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ABSTRACT:- The experimental detector at Adone, MEA, which operates with its magnetic field
perpendicular to the eTe” beams is described, Studies of the magnetic: compensation for operat-
ion at Adone and resulting magnetic fields are presented. Particles are detected and analyzed ug
ing narrow-gap and wide-gap spark chambers which are triggered by scintillation and proportion=
al counters. Momentum measurements for charged particles are made with Ap/p = T0,07atp =
=1 GeV/c (B = 2. 5 kG) and angles are measured to better than ¥ 1, 50 over a solid angle of

-~ 0, 3 X 4msr,
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1. - INTRODUCTION AND GENERAL DESCRIPTION. -

MEA, Magnet for Experiments at Adone, is a detector system developed at Frascati to investi-

gate ete” interactions in the center-of-mass energy interval s = 1.2 - 3, 0 GeV produced at Ado-
nel1),

A photograph of MEA taken during its installation at Adone is shown ‘in Fig. 1.In Fig.2a draw-
ing of the MEA magnet is seen along with the coordinate system and the angles to be used later-in
its . description, A cross section through the ete” beam line of the spectrometer system is shown in
Fig. 3. This figure shows the magnet compensators and the complete particle detection system.

FIG. 2- MEA solenoid with the front iron plates connected to lateral bars for flux
return. Also shown are the coordinate system and angles used in description of

apparatus.
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FIG, 3~ Vertical section through the expe-
rimental apparatus: CyCYnarrow-gap spark
chambers; C,C} wide gap cylindrical spark
chambers; CgC}4 thick-plate spark chambers
for particle identification; MWPC-multiwire
proportional chambers; S;,.. S} scintillation
counters for triggering the apparatus.
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As seen in Figs.2 and 3 the solenoidal magnet system was mounted with its axis perpendicular
to the Adone straight section with the compensation magnets for this transverse field, placed just
inside the magnet coil, The choice of this geometry was imposed by the particular space limitat-
ions at Adone coupled with the optical read-out requirements, Although the arrangement having the
raagnetic field axis along the beam line is now in more common use in colliding'beam experiments,
we chose optical chambers with the advantages they have in the analysis of unusual and unexpected
events.

The detection system shown in Fig. 3 uses optical spark chambers and scintillation counters
located both inside and outside the main coil as well as multi-wire proportional chambers (MWPC)
near the e%e~ interaction region. The scintillators and MWPC are used to trigger the spark chamber
system. Cosmic-rays triggers were suppressed by particle and bunch-bunch timing measurements and
by source definition using the fast logic of the MWPC, This detection system measures the momenta
of charged particles produced in the eTe~ collisions at Adone and gives some informations on the
identity of both charged particles and gamma rays.

In this report we will describe the experimental details of the apparatus and’its performance.
In the section that follows (Section 2), the magnetic compensation necessary at Adone for the trans-
verse magnetic field of MEA is discussed and the characteristics of the main MEA field are given.
In Section 3.a description of each of the principal element comprising the detection system is given,
Finally, the performances of the detector as a spectrometer is presented in Section 4,

2. - PROPERTIES OF THE MAGNETIC FIELD OF MEA AND ITS INTERACTION WITH ADONE, -

The magnet system shown in Fig, 2 with its 2 m diameter by 2 m long coils produces a max-
imum magnetic field of 4. 5 kG, The maximum field used during operation at Adone was 3. 0 kG (See
Sect, 3.5, 2). The characteristicsof the main magnet and magnetic compensators are presented in
Table I, The main magnet coils and compensators are powered in series. Small field-correlation.

TABLE I:- MEA Magnet Characteristics.

Main Magnet :
Max. magnetic field 4.5 kG at 4,5 kA (max. power 1.3 MW),
Coil dimensions: length 2. 0 m, coil insidedia 1, 94 m,

2, with 9 mmdiahole,

Al coil;, 180 turns in 2 layers, cond:. 3.4x2.1cm
Magnetix flux return, 4-45x45 cm? Fe bars.
Weight 82 ton.

Compensation Magnet (two required) :
Max. magnetic field 4,5 kG at 4. 5 kA {max, power 0, 35 MW),

Max. magnetic field in Fe 18 kG,

Outside dimensions: length 0. 74 m, witdth 0, 6 m, height 0. 4 m.
Cu coils,l, 1x1,1 cm? with 6 mm dia. hole.

