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I, - INTRODUCTION., -

The detection apparatus described in this report was designed to completely analyze
the particles produced in eTe” collisions in Adone at energies hetween ,75 and 3,0 GeV.

This apparatus is particularly suited for:

- momentum and direction measurements of chiarged particles;
- ¥-ray detection with localization of the materialization point;
- range measurements and deteclion of nuclear and electromagnetic interactions,

Its main parts are a large cylindrical coil which produces a 4,5 kG magnetic field in
its interior and a spark chamber system placed inside and outside of the coil. The internal
spark chambers with thin electrodes measure the initial direction and the momentum of the
charged particles, In the external thick plate chambers the ¥ -rays convert and the charged
particles are further analyzed (range measurements, nuclear and electromagnetic interactions
ete, ). )

Essentially we have adopted the solutic . proposed by a previous study Commitee(l) i.e,
a solenoid which can be mounted with its axis'parallel to the Adone straight section {longitu-
dinal arrangement) or perpendicular to it (transverse arrangement), As the details of the pro
ject were worked out, certain modifications were made on this preliminary design, the most
important of which was the addition of a compensation system for the transverse case, In this
report we discuss only the transverse arrangement in detail, treating in the Appendix those fea
tures in which the longitudinal case differs,

Although it appears that the transverse arrangement is in any case the most feasible:
(especially from the stand point of construction), nevertheless it seems advisable to maintain
a longitudinal alternative as far as possible in view of the much smaller problems of magnei-
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2,

~-beam interactions involved in the latter,

Before continuing the description of the apparatus, it is convenient to introduce now so
me geometrical definitions.,
Let (x,y,z) be the cartesian reference system with its origin in the center of ete~ in

b

teraction region, oriented as in Fig. 1, an unit vector along a straight line passing througﬁ

FIG, 1 - Definition of the cartesian
and angular coordinate systems,
The dotted line represents the
beam trajectories in Adone. The
angles (8, ¥) and (4, §) form two
pairs of polar angular coordinates
with polar axis-along z and x re-
spectively,

- . . oty . . -
the origin; Uy, U, Uy its cartesian components; Uyys 'l‘fx,z, '{?’«,Z the orthogonal projections of u
4 - N “
-onthe planes (x¥), (xz), (yz); and at last X, Y, Z, the vectors of the reference system. We.de
fine two polar coordinates (0,¥) through the relations

]

(1) . cosG=T-7 cosy":i'f" - X
Xy

We choose z as the polar axis as it is the axis of cylindrical symmetry in the dynamics of
ete” interactions, in the absence of polarization of the beams. Since the detection apparatus
has in its essential parts a cylindrical symmetry along the x axis, we introduce a second pair
of polar coordinates (&, ) defined by:

2) » cos =1+ % cos(,u=ﬁ;z-'vf

For these coordinates x is the polar axis, Finally, to define the areas with vertical edges it
is useful to introduce the angleol :

= -.3" 3 ”ﬁ’
A3) cosel U,z

The geometrical meaning of all the angles defined above is shown in Fig, 1. The connec-
tion between o, &, v and the angles 6, Y are
cos d = sin@ cos Y
(4) tg ¢
tg L

sin Y 1g@
; -1
cos lptgo=(tg § cos )

1

The velations between the cartesian component u,, iy, i, and the two sets of polar coordina
tes are:

u, = sind cos Y = cos &

(5)

o=
i

sing sin ¢ = sin J sin &

u, = cos® = sin J cos g
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In Fig. 2 are shown the principal kinds of surface with which we will have to deal in the follo-
wing.
The next paragraph in which we give a general description of the apparatus is followed
. by paragraphs dealing in detail with particular arguments such as magnetic interferences with
Adone (§ III), acceptances (§ IV} and accuracy (§ V, VI, VII) of the detection system, external
spark chamber use (§ VIII), monitor systems (§ IX), gas control system for spark chambers

§ X).

a) b}
¥IG. 2 ~ Angular definition of various areas of the apparatus, ol 5 o{o__ W S#O ’
Fig. 2a rectangular area (compensator); d'& J_ Fig.2a circular area (plane
wire spark chamber C3); & . é‘;, & = Y Fig. 2b cylindrical sector (spark
chamber Ci1, C2)

II, - DESCRIPTION OF THE APPARATUS, ~

The apparatus shown in Fig. 3 in a schematic form, consists of the fcllowing parts:

FIG. 3 - Schematic drawing of the magnetic system and of the detec
tion apparatus; MC = main coil; CP=compensators; VP = vacuum pi-
pe; ISC and ESC =internal and external spark chambers; TG =tirigger
counters; EL = electronic logic; M = mirror; GCS =gas control system.



a) the magnetic system composed of the main coil {MC) and the compensators (CP)(2);

b) a spark chamber system external to the main coil with thick plates (ESC);

¢) a spark chamber system internal to the main coil {ISC) for momentum analysis in the
-magnetic field;

d) the scintillation counters used in forming the spark chamber trigger (TG);

e} the optics;

f) a monitor system for luminosity measurements in.Adone;

g) the electronic logic (EL);

h) a gas control system for the spark chambers {(GCS);

i} the straight section of the Adone vacuurn pipe (VP);

1} the support frame.

a) - Magnetic System, -

This consists of a main cylindrical coil with its axis perpendicular to the straight sec
tion of Adone, in which a magnetic field B of about 4.5 kG is maintained, and of two compen
sator magnets placed in the position shown schematically in Fig. 3. The main features of the
coil and of the compensators are sumamarized in Table 1,2 and in Fig. 4. In Table 3 are listed
the features of the power supply(28), :

TABILE 1 - Main Ceil

Dimensions: length , 200 cm
internal diameter 200 cm
external diameter : 214 em

Magnetic field 4500 gauss

Current S 5000 A

Voltage 5 266 V

Power dissipated 1300 KW

Number of turus 180 wound in 2 overlapping layers

Coil cross section 34x 21 mm with.a 7 mm diameter central hole

Iron cross section (flux return) 4 bars 45x45 cm?

Cooli { flow rate about 15 liter/sec

ooling water ,
pressure 10 Atm.,

Weight ~ 2000 Kg.

TABLE 2 - Compensator

dimensions: (see Fig. 4)
{each) vertical ‘ 400 mm

length (max) 740 rom

width 600 mm
Magnetic field at the center 4300 gauss
Power dissipated 300 KW each - 600 KW total
Magnetic field in iron 12 -18 kG

. low rate 3.5 liter/sec each
Cooling water: )
pressure 4 Atm

Weight 350 Kg each

TABLE 3 - Power Supply

Current 5000 A
Voltage 400 V
Stabilization 1%
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FIG. 4 -~ Drawings of the magnetic system (solenoid and compensators).
1 = quadrupole; 2 = vacuum pipe straight section; 3 = magnet main coil; 4 = flux
return-iron; 5 = compensator; 6 = frontal iron plate; 7 = main coil container;

8 = support system; 9 = cooling water pipes and electric connections; 10 = rails
for magnet diassembly; 11 = iron for flux return; 12 = support for compensators.
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The magnetic flux is conveyed outside the main coil through two large iron plates pla-
ced at the ends of the coil and connected by lateral bars (see Fig, 5],

P -

o B

mmgw’”"' e
™

I
FIG, 5 - Solenoid with the front iron plates connected to the lateral
bars for flux return,
The magnetic field within the compensators is uniform, equal in magnitude and oppo
site in direciion to the field of the main coil. -

We will discuss later (§ III) the magnetic properties and the functions of the coiltcom
pensator  system: at present we only point out that it was designed to make the magnetic in-
terferences with Adone iolerable,

