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4,1 -~ Introduction

The aim of Chapter 4 is to discuss the general aspects
of the experimentation around a high energy e+e_ storage ring
and to foresee, in due time, possible crucial interference re-
gions between users and machine builders. In this limited frame
only general lines will be explored and no particular experiment
will be considered: the physics which can be anticipated on the
basis of the present knowledge will anyway provide the necessary
Framework in order to outline the general trends for a correct

"first approach" experimental programme.

The main working hypotheses, on which the present
analysis is based, are that a total c.m. energy of 20 - 25 GeV
and a luminosity of 10320m‘—2s_1 will be achieved and that 2
(and possibly 4) 6 m long straight sections will be available
for the experimentation. The situation of some typical counting
rates is sketched in the general introduction (ch. 2) and the

family of the accessible processes is also given.

Here, these e+e— induced processes will be divided
into two main classes according to the minimum number of virtual
photons involved: a first group refers to the usual annihilation
processes via 1 photon exchange whose relevant experimental feature
is that the total available c.m. energy is entirely released to
the final products in a 17 state; the reactions of the second
class proceed through two-photon interactions and originate final
states in which an electron and a positron are still present
and forward emitted with respect to the beam 1line. The reasons

for this distinction are connected with the different experimental
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problems which rise when specific detectors are to be designed

in the two cases.

Tn the following of sect. 4.1, a general survey of
the experimental problems foreseen in order to fully explolit the
potentialities of a SuperAdone type machine, will be given. More
specific details and possible technical solutions will be
discussed in section 4.2, 4.3 and 4.4. About the physical
motivations supporting a certain number of technical attitudes,

ch. 2 will be referred to.

Annihilation processes via the one-photon channel.

a) Two-body final states.

The most common Q.E.D. dominated processes, that is ete™» e'e,
ete™ vy, e+e—+u+u_ give relatively high counting rates
(order of several counts/minute) and thelr very peculiar
experimental features make their detection easy and reasonab.y
free from any background from competing processes. Obviously,
serious experimental difficulties rige when absolute measureme
with accuracies of the order of 1% are to be done. But, in thi
case, these problems are not very different, in principle,
from ones met at lower energies (absolute monitoring, detectio
efficiencies, etc.) so that no particular consideration will
be given them in this report.

Another very important class of possible two-body processes

in the field of QED consists in the production (if any) of
stable or quasi-stable point-like, colinear objects such as
heavy leptons, constituents and SO on. Should this kind of
particles exist, the colinearity of the particles in the fina
state and the typical threshold-like behaviour of the corresp

ding couting rates as a function of the energy, would give a
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very clear signature to the process. A third family of two-
body processes is connected to the hadron form factors in

the time-like region (e+e_*+ T, e, PP, «+e+)« The
expected counting rates are extremely small in _this case

and completely hopeless from the point of view of a systematic
detection ualess high mass vector mesons strongly coupled

to the photons give spectacular enhancements at SuperAdone
energies.

Therefore, apart from the e+e~-* e+e‘, Y v, ﬂ+u T processes,
the problem of the experimental investigation of the two-
stable-body colinear events shoud be approached, in the light
of the present knowledge, with a [irst generation simple and
fast apparatus whose main features shoud be a reasonably high
solid angle and a very good spacial sensitivity (in order to
minimize the ambiguities in the colinear-like behaviour assi
gnement to the events). As far as the nature of the detected
particles is concerned, at least a rough distinction between
high energy (machine energy) electrons and muons and anz ?ther
particle is requested in order to depress the ete” - e e ,

U * 4 .background signal, above which a threshold-type raise
should appear once the machine energy reaches the value of
the mass of the produced stable particle. The results obtained
with such a two-body survey will clearly guide the design of

the possible second approach apparata.

e'e” annihilation into many hadrons.

The most relevant features of the annihilation processes into

many pions and kaons can be rather safely stated in the féllg

wing points:

- the counting rates are relatively high: the presently
conceivable cross sections are of the order of 10 nb and

give events at rates of the order of a few thousands useful

- 149 —

triggers per day;

- the average total miltiplicities<n> may be reasonably
estimated in the range 8 - 10 with the further qualitative
condition < B p>=c< nﬂ+>:<nw»>. The multiplicity

distribution around these average values may be reasonably

assumed to be represented by a poissonian law according to
which the dominant channels at each energy are pretty well
concentrated around the corresponding average multiplicity,
whereas processes involving lower or higher multipiicities
are rather soon depressed and easily escape a systematic
detection with the bresently conceived luminosities. This
fact in particular implies that the average energy per
produced particle in the dominant detected channels may

be considered as a not too much varying quantity as a

function of the total c.m. energy made available by Super-
Adone;

- the angular distribution of the produced particles should not
show any preferred angular region and, in order to design
detectors, a work hypothesis of isotropic distribution sounds
reasonable and consistent with the conditions that the c.m.
of the system is steady and the total available energy is
entirely released to the produced particles. The momentum
distribution of the produced pirns assuming an invariant
Phase space is shown in fig.4.2.33 in the case of 8 plons
produced at 20 GeV total c¢.m. energy.