Weight 350 kg.

coils with a separate power supply are used to tune this compensation system to permit operations
at all useful magnet currents up to the maximum value,

2, 1. ~ Magnetic Compensation for MEA,

The magnetic system that was used to compensate for the deflection of the é"e” beams at Ado-
ne, has two compensating magnets placed inside MEA along the beam lines (See Fig. 3). The central



region is left clear for the detec¢tion of ete- interactions., Fig. 4 shows a section of the main coms=
pensation magnets, perpeéndicular to the ete- beams, These compensators generate field opposite

in direction to the main field over~50% of the beam line through MEA. Coils Nyandthe internalirons-
-yoke pieces shown in Fig. 4, minimize the non-uniformity of the field produced by the insertion of the coni-
penisators and produce a zero field cavity along the ete~ beams, Coil N1 is in this cavity -~-and ‘the
field it produces is uniform. A further addition was made to the magnetic system of four soft iron
bars placed inside each compensator, as shown in Fig. 5. These were used to comperisate for the
sextupole. field generated by the compensators.
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FIG,. 4- Skematic drawing of the magnetic FIG, 5- Soft iron inserts for compensator
system (solenoid and compensators), 1,ete” magnets to correct for sextupole term of
beams; 2, Adone vacuum pipe; 3, main ma- compensator magnetic field, (1) aluminium,
gnet coils; 4, flux return iron; 5, compensat supports;(2) one of four soft-iron cylind-
ing winding N1 and correction ¢oil; 6, com-~ ers; (3) Adone vacuum chamber.

pensating winding N2; 7, compensator iron,

The interaction of this cornpensation system with eTe~ beams dt Adone will now be considered.
In'order for.it to have a negligible effect on the stability of the stored beams, two basic conditions

onthe transverse maghetic field,B,, must be satisfied by the system,

B (x,y,z) = Bx(x, -y, 2) (1)

<

\/‘Bx(x,y, z)dy = 0 {2)

where y is a coordinate measured from the center of the magnet along the ideal beam orbit, (See
Fig.2),

Condition (1) is necessary to insure that, even when (2) is satisfied, there will b¢ rio nét beam
displacement, Condition (2) implies that there is no net change in angle of the beams passing through
the system. Bothconditions must be satisfied not only along the beam axis, but also for vertical and
horizontal displacements of T2 cm from this axis, Deviation from condition (2) can be written as a
function of the displacement in x and z in the following form:

,fo(‘x,y, 0) dy =-|:A + Bx - Cx%' - Dx% Bxt+ . :l

o/ Bx(O,y, z) dy =-[ A +B'z + sz + D'z3 + Ez4+.. ]



These expressions were derived using Maxwell's equations and condition (1), The maximum abso-
lute values at Adonel2) are partially summarized in Table II. The value of AL 2,5 G- m is given

TABLE II - Multipole Expansion Coefficients for
the MEA Magnetic Field along the e’e- Beam Line.

MEA
Magnet B B c B
Current
Amp Gm/em | G'm/em G-m/cm?’ G'm/cn%
Max. Allowed ' . 0.0 - 0. 70 0. 70
Values ' ' '
-0, 42 0. 03 -0.79 0. 08
2000
+0. 14 *o. 12 +0, 12 +0. 03
~0. 55 0. 01 -1, 08 0. 10
3000 ‘ . . .
Experimentally 10,12 <0, 10 -0. 11 - 0.03
Measured
Values -0, 65 0. 64 -0, 09 0.18
4000
+ +
o124 | Yo 13 0. 13 2o, 02
-0.23 n. 78 0. 08 0.19
4200
: to,32 1T 19 to., 54 to. 07

by restricting the'maximum displacement from the equilibrium orbit anywhere in the machine to 2
mm. The values B,B'$ 0.7 G+ m/cm results from the requirement that A / Voo the fractional beta
tron number shift in horizontal and vertical planes, be less.than 10-3, The limit of C< 0.7 G »m/cm2
specifies that the sextupole term introduced by the MEA system be less than 20% of the integrated
sextupole term of Adone, Similarly D, D'S0, 4 Gem/cm# specifies that the octupole component does
not exceed the octupole term already present in Adone, Measuredvalues also are givenin Table II.

In the measurements that were made of the coefficients of the expansion of eq.(3), the symmetry of
the magnetic field along y-allowed us to ignore odd powered terms greater than first order. As the
coefficients of even powered terms were foundto be quite small above fourth order, they alsowere ignor-
ed. Since the active length of the beam magnet interaction is about 3.meters, the above stated con-
dition on the value of A implies an absolute measurement of By to better than 0. 8 G over the entire

range - 4500 G to + 4500 G and a relative precision of T 0, 2 G for displacement off-axis.
The field integral was determined by measuring the force on a current carrying rod(3'5). The

absolute precision of the measurement was better than 10.5G-m. The position of the rod was de-
termined by an optical survey to il | mm. Thé main coils and the compensator coils were connected in
series electrically, so apart from small design errors and effects of saturation; the field integral
was expected to be near zero for all values of the raain current.

The integral term A along the equilibrium orbit was zeroed over the entire range 0-4500 A
using a correction coil (See Fig. 4). Fig. 6 shows the correction coil current as a function of the
main current. The reproducibility of all points was < 0; 5% and the sensitivity was 0. 3 G+ m/A for
the main coil and 1. 6.x 1073:G. m/mA for the correction coil, The simplicity of this corrections
system greatly eased the problems associated with operations at Adone.
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FIG, 6- Compensator correction-coil power-

-supply current required to give zero field
integi al, plotted vs main power-supply cur-

rent.