The dimengions of the compensators in angular space are represenied by two plane
reétangular surfaces perpendicular to the z axis, placed symmetrically with respect to the
interaction point with a horizontal aperture of (?(m oy = 989 and a vertical one of (.. =330
(see Fig. 2a for definitions). Fxcept for this angular region all the internal space of the main
¢oil is available for momentum analysis.

b) - External Spark Chambers (ESC). -

The main coil of the magnet is completely surrounded by ~ 15 cylindrical bigaps spark
chambers interleaveéd with iron plates {see Fig, 6). The radius of curvature of the chambers
ranges from 110 cm to 165 cin with length of about 260 ¢m, and gap height of ~“1 cm,

The electrodes are made of highly reflecting aluminium plates(3). As the internal
surfaces are specularly reflecting, the spark can be observed tangentially to the cylindrical
surface, as well as coaxially., The accuracy in the spark localization on the tangent view is
~1 mm, In all other features these spark chambers are not different from those built in other
laboratories, -

The arrangement of the external spark chambers and their mirrors is shown in Fig, 7
and 10b, The photographs are taken by two cameras placed at both ends of the solenoid,

It is possible fo replace some bigaps with scintillation counters in order {o trigger
the spark chambers only or also on photons converted in the iron or in the main coil,

This apparatus allows: ¢ detection, e, W, 4 discrimination, and range analysis of me-
dium energy particles,



EXTERNAL SPARK CHAMBERS
SECTIONED VIEW
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FIG. 6 - Sectioned view of the external spark chambers ( )\c =collision
length, RL =radiation length).

¢) - Internal Spark Chambers (ISC). -

As distinet from the other parts of the apparatus, which were conceived and designed
as fixed or non easily modified components, the internal spark chamber system is flexible
and one may choose from many alternatives, the most interesting of which are: a) streamer
chambers; b) digital spark chambers; c¢) conventional cylindrical optical spark chambers with
narrow gaps (5-8 mm) or wide gaps (5-10 cm). We have rejected the possibility of using pla-
ne-electrode conventional spark chambers, becsuse they do not permif s sufficiently high ac-
curacy in momentum measurem.ent(4).

The alternatives a) and b) are very interesting, nevertheless we thought it advisable to
consider in the first phase of the magnet use, only conventional spark chambers, the operation
of which is as simple as possible, In this direction we are currently studying two possible so
lutions,

The first solution (see Fig, 7, Table 4) includes cylindrical wide gap wire spark cham-
bers C2 with large radius of curvature for the observation of trajectories with angies J}éSO,
and plane wire spark chambers Cg with the electirodes perpendicular to the magnet axis for
trajectories with d €459, To choose the spacing between wires some prototypes are under eva
luation. Preliminary test results indicate that it is possible to choose a combination of wire
diameter (100-1504 ) and spacing (1+ 2 mom) which gives both a good performance of the cham-
bers from the standpeint of distortion and efficiency and a reasonably high optical transparency
for viewing through several wire planes(25). Two small cylindrical spark chambers C; with thin
gaps {(with total plates thickness less than 250 4&), are placed above and below the vacuum pipe
and will detect the initial part of the tl"ajector)’.es(5).

The thickness of the material interposed on the entire particle curved path is such as not
to introduce a substantial error from multiple coulomb scattering in the momentum measure-
ment(6), Moreover there is a rather large (1 mm) coherent track displacement in wide gap cham
bers(14) which, although not interfering with the accuracy of measuring track angles (and hence B
momentum), decreases. their precision in measuring position. For this reason the system also
contains 4 narrow gap wire chambers placed at the ends and center of the wide gap chambers
arrangement (see Fig, Tc).

The second solution consisis of a unique cylindrical spark chamber with many thin gaps
able to detect particles to d'=300, Light, homogeneous plates can be obtained by glueing alu-
minium foils {~ 10 ) on expanded polyurethane pla‘ces(7). Since the plates of these chambers
are not transparent, one must photograph the direct view of the chambers from a distant point
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requiring that the iron flux-return plates either be removed or cut in many places to allow vi
sibility (see Fig. 10a). This modification implies a 20% decrease in the mean magnetic field
and the introduction of field inhomogeneities,

As mentioned above both ihese solutions seem a priori possible and will be studied when
the necessary prototypes are ready. In the assembly drawings of the apparatus and in the follo
wing discussion we have considered only the first solution which, if feasible, is more accurate.

d) - Trigger Counter System, -

The trigger counter system consists of three layers of scintillators: the first two {S,,
Sg) are placed between the vacuum pipe and the first spark chamber Cy, and the third (83‘)l
can be placed internally just under the main coil (between it and the internal Cq4 spark cham-
ber) or above it, before the external spark chamber, The best solution will depend essentially
on'machine background,

The number of counters S3j in the third layer was selected such that two particles with
an opening angle greater than ~ 159 will always produce signals in two distinct scintillators of
this layer, i,e, a net four-fold coincidence (see Fig. 8). The general data on the system are
collected in Table 5 and in Fig. § and 9. ’

TABLE'5 ~ Counter System

Trigger counters internal to the magnet:
2 layers for a total of 8 scintillation countere, placed
around the vacuum chamber (see Fig, 10}; scintillator
dimensions are 200x300x10 mm3 and 100x300x10 mm3;
number of photomultipliers (placed externally to the
flux return plates) is 8.

Trigger counters external to the magnet main coil:
1 layer of 14 scintillation counters placed around the
main coil (see Fig, 10) with dimensions 300x2600x25 ram®
each; the total nuraber of photomultipliers is 28,

The trigger logic will depend onthe kind of events to be detected: the most uniavora
ble case from the point of view of background is the reaction

et e e Xtx-y©
with the two charged trajectories both above (below) the plane of the storage ring. For this
kind of events the trigger logic will be (see Fig. 8c)

[P R B | .
(s 8283 3}{) -+ (515283js3k) itk
For two charged collinear tracks the following conditions have to be imposed (see Fig. 8a)
1
o S st kf?;k

Obviously cother kinds of logic can be found for more complex events.,

It is possible that the éystem will not be sufficiently selective at least for the most
unfavorable logie configurations if Adone gives a high background level,

The choice of the improvements to make in the trigger system will clearly depend on
the nature of backgrounds, In particular the rejection of showers generated from beam inte-
ractions with the residual gas and with the walls of the vacuum chamber can be improved
by increasing the-angular subdivision of the first and second counter layer.

Moreover we retain the possibility of inserting counters in place of some external
bigaps to include in the logic the requirement of coincidences with ¥ conversion products
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for events as ‘

+ +

e” e”~» charged + (%) ; e’ e s charged + (1°).

e) - Optics, ~

The internal spark chambers are seen from two cameras placed on the magnet axis

(see Fig. 10a,b), Inthis way all the internal space is visible ou at jeast one picture (70 mm
film). The sparks in the internal spark chambers are observable through their transparent
plates. In Fig. 11 is shown the appearance of the trajectories on the film, from which can be
seen the "dependence of the image on the emission angle, 4. This dependence allows the com
plete stereoscopic reconstruction of the events with only one camera (two cameras. are neces
sary only for the field view limitation due to the iron plates al the ends of the main coil and to
the walls of the spark chambers(8)),

30°  85° 500 20° *::]m“ 135°

¥ T §

150°  160° A
T i ;
ri 1% It 1t v 11 na

Y

52
Ig 2

. I 2 ., 4 FIG. 11 - Relationship between

I g P the & angle of a track and the
E o spark length on the picture and

: - ithe distance R of the sparks
R g - E‘é from the center of the picture,

i

The optical path distance was chosen to allow the reconstruction of the spark space po-
sition with maximum accuracy in both coordinates,

An cptical system for the external spark chambers is shown in Fig. 10; the mirror sy-
stem was arranged to allow photegraphing of the external and internal chambers by a single 3
lens camera (see Fig. 1¢), -A more straightforward optical system in which two direct views
of the external chambers are used to give stereoscopic spark information is under study. This
method alsc would result in iwo cameras viewing all chambers,

The most important parameters of the optics are collected in Table 6.