Facing the above mentioned general features of the onephoton an
nihilation reactions into many hadrons, one has to outline the
main objectives of the experimental research in order to be able
to specify the basic requirements for the experimental arran -
gements. A list of the Physical subjects to be investigated has
been already discussed in this report and may be summarized in
the following points:
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— total production cross section as a function of the energy;

- average multiplicities, charged and neutral, as a function

of the energy;

— inclusive reactions on pions, kaons, unstable mesons,

antiprotons, etc.;

- momentum correlations among groups of particles (jets,

clusters, resonances, etc.);

- exclusive reactions at least for dominant channels, etc.
It is worth observing that the low multiplicity region

(for instance the two charged non colinear configurations)
might be fed by a mechanism of production of short life
unstable point like pairs generating detectable decay pro
ducts (e, u , hadrons). It is clear that, in this case,
the correct nature assignement to the particles and a

great care in the beam-residual gas bac! jround subtraction
are essential conditions in order to let these two-body
production processes show up (if they exist).

All the above mentioned elements lead to a series of
experimental requirements to be fullfilled by any suitable
detector. The Ffirst of these requirements deals with the
solid angles covered by the set-up, namely the solid angle
where the charged particles can be detected, the solid -
angle where the momentum of the charged particles can be
measured (in general smaller than the previous one) and

the solid angle where the photons form 7m°'s (ox n's)
decay can be detected. The need for the detection of as
many complete kinematical configurations as possible clearly
leads to typical requirements of solid angles of the order
of 80-90% of the total 4 sterad. By reaching such high
solid angles the detection efficiencies for complete confi-

gurations of events of a certain produced multiplicity are

high enough to make reascnably easy the evaluation of the
contamination to the detected channel from the reactions
produced with higher multiplicity but appearing in the
detector with the same topological configuration. Therefore,
it is easy to show that, in order to get model indipendent
detection efficiencies, solid angles of the order of 80-90%
of 41 are needed, where charged particles and photons as
well have to be detected. In this same respect, the further
requirements of a good momentum analysis of at least part
of the detected charged particles and of a less precise
energy measurement of some of the detected pnotons will
provide, beside other obvious advantages, the possiblliity of
complementing the information got with the pure geometric

detection.

Thus, within the mentioned solid angles, the main

experimental requirements for a detector properly sulted to

study the many hadrons production in a SuperAdone type of storaic

ring, may be summarized in the f>llowing items:

- measurement of the emission angles of the detected charged

particles;
— measurement of the emission angles of the detected photons;
— measurement of the momenta of the charged partic.es;

- measurement of the energy of the photons;

- recognition of the nature of the charged particles.

It is clear that all these requirements are in a way conflicting

if one wants to fulfill them simultaneously. For instance a good

J
momentum resolution (of the order of Ap/p = 1% at 1 Gev/c)
cannot easily be obtained over a large solid angle so that a
choice has to be made between the two extreme attitudes of

poor resolution ( A p/Pw 3 + 10% up to p~ 5 GeV/c) over a
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1arge solid angle ( AQ /4T~ 80%) or of a good resolution
but in a smaller solid angie (A R /4 30-40%). By Ppoor
momentun resolution it has to be anyway intended a resolution
such as to allow, for instance, the recognition of nucleon
pairs in the final state or the clean reconstruction of @
masses from the momenta of pairs of pions. The line of a
rather poor momentum resolution over a large solid angle seems
to be more promising and flexible for the presently conceivable
pesearches so that it will constitute a sort of guiding
criterion in commenting the various experimental solutions
discussed in the following sections. In this fra.e the 7 yés
separation through complete kinematical reconstruction of the
events is obviously very difficult and particular detectors
will have to be inserted in the detection chain in order to
achieve this separation. Therefore subsection 4.2.4 will
concentrate on this point and a discussion about velocity
selectors ( Cerenkov counters) will be presented. The main
conclusion will be that a T /X separation over the whole
momentum range 1s resaonably feasible only in a rather limited
angular region,( AQ 7/ Jan S 00%) whereas for momenta
below 2 GevV/c this discrimination will be possible over much

larger solid angles.

jasi real photon-photon interactions.

Quasi real phofton-phofon -Bo—t-————r

The physical aspects of the two photon processes
e+ e - e+e_X](lave been previously discussed and relatively
high counting rates are expected. Many of the considerations
about the experimental arrangements discussed in connection
with the e+e— annihilation into two or many hadrons, propérly
hold also in the case of the photon-photon interactions. But,
in this case, some peculiar experimental feature is present

which can be used in order tO make easier the identification
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of the !
process. The most relevant physical peculiarities of ti
h -~ N
photon-photon processes may be summarized in the followin
topics: ) ’
a . . + - .
) the incoming e and e survive in the final state and

a i i i < o o
orwvard emitted within a ver y narrow co around the
re f 12 1Y 1€

b M i
) the center of mass of the wide angle emitted particles i
3 n

eneral i i
g is not at rest and moves in a direction which is
very close to beam line;

c . .
) only a fraction of the available incident energy is

relea i

. sed to the wide angle emitted particles system (both
in the "resonance" or in the "diffraction dominated"
region).

Th . . . . .
e experimental implications 1in order to evidentiate these
ate S

features will be discussed in sect 443

4.2. — MAGNETIC DEVICES AND DETECTION PROBLEMS

4.2.17. = Magnetic devices survey

The aim of this section is to briefly review the pre
sent situation as fa as large solid angle magnetic devices )
are concerned in view of the many hadron production processes
detection. In this perspective, already built or designed de-
vices will be recalled and the related references given, whe-
reas their possible extensions at higher energies or newly de

signed schemes will be discussed in a somewhat deeper way.
It is worth remembering that the magnetic systems

. . + -
suitable in a e e storage ring may be well grouped in
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three main classes, according to the direction of the magnetic Zl Longitudinal field magnetic systems

field with respect to the beam line (see fig. 4.2.7.):

It is well known that the magnetic Ffied induces a

+ - .
- longitudinal scheme: parallel to the e e 1line

pertubation in the machine optics. Any magnetic shield around

N
B
> + -

- trasverse scheme : B perpendicular to the e e line
- the vacuum pipe means a certain amount of material in the
B

. + - .
- toroidal scheme linked to the e e line.

produced particles path which in general constitutes a trouble
and anyway a deterioration of the quality of momentum analyzing
detector. Therefore compensation mechanism 1s generally preferred

according to a scheme sketched in fig. 4.2.2

> ->
B B8 R
Be
e e~ «
- Y
& "
e+ ot
&=
B
a) longitudinal b) trasverse ¢} toroidal

FIG. 4.2.2 — Compensation scheme for a

longitudinal type of magnetic detector.

