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Summary 

The  magnetic field in the MD-1 is per- 
pendicular to the orbit p lane of a  storage 
ring. This allows the analysis of the partic- 
les going out even at zero angles, that is 
especially important for the two-photon pro- 
cesses. The  background problems caused both 
by the showers of the particles lost in the 
storage ring and  by synchrotron radiation are 
considered in the paper  presented here. W th 
the trigger conditions sufficiently weak atan 
energy of 1.8 GeV the background due  to sho- 
wers does not exceed 1  Hz/mA. The  background 
caused by synchrotron radiation in the T  - 
- meson region ie not essential for the beam 
current up  to IO mA. 

I. Introduction 

The  distinctive feature of the detector 
MD-1 is that its magnetic field is perpendi- 
cular to the orbit planeI. Such a  version has 
the following advantages compared to the de- 
tectors with the longitudinal field. 

1. There is a  possibility to detect 
particles end  to analyze their momenta for 
the whole range of angles 8  , including 

8  = 0. It is essential especially for the 
two-photon processes with en  angular distri- 
bution of the scattered electrons and  produ- 
ced particles peaked forward. 

2. It is convenient to detect the i - 
- quanta going out at zero angles - the low 
background level and  large aperture. This 
opportunity has been  already used in the ex- 
periment on  the study of the Bremsstrahlung 
process where the interesting effect of the 
cut-off of large impact parameters has been  
observed2. 

The  ma in disadvantage of the detector 
with the perpendicular field is the more com- 

plicated background problems because of the 
particle loss in the storage ring and  synch- 
rotron radiation. The  study of the backgro- 
und  caused by lost particles has been  carri- 
ed  out at the VEPP-4 injection energy of 
1.8 GeV. The  measurement  of the background 
due  to synchrotron radiation has been  perfor- 
med  in the T  -meson region. 

II. The  detector MD-I. 

The  layout of MD-1 at VEPP-4 is shown 
in F igs. 1,2. The  interaction region is insi- 

F ig. 1. The  layout of VEPP-4: 
A - interaction region for the detec- 
tor MD-I; B,C - interaction regions. 

de  the large magnet.  From both sides of the 
magnet  two additional magnets have been  pla- 
ced with separate supplies. This allows va- 
riation of the detector field keeping the 
angle of the orbit bending constant and  
equal  to 160. 

The  electron tagging system for study- 
ing the two-photon processes is installed 
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Fig. 2. The central interaction region: 
I- detector MD-l; 2 - additional ben- 
ding magnets; 3,4 - electron tagging and 
luminosity monitoring system; 5 - len- 
ses. 

between additional bending magnets and lenses. 
The system consists of induction proportional 
chambers, measuring the radial coordinate 
with an accuracy 6 = IOOJUm, usual proporti- 
onal chambers and scintillation counters. The 
accuracy of measuring the energy of scattered 
electrons is l%. The system is placed from 
the inner side of the orbit and also above 
and below the beam. The system ensures detec- 
tion of the electrons scattered at 8 = O", 
with the energy loss of 15-50%. The electrons 
with the beam energy are detected at the ang- 
les 8 = 124100 mrad. 
The central part of the detector is shown in 
Fig. 3. The magnet is a closed-type solenoid. 
The internal size of the coil is 2.3x2.3 m2, 
the copper coil thickness is 30 cm, the gap 
is 1.8 m, the maximum field is 16 kG. Star- 
ting from the interaction region the detector 
contains a vacuum chamber, coordinate cham- 
bers, scintillation counters, gas Cerenkov co- 
unters and shower-range chambers. Besides 
that the muon chambers are placed beyond the 
magnet winding, inside and beyond the yoke. 

A trigger is arranged by the hierarchy 

Fig. 3. Magnetic detector XD-1: 
I - yoke, 2 - copper winding, 3 - va- 
cuum chamber, 4 - coordinate chambers, 
5- scintillation counters, 6 - gas 
Cerenkov counters, 7,9 - shower-range 
chambers, 8 - muon chambers. 

principle: primary trigger, secondary trigger, 
computer3. 

III. Background due to the loss 
of the particles in beams 

The background counting rates from the 
particles lost from the beam have been studi- 
ed at the injection energy of 1.8 GeV. Measu- 
rements were carried out at the current of 
0.341 mA. The large currents are restricted 
by the collision effects. At these currents 
the beam lifetime was lo+3 hours and determi- 
ned mainly by the Bremsstrahlung radiation on 
the residual gas as well as by the Touschek 

effect. 
Our measurements have shown the follo- 

wing nature of the background in the detec- 
tor. 