TABLE 6§ -~ Optics

Number of cameras: 2

Number of lenses: 2x3=6

Lerns characteristics: for ISC for ESC
Focal length ~ 40 mim “ 340 mm
Optical path length " m 20 m
Angular aperture ‘600 170
Lens aperture £/11 £/11
Demagnification 50 60
Field depth 2 m ., 2.6 m

Image characteristics: ‘
Horizontal dimension 40 mm 50 mm
Vertical dimension 40 mm 35 mm
Circle of confusion diameter 40 pn 40

The image format is compatible with the avtomatic scanning
machines of CNAT (the Italian nsational scanning facility).
See Fig, 11 for more details,
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f} - Monitor, -

The actual apparatus allows the simultaneous use the three kinde of luminosity moni-
tors proposed up to now in first generation Adone experi ez‘x

1) ¥ detection at 0° and 180°;
2) elastic ete~ scattering at small angles (& 49. 59);
3) eclastic ete- scattering in the angular interval of the apparatus (6> 309).

The use of thege monitors should be congidered separately for each reaction or group
of reaciions studied, in connecticn with the beams, ihe accuracy requirement and the sta-
blh’ty of the interaction region.

The experience obtamed in the first generation experiments in Adone will be very use-
ful for a final choice.

g) - Electronics, -

We consider as an integral part of the imagneti¢ systern that part of the electronic eguip
ment which will be common to all experimentis., In particular: -

a) power supply for counters and spark chainbers {(see Table 7);

b) fast logic for spark chamber triggers, This consists of a rejection system for cosmic
rays based on time of flight measurex ments(9), the coincidence with the master impulse of the ma
c¢hine and logic to obtain coincidences of two or more <’;na1‘ged trac:ks (see Fig. 12). The list of
components is given in Table §;

¢) monitor logic,

The data recording and reduction systems will be defined by the particular experiments,

TABLE 7 - Power supply

g

2} Spark chambers power supply

External spark chamber capacity 30x13000 pF =.4 /"F
Marx generalor capacity for wide gaps A pE

Recover time of the spark chambers - o 1 sec

Charge current e 5. mA

b} Photomultiplier power supply
36 photomuliipliers (see Table &): Ligt = 36 mA
at a voltage ~2500 V

TABLE 8 - Electronics

3

1 GTM Dead timne generator '

4 FiL Linesr fan-in

4 TFO Fan-out

6 GNLR l.ogic gate -,

4 CRR Fagt coincidence

1 TRR Fast trigger

2 TRL Slow trigger
18 DR-SF ast discriminator with fixed threshold
3 DR-SV }f ast discriminator with vaviable threshold
18 RV Variable delay

1 AR Resistive attenuator

1 Binary scaler
24 Flip-flops

2 Decimal scalers




C21.

]

*30UspIoUI0Y o1oTiIed pofieyd 210W JO Z B 03 SOIUOJIOI[S SY4L §O weafeip ¥oo(g ~ 1 DI

J

I

i

l

B0l 4FT4 @

L

!

YAV O

]

L

Koa

REXRF I TaE IR

[

|

Liaduid

G404 414 %

&
g5 g (@ ¢
P} “d
|
r<18] i
7 e -
| 1= A= ) :
.M g s
A\, SE
/W.//lt\.in\\ [
L ™ v
— VS
L N
L - — . J—
e—TagEa-{AF-{ET]
} | ' R EEE Tl B S A
Ly b g
St S m
. bl —swe{an{E ]
i - e -G
ot B A ]
} it L r wr)w -
{pnd et e el e
pood 4 & G e L I
et AR R RSy ; :
= JJ)I,J) J ﬂt!?gﬁi L 2
3 . i
m ] lu@bw o ~ ZsacHAEE]
| r)m i L) T e T Al
m Y ™ | B
|

1

A= aiq;:mqﬁTﬂEIﬁn
G4
GinoMiD soNvAQY wlid RENY ?w

|
T Xinsuly yzoniug wa@“fﬁl

S




22.

h) - Gas Control System, -

The large volume and high purity of neon gas necessary for proper spark chamber
operation have dictated the design of a fail safe gas purification equipment with high flushing
velocity and versatility. The main featnures of this system are described in § X,

i} - SBtraight Section. -

To minimize the compensator gap height and to eliminale obstacles frorm the largest
possible area around the interaction region, a straight section with a peculiar shape was de
signed, The vertical dimension is determined by ine shift irtroduced by the magnetic fieldon
the principal orbit of Adone (see Fig, 13),

beam pos.
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beam direction
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At < A2t A8 yye o
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i 1 i 1 I i § i i {
€ 20 8¢ - 1¢) 8¢ 120 YEQ 16G 186 200G cm

FIG. 13 - Qualitative behaviour of B as a function of z and the
electron orbit in the vertical plane {the vertical scale is magni-
fied by a factor 2},

1} - Support Frame for the Magnet. -

In order to allow essy access to the Adone vascuum chamber and to the internal de-
tection apparatus, the solencid must be separated along a plane perpendicular to the ma-
gnet axis ai the center, with the two balves then being drawn apart, The magnet, the detec
tion apparaius and the support system must all be consistent with this requirement (see
Fig. 5),

III, - MAGNETIC INTERFERENCES WITH ADONE, -

-

The magnetic system described in the previous chapter satisfies the conditions
(6) jB ds=0 B{-g)=B{(+s)

The variation of B along z is gqualitatively shown in I'ig, 13; in the segments Aq,bo, Aq, Ay
the field B is that of the main coil, whereas Bq, By correspond to the compensators, Each
compensator consists of two coaxial coils Ny, No {see ¥Fig, 4e) generating, in absence of
edge effects, an opposite magnetic field on 50% of the beams path, keeping uniform the ex-
ternal field. The field uniformity inside and outside the compensators is obtained inter-
posing some iron between Ny and Ny which acts as a shield preventing the flux generated
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by the main coil from linking itself with the bdam, Hence the coil N5 is placed in a zero f{ield
cavity and its field is perfectly uniform. As the lateral flux (see Fig, 4a) generated by Ny
is nearly zero, also the field outside Ny and Ng will be uniform.

The position of the compensators, chosen to minimize their angular dimensions and
the perturbation on the orbit in the segmenis By and B2{G), is such that:

= (Bg) =50 cm,

l(A1)=I(A4)=15 cm ; - l(A2+A3}=70 cm l(Bl)

The orbit in the vertical plane is shown in Fig. 13 (the vertical scale is magnified by a
factor two) for Epesm =300 MeV in the exireme case that at this energy the field B can be
set at the maximum value of 4.5 kG. In these conditions the vertical perturbation of the or-
bit at the exit of the compensators has a maximum displacement of 1,75 cm. The perturba-
tion has a maximum at the center of the straight section: the displacement of the interaction
point is about 1 ¢m at 1.5 GeV and 5 cm at the injection energy (375 MeV), where it is not ne
cessary to work with maximum intensity of the magnetic field anyway.