Fig. 7 shows the results of the measurements of J Bx(x,y,0) dy and fBX(O,y, z) dy for two
values of the magnet current. Also indicated in the figure are the multipole expansion curves

fitted to these points. The maximum calculated values and those measured experimentally are
given in Table II, As can be seen measurements satisfy these maximum limits with one possi=
ble exception of a single value for C,
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Fig. 2.



-

In Fig. 8 a profile of Bx along the beam is shown at 4500 A, From these measurements, the
electron trajectory shown in the same figure was calculated. The central vertical displacement, at

By (kcauss)
4k (A) = 4500 A
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FIG, 8 - At the maximum current 4.5 kA (A)iBy vs y, and (B)'the
electron path in the vertical plane (y-z) for a momentum p = 500
MeV/ec,

4500 A ranges from-18 mm to-6 mm with the momentum of the electron ranging from 500 MeV/c
to 1500 MeV/c. These displacements are quite comipatible with the vertical height of the vacuum
chamber of 40 mm.

With this compensation system MEA has successfully operated at Adone at all ete” beam
energies.:

2. 2 - MEA Field Map.

Momentum analysis of events require a precise determination of field components at all points
inside the detection volume of the solenoid,

The field was mapped using a self-propelled Hall-probe measuring head whose coordinates and
associated field component values were simultaneously read out by a PDP-8 computer and recorded
on magnetic tape(4r5). The measuring head carried 3 orthogonal Hall probes and mapped the field
components BX,]Bw ; By in & cylindrically symmetric system around the solencidal axis (x). (See Fig.
2. ).All the measurements were made with the compensators operating to give a zero field integral.
Fig. 9 shows the principal projections of the field map at 4500 A, By is uniform within 15% for r=0.5
- 1,0 m, while for small' x and for small r where the influence of the compensators is stronger, there
is a reduction in the field of up to 30%. Field uniformity in ¢ is very good, better than 2% except for
points very near the comperisators,

An analytic fit to the measured field componeni was obtained taking into account explicitly the com-
pensator fringing fields, the small gap in the main field winding where the two halves of the ¢oil join,
and the two large holes in the iron end caps. (See Figs. 2 and 4). This was accomplished by first
expressing each field component in the form (1+x+x2)(1+r2){1+cos2%) and then by adding dipole fields
to simulate effect of the compensators. In addition three current loops were added: one in the cen-
tral plane to simulate a missing winding between the halves of the main coil, and two at both ends
for the holes in the end caps. In these casis the currents were individually adjustable. This fitting
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procedure was restricted to the detection region. For the principal component By in this region

an average fitting error of ¥ 0,3% was obtained. This value represents a maximum for the momen-
tum reconstruction error due to the magnetic field uncertainty and is well below estimated uncer-
tainties due to errors in event measurements on the film, (See Section 4. )

3. - DESCRIPTION OF DETECTION SYSTEM, -
3. 1, - Internal Spark-Chamber System (ISC)

The ISC includes two wide-gap chambers and two thin-gap chambers placed above and below
the interaction region, The arrangement is shown in Fig. 3. The physical characteristics of these
chambers are summarized in Table III and Fig, 10,

,

0.6 cm Ai(electrodes) ¢
1.5 ¢m Fe+ 0.2 cm Pb abs.

0.6 cm Allelectrodes)e
1.5 cm Fe +0.3 cm Pb abs.

Ca } A
10 bigaps
8 RL
. 8 sandwiches
(0.6¢m Al(electrodesy s
" 03 cm Fer0.3cm Ph abs)
‘
*
1.0 cm Al(electrodes)(i)
Sa L J 2 em scint. plastic
£ RDESRERN S5 1.5 cm Fe absorber (i)
S3 1 2 cm scint. plastic
2 ¢m Al mechanical support for coil
Main MEA [T ey oo = o °
Coil 0 T L O O O o
= . SNy 0.5 em Fe absorber
C <1gjem? Cu absorber
4 gaps
4 g;Ps ' l 0.02 cm Al absorber
MWPC [ = ] 038 g/cm?fiberglass epoxy
St 82 KL 1] 1 ¢m scint. plastic
MWPC [ 1 0.38 glem?tiberglass epexy
Vacuum Pipe [SS SEETS 5=3 0.4 cm Fe absorber

FIG. 10- Absorber thickness of vacuum pipe, MWPC, internal spark
chambers (CICZ) and external spark chambers (C3) for the upper part

of apparatus. The lower part of apparatus with chambers C!C! and C'3
was identical except that the chamber indicated with (i)was rem®6ved and

the absorber (ii)was replaced with 0. 5 cmn Pb,



'TABLE IIl - Characteristics of Internal Spark Chambers and MWPC.