Fig. 4.2.1

The main features of these three types of magnets will be
outlined in this sect. 4.2.1. The arrangements which seem more Another typical feature of the longitudinal (and the

suitable for a SuperAdone ring will be discussed in more details trasverse as well) scheme is that a magnetic Fflux return is

in the Following sections 4.2.2 and 4.2.3, keeping in mind needed, which means huge amounts of iron generally limiting the

some basic conditions which have been assumed as working accesses to the useful volume and anyway reducing the flexibility

hypotheses and which are summarized in table I.

of the device (for instance as far as the vy detection 1is
(v TAELE I. Basic conditions for a SuperAdone ! concerned). The situation is sketched in fig. 4.2.3
i general purpouse magnetic device.
! —~ Straight section length 6 m

i

i - Pipe diameter in the interaction region 10 cm

Maximum electric power 5 MW

- Error in the sagitta measurement 0,2 mm
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FIG. 4.2.3 —TIron magnetic field return systems

in the case of longitudinal field configuration.

A longitudinal magnetic fleld configuratioq can be
obtained in several ways, all making use of the basic solenoidal
field structure. Three possible solutions are indicated in fig.
4.2.4 a), b) and c¢), where the principles of the pure solenoid,

split solenoid and Helmoltz coils are respectively sketched.

szgié%;l”aévh

b)

FIG. 4.2.4 - Schematic longitudinal fleld
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In all of the above quoted arrangements, the longitudinal
structure of the magnetic field results in bending the charged
particles produced in the interaction region, according the
transverse projection of the momentum with respect to the beam
line (axis of the solenoid). This means that, due to the
magnetic field, large variations o the azimmthal angle (¢ ) and
small variations of the zenithal angle (0 ) are expected within

the useful volume of the detector.

é] Transverse field magnetic systems.

Also in this case there is a pertuwbation to the machine
which has to be accurately compensated according to the scheme

of fig. 4.2.5. Any compensation system has the disadvantage

FIG. 4.2.5 - Compensation scheme in ine case

of a transverse magnetic field.

of inhibiting the access for detection of the small zenithal
angle © region. The problem of the magnetic flux return
can be solved by the usual iron structures which can be pushed

far apart from the beams; in this respect the situation is more

convenient than in the case of the longitudinal devices. A
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schematic view of a complete transverse field structure is

shown in fig. 4.2.6

FIG. 4.2.6 -~ A schematic view of a transverse

Field system.

A serious problem, which is peculiar of the transverse
. + - .
magnets in a e e storage ring, deals with the low energy
electromagnetic background following the beams. This background

is bent by the magnetic field against the small © angle region

of the detector possibly causing critical operational conditions.

Beside the scheme shown in fig. 4.2.6, other arrangements

in order to have transverse fields in the interaction regions

may be carried out either as special bending elements of the

. (21) o
machine structure Land thus minimizing the compensation problems

or by coupling two opposite field uniform magnets as shown in

Fig. 4.2.7

FIG. 4.2.7 - Split field magnet system.
Compensation is needed in order to correct the

beam displacement.

As a general comment to the transverse field systems
it is enough to note that the charged particles are bent mainly
because of their longitudinal momentum components, so that
large © variations are to be accurately measured in the
momentum analysing volume; correspondingly small ¢ variations

are produced by the magnetic field.

When realized with a solenoid (Adone-MEA solution) (1)
the total solid angle available Ffor momentum analysis cannot
be very large (not larger than ~ 50% x 47 ). On the other
side, a split field magnet large solid angle solution (ISR
type of magneth) does not allow a confortable Y rays de-
tection, due to the limited volume available inside the gap
of the magnet. A split field magnet may be well suited in
the case of two - photon interaction processes, where the
motion of the center of mass tends to concentrate the final
state products within small © angular regions around the
beam line (thus producing kinematical situations not dissimi

lar from the ones typical in the ISR pp reactions).
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a Toroidal magnetic field system.

A toroidal magnetic field (see Ffig. 4.2.1,c)
is generated by currents loops arranged on planes having
the beam line as a common intersection as shown in fig.

4.2.8.

FIG. 4.2.8 — Toroidal magnetic field current
generating system

A good cylindrical symmetry oOf the system around
the beam axis is critically recommended in order to avoid any
compensation. Along the beam line the magnetic field is zero

and its radial dependence is shown in fig. 4.2.9.

S, =thickness of the central conductors

By S, =thickness of the retum

i
R

FIG. 4.2.9 — Toroidal Ffield radial distribution. -

If the current structure sketchedin fid. 4.2.8 is
realized by a small number of coils, the magnetic field1li
nes around the beams, as seen in a plane perpendicular to
the beam axis, are shown in fig. 4.2.10 together with the
resulting magnetic field radial distribution.

-~

By
— between 2 conductors

-~ for p=@ conductor

7
4
4
T2
-

FIG. 4.2.70. ~ Toroidal magnetic field generated
by a limited number of coils.