The size at the compensator yoke depends on the saturation value of the iron employed.
(13-18 kG); hence the value for o below which the compensator is an obstruction could vary
from 389 to 349 in the final design. The gap of the compensator coils is wider in the region
of maximum beam displacement., The total power absorbed by the compensator coils is 300 kW,

We provide a variable shuni for fine .current adjustment tc accurately satisfy the con
dition of zero field integral,

Many perturbation effects have been calculated; we report here the main results, The
details can be found in the Internal Memoranda,

Closed Orbit Displacements, -

It can be easily shown that the closed orkit displacements outside the siraight section,
is zero everywhere if the conditions (6) are satisfied(10),

Radial-Vertical Coupling. -

As the magnetic field is transverse, a coupling of vertical and radial betatvon oscilla-
tions ig introduced ouly through the field non uniformities which generate longitudinal compo-
nents. Coupling effect were calculated with the conclusion that rather strong longitudinal fields
(™ 1 kG) can be accepted without danger over the whole straight section; we can assume then
that in our case they are completely negligible,

Non Linear Effects, -

A dependence of the betatron oscillation frequencies on the amplitude would be introduced
if the magnetic field had an important octupole component, Such field components would be pre
sent in the fringing fields of the compensators and of the solencid itself. Since the aspect, di-
mensions and field strengths at these pointsare quite similar to that of an Adone bending rnagnet,
we expect the octupole components presented by the solenoid and the compensators to be corfipa
rable to those given by the Adone structure, A Adone is not severely affected by the presence
of 24 fringing fields of the latter type, we expect no problem from those of our magnetic system.
Moreover the pole shapes of the compensators can be machined during the assembly (as for the
Princeton-Stanford ring) to eliminate the octupole components if necessary,

I4

Effects on the Vertical Plane, -

The effects of the field in the vertical plane, in a linear approximation, are reduced to an
increase of the effective length of the straig.c section, This effect for B=4.5 kG is small at all
energies (at most Al =2 cm) and within the machine tolerances.

Field Integral Compensation, -

The field integral compensation will ultimately be made to some non zero value, We consider
here what that precision must be if the Adone beam is not to be destroyed by the net impulse recei
ved from the magnet on each turn., Choosing a . 1% deviation in the correct field value in one of
the compensators, we have calculated the displacement in equilibrium orbit around the machine,
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We obtain, for a maximum vertical beam displacement, 1.5 mm assuming full field in the sole
poid and injection enerygy, Al peak energy, this drops to .3 mm. In view of the 5 cm vertical
half aperture of Adone and realistic  experimental reguirements on the accuracy in the position
of the interaction point, this result is quite satisfactory, The required compensation accuracy
than is ~ , 1%, or ~2 gauss-meter, the figure assuomed in the design,

Radial L.ens Effect, - T

The shape of the equilibrium orbit in the magnet (see ¥Fig., 13) resulis in a non normal
entry of the particles into the fringe fields of the compensators, This in turn causes a focus-
sing sction in the radial plane, the focal length of which varies as the square of the ratio of
"beam momentum to magnetic field, With [ull magnetic field at injection this focal length is
about 2.8 meters, to be compared with a focal length of the quadrupcle pairs of 6.4 meters;
hence the extra focussing is very strong compared 1o the focussing of the machine itself and
is a serious perturbation.

The effect of such an insertion is threefold: an increase inthe number of radial beta-
tron oscillations, an equal broadening of the stop band width, and an increase in the radial be
tatron amplitude function /{‘?'R* The first two effects, esgentially, result in an unstable machi
ne below 400 MeV/beam,-but well before this point, ail 1000 MeV /beam, the amplitude func-
tion has increased by 15%, implying a decrease ‘in luminosity of this order, Taking this as
a maximum tolerable effect, we have the result that the {ield of the experimental magnet must
be reduced in proporiion to the beam momentum below 1000 MeV/beam. By reducing the cur-
rent in the focussing and defocussing machine quadrupoles immadiately adjacent to the straight
section, these radial effecis can be completely eliminated, In deing so however, one introduces
similar changes inthe vertical plane bui at least o factor of four smaller (see Fig. 14), This
implies that the limiting energy for operation at full field is now at 600 MeV/beam, Further-
more, the additionel corrections necessary to compensate for the vertical disturbances left at
this point are of the order of those expected in normal machine tuning; hence, we may confides
tly expect that there. will be no non-easily correciable interference with the machine by the ex
perimental magnet. Details on the radial lens effezl and field integral compensation may be -
found in an jnternal merorandum(24)

.
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B,

IV, - ACCEPTANCE OF THE SPARK CHAMBER SYSTEM, -

a) ~ Connection between geometrical acceptances and detection efficiencies for multibody reac
tions. -

In a reaction with N bodies the directions of the emitted particles are in general corre
lated because of the spin dependence of the reaction matrix elements, the final state interac-
tions and the conservation of energy-momentum, In order to optimize the detection apparatus
it is useful to calculate the detection efficiency of some ideal reactions for which all of the
following statemenis are true,

1) The ete” polarization effects are negligible.

2) The kinematical correlations due to energy-momentum conservation among the N-1
detected partlcleh of N product particles are negligible. This condition is practically satisfied
by many real e te processes.

3) There are final state interactions, Pogsible interactions are considered either so
weak as to produce no correlation at all, or so strong that M of the N final state products are
emitted collinearly and can be regarded as a single particle in the efficiency calculations, Ex-
amples of this latter type are the 9's of decaying #° with E 7 o % m,, and the decay products
of a narrow resonance in which the ratio between the kinetic ‘éner gy of the resonance and the Q
value of its decay is very high,

Naturally among real processes some will be very similar to the corresponding ideal
processes and others can be very different: their detailed analysis will be the object of parii
cular research programs, Nevertheless we think that from the standpoint of optimizing the expe
rimental apparatus for a large class of experimenis it will be sufficient to take into account the
geometrical efficiencies calculated only for the ideal processes mentioned above,

If C neutral and K charged particles are produced in a reaction we distinguish two cases

aj“K#O, C =0, Inthis case we require the detection of K-1 of the K charged productis,
Then the efficiency is:
K-1

(1) ’*Z(EK K- 1)5

K-1
(15, )+£ fK

kY /"K
K-1)&
S &

where EK is the acceptance of the sysiem for the detection and the momentum analysis for charged
particles,

b) K40, C#0, We require the detection of all charged and of C-1 neuiral products, Then:

<Kk .C C-1,, « c
®) /7<&K,gc>—£K{<Cnl>z:c (1-£+ €S §

where £ . is the acceptance of the sysfem for neviral particle detection. Fig. 15 shows the depen
dence of (&, £~ with £ g and ‘”’C for some typical values of C and K, in the two cases given
by (7) and (8). From the curves shown in Fig, 18 we have obtained the minimum acceptable value
of the parameters &_ and 5(: for the dpgaratus In particular requiring % .25 for 3 and 4 body
reactions we have ogﬁamed & 2..50 and ‘:’C > .45,

b) - Acceptance of the System: Internal Spark Chambers. -

In Fig, 16 we have represented the areas of solid angles covered by the different parts of
the apparatus on a cylindrical surface 5, geometrically similar to the actual sclenocid: the areas
E and F are covered respectively by the cylindrical and plane spark chambers, The area C re-
presents the obstacle of the compensator projected on S from the origin, The areas A and B are
covered by mechanical supports, cooling pipes and electrical connections, Finally D is a free ares,
but very difficult to cover with a simply shaped spark chamber,

A conformal representation of these paris of S in the cartesian plane (8, ) is shown in figu
re 17a, As.n this figure,the areas are proportional to the solid angles covered, the dependence of
the acceptance of the different parts of the system on the § and ¥ angles can be easily deduced.