-10~

(+)

Narrow-Gap Spark Cylindrical Wide-Gap Multi-Wire Proportional
Chambers Cambers Chambers
Clcll CZC'Z MWPC
Description 4-8 mm gaps 59.6 x 43,3x 4 -~10 cm gaps, 100‘“ wires, 2-24, 5x36,2x1. 4 cm3,
x5.4 cm3, Al foil plates, 0. 25 cm spacing, plate 98—2()“ sense wires;
11,0 - 15,6 cm from e*e” radii 50. 5 cm to 98, em, 0,254 c¢cm spacing,
beams, voltage 10 kV, length 184 cm, élec.field 6. ¢m from ete”
: | &as Henogal 30 ~6kV/cm, gas Henogal beams
| 90 . 3
i 2-39,0x36,2x1. 4 cm”,
! ]54'20# sense wires,
! 0. 234 cmi spacing,
10.5 éinfrom e e~
| beams,
| Voltage 4, 7 kV,
! gas "Magig"
i
)
i Geometric
! Angular o o o o o o .
| Acceprance 25°€ 84155 (w=100% | 50°¢ 6 ¢ 130° (w= ¥ 90% 25°¢ 8 ¢ 1557 (w = ¥ 90°%)
| (from point k =
| osoutceto mid-| 40y £140% (6= T90%) | 585°%w € 142° (6 - T90%) 30°4y £ 150% (5 = ¥ 909
| chamboer)
i

tLcknesses see Fig, 10:

. The two large wide-gap chambers (Cg, G of Fig. 3) have transparent wire electrodes and are
used to measure the outgoing particle momenta, Each chamber has four gaps, Wire electrodes
were used in order to allow the viewing of sparks through the electrodes themselves, This was
necessary as the end plates of the central magnetic return yoke do not permit the chambers to

be viewed through their plexiglass ends. With this arrangement however, the complete spatial
reconstruction of visable tracks is possible using one view orly. See Section 4 for a description
of the spatial reconstruction method used. :

A skematic drawing of one of these chambers is showh in Fig, 11, Each wire electrode is
made of a separate layer of wires 1004 in diameter, Adjacent electrodes are spaced a distance
of 2. 5 cm., This double layer decouples the gaps and was found to be essential for the satisfactory
operation of these chambers(6), The separation of electrodes dlso made spatial reconstruction
easier as the end points of each track are then separated in space and can be more easily seen and
measured. Afurther improvement was made in order to achieve good working conditions, namely,
15 equispaced guard wires were placed in each gap atthe ends of each chamber., These were con-
nected to the plates through a resistor chain so that when the H. V. pulse was:.applied to the ¢ham-
ber, the electric field near the edges was approximately equal to the field inside the gaps. In order
to be able to work with good efficiency even with-arather low field (~6 KV/cm) the gas mixture of Neo-
gal 90 (90% Neon; 10% Helium) was used. Spurious tracks and sparks were suppressed by the addit-
ion of ~10% (by volume) of ethyl-alcohol vapor,

The applied H. V. pulse is generated by a 4-stage Marx generator with output capacity C=3800
pF. The rise time of this pulse is about 50 ns, much longer than the transmission time of the cham -
ber. The characteristic impedance of the .chamber is 40 ohm. A resistence of 50 ohm in parallel
with each chamber increased the pulse rise tirmme and was found to reduce the fluctuations in track
brightness, With the electric field of 6 KV/cm the efficiency for registration of tracks having small
‘angles relative to the electric field £, wasa 100% for each gap. The efficiency was high out to angles
of § = 400, At greater angles the sparks became less bright and eventually vanished, For more
detailed information on the developement and testing of these chambers see references (6),(7) and (8),

Below and above the vacuum pipe two small plane-plate spark chambers (Cl’ Cl' in Fig, 3)
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-12.

each with four 8 mm gaps are used to measure particle trajectories close to the interaction region.
These chambers are pulsed with a 10 KV pulse from a central spark-gap pulser through cables to
each bigap. The recovery time for the ISC system is~ 0, 5 sec.

3. 2. - The External Spark-Chamber System (ESC).

The ESC consists of four heavy-plate cylindrical spark chambers covering most of the main
coil of the magnet (C3, C?; in Fig. 3). As seen in Fig, 12, two chambers were placed above the
magnet coil and two below. These chambers were designed for gamma-ray and électron detect-
ion, pion-muon discrimination, and range analysis for intermediate energy particles. Each cham-
ber has ~ 8 radiation lenghts or~s 0. 8 collisions lenghts. -(The total material thickness following
spark chambers CZ(Cz‘) including C3(C'3), is 10. 4 radiation or 1. 4 collision lenghts). The physical
characteristics of these chambers are presented in Table IV and in Fig, '10.

TABLE IV - Characteristic of External Spark Chambers(t)

Cylindrical Spark
Chanibers
¢ 3 c 3

Description 4- 10 bigap cylindrical spark.-chambers,
radii 1. 12-1. 74 m, length 1.0 m,
small-angle mirrors at one end,

voltage 11 kV, gas Henogal SO(X)

Geometrical 530§(S <1270 for ¢t (W '.i‘goo)
Angular o ; o 373 o
Acceptance 36- £y £144" for Cy, (4 = t907)

(point source to 04 PN » B )
L1s ! 0 =%9
mid chamber) 485 W £132° for CB ‘ ( o)

1}

(+) For details on absorber thicknesses see Fig. 10.
(%) An additional quadrigap chamber was inserted in C'3.