The field distorsion in the vicinity of the beam 1li-

ne is related to the requirement of cylindrical symmetry.

It is worth noticing that, in the case of toroidal
field, no flux return iron is requested, this resulting in
obvious advantages as far as the weight of the system, the
access to regions free from material and the general flexibi

1lity of the system are concerned.

Another favourable situation deals with optimum use
of the bending power of the magnetic field, due to the perpen
dicularity of the Ffield lines with respect to the trajectories

of the particles when produced in the interaction region.

<

"o

%o T
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This particular structure of the magnetic field
gives this system the very relevant property of not influ
encing the ¢ emission angle of the produced particles (see
Fig. 4.2.11) thus supplying an immediate tool in order to

achieve a fast rejection of backmwound events (cosmic rays).

{a)

X 2 coordinate onthe
. detecto;;{ detector

lane
of The

motion

FIG. 4.2.11 - Geometry of the charged particle
detection in a toroidal field de-
vice.
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Some schemes of practical realizations are shown

in fig. 4.2.12, where the rectangular boxes indicate the

coilse

<J

e
v
=<

9
5

N
|

NN

a)

+
|

. Mz
T

FIG. 4.2.12, - Schematic dispositions in order to
have toroidal magnetic fields.

It is clear that a disadvantage of the toroidal
seheme is represented by the parallel coil conductors run
ning around the beam line which in most cases have to be
penetrated by the particles before they enter the useful

magnetic regione

In this respect any effort has to be made in or-—
der to reduce the thickness of the conductors near the beams
to the minimum values consistent with the required high cur

rents.

When comparing different magnetic devices a certain
number of basic elements has to be kept in mind. The most im—

portant of such elements are summaried in table IT.
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MUON SPARK CHAMBERS x

FLUX RETURN ——

SHOWER COUNTERS

ColL —

TN

IRON END CAP

“TRIGEZR COUNTERS
SPARK CHAMBERS

COMPENSATING SCLENOID

Schematic drawing of the SPEAR detector.

Fig. 4.2.13

The iron which closes the magnetic circuit is
used as hadron filter, and a separation‘between hadrons,
electrons, muons and photons can be obtained by a remo-
te flat spark chamber system .

(5)

II - ZEUS

ZEUS is the name of a magnetic system proposed
for DORIS, consisting of two concentrated coils which

produce a longitudinal magnetic Ffield, reinforced by two
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conical polar expansions (see fig. 4.2.14). Two smaller
coils at the center of the polar expansions compensate
the effects of the magnetic field on the beams. The re-
turn of the flux is obtained by means cf two large iron
plates, which serve also as mechanical support to the
whole magnet (see again fig. 4.2.14), and leave entire-
ly free two wide windows, 6x4.2 m2 each, on both sides

of the beam.

The conical expansions allow increasing the field
around the interaction point by mantaining a large AQp
Far from the beams the field decreases but it retains its
cylindrical symmetry around the beam axis (see fig.4.2.15).
Therefore, to keep a high momentum resolution the magnet
size must be very large: in particular the useful nagnetic
volume is ~ 180 m3. Also the proposed detector must be ve
ry large: the external cylindrical chamber has a ~ 4 m.
diameter and requires ~ 7000 proportional wires to get a
Ap =1.5% at 0=90° and p = 1 CeV/c (which drops to

320% at Of_ 37°).
F~———~———52rn—~————-$w\\\
Bm

iron for returning the flux T

i Fig. 4.2.14
\\\ The ZEUS magnet

Expansion

m
compensating
cotls

main coils -
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¢ 52m B -

V)
71

B, (Kgauss) at= 900
104 5 — Also the solid angle which the reaction products can

go through freely can hardly be covered by devices

for particle analysis (Cerenkov counters, range tele

& .
— . )
| 2 scopes, ... ), unless reducing the available space
s mcemosraed 5 i,
for momentum measurement.
6 — All particles emitted with ©< 20° are in any case
lost in the compensating coils.
— h 4 I ! »
main coils o . ' 14
lron Yoke compensation coils 1 2 Rim)

III - Split—Solenoid

(a) (b)

This magnet is obtained by applying the split-field
Fig. 4.2.15 magnet principle to a solenoid. The main advantage of this
scheme is that the magnetic field is closed on itself through

the two iron end caps at the ends of the solenoid.

Following the general requirements insection 4.1 The main disadvantage is that the particles enter
the following remarks are in order concerning ZEUS: the magnetic Ffield t@versing the coil; the measurements on
1 - It has a good solid angle acceptance (A Q p= AS%h:a94x4H ) charged particles must indeed be separated in two parts:

2 — There is no material on the trajectories the measurement of the angles © and ¢ before the con-
3 — It is completely open on a wide solid angle (A QO ~ 1 A 9}1) ductor, and the momentum measurement in the magnetic field.
pen = — ¢l
2
Nevertheless: A solution For SuperAdone with Aluminium conventio
. s . ' nal coils (see Ffig. 4.2.16) has the characteristics shown
4 - It is difficult to provide Y detection on a wide
Cpas in table III
A @y , both because of the difficult arrangement of
the y detector around the conical poles, and because

of the huge dimensions of the y detector (70 ~~ 80 m2).
The size of the Y detector can be reduced only at
the expense of the space available to momentum measure

ment with a good resolution.
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Table IIT

Characteristics of the Split-Solenoid with conven
tional Aluminium coils.-—

Length of the coil = 400 cm.

External radius of the coil = 140 cm.