The acceptance of the internal chambers (regions E and F) integrated over ¥ as a function of the
6 angle is shown in Fig. 18, '
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The integrated accepltances are:

. 1 .. 2 L 8 S,
E=47; &,=.13; £ =& +& =.60
We point out that the momentum analysis will be possible in a solid angle slightly smaller
than the one covered by the chambers, In fact for smail o angles the error on the momentum
increases rapidly going to infinity for © =»0°, If we e¢xclude the momentum measurement for
4 2 109 (see the following paragraph on the discussion of this value} we find: 5;K = .59,

¢) - Acceptances of the System: External Spark Chambers., -

The external spark chambers cover the part I of the surface S: the integrated accep
tance is

The dependence of the ¥ integrated acceptance on 0 angle is shown in Fig, 18,

d) - Detection Efficiency. -

ook

With the values 5K and g”(x for our apparatuzz“- 1) and with the suitable formula (7} or

{8) we calculated the detection efficiencies for some typical reasction, idealized as mentioned
I
above; the results are shown in Table g,

TARBLE 9§ - Acceptances of the Transverse Arrangement

‘Reaction %, e e )
TP i Gy Notes
Multiplicity Example 7 x: &
i , R o 3
=2, ¢=0 R 0.70 Taking account of sin 0 dependence
K=2, C=1 gt we 0.36 Observing @ A~ with ¢ &45°
) 5% ]
{ o> M)
K=4, C= s o n” 0,45 Obtserving 3 charged particles
K=4, C=1 | 27x 2w 2x° 0.13 Observing 2 o 2 %~
B S M)
ileo > M)
o 50 . -0
K=2, o= TR 2R . 0,23 Observing W & &
(B >» M)
O

. A O ot e ey, . .
In some cases lreactions % & A and A& T ET) the efficiencies were calculated

using Montecarlo techniques and properly taking into account the kinematical and the initial
state effects; very little difference was found from the tabulated values,

V. - SPATIAL RESOLUTION, - -

In this and in the next paragraphs we will examine the accuracy of the anparatus for
charged particle detection. We will discuss here the limdts on the spatial resolution of a sin-
gle spark. In the following the errors on the parameters defining a trajectory (p,él ) and
the resolution obtained iniwo typical multibody reactions efe™=» T "% O ynd ete ™
we ZVEYE ST~ will be discussed, In the first reaction a finsl particle is not detected ( £°),
in the second all the final products are detected 12},

In all of these considerations we have assumed those dimensions of the interactionre
glon which are predicted for Adone under normal operating conditions, i,e, with beams cros-
sing at an angle in the interaction region,
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a) - Spark Jitier, -

w 1t is possible to correct for the lateral displacement of each spark in the direction
LXB which is of the order of 1+ 1.5 mm both for narrow and wide gap spark chamber(13,14),
Wé have only to discuss the inaccuracy introduced by the spark development mechanism which
produces incoherent fluctuations in the spark position (jittet).

For pnarrow gap spark chambers (~7 rmm} the importance of this effect has been studied
and has been found to depend on the angle of the track to the electric field, This dependence is
expressed by the following empirical formula:

@“y”(0.30+0.44'\i9)mm ¥ in rad 0 =<1

where Gy i iz the fluctuation perpendicular to the electric field and to the optical axis and (~ig the
azimuthal angle of the trajec:a)ory with respect to the optical axis, with the condition that the nor~
mal to the plaies has W= {;\I"), i, e. the electric field ig parallel fo the z-axis of Fig, 1,

For wide gap spark chambers with plane elecirodes these fluctuations seem to be much
lower, For tracks parallel to the electric field, that is with &~ angle less than 10°, the fluctha-
tion &7, on a mean track segment of 2.5 cm, is 0,06 mm(14), As far as we know there are no
convinting data on inclinations greater than 159, por data of this kind on spark chambers with
wire electrodes (transparent wide gap),

b} ~ Distortions of the Optical System. -

The optical distortions caused by the lens and the mirrors are, at least in principle, com
pletely correctable, One must only take a picture of a fiducial mark system whose spatial posi-
tion is accurately know (see the following point ¢)) and reconsiruct it in real space, On the basis
of the previous experi1nents(13) we expect the resulting corrections to be small and with little er-
ror,

¢) - Position of Fiducial Marks, -

The fiducial mark system is obtained by precisely inscribing lines (+254) on iransparent
plates. The spatial position of the fiducial marks will be known independently from the photogr
phic system, by optical measurements to an agcuracy of the order of 100+ IE;GM in %pa«,e(l

d) - Brrors due to the Photographic and Measuring Systems. -

The spark brightness ina wide or narrow gap spark chamber is sufficient for a diaphragm
opening K =186 { f/number)(u i4) A bright point produces on the film a circle of confusion due to
the diffraction and to the field depth. If we require the two circles of confusion fo be equal, a de
magnification 1 =50 has to be used for a field depth of 2 meter and A= .64, For this value the
diameter of the two circles of confusion ig about 254,

Measuring the sparks with an FS3S (Flying Spot Scanner) system it should be possible to lo-
cate the spark center with an accuracy of 1,64 on the film. Nevertheless, given the presence of
the confusions caused by the diffraction and by the field depth and of the film resolving power, it
is likely, that the center of a 40 g« point on the film will be located with 2+ 34 accuracy. So the
spark position in a plane perpendicular to the optical axis will be located with an error & =
=100+ 1504 caused by the measuring apparatus, Evidently the depth spark posgition, which
along the optical axis, will be determined with an error €7 which will depend on the stereosco
pic factor A : &, x \f?.f\ﬁ (in our case A™3)

e) -~ Conclusions on Single Spark Errors, -

For narrow gap spark chambers the errors caused by spark incoherent fluctuations
(~300) dominate the errors of the fiducial mark positioning (~ 1504} and the measurement
errors (~1504),

While the 300 jitter for narrow gap spark chamber is well confirmed and easily obtai-
ned, the value for wide gap chamber depends appreciably on working conditions (gas purity,
high voltage pulse characteristics, clearing field value), To give a total error, with the same
degree of reliability as for narrow gap spark chambers, we are studying the behaviour of wide
gap prototypes,
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As the only difference between a conventional and a wire electrode spark chamber is a
non uniformity of the electric field in regions which are a very small percentage of the total
track length, we expect a jitter certainly smaller than 2004. with perhaps a lower limitf of
60/ as measured in other laborateries 14) with homogeneous elecircde wide gaps. If this va-
lue is confirmed the total error of these chambers determined essentially by the op-
tics and by the measuring apparatus,

Vi.- MOMENTUM AND ANGULAR RESOLUTION, -

As seen in the previous paragraph, the accurocies for wide gap and narrow gap spark
chambers are quite different. The narrow gap spark chambers were extensively used in physi
cally interesting(13) measurements and the calculated resolutions agree with the experimental
distributions. In the case of wide gaps the accuracies are siill not sufficiently checked, espe-

cially in the wire electrode case,

Hence, first we will derive values for the accuracy of momentum and angular measure
ments using the more reliable, but less favorable, experimental arrangement, i, e, narrow gap
chambers. We will discuss later the improvements we think can be achieved using wide gaps
instead,

In the calculations we assumed a constant magnetic field B=4.5 kG. We did not consider
the track distortions introduced by magnetic field non wniformities, as we think that also this
effect can be corrected knowing the field distribution,