A rough estimate of the photon detection efficiency for the ESC was obtained from measurements
made with monoenergetic photons incident on an absorber arrangement similar to that now in use
but where scintillation counters were substitiited for the spark chambers of the ESC(l), The pho-
ton detection efficiencies for 2-spark (2-counter) detection was ~85% above ~250 MeV decreas-
ing to~40% at 100 MeV,

Each of the four sets of chambers comprising the ESC consists of the cylindrical bigap spark
chambers with aluminum plates interleaved with ironand leadplates (Cy has an.additional quadrigap
chamber), The capacity of each bigaprangesfrom 3000 pF for the inner bigap to 4500 pF for the
outer. The high-voltage pulses from"8 spark-gap pulsers (each of output capacity of 20 nF) are
applied, via coaxial cables, to each bigap. In order to minimize instabilities in this system, ore
H, V. trigger pulse was used to activate the 8 spark-gap pulser. The recovery time for the whole
system of 48 spark chambers was about 0,5 sec., These chambers are operated with Henogal 30
(30% Neon and 70% Helium) and with a spark-gap charging a voltage of 10-11 ¥V, Under these con-
dition few spurious tracks are observed and stable nperation at hiygh efficiency is maintained.

3. 3. - Optical System of the Apparatus,

A side view of the apparatus with the optical system usedtorecord eventsis shownin Fig, 12, The
ilmages of the internal spark chambers Cg, C'9, are viewed by two 70 mm cameras with optic axes ali-
gned withthe magnet axis. With these two photographs the whole sensitive volume is visible. The
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camera lenses have focal lengths of 40 mm and are positioned 200 cm from the interaction region
(at x= T 200 cm). Photographs are taken with 3M type 320 BW film and a lens setting of £/ 8, The
maximum angular aperture used in photography is 60°,

In order to determine the position and @ngle of a wide-gap spark in space, the end points of
each track in each gap must be measured on the film, With this measurement in only one view and
from a knowledge of the camera position, of the optical axis position and of the cylindrical plate
position, the spatial position of the end points-of each track are determined. Two cameras are ne-
cessary only because they permit a view of the full sensitive volume.

The narrow gap chambers C; and C! near the vacuum pipe are viewed by both cameras. As
shown in Fig. 12 the full view of these chamber gaps is possible through prisms at the ends of
these chambers,

Half of the ESC are viewed by each camera. The stereoscopy for tracks in these chambers is
achieved with a series of reflecting small-angle mirrors, RM in Fig. 12, located at the far end
from each camera, Track imagesfrom these chambers are brought in to the same picture as the
internal chambers with parabolic (PR)and plane (PM) mirrors. The optical path length from the
camera lenses to the center of each ESC is about 7 meters, In Fig. 12 a sketch of an event record-
ed on film is shown, The image size is 60 x 80 mm?2, In Fig. 13, pictures of two typical multi-
hadron events are shown.

x -

R N

>

v x

FIG. 13- Pictures of two typical multihadron events.

3. 4. - Multiwire Proportional-Counter System (MWPC),

Telescopes, each composed of two MWPC, were placed above and below the interaction region,
(See Fig.3). The sense wires are parallel to the direction of the beams thus allowing the direct geo-
metrical reconstruction in the x - z plane of the interaction region. Each telescope contains 154 +98=
= 252 sense wires spaced 2. 5 mim apart. A "Magic' gas mixture of 72% A, 23, 5% Isobutane, 0, 5%
Freon and 4% Methylal vapor and an operating voltage of 4..7 kV are used. The effective thickness
of each telescope is 0. 76 g/cm? of fiberglass epoxy. The characteristics are summarized in Ta-
ble III and Fig. 10,
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The data collection system was divided into modules each containing 14 channels, A schematic
diagram of the circuit used to amplify, store and register each sense wire signal is shown in Fig.
14(9), A preamplifier and cable driver, PA, were mounted on each chamber, After amplification

)
L——- ADG-card i I -card L -card —___J

I Gate E’,}gb (,". l Read ,
l T.r I Tv.l r l Reset enahie I
Wire > "@ o b 4 D | @l FF :EZNSN l T_ E 1% {-?I:
b RG174 , S =
Glgdnlxu' I NG00t 0 WkE =¢ S #
1/4-MG 1020 | 1-MC1035 l L ) __J__myr! 12-MC 1010 TITX l,\1‘7 Comnan Luss
fast OR 18 Address ling to Reader
I | Yo-me oo | , e |
Trigger fogic «—+— Contraller biose
Fast
trigger

FIG. 14 - Block diagram for a single MWPC channel containing preamplifier (PA),
Amplifier-Discriminator-Gate (ADG), Integrator (I} and Latch (L) circuits,

to a MECL logic level in the Amplifier-Discriminator-Gate card (ADG) the signal is gated on to
the Charge-Integration card (I) where, following a charge-enable coincidence signal, the storage
capacitor (C) is charged, It is at this point in time that the wide-gap-chamber pulse occurs. With
imperfect e-m shielding most circuits involved in amplifying and recording pulses are affected,
The I card and the controller were carefully studied in order to assure that the charge on the ca-
pacitor, C, is unaltered by this disturbance. After this H, V. pulse subsides, the Latch card (L) is
reset and the I card capacitor discharged into the L-card flip flop. The wires are scanned by the

Reader and the addresses of those with a charged capacitor are then transfered to the Laben 70
on-line computer.