Length of the magnet = 560 cm

Weight of the aluminium = 31.4 ¢

Weight of the iron = 32 t

A9y (geometric) = .86 x4 I

Aoy (geometric) = .77 xy Il
Resistance = .5 uQ (with a
Total current = 3 MA 5 MW Po
Magnetic field = 9,4 Kgauss)wer sug
Ap = .8% x pxsen O (with c(sagitta)::i.zmm),ply) B
5

Though in the split-solenoid scheme there is no
iron around the coils the thickness of the coils itself
(30 cm of Al) is such that the y'Ss cannot be easily
detected outsidelindeed they must be either detected in-
side the coils, or the coils must have layer structure
with vy ~detectors in between. This problem can bhe solved
by reducing the field by some factor so reducing the thickness
of the coils. The momentum resolution is then worse by the

same factor.

Besides y detection, a difficult problem is how to fill-

the huge volume inside the coils’15 m3) with very precise de—

tectors.
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SPLIT SOLENUID
a) Longitudinal vertical cross section

14
4 400cm 4 = 3]0

H=170

.

¢—8

o

e e L

L T~ ] lron Yoke
B—% )

b cails
L v .
cross sectionA L cross sectionB

b) Two transversal vertical cross sections

Oy = =4
~ = ¢ =0
cross section A cross section B

Fig. 4.2.16 - Split solenoid

(a) longitudinal vertical cross section

(b) two transversal vertical cross sections

Both problems (huge dimensions of detectors and

thickness of the coils) should be easier to solve by using
superconducting coils to get the maximum field (A~ 20 Kgauss)
allowed by the iron saturation. In wuny case this solution can
be used only if the thickness of the whole coil (superconduc-
tor, thermal shieldings, vacuum tank) around the interaction
region can be limited to 2 + 3 cm of equivalent aluminium.
This possibility is still open and we have not yet done any

detailed study on it.
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solenoid.

v -

A rreliminary study to define the gross features

inal solenoid has been performed. Also, SO-

the detection system have been conside

he}

discarded the possibility of construc

s superconductor device which is left to further ana-
lysis of the problem.

The main body of a longitudinal magnet consists
of an atuvminiuwn cylindrical coil with its axis coinciding
with the be=zm line in the ring. An iron return yoke comple

tes the magnetic clrcuit, as shown in fig. 4.2.17: it con—

sists of a cylindrical mantle with two stoppers at the ends.

some elemsnts of the detection system (v detectors) can
be arranged into the space between the coil and the iron.

In Table 19V the main parameters of some of the

.red are shown. The last solution indica-

shis table looks adeguate to the requirements sum-

marized in section 4.1. Therefore we centered our attention

on it in this study. This is a reasonable compromise bet-

ween the nead of a large solid angle (0.92x4T with ma-
gnetic analysis) and of a good momentum resolution (5% at
5 GeV).

What Follows is based on the simplifying assum-
ption only pions are produced. The events have been

generated Ly a Montecarlo in which the maximum particle

number 15 10 and the momenta are phase-space distributed.
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Table 1V

apy /Py AR/ B vi ri s G :
a 5 Gev/c (KGauss)|  (m) G PR Iron f,z
(tonn) | (tonn)

0.5% 66 14 4.0 a1s A0 na GG g
0.5% .60 10 3.8 Jen 35 0 754 RIS
0.5% .60 10 3.4 v.00 BNl N 66 4.9
1% .74 10 1.0 1.3 a1 g8 3R 3.0

% =77 1 4.0 1.59 35 39 zoe | 4
2% .83 10 4.0 1,00 41 34 180 .4
2% .83 10 4.0 100 1 17 180 A4
2% . .85 12 4.0 1,15 31 4 199 11
5% .92 14 1.0 O, 40 3.0 101 3add

[RON RETURN YOKE

¥ —H
ALUMINIUM  COIL Is
-
//
[i - -
_—"\Om
————————— 3L———-——m}—,¢4m—~l—_ e —— — ——
g+ e-

Fig. 4.2.17
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We assumed that:
i - The error in the sagitta is 0.2 mm
ii - The error in the depth is 4 am
iii - Charged pions of any energy are detected
iv - The minimum angle For charged pion detection (0 )
is 10° (from the beam axis) although with smal !
ler accuracy because of the sagitta being shor
ter than in the case of full magnetic analysis.
v - Detection of secondary Y 's from I ° decay in
the solid angle subtended by the coil. The effi
ciency is assumed to be 90% with a minimum Y ej
nergy of 100 MeW
vi - The useful radius FPor momentum measurement is
the coil radius ri minus 20 c¢m deserved for vy

detection.

L 4% 5% atR=56eye

8 detected a*'s

weee Bt

— Bt la®

Fig. 4.2.18

15 20
TOTAL DETECTED ENERGY (Sev)
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Figure 4.2.18 shows the total energy distri-
bution for the case in which 8 charged pions are de -
tected in events with 8 or 9 produced particles. The
geometrical efficiency for this case is about 80%. The
distributions shown in fig. 4.2.18 are clearly not nor

malized.

By comparing these distributions, it is seen
that the contamination of the 8 charged pion channel
due to the channel in which 8 charged + 1 neutral 1is
produced can be made reasonably low. Therefore, with
maximum charged muliplicity the discrimination is pos-
sible even with no y detection. This possibility ob -
viously improves at lower multiplicities. However, the
contamination is much higher for 2 7° produced in ad -

dition to 8 charged w's assuming no y detection.

T
20+
8xtand 2 y's detected
By Bt 200
— 8t 1n®
Fig. 4.2.19

10
5

“IOTAL DETECTED ENERGY (G}
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Figure 4.2.19 shows the total energy distri

bution after detection of a pair of y's from the same 7°

in the production of 8 7 Z4+1 q°and 8 X0 go.
Spectra are normalized to detection efficiencies Ffor com

parisone.