VIi.1 ~-Apparatus with Narrow Gap Spark Chambers, -

In the error evaluation we have assumed an apparatus described in details m( and

schematically shown in Fig, 19a

a} - Errors Due to Cevlomb Scattering, -

The multiple scattering effect was evaluated in the case of pions. The results are sum-
marized in the following table: -

where & is 1he angle between the trajectory and the

3 optical axis and ¥ is the azimuthal angle,
(GeV /e s .
p?s,“ n R ' 1 0/ ) 1.5 These errors will be smaller in the case of
U, J s PR . 3 . .
. - wide gap spark chamhbers especially if the electrodes
> A RALS] s guiae 1T} mat ial % 3 s the
Ap/p 1. 8% 1.6% 1. 6% are of wire, because the material traversed by the
- particle will be much less,
& 0.6° | 0.3° 0, 3¢
b} - BErrors Due io Spark Measurements and Fluctua-
AV 0.7 | 0.4° | 0,30 S orTorE : e ane
tions. -
The errcrs A po/p, £4d,AY are expressed as

Lo
#  functions of the standard error 48 on the track sa-

gitta projected on a plane perpendicular to the optical axis {for example tracks with 4 =90° give
Ap/p ¥AS/S), For 45 and 4% we employ formulas usually used in fit-programs for bubble cham

her and spark chamber events{13),

AS depends on &_ (total error on each spark) and on the number of independent sparks
measured, For example for the apparatus shown in Fig. 18a and sketched as follewing,

o L g
Bfbed oot LN S0 YOOUE SO, YOS SO0 WROE. YO OO YOO WO T A0 N U SO
Bl i s i i o 13 A R R B 2 TN Y ¥ % LA BN BN e 2 I 1
L & a, S— >
1L,N 21, 2N LW
N (number of sparks) = 8 1l =6cm IL.=80cm

we have:
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The resulting errors 4dp/p, AS,A’?" can be sumunarized in the following table:

me {GeV/e)
oLt 0.5 1.0 1.5
Ap/p 0.6% 1.2% 1, 7%
A . 05° .05° .05°
AN .05° .05° .05°

¢) Total Errors, -

The total errors resulting from the squared combination of the error above discussed

are:
P (GeV/c)
i 6.5 1.0 1.5
Ap/p ' 1.8% 2.1% 2.5%
Ad 0.6 0.3° 0.3°
Al 0.7° 0.4° 0.3°

In Fig, 19 is shown the dependence of Ap/p cn By for two different gvalue.s.

VI.2 - Apparatus with Wide Gap Spark Chamber, -

Such apparatus for trajectories with §+45° was described in g 11, ¢} and its eszential
features are summarized in Fig, 19b. As some parameters of these spark chambers will be
fixed by experimental measurements on prototypes we will not give the results of the calcula
tions as for the previous appsratus but only discuss the main factors affecting the accuracies,

a) - Errors Due to Coulomb Scat‘ae;ringc -

In the case of the previous appearatus this error was determined by the scattering in
the second spark chamber and by a smaller amount in the gas (air, helium or necn)., The mean
thickness of the 4 wide gap spark chambers interposed along a trajectory is determined by the
wire diameter and by the spacing between wires, The wire thickness will be fixed by tesis on
prototypes; nevertheless assuming a 1+ 2 mm spacing and a 100y wire diameter, we get an
unimportant contribution to the error. Moreover the & and ¥#angle measurement accuracy
will be certainly greater as the Coulomb scattering is the main limiting effect.

b) - BErrors Due to Spark Fluctuations, -

As the two arrangements have the same inner spark chamber, the accuracy in the first
part of the trajectory will be the same, The remaining number of points in the {wo cases is
the same but they will certainly be measured.with a oreater precision with the wide gap appa-
ratus, As mentioned above (§ V) also the sceurscy &7, for spark localization will be measured
on prototypes, so we do not report here an evaluation for this arrangement,

¢) - Total Errors, -

The errors caused by the optics and the measuring device will probably dominate the
overall accuracy. Assuming an error (‘}f%f’t 2 150 for all these effects, we obtain at 1,5GeV/c
Ap/p N~ 1,3 %, ‘
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Schematic arrangement of detection &apparatus a)
for accuracy evalualions
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d) - Accuracies for Particles Trajectories with § %459, -

Trajectories with 3‘54 O are detected with 2 plane electrodes wire bigap spark cham-
. bers (C3) mounted perpendicularly to the magnet axis, each 20 cm thick and spaced by 20 cm
{see § 1I,c) and Fig. 7). The value of the component P, = p:\ B/bl =pcos S is obtained by mea
suring the precession angle % between these two spark chambers:

o=-3BL 0% rad, B (KG), ©p(GeV/c), L=60cm, 9= -1,

In Fig, 20 10 shown the dependence of & on p. The track length 1, changes with ¢ taking values
between 1,=3.5 cm (& =10°) and 1,716.8 cm (d=40%), On the fllm this means ,7 mm and
3.3 mm lenmh for magnificationI= bO The 7 error is given by:

SM
fﬂ ?” rv‘\ e
1, VN
Bcd45KG L z=60cm
20°.
/é-"w?f"
&=30°
1O \>//
/ \\
N~ ~
i S R
I e,
%%Mm %‘““" e,
R
i i i i
0 0.5 10 15 P (Geyl)

FIG. 20 - Precession angle ¢ of the momentum component perpendi
cular to B, between the 2 plane wire spark chambers C3, as a fune
tion of p for many 4 values, L is the distance between the first and
the second C3 chamber. ’

where N is the number of independent points measured in each track (N =8 in our case), The

minimum distance beiween two measured pomt% oln the film (& = 16°) is 904+, To make an esti
ta

mate of the error on momentum we assume %‘ y }.50/&»- :
Lo §!I< AP e fad) e 2T
p i P s



34,

The resulis can be summarized in the following table:

\\ P (Ge'\’/c)
5\\1 .5 1.0 1.5

309 1 4,5% 8. 7% 13,5%
300 1.2% 2, 3% 3.5%

9 #
The errors introduced by the coulomb scattering arve negligible as the amount of traversed
material is very small,

Vil. - MASS RESOILLUTION., ~
{
By means of a Montecarlo caleulation!?) the following reactions have been studied:

ete s nt-%° ete e At o=

The previously discussed accuracies of the apparaius were used to calculate the resolutions,
The evaluations were made both with the solenoid in the transverse and in the longitudinal con
figuration. In the {ransverse configuration the magnetic field of the solencid was taken as

4.5 kG or the maximuar value compatible (see g II1) with Adone {without correction for the lens
effect) whichever was smaller,

For the first reaction(18) in Fig. 21 is shown, as a tunciion of the total energy, the va- |
lue of the squared missing mass plus and minus itz standard error (mio-% AMM2, 1'11;?‘;,0" AMMA).
For the second reaction we give in Fig. 22 missing inass distributions for two different ener-
gies in the transverse configuration. It can be seen thal when sll reaction producis are detec-
ted, the guantity AMM2Z has a pronounced asymmeiry,

VI, - USE OF EXTERNAL CHAMBERS, -

a} - Photon Detection, -

3.
The phoicns can be converted in the aluminium main ceil (0.8 RL) or in the iron conver
ters interposed between the external bigaps. We have studied the photon detection efficiency
& (Eqy, s) defined as the ratic between the number of photons "seen'' by the spark chambers and
e b
the number of incident photens. ¥, is the photon energy and s is the thickness of each converter
P & b
of the system shown in ¥ig. 8.