In.order to reduce the spurious trigger rates at Adone a first rough determination of the in-
teraction point is used in the trigger logic. This was done with analog and not with digital circuits
as good spark quality in the spark chambers requires the operation to be completed in& 0. S5usec,
The trigger logic is shown in skeématic form in Fig, 15. For each MWPC a priority encpder, PE,

I
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'FIG. 15 - Block diagram for MWPC trigger logic.
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selects the extreme wire in the positive x direction and a digital-te-analog converter, DAC, provides
a signal proportional to the position x of the trajectory of the particle in both the internal and ex-
ternal MWPC's. A differential amplifier, DA, is strobbed by a fast trigger formed by scintillation
counters, and gives a signal which is proportional to the distance; S, of the trajectory from the
projected beam position in the x-z plane. This output is analysed by a.differential discriminator
(DIF. DISC. ) with a window set to select a maximum value for |S] . These logic operations are
realized in a time of~ 400 ns. The width of the discriminator and the logic pulses are chosen to
select those events which have the trajectory of a least one particle within |S| < 30 mm, This re-
quirement was found to reduce the overall trigger rate for operation at Adone by factor of~6,

3.5, - Trigger and Data Acquisition,

3.5.1. - Trigger Counter System,

In addition to the MWPC telescopes, the irigger counter system consists of four layers of
scintillators, The first two layers (Sy, Sy, or Sy, S'2 in Fig. 3) each with dimensions 35x40x0.5 cm,
were placed between the vacuum pipe and the first spark chamber (€, Ct ). The third (Sg,8%) and
fourth (S4, S}L) layers, each with counter dimensions 200x20x2 cm3, where placed outside the madin
coil before the ESC (See Fig. 3). Between S3 and S4 a 1.5 cm iron plate and between S§ and Sy a
0.5 cm lead plate were interposed to reduce the machine background at the higher energies of Adone.
The external scintillators Sy and S'3 are viewed from opposite ends by two photomultipliers: where-
as for S1,8}, 8y, 54,554,834, only one PM tube is used for.each. As seen in Fig. 3, counter S3,8%, S4, S}l,
each subtend an angle from a point in the interaction region of~10°, The minimum energy required
for a pion to penetrate through to last scintillator layer (S4,SY) is 125 MeV and 100 MeV ‘to penetrate
through to the third layer (83’ S’g).

The signals from both photomultiplier tubes in Sg and S’3 are used to produce a position-indepen-
dent timing gignal employed in suppressing cosmicray triggers, Time measurements were made between
51,89 andS3andbetween'S!, Sk and S'a. Thetime resolution as determined with ee — pu events at the
J/y resonance is¢ = T 0.8 ns with no angle correction, and g = ¥ 0, 6 ns when corrected. Cosmic
rays were rejected by setting the minimum time accepted by the upper counter system to 2-3 stan-
dard deviation (or 2-3 ns) from the eleciron peak for Bhabha scattering., As downward going cosmic
rays would have a time difference of ~6 ns, they are rather effectively rejected, the rate being re-
duced to ~ 0. 3 trigger/min,

3.5.2. - The Trigger Configuration.

The choice of a particular counter configuration for triggering the MEA 'detection»system was
conditioned by several factors, In general, the trigger configuration chosen was required to be as
"loose'' and "soft" as possible but with a rate not to exceed 5 triggers per minute, This rate was set
by the limited access for film change at Adone. Regarding the background rate due to cosmic rays
the application of the TOF criterion described above reducedthisrateto anegligible value(~ O 3triggers/
min). The major background was found to come from Adone itself. This background, which is beam
correlated, is swept into the detection system by the MEA transverse magnetic field. At a particular
Adone beam energy, ‘the background rate was found to increase with increasing MEA magnetie field,
This behaviour is seen in curve A of Fig, 16, where the trigger rate for a particularly simple coin-
c_i_rjlence arrangement is plotted vs the magnetic filed of MEA (BX) with Adone operating normally at
Vs = 2.0 GeV and 30 mA per beam. A more complex master-trigger configuration employing MWPC
(described below) was used to reduce these rates to the level seen in curve B of Fig, 16, Based on
this latter curve it was decided to limit the magnetic field of MEA to By = 2,0 -2, 5 kG depending on
the ete- beam energy.