At first, there are particles leaving 
the equilibrium orbit and performing many 
turns before their ruin. The spatial density 
distribution of these particles (halo) is 
fairly broad and has sharp bounds . The 
cut-off of the halo occurs in the point 
where the storage ring aperture is the smal- 
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lest. If this point is near the detector, it 
causes an increase in the background COUU- 

ting rate. 
Secondly, the beam electrons lose their 

energy by the Bremsstrablung radiation on 
the residual gas in the straight section in 
front of the detector and hit the detector 
after bending by the magnetic field. 

In Fig. 4 the result of the halo size 
measurement is shown. The probe, placed be- 
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Fig. 4. The dependence of the prima- 
ry trigger counting rate on the posi- 
tion of the probe; solid line - no 
cut-off of the storage ring aperture, 
dotted line - with the restriction of 
the aperture in the injection section. 

yond the first lens from the detector is mo- 
ving in the vertical direction. The depen- 
dence of the primary trigger counting rate 
on the probe position was measured. The so- 
lid line shows the result when the probe ap- 
proaches the beam from below and above. It 
is seen that the halo size is about 4 cm. 
The dotted line shows the result of the simi- 
lar measurement at an aperture restriction 
in the injection section. The decrease in 
the halo size can be seen. 

In Fig. 5 the dependence of the back- 
ground counting rate of the detector on the 
vertical position of the beam in the detec- 

tor is presented. Curve 1 - without restric- 
tion of the aperture, curve 2 - with the 
restriction of the aperture in the injection 
section. It is seen that the background has 
been decreased and the dependence on the 
beam position has disappeared. The cut-off of 
the halo in the injection section was perfor- 
med in vertical, radial and in both directi- 
ons simultsneously. The background counting 
rate is practically the same in all these 
cases. This shows that particles in the halo 
live many turns. 

I 
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Fig. 5. The dependence of the prima- 
ry trigger counting rate (CHI) on the 
vertical *m displacement in the MD-?: 
l- no restriction of the aperture, 
2- with the restriction of the aper- 
ture in the injection section. 

In Fig. 6 the dependence of the back- 
ground counting rate on the radial displace- 
ment in the detector is shown. Such a large 
orbit displacement is possible due to large 
sizes of the vacuum chamber in the detector 
and is carried out by the variation of the 
field in the central and additional bending 
magnets. 

For experiments at the energies close 
to the injection one we have chosen the ra- 
dial displacement Y = 9 cm and have used 
the halo cut-off in the injection section. 

Different chambers and counters have 
highly different background counting rates. 
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F ig. 6. The dependence of the back- 
ground courting rate of the detector 
on the radial displacement of the beam 
in the MD-I. The restriction of the 
aperture is  made. 1 -  counting rate of 
the primary trigger (CR?), 2 -  coun- 
ting rate of the secondary trigger (M2X 

In the Table 1 the data for the chambers and 
counters with the maximum counting rate are 
presented. 

Table I. The background for the chambers 
and counters with the maximum counting rate 

at E = 1.8 GeV. 

System Background coun- 
ting rate, kHz/mA 

I. Coordinate chamber 
2. Scintillation 

counter 
3. Shower-range chamber 
4. Tagging system 

0.3 
0.3 

1 
1 

To decrease the trigger counting rate 
from the background due to the Bremsstrah- 
lung radiation of electrons on the straight 

-. 

section in front of the detector we have used 
sc intillation sandwiches detecting the Brems- 
strahlung d -  quanta. The vacuum chamber* 
has thin windows in these directions. The an- 
gular distribution of these photons is  fair- 
ly  sharp, therefore the s izes of the sandwi-  
ches are small (10x10 cm2). The counting ra- 
tes of these counters are about 3 kHz/mA. 
These counters are included in the trigger on 
anticoincidence that leads to the reduction 
of the trigger counting rate by a factor of 
2+3. 

Upon these conditions the counting ra- 
te of the primary trigger v ia the channel of 
charged particles CHl (at least one particle 
is  needed in the unit of three coordinate 
chambers and firing of at least one sc intil- 
lation counter) is  about 0.2 kHz/mA, and v ia 
the neutral channel1 Bl (firing of two of 
ten chambers in the shower-range module is  
required) is  about 0.5 kHz/mA. 