The efficiencies were extracted using experimental data obtained with a simple counter
System(]-9) simulating spark chamberg, Nearly monochrometic photons preduced in a thin radiz
tor by pesitrons from the Prascati pair spectrometer, were incident on an arrangement of coun
ters and variable absorbers. Assuming thal a scintillater reacts the same as a spark chamber
to a low intensity shower, the measured efficiency of the counters should be equivalent to that
of a spark chamber system. The resultant efficiencies, assumed accurate to 5%, are shownin
¥ig. 23 for different thicknesses of iron or lead absorber, precaded by .8RL of aluminium to si
mulate the coil, and for three different criteria of detection, i. e, that the incident photon be detec
ted through its shower products in at least 1,2, or 2 chambers (bigaps).

As can be easily seen it is useful to use lead zs cenverter in order to achieve a better de
tection efficiency for low energy photons., Moreover for the same reason it is advisable to keep
the thickness of each converter small (~1/2 RL), If mechanically possible we shall use lead as
absorber in the external arrangement, ctherwise iron or a ssndwich of iron-+lead in which theiron
acts as support for the lead. In the solution shown in ¥Fig. € the total thickness in RL units of the
main coil and of all the external absorbers is %5, Finally were have estimated as ~vi, 50 the an
gular accuracy in photon direction which can be obtained Irom shower analysis,



: "A9D 0L PUB ASD §°T = M SaonjEa
@ £Zxous 3 uonnquaisip ssew Juisstwm pagenbg - gz ‘Dia

5t
@&
i
£
o}
e
3
(8]
@
S
4

00 ou JT ENOJY Ult4 91sjIsul jou
13 orreudew JSTIBRWUS B POUWINESE Ul

&

£
PIOOM UDTUM BNTEA DIBL]
gy JSASUTI) SUl I0] SUOTIBINOTED SU} ASD ¥ g M0

o1
£

]

-

5

o o
(3]

“

2 Teurpnirduo] puUB 35I3ASUBI} SU} Ul SN}
edde 8y} 10) swe
s

W st g0 2o 0 200 oo~ 900~
pp i p e i . —~d
S99 4 m
: 2
W 2-
1 7
!
H
ssnegpigly=g i 3
e

A29 0'¢ = M t S°

) NXZ oy 1o 5 top-  Zoge £00™~

H
S(#59} T "
7 o

Sy s L i
+ Nl
ssnegy 61=4 m 3
A8 S M ‘ae
[&

$21014dVd  QRDHUVHD WOY4d  SSVYW DNISSIN

1L 10948
— ¥

o EERIIRRA
GIDUVHD G3ILDILTC  KWOHL SSYW ONISSIW

o e+
e - v

-Bu sq sy Jo £2a0us Te10} 9 O UOTIOUN]

s® Nw@mq I01J9 PIBPURIS ol Snutw pue snid ‘sjonpoad

padisyo oy} woay OME ggew Surssiw pegenbg - 17 "OIA
miw‘mmww R Z L P
"~ T 5 ¥ X 7 [

{A3G) A/ N N
Z <
//

100 ~w o piousssys WOOT

[
2004 200 -
€00 oo b
pOD = $0T
500 4 Sgo -
307 950 -
L0 / LOC |

lllll o e
; o NE@
800 A ; 800 |
-\.
/ (A89]
600 7 / 2 600 |
/ AT FHw) = Wi
/ e ¢z

org” x. oto b



36.

tROM
L €re
&
00l e
& 7
m{;’/;
gol 1 wwie -
GG,
sol. ¥ 31 Gap
2061.
g
0 1 5 t ] 1 th
F1a 24 208 306 GG g&0G  Mav
% ‘QF««
1061,
—
B
8¢l - - s 4
// ” M"M& rane fo
A
[/
66 d
-
!,“'u
Gol .
/ yud GAPS
/ /
201,
¢ 1 ) 1 1 (B
TG0 200 et le] eled G0 bMevw
% 4 E¥s
1GOL.
GGy. T
i o VR
P J—
e KT}
/ T et
6o / o ramle
- el
/ ,/
/ )
acl /
// 3 23 GAPS
2¢.
g
Q gl i} ! ! g 3”{
G0 260 300 &S00 500 Hoev

4 /

801,

QL.

XL

& / v Bl

531 GAP

<

FodL,

BO L

&0

qel.,

By

“h g
$00L.

801

%0} //

B
300 paw

3 $ g !Eg

.
260 200 &0BC 500 Moy

FIG. 23 - Detection efficlency for photons & (B4, 8) as a function of E5  for

geveral thickuess s

of lead and iron,



37,

b) - Discrimination Between Electrons and other Charged Particles, -

It is possible to recognize ihe electrons by their showers produced in the external cham
bers, The behaviour of an electron shower in a matrix of absorber and spark chambershas been
extensively studied(20), Assuming that these results are applicable to our system, the mean
spark multiplieity for electrons with E £800 MeV has a maximum at> 3 RL and extrapolating
to E=1.5 GeV the maximum is 2t =4 RL, the value choosen for our external spark chamber sy
stem, e

¢) - £-p~ Discrimination, -

We can discriminate 7 fro 4 on the basis of nuclear interaction, For this reason the to-
tal thickness of iron in the external chambers has been increased to ~ 1 A (collision length),
The following table gives the percentages of single # or £ -pairs that do NOT interact in the
system shown in Fig, 6:

single 707 pair 7
Aluminium coil 78% 61%
Aluminium coil and iron in ESC systern ) 37% 11% j

IX. - LUMINOSITY MEASUREMENTS. -

For luminosity measurement up to now 3 different raethods have been propesed, We sum
marize their features in the following.

1) 7§ detection tangent to the beams at the interaction point;
2) elastic ete” scattering at small angles;
3) elastic ete” scattering in the angular interval accepted by the experimental apparatus,

The first method which wasg studied in detail by Tazzaril?!) is based on the application
. - —~ - - - - RO WL A - . .
of the single and double bremsstrahlung (ete -» ete ™), ete--»e'e” ¥7) and annihilation
+ - .
(eTe % ¥d ) reactions,

The difficulty in measuring the single bremsstrahlung process is caused by bremsstrah-
lung on the residual gas, which in the standard working conditions of Adone, is comparable to
the former, For this reason an independent measurement is required for gas bremssiralilung
background subtraction. We expect(m) however the signal to noise ratio will be such as to yield
a luminosity measurement accurate to & 10%, The presence of the gas bremssirablung back-
ground makes the first method more a control of the working conditions and stability of the
storage ring than a true luminosity monitor. Fach Adone straight section is supplied withtwo
thin windows for the ¥ detection at 0% and 180° which can be made with two glass-lead Cerenkov
counters, For this reason there is no difficulty in using the first method with the magnet.

