: 

1. The measurement of the differential cross sections of the 
reaction 7T-P ~ 1]°n from 3 to 5 GeV in the region of momentum 
transfers from O to 0.3 (GeV/c)2. In the differential cross sec
tions an appreciable minimum was observed in the forward direc
tion (having confirmed the data obtained previously 19/) indi
cating a significant role of the amplitude with changing heli 
ci ty/I3/. 

2. The measuiement of the differential cross sections of 1] 
lmeson	 production by 7T - .. s on different nuclei which allowed one 
to measure the interaction cross section between 1] -mesons and 
~ucleons for a momentum of 3.3 GeV /c 114/. 

3. The study of cumulative 7TO-meson production at an angle 
of 180° in the reaction 7T-C ~ 7T0(IS00)X for 3.S GeV/c. Expe

:1 rimentally the value of <Q> was found to be 0.16+0.01 «Q> is 
the average number of nucleons in the cumulative volume). This 
fact was an independent support of a striking universality of 
the parameter <Q> describing the quark-parton structure func
tions of nuclei (15/ 
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Increasing the number of spectrometric channels, using film
less readout chambers instead of optical spark chambers and 
computers, the possibilities of th~ method of Cherenkov gamma
mass-spectrometers were considerably extended. However, these 
advantages could not get rid of a variety of grave difficulties. 
In fact~ ~n arder to detect y -quanta by means of spark chambers, 

.:	 it is ne~essary to use converters the total thickness of which 
is limíted by the requirement for high energy resolution. For 
10 GeV y-quanta this thickness is not larger than one radia

. 1 h.l 16 / h' h " f'f" f ht10n engt' .In t 1S case t e converS10n e .1C1encyo t e 
mass-spectrometer is proportional to f

k 
_ (0.5)°, where n is the 

number of y -quanta. Large errors in measuring decay angles of 
y -quanta which are due to bremsstrahlung of conversion pairs 
and multiple s~attering are another. consequence of using conver
ters. It should be emphasized that spark chambers in similar de
vices have large longitudinal dimensions and a dead time of the 
order ,of milliseconds which has an essential influence on the 
geometric efficiency and fast operation of the mass-spectrome
ter. 

Due to these disadvantages, the problem of constructlon of 
y -mass-spectrometers without spark chambers is of great inte
res~. This prbblem is complicated becaus~ the coordinate of par
ticles should be measured with an,accuracy comparable to that 
achieved b~ means of modern chambet téchnique. . / 

In 1972 we prop~sed one of the solution~ of this problem 
a cell s t ruczure y -spectrometer consisting of a large number 
of independent spectrometer-modules of -small transverse dirnen
s i ons /17/. 

The first question which should be answered can be forrnplated 
as follows: what transvérse dirnensio~s rnvst the module of the 
y -spect,rometer have in order to -measure the y-quantum coordi
nates with an accuracy of _1 mm? The character of the transvers~ 

electromagnetic shower deyelopment for electrons with aq energy 
of 1 GeV shows that the radius of the shower is weakly depen
dent; on energy and í.s equal app roxí.ma t e l y to lXm, where Xm.is \ 
a Moliere unit. If the transverse dirnensions of the spectrometer 
module satisfy the condition OdOs <l(l),where, O m and Osare, tes
pectively the module and electrom~gnetic shower diameters, 'the 
shower energy is distributed in the module group. The analysis 

, of the energy d~stribution between the modules ~n the group per
mits the y-quantum coordinate to be localized by measuring the 
shower center 9f gravity. However, a detailed consideration of 

made 'Lt possible to determine errors in measur i ng the y -quantum 
coordinates ,(~X, ~ Y) in the spectrometer versus 

l) the module size "O m" ;, 
2) the coordinates 'X,Y" of the y -quant.um entry point to the 

,\ spectrometer; 
f i 3)	 t he y -quantum incident angle "8" (angle between the y-

quantum direction and the module axis); 
4Y the energy resolution ",~E/E '~.. of tthe J::' -spec trometer. 
The Monte-Carlo results have shown that the y-quantum coor

dinates and direction can be measured with an ªccuracy of ~X = 
= ~Y = +0.5 'mm and ~8 = +0.5°, respectively, for the module 
1.2 rad.-units in diameter-if ~E/E = 2.5%. 

These ideas forming the basis of , y-mass-spectrometers of 
t he third generation have been realiz'ed in a. s erie s of experi
mental developments both in USSR and abroad/ 1S 
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XaqaTypHH M.H. El-85-55 
30 neT pa~OTY C qepeHKOBCKHMH y-cneKTpOM8TP8MH 
HS CB~OBOrO CTeKna B ny6He 

Pa~.T8 ROCBH~eHa HCTOPHH pasBHTHH MeTOAHKH qepeHKOBCKKX 
Y -cneKTPOMeTPOB HS c~osoro CTeKna B na~opaTopHH m.ICOKHX 
sHeprHA 06b~HeHHOro HHCTHTYTa ftAepHYX HCcneAOBaHHA. 

Pa~oTa BYOonHeHa 8 na~opaTOPHH BHCOKKX sHeprHA OHHH. 

DpenpiiB,. O&io .... eBIIOI'O IIBC'I'II'ITI'a QePHIG' II'Co,mtAONRIII. ,llyCIBa 1985 

Khachaturian M.N. 
Thirty-Year Work with.Lead-Glass Cherenkov 
y-Spectrometers at Dubna 

El-85-55 

This paper is devoted to the history of construction and 
development of lead-glass Cherenkov y-spectrometers at the 
Laboratory of lligh Energies, JINR, Dubna. 

The investigation has been performed at the Laboratory 
of High Energies, JIHR. 
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