We note here, on the basis of the require -

ments mentioned in section 4.1, that:

a - The charged particles cannot traverse the coil so
that the 7 - K distinction by gas Cerenkov counters

is not possible.

b - The measurement of y energy is not conceivable un-
less much space inside the coil is utilized for
this giving correspondingly up the useful space for

momentum measurement.

¢ —~ Two—-photon reaction detection is unfavoured by the
longitudinal field and the presence of the end stop-~

Pers.
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Concerning the apparatus, we see that the large
solid angle extending down to @ = 10° from the beam axis ma
kes the use of spark chambers unpractical. Up to day,

possible techniques to be considered are:

o - Multiwire proportional chambers
g - Drift chambers
y - Streamer chambers

because of their isotropy. Discarding the last case

(streamer ch.) in view of the optical problems with

this magnet structure, we consider the two alternatives

o and B

o — Proportional chambers. Assuming 2 mm separated wires
(that is 0.7 mm error at the point) one needs 25 wire
layers to get .3 mm error on the sagitta. All toge-
ther, the number of wires is 40.000 and the resolu -

tion in momentum 7.5% at 5 GeV.

g - Drift chambers. With 5 cm spaced wires and assuming a Q35
mm point error, in order to get an error of 0.2mm on the
sagitta we need ¢ wire layers. In this case the to-
tal wire number is down to 4000 and the momentum re
solution is 5% at 5 GeV. It is any way to be noticed
that the use of drift chambers in a high magnetic

field is still an open problem.

For the detection of neutrals, a possible suggestion is
to add some wire layers inside and outside the coils to-
gether with shower plates. This problem will be reconsi-

dered in subsection 4.2.5.
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4.2.3 - Toroidal magnets

A toroidal field gystem, consisting of 6 radial
sliced yoke magnets has been proposed (with the name
ORANGE) for DORIS at DESY(6). It will not be discussed
here as it does not correspond to the criteria stated

insec. 4.1 (for its A @ p ~ 0.24 x 4 1 ).

We discuss instead the toroidal magnet OCTOPUS
(also proposed for DORIS), consisting of some supercon-—
ducting coils disposed in radial planes through the beam
axis; and two versions of toroidal magnets with
"nearly continuous" coils, conceived on purpose for Su-
per Adone, the first (the composed toroidal magnet) with
three Alumirum coils, the second (the superconducting to

roidal magnet) with a single superconducting coil.

(7)

I - OCTOPUS

The toroidal magnetc field is produced by a to-
tal current "i" distributed among a small numbers (8)
of superconducting coilse.

The schemeof the magnet is reported in fig.4.2.20
(a) (b). The " ¢ component" of the toroidal field as a
function of R is not uniform in ¢ (see fig. 4.2.21),
but its bending power, _fB.dl, does not vary with ¢
Therefore the field works on the © angular coordinate,
and the main feature of the toroidal field is preserved;

in fig.4.2.22 it is shown how easy 1s a fast momentum se

lection.
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i

Fig. 4.2.20
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Fig. 4.2.21
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Fig. 4.2.22

According to the requir:ments in sec. 4.1,we ma

ke the following remarks about CCTOPUS:

1 — The thickness of the coils prevents from obtaining

a AfQp near to b Qg : in fact to diminish  the

minimum radius Rmin from the beam axis occupied by
the coils (see fig. 4.2.22 )while corresponds to a
better A © necessarily reduces 4 ¢ ; the contra-
ry happens when Rmin is increased. This limits the

solid angle Ffor the momentum measurement to & € p~ 0.6x

X 41

2 - A good momentum resolution is alternative to a wide

1I
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AQy: in fact, when the whole magnetic volume is used for momentum
measurements the surface covered by the y detector for a largedQy

2 .
becomes very large (~ 80 m ) and in any casebly< AQp< 0.6 x 4 7.

Again for geometrical reasons a good momentum resolution is al-

ternative to any analysis on the nature of the particles.

TOROIDAL MAGNET WITH "NEARLY COUNTINUOS" COILS

A nearly continuos coil in the azimouth ¢ allows to dismi
nish Rmin and indeed the length and the diameter of the coil it-

self covering the same AO.

However some material is introduced along the trajecto-
ries; then we must look for an useful compromise between the
thickness of this material and the maximum magnetic field which
can be obtained for a given maximum current density and power sup

Ply.

For a conventional aluminium coil it is convenient to
choose a thickness s = 2 cm; this corresponds to a ~/5% interac -
tion probability, which leaves more than 1/2 of the 6 charged
prongs events (to give an example) without any interaction. Al -
lowing a current density & = 40 A/'mm2 we get B = 10 Kgauss for

R=20 cm (see fig. 4.2.23).

* By (Kgauss)
10+

] ] | || >
[s} 20 40 60 80 100R(cm)

Fige 4.2.23
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For 0 5 30° the thickness encountered by
the particles becomes too high, and the part of con

ductor with a high current density becomes too long;

the conductor must indeed be deformed (Ffig.4.2.24) To give practical estimates we choose this
or the coil must be subdivided in three separated second solution, called in the following "composed

coils, one covering A G ~ 30° + 150° and the other toroidal magnet", since in this case the huge detec
two down to the smallest angles (see fig. 4.2.25,. To tion system is divided in three simpler devices. Al
make this subdivision we used the property (see & 4.2.1 so, we note that the acceptance at small © 's can
C) that the field is confined in the coil producing be possibly changed by translation of the two small
it. ® magnets along the beam direction.