The second method will be used in Adone as monitor by Conversi et al, who will study
the process ete~-» at s~ This group(22) expects that the apparatus they have built to detect
the elastic scattering events at small angles (between 3. 5% and 6, 0°) will give a lumincsity mea
surement accurate to 1%, This device, counsisting of two counters telescopes, is useful only
if the vertical displacement of the interaction point is kept within about 2 mm. The installation
of such a device in our apparatus is possible but will require the construction of a vacuum cham
ber with particular shape and will complicate the cohstruction of the main coll to accomodate
the new vacuum pipe, Furthermore the partial compensation of the transverse magnetic field has
the effect of displacing the interaction peint from 1 ecm to 5 cm, depending on the energy. For
this reason the two telescopes must be provided with an energy varisble alignment .as other-
wise the monitor response would be energy dependent,

The third method uses the elastic scaiiering events gathered by the experimental appa
ratus during the measurement, To obtain the luminosity we need to know the elastic scattering
cross section which, at least at low energy (E 4500 MeV), can be calculated with quantum elec-
trodynamics. For higher energies the validity of quantum electrodynamics must be-confirmed
with an independent measurement which can be obtained from the first generation Adone experi-
ments, The counting rate for elastic scattering will be about 300 per hour. As the expected
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¢

counting rate for the processes that will be studied with the apparatus is of the order of a few
per hour, the statistical error in this monitor is neg This kind of normalization has the
advantage of being performed with the same apparsius and not with an independent device, but
has the disadvantage of requiring full film analysis, '

T3 oeri Eat -
gioee,
b=

The need of an instantaneous luminosiiy monitor, even if a rough one, requires that the
magnet be furnished with a monitor of-the first or the zecond type. The choice will depend on
the experience acquired in the first working period of Adone, The simplest solution consisis
of the use of monitor 1) to control the machine working coanditions and to obtain a first rough
estimation of the Juminosity, and of monitor 3} for final normalization, The comparative study
of methods 1) and 2), which is scheduledat Adone, will agcertain if the firstrmethod can be em
ployed and will obtain the calibration between the monitors 1} and 2),

X.- GAS CONTROL SYSTEM, -

The 2 main functions of any spark chamber gas control system are (see Fig. 24):

2
GAS
ENLET
< Vi2 gcz
- W{L:'—“" formeh
) e3 . -
o e {5 —C3 atatic line
§
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T — G
U
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FIG. 24 - Schematic drawing of the gas control system

s o . N . . : ! <. .
1} - Purification - The gas is continuously circulated through a LN, cooled trap,

2) - Pressure regulation - Compensation is made for leaks or for changes in ambient
temperature, or pressure, Pressure is kept 1-3 cm of HoO above atmospheric pressure,

For use at Adone there are 2 additional features which are highly desirable., These are:

3} - Remote control - The control panel should not be situated on the experimental floor
which is high radiation area. Remote operaticn of 1 .. gas systemn would not require frequent
shut-down of Adone,

4) - Safety -~ The system should be fool-proof with respect to implosions or explosions
of spark chambers. In addition the system should be as foclproof as possible regarding human
errer leading tc an expensive loss of large quaniities of neon, and it should be foolproofif po
wer fails, -

For the gas control system for the magnetic deteciorthere are several more considera
tions which become important. These are:
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5) ~ Minimizing neon wastage - The design of the magnetic detector has not been comple
tely fixed yet, but the volume of neon required will be either 2000 liters or 6000 liters, depen
ding on whether the spark chambers only or the entire magnet is filled with neon. It is reasonable
-therefore to plan a gas system for 4000 liters of neon, This much neon will cost approximately

$ 500. It is therefore good economy to spend several times this amount on the gas conirol sy-
stem itself in order to have a system which conserves neon, In particular, the gas system should
allow an economical procedure. for the initial filling of the spark chambers and it should provide
a means to recover the neon when it is necessary to open the spark chambers to the air,

8) - Filling procedure - Ii may be presumed that it will not be feasible to pump the spark
chambers down to vacuum before filling, The least expensive filling procedure we are aware
of is to flush the chambers with 7 volumes of CO, gas, This leaves only about 0. 1% air, Then
neon may be added while the CO, is {frozen out be a cold trap. Such a procedure has been suc-

essfully used by Keller, Schluter and White at Argonne,

7) - Recovery procedure - The neon may be recompressed and stored, For this purpose
it is displaced by COy again, Whatever COq exits {rom the chamber is frozen out by a cold trap,
so that it is not recompressed with the neon,

8) - High circulation speed - The filling procedure above will require the circulation of
14 volumes of gas before the neon reaches 989,8% purity. If 2 days are allowed for filling, then
the pumping speed must be 1200 liter /hour, Liquid nitrogen has a heat of vaporization of
50 cal/g and a density of 800 g/liter, Neon has = density of 1 g/liter and a specific heat of 1/4
cal/9C. The neon drops about 200°C, Therefore we require 1.3 liters of LN, per 1000 liters
of neon purified. Including LNp wasted in initisl cooldown and in boil-off, a 50 liter supply de-
war would last 24 hours before needing to be refilled. This LNy would be led automatically to
the dewar containing the cold trap.

g) - Redundancy -~ The system should be designed so that 2 cold traps may be alternated
with one being baked out while the other is in vse, Also, there should be a backup circulating
pump 11‘.\08.96‘ the regular circulating pump fails,

Considerations 1) through 9) have gone into the design of the gas control system presen
ted in this report {(see Fig. 24).
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APPENDIX - LONGITUDINAL MAGNET, -

The longitudinal magnet - detection apparatus is illustrated in Figs. 25,26,27,28,28
Those parts that are subshqually different from the corresponding items of the transverse
design will be discussed her

a} - Detection Apparatus, - e

Three layers of cylindrical spark chambers are introduced into the solenoid as shown in
Fig. 25. The chamber closest to the beam, C’l’ is of 6 gaps, 5 mm each, The second and third
chambers may be either wide gap or narrow gap, whichever is more suitable (see discussion
in § I, V), The external spark chambers and irigger system are the same as in the transverse
case,

b} - Compensation, -

As the magnetic field lies along the heam direction there is no first order effect on the
Adone beams as distinet from the transverse case, Compensation therefore is necessary only
to reduce second order effects, e, g. coupling of vertical and radial betairon oscillations, and
can be much more simply done in this case,

¢} - Flux Return, -

Due to the proximity of the quadrupoles to the ends of the solenoid, it is essential to re
duce to a minimum the stray flux, At each end of the solenoid is placed a large 15 cm thick
iron plate for flux return, To accomodate the optizal view of the chambers, windows are cut
in these plates in correspondence to the location of the internal chambers {see Fig. 28}, The iron
of the external chambers completes the flux path,

q) - Support, -

Since this magnet could not easily be made separable in 2 plane parallel to the axis, it

is a fixed structure and once in place can only be moved fransversally a distance equal to its
radius to allow access, Hence a rather complicated disass embly sequence, requiring movable
m.ttrnal sperk chambers and dismountably external chambers resulis ag iliustrated in Fig, 27.

£} - Opties., -
The Op‘tl(“’( 6, 23)consists of:

- two vertical external high precision mirrors, which send the two halves (right, left) of the in-
ternal spark chamber views to two separate cameras, The bottom of the guadrupole support
must be modified to allow placement of the mirrors (see Fig, 28, 29);

- a Compley of mirrors, inside the magnet, to direct the view of the gmall chambers <C1) around

he shadow of the quadrupole;

- a second set of internal mirrors behind the spark chambers inclined so as to provide a depth
measurement;

- a convéntional mirror system for the external chambers,

CONCILUSIONS, -

The solid angle considerations follow the same lines as those of the transverse case
Particles can be momentum analysed to high precision {~2%) in a solid angleof . 55x4 @str, ; a
less precise measurement (% 10%) of momentum can be made on an additional .15x4 T str, ; final
1y a measurement of only direction can be made over an additional . 17x4 Zstr, {(total solid an-
gle .87x4 7 str. ).

The external chamber system has a solid angle of ,56x4 7 str,

This design presents such great mecharical and optical complications that if would be fea
sible to use this arrangement only in the event that the transverse magnet produces ¢ompletely
unexpected and unmanageable interferences with Adone beams,
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FIG. 26 - Front view of the spark chambers in the longitudinal arrangement. Only
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are shown.
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