The master trigger conditions that are used in data taking at -energies s <20 GeV are the
following:

a) time of flight between the inner counters, 5¢, and the first layer of the exiernal scintillators,
53, set to exclude cosmic~ray events (as previously mentioned),

b) coincidence of the event occurrence with that of the bunch-bunch crossing time in the interaction
region, to within * 3 ns,
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¢) correct source point for one track as detérmined by one of the MWPC (descriptionin Sec.3,4)

d) coincidences of upper ielescope (518283) and lower telescope (SiSbSé)
traversal~100 MeV),

e) event rejection if only two tracks detect
forward or backward within @ = 200-60°

(minimum pion energy for

7?0§s (818253) and (SjSéSé) and if both tracks are either
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FIG, 16 - Trigger rates vs MEA magnetic field,
200} 204 By, for two triggering conditions; A)(S8;5,83) -

{S' S! S!yand B) master trigger described in the
1 first ‘part of Section 3.5, 2. Adone operation with
.___.__-——e—--—-

o -, 30 mA circulating (each beam) and Vs = 2.0 GeV,
0 ] 2 3 4 B(kGauss)

With these trigger requirements the cosmic-ray _trigger rate was 0. 3 trigger/min, With the
MEA magnetic field at 3. 0 kG and Adone operating at Vs = 1. 6 GeV, the total trigger rate increas-
‘ed to 4 triggers/min and at /s = 2. 0 GeV to a value of 10 triggers/min,

It was at this point that further efforts were made to "harden' the trigger requirements, Ab-
sorber layers of 1,5 cm of iron or 0, 5 cm of lead and an additional ring of counters (Sy, S)) were
added. This final arrangement is that shown in Fig. 3. Penetration of particles out to S4 and S) could
then be used to reduce the trigger rate. Penetration out 84 or S} requires a pion energy of 125 MeV,

For operation athigher energies above 4/“;\= 2 GeV at Adone the above trigger conditions d} and
e) were altered replacing the three-fold coincidences (S154S3) and ( (8/8;SY by the four-~fold coincidén-

ces (55,535 )and (S} Sy Sh 8Y) ( 1), respectively. Also the following additional trigger coincidence con-
ditions were added, in OR, to those described above:

f) coincidence for three 1‘racks two of which are tracks as specified in e) and the third as either
(518483) or (S' S5 8!
g) gammas-ray trlgger gei 'ined as having two penetrating tracks out to Sy or SL} both in the upper or
lower telescope and, in the opposite telescope, one counter in either layer S3 or Sy4.
With By = 3. 0 kG the trigger rate at Ys = 2. 0'GeV with the "harder' trigger specified above
was 3 trlggers/mm and at 3. 0 GeV, 5 triggers/min. The addition of g) as a trigger condition allows
for the detection of w® ®0 .like final states while increasing the trigger rate only by 30%.

For operation of MEA at Vs £2. 0 GeV geveral less restrictive trigger combinations involving
83 , S'3 s S4 and S'4 have been used successfully,

3. 5. 3. - On-line Data Acquisition,

A Laben 70 mini-computer with a 20K memory and a disk operating system is used to record:
data and to perform certain control checks on apparatus operation. Data acquisition is through an
on-line CAMAC system which is used to record for each event: the machine energy, the trigger
configuration, the counters involved, the pulse-height sum in quadrants of counters S3 S§,the MWPC
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wires which were registred, the time of flight in the upper and lower parts of the apparatus, :and
the relative time of the RF signal. Part of this information including the frame number is optically
displayedthroughnixies and recorded on film with each event. After the occurence of each event,

a dead time of ~ 2 sec is necessary for film advance. During this time the computer performs a
check for satisfactory operation of the apparatus through the collection and analysis of cosmic-ray
data; e, g. time of flight, pulse height for each scintillation counter, and each MWPC wire address,
Machine-produced events are written out on magnetic tape as they occur, cosmic-ray-summary
data is registred every 15 minutes, and, a the end of a run, summary data distributions are re-
corded. The electronic data for each event can be diplayed by the computer as well as the aceurnu-
lated cosmic-ray or machine-event distributions,

3.5. 4. - Acceptance of the Apparatus,

The single-track acceptance of the apparatus in ¢ and ®is shown in Fig, 17, In this figure the

FIG, 17 - Conformal represertation of apparatus accep-
tance in 9 -@vnlane (See Fig, 2). Acceptance is calculated

E to mid chamber from a point source at (0,0, 0), ——-
defines the boundary of the area A, covered by CIC’I, use-
ful for charged multiplicity measurement: — delineates
the region B covered-by CyCh, useful for momentum ana-
§ lysis; —~ —— delineates the region C covered by CyCh,
useful for a particle identification, Only 0 < § < 900 région
represented,