The use of var ious combinations of the 
secondary trigger allows to reduce strongly  
the number of the tape recorded events. Be- 
low we present the data on the counting ra- 
tes for some combinations of the secondary 
trigger in terms of our notations jargon. 

1. Ml = CCND = 10 Hz/d 

Two units of the coordinate chambers 
and at least one sc intillation counter 
were fired. 

2. Y2= CCND*CCU*CCL* SCUL = lHz/mA 

Two units of the coordinate chamber we- 
re fired, one of them is  near upper (near 
lower), another one is  a distant lower (dis -  
tant upper) and there are sc intillation coun- 
ters below and above. The data on the coun- 
ting rates for these trigger conditions are 
presented in F ig. 6. 

3. M3 = M2*SHRD = 0.15 Hz/mA 

Besides the condition 2 firing of two 
shower-range units is  required. 

IV. Backmound due to s.ynchrotron 
radiation 

The special paper4 is  devoted to the 
solution of the background problem caused by 
synchrotron radiation (SRI in the MD-1 de- 
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tector. The basic idea of the solution con- 
sists in creation of the special vacuum cham- 
ber allowing to synchrotron radiation to pass 
the detector without touching the vacuum 
chamber walls (Fig. 7). Radiation receivers 
are placed at a rather long distance from 
the detector center, so that only backward 
scattered photons hit the detector. This al- 
lows to reduce considerably the photon flux 
on the central part of the vacuum chamber, 
especially in the hard part of the spectrum 
because at the Compton backward scattering 
the photon energy decreases and the angular 
distribution for hard photons is peaked for- 
ward. The movable collimator allows to choo- 
se en optimal size of the vertical aperture. 
The radiation receivers made of copper, are 
water cooled. 

Fig. 7. The layout of the vacuum cham- 
ber in the central interaction region: 
I - cylindrical part, 2 - movable col- 
limator, 3 - latch, 4 - vertical pro- 
be, 5 - chamber for SR escape, 6 - va- 
cuum pumps, 7 - SR receivers, 8 - ent- 
rance window of the electron tagging 
system, 9 - electron escape for d'- 
- quanta monochromatization, 10 - radi- 
al probe. 

Such a construction of the vacuum cham- 
ber has reduced the photon flux at the cent- 
ral part of the detector by a factor of 106. 
An additional attenuation is achieved by pla- 
cing a thin foil at the thin cylindrical 
part of the vacuum chamber and in front of 

the scattered electron tagging system. Dow 
the cylindrical part is of 3 mm thick 
Al( l/30 X0) and 0.7 mm Tat?/20 X0) and the 
tagging system window is of 0.17 mm thick 
Fe( l/700 X0) and 0.3 mm Sn(1/40 X0). 

The background due to synchrotron radi- 
ation is essential only for the coordinate 
chambers and for the tagging system; the re- 
maining elements of the detector are protec- 
ted by a thiok layer of material. For simpli- 
city of the event analysis it is desirable to 
have the number of wires fired for the one 
beam passage less than one. 

We have performed the measurement at 
the beem energy of 4.7 GeV. The number of fi- 
red wires during one beam passage at the cur- 
rent of 1 mA was 0.1 for the coordinate chem- 
ber nearest to the beam and 0.03 for the 
most distant one. For the chamber of the 
tagging system the corresponding value is 
0.01. The experimental data are in agreement 
with calculations with an accuracy of about ~ 
2. 

It is seen that at the present conditi- 
ons the background due to synchrotron radia- 
tion allows to operate at the T - meson 
energy with the currents up to IO mA. 

The authors express their gratitude to 
the staff of VEPP-4 for a possibility to 
perform the experiment. 

References 

1. S.E.Baru et al., Preprint INP 77-75, 
Movosibirsk (1977). 

2. A.E.Blinov et al., Preprint INP 82-15, 
Novosibirsk (1982); presented to the In- 
ternational Conference on Instrumentation 
for Colliding Beam Physics, Stanford, 
1982. 

3. S.E.Baru et al., Proceedings of III In- 
ternational Conference on Proportional 
and Drift Chambers, Dubna, 1978, p. 272. 

4. A.P.Onuchin, Yu.A.Tikhonov, Preprint INP 
77-77, Novosibirsk (1977). 

- 245 - 