BLIND A
&

II a - COMPOSED TOROIDAL MACGNET

The longitudinal vertical cross section of
the magnetic system with its detectors for charged
particles and y's 1s given in Fig. 4.2.26 (a);
in fig. 4.2.26 (b), we separately show the magnets
and their geometrical size.

The essential parameters of the system are given in

Fig.4.2.24 ]
¢ M1 and

Deformed Central conductor (longi table V separately for the central magnet M

tudinal cross section). - the magnets M2 and M3 (see fig. 4.2.26 b) ). With

the parameters shown in table V we get the momentum

resolutions reported in fig. 4.2.27.

N ¥ - DETECTOR
- — ————MWPC

Fig.4.2.05
Three separated coile (longitudi-
nal cross section).

\V;
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According to the requirements quoted in section 4.1,

we must add the following remarks:

1 -

The magnetic system well satisfies the requirements
on & Qh , AR Y, A Qp, whereas to obtain a Aﬁﬁ £ 10%
up to ~ 5 GeV/c the measurement accuracies must be

very good (a + 0.2 mm. on the "sagitta" is required).

80% of the detected particles can be analyzed after
the magnets, but directions must be redefined to take the

scattering into account.

After the magnets the energies of the Y's can be
measured with a reasonable accuracy also for the y's

that converted in the coils.

The angular range which is not useful for momentum
measurement, is 21° =+ 27°, far away from the beam

axis: this allows the study of the two-photon reactions
with products at © = 6° (or also © = 3.5° without
changing any important parameter); by translation of
the M2 and M3 magnets along the beam direction the

minimum accepted angle can go down to 2°..
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T b — SUPERCONDUCTING TOROIDAL MAGNET

For a superconducting toroidal coil the following

choices are advisable:

1) a single coil, as simple as possible

2} no detectors ingide the coil in order to contain the

coil itself in a single dewar.
It follows that to coverning small® angles the coil must be
very long and all the thicknesses must be minimized. For an

evaluation of possible parameters we assume:

a) dimensions of the coil: length = 200 cm, inner radius=

= 20 cm and outer radius = 80 .cm.

b) coil contained in a single dewar, as in fig. 4.2.29.

FIG. 4.2.29
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¢) superconducting wire bound to an aluminium matrix,
with the following characteristics:
_ total thickness of the coil on the inner cylinder
equivalent to 1.2 cm of aluminium
_ maximum current density = 100 A/mm2 at 1.3 Tesia
(in the OCTOPUS magnet it was 90 A/mm2 at 4 Tesla (7%
_ maximum field = 1.27 Tesla (in the OCTOPUS magnet

it was 4 Tesla)

d) thickness of the insulation 2 cm (as in the QCTOPUS

magnet)on the inner cylinder and 3 cm on the outer

cylinder

e) total thickness on particle trajectory at & = 90°
equivalent to 24 mn of aluminium (18 mm on the in -
ner cylinder and 6mm in the outer one); the correspon

ding interaction probability for pions amounts to ~ 6%

The realization of such a light structure which
must be able to support the pressure of the field on the
inner cylinder ( £ 5 atm) and the atmospheric pressure
is a difficult technical problem. A possible structure is
formed of two half-cylinders, ecach consisting of a single
piece of aluminium lodging the superconducting cable and
supporting the vacuum tank and the detectors, as sketched
in fig. 4.2.30; some plates and connecting rods distribu-
te to the outer cylinder the most part of the pressure ap

plied to the inmer cylinder.

The vertical cross section of the magnetic system
with the detectors is shown in' Fig. 4.2.31 (a); in fig.
4.2.31 (b), we show in some detail the magnet and 1its

mechanical structure.

"

e

g
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According to the requirements quoted in section 4.1,

we must add the following remarks:

-

The magnetic system well satisfies the requirements
on A flen , A Q v, A Qp, whereas to obtain a AﬁE £ 10%
up to ~ 5 GeV/c the measurement accuracies must be

very good (a + 0.2 mm. on the "sagitta" is required).

80% of the detected particles can be analyzed after
the magnets, but directions must be redefined to take the

scattering into account.

After the magnets the energies of the Y's can be
measured with a reasonable accuracy also for the y's

that converted in the coils.

The angular range which is not useful for momentum
measurement, is 21° + 27°, far away from the beam

axis: this allows the study of the two-photon reactions
with products at © = 6° (or also © = 3.5° without
changing any important parameter); by translation of
the M2 and M3 magnets along the beam direction the

minimum accepted angle can go down to 2°..
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II b - SUPERCONDUCTING TOROIDAL MAGNET

For a superconducting toroidal coil the following

choices are advisable:
1) a single coil, as simple as possible

2) no detectors ineide the coil in order to contain the

coil itself in a single dewar.
It follows that to coverning small® angles the coil must be
very long and all the thicknesses mst be minimized. For.an
evaluation of possible parameters we assume:
a) dimensions of the coil: length = 200 cm, inner radius=

- 20 cm and outer radius = 80 .cm.

b) coil contained in a single dewar, as in £fig. 4.2.29.

FIG. 4.2.29
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Furthermore, according to the regquirements quo

ted in section 4.1 the following remarks can be made:

- The apparatus well mets the requirement of large so-
1id angles A Qcp » O QY and A QP ; in particu
lar A 9y can be pushed to .98 x 41 . However it
is difficult to get a Jﬁg ¢ 10%, as the multiple
scattering introduces a Rv 8% contribufion, nearly
constant with the momentum which cannot be easily re-

duced.