0 0.5 1 cos@

areas are proportional to the solid angle covered to mid chamber by a point like source, Using this
figure the solid angles of the various parts of the apparatus can be deduced. The solid angle covered
by spark chambers CCj is 40 ¢y = 0.56 x 47 sr for a point source. The charged multiplicity of
events is recorded in this solid angle. The momentum analysis, made in V(C2C'2), is possible over the
solid angle AQ¢ = 0. 35 x 45t sr for a point source and 4Q,=0,25x4sw sr for a sourcewith ¢ =17, 0-cm (at .
V's= 2,0 GeV), The solid angle useful for particle identification (as defined the chambers Cg. Ch)
is___A.QN = 0. 26 x 4 sr for a point source and AQN = 0. 18 x4 sr for a source with-¢ = 17,0 cm (at
YV os= 2,0 GeV), : '

4. - SPATIAL RECONSTRUCTION OF SPARK CHAMBER TRACKS AND PARTICLE MOMENTUM
DETERMINATION, -

The optical system used to photograph the spark-chamber detectors of MEA is shown in Fig. 12
and is described in Section 3, 3, The principal reason for employing two cameras was.to be able'to
view the full volume of wide-gap cylindrical chambers. Each view. is analyzed séparately using in-
formation on the position of its own set of reference fiducials and of the wide-gap cylindrical plates
and narrow-gap spark chambers. (MWPC measurements of track position parallel to the magnetic
field axis have yet to be introduced into the track reconstruction). The reconstruction procedure u-
sed is non-standard and is specialized to the MEA geometry,

The coordinate system used in reconstruction is specified in Fig, 2. In each view the coordinates
of a point in space (x,y, z) are related to the points on the film, measured in rectangular coordinates
(*& , ) by the following relations: ’

+ + + + + + C
;- Clx Czy CBZ‘C4 n=C5X C6y C_z C8

C9x+C10y+C z + 1

7

+ + i
11 Cox*+Cyy+Cpy2tl

(4)
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where the coefficients C; ... Cy; are determined from a fit of fiducial measurement on the film
to the known positions in “pace of the fiducials, With the equations (4) a single point measured on
the film specifies a straight line in space through the lens optical center. This line will be refer-
red to as the "optical line'', Consider now a segment of a wide-gap chamber track, The end points
of this segment should lie on, or very near, the two cylindrical wire plates of the chamber gap.
The .space position of an end point then is determined as the point of intersection of the optical line
with the cylinder specifying the position of the particular wide-gap chamber plate.

Three additional points along each track segment between end points also are measured. These
are called internal points and are spatially reconstructed using the following procedure, First, the
end-points of all gaps are fitted to a straight line in aplane x-z' where z'is an axis approximately passing
through the points of the track projected on to the y-z plane., This best-fit line then is used to de-
termine the x coordinate of the internal points from the points of intersection of this line with the
projections of each optical line in the x-z' plane, This straight-line dependence in x was assumed
as the main component of the magnetic field is along x, and it has been found to intreoduce no signi-
ficant error in momentum measurements,

An important effect that wag cons1dered and corrected for, is the displacement of the sparks
during their formation due to E andEx B forces. In the wide-gap chambers the average magni-
tude of the displacement along E is 4, 2 mm. The ExB displacement was found to be much smaller
and was ignored, The correction is made by shifting each measurement of spark position along the
electric field at that point, by this average displacement.

For the wide-gap chambers, the overall relative precision in the y-z plane for a single measu-
rement of the track position, including measurement errors, was found tobe ¢ = ¥ 0, 25 mm(12)
The absolute error in determining the: x position of atrack was 0 = 13,0 mm. In the y~-z plane
then the momentum error is Ap/p =1 0. 14 at p=10GeV/c and with By, = 2,5 kG arid the error

in the angle measurement (¥ in Fig. 2) is Oy = * 1. 0% The error in the depth angle measurement
6 is o, =% 1,30,
6 .

.t

A similar procedure was used for the reconstruction of space points from film measurements
made on sparks in the narrow-gap chambers (Cl, CY, of Fig. 3), Each measured point on the film
determines an opticalline, This line however is deviated by entrance prisms to lie in a plane parallel
to the narrow-gap-chamber plates, In order to determine the x coordinate of a spark, a best-fit line
to all wide-gap points in the plane x-z' as described above was used. The x position along the devi-
ated optical line was determined as the point of intersection of this best-fit- wide-gap chamber line
with the projection of the optical line on the x-z' plane,

The precision alignment of the narrow-gap chambers was made using cosmic-ray muon tracks
recorded with no magnetic field, A minimization procedure established the relative wide-gap narrow-
-gap position(13). The most sensitive parameter thatis determined inthe fitting, isthe vertical position-(z)
of each gap. Also given in this analysis is the precision of particle-position determinations from
spark measurements made on narrow-gap chamber sparks, In the y-z plane,the relative precision
per spark was 0= - T 1. 0 mm and the absolute error in x was Oy =~ 10 mm.

The resulting overall precision for the determination of the particle momenta in the y-z plane
from measurements in the wide and narrow-gap chambers was found to be Ap/p =1 0.07 atp=1
GeV/c and By ® 2.5 kG with an error in the angle measurement in this plane of Oy =1 0,59, The
error in dept angle determination remains unaltered at oé 1, 5° These values have been verlfled
through measurements made on QED events of the type e Te- ——-—> u wo.
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