_ Concerning the particles which do not interact in the
magnet ( ~ 90% of the total) T /X distinction can be
obtained outside the magnet by using a Cerenkov coun-—
ter system; in this case the Y detector must be either
removed or displaced further away and therefore distri

buted on a larger volume.

— The "“dead angle"ibr(hargcd particles can be likely small
enough (between 0O~ 159 and O ~/ 9°) such that char—
ged particles emitted at 0 < 9° can be detected;thismay
allow the detection of final products of 2 Y —channel

interaction.

4.2.4 - Particle identification

The nature assignement to the non hadronic charged
particles (electrons and muons) may be performed by making
use of their different behaviour when passing through matter.
The usual hadronic filters, made by a series of heavy slabs
with proper detectors in between, let the muons pass through
without sufferihg interactions and the electrons exploit their
showering attitude. As far as the electron induced electromag
netic showers are concerned, the problem 1is strictly connec—
ted to the photon detection and will be discussed in the sect.
4.2.5.

Therefore the question remains on how toO discrimina—
te among charged hadrons (1, kx, p) whose momenta are Suppo-
sed to be known within accuracies of the order of 5%. A basic
piece of information, in order to discuss how to achieve such
a discrimination, is the momentum distribution of the produ-
ced hadrons in a multihadron et ¢  annihilation process. Under
the assumption of an invariant phase space momentum distribu-
tion, a typical 8 'S production reaction at 20 Gev total c.
m. energy generates the momentum distribution shown in fig.

4.2.33.

100 arbitra
J unitsry 1

ete—81
2E=20GeV

4_0_
20+
T P (Gevic) |
T T T I T T 1 1 T ; : = ’T’—}
o 1 2 3 4 5 & 1 8

Fig.4.2.33
Pion momentum distribution according to an invariant phase

space momentum distribution calculation for the reaction
o e+ 81 at a total c.m. energy of 20 GeV.
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A relevant feature of this momentum distribu-
tion is that about half of the pions have momenta below
2 GeV/c. In this low-momenta range the correct assigne-
ment of the nature of the particle is particularly needed
when the total energy carried by the particle has to be
determined (the abiguity on the mass value my or my in
the relationship p2 + m2 leads to uncertanties larger

than the ones due to the measurement of the momentum) .

The above requirement on I/k discrimination
is obviously essential when exclusive channels are under
investigation. In the case of inclusive reactions. the 1/%x/p
discrimination has to be achieved up to the maximum avai-
lable momentum even if in a limited fraction of the total

solid angle ( (10 + 20)% 4 I).

The most suitable detectors, in order to discri
minate among I , k and p, are proper combinations of
velocity selectors based on the Cerenkov thresholds in

different materials.

Et might be useful to recall the basic formulas

governing the Cerenkov effect, namely

d N~y _ I _ 1 1 A
ax =2 eyl mgre) Sl

which gives the number of photons emitted per unit length;

’
cos © =

ne;

and that, in the case of gases, the pressur

nal to (n‘g

lues of the T
"tons produced per Cm b

thresholds forll's,k'sand protons respectively.

diators a I/k discrimination turns ou

the entire momentum region covered in spectrum

By using a series O

Table VII shows, for different material

v a B=1 particle, and the
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t to be possible

which gives the angular aperture of the Cerenkov light co-

e is proportio-

s, the va
efraction index n, the number Ny/cm of pho -

momentum

£ three different Cerenkov ra

in

of fig. 4.2.

'33'
TABLE VII
THRESHOLD (GeV/c)

MATERTAL n Ny /cm i X P
PERSPEX 1.49 250 0.12 0.45 0.85
WATER 1.33 200 0.16 0.55 1.10
LIQUID AIR 1.210 140 0.20 0.72 1.40
LIQUID Np 1.205 140 0.20 0.72 1.40
LIQUID Hp 1.097 75 0.31 1.10 2.10
LIQUID He 1.,0206 19 0.70 2.50 4.60
C5“H12 GAS 1 ATM 1.0018 1.6 2.30 8.50 15.
1SBBUTAN "o 1.0015 1.3 2.60 9.10 17.7
FREON W 1.0013 1.2 2.80 9.70 18.4
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The momentum region 0-0,5 GeV/c is well covered by a reaso
nably thin 1lucite Cerenkov counter. In the momentum ran
ge 0,5-2,0 GeV/c criogenic Cerenkov counters may solve the

problem as it is shown in £ig. 4.2.34.

N,/em

100 .

LIQUID H,

i t ! L

5 peeve)

10

Fig. 4.2.34

The relative.ly high number of photons per cm makes possible
small and compact arrangements suitable to be installed clo
sely surrounding the vacuum chamber of the storage ring.For
momenta above 2 GeV/c gaseous radiators are needed and the

response of some sultable gases is sketched in Fig. 4.2.35.
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Fige 4.2.35

Cerenkov 1light responses in photons/meter in the S11 photoca
thode wave length typical window Ffor different gaseous ra-

diators as a function of the incident momentum.

In view-of a practical use of the quoted Cerenkov
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materials in a Super Adone, many Ppurpo se, large solid angle,
magnetic device, it seems easy to locate a lardge area lucite
Cerenkov selector, properly hodoscopised, immediately surroun
ding the cylindrical magnetic volume. With typical covered

areas of the order of 30 m2 the whole useful solid angle may

be covered.

As far as the criogenic Cerenkov device is concer -
ned (0,5-2,0 GeV/c momentum range) it has been already mentio
ned that, due to the peculiar problems of the low temperature
working objects, the most convenient solution seems to be a
compact device very close to the interaction region in a such
a way to be able to cover a large solid angle by a relatively
small detector. Therefore this criogenic Cerenkov counter
should be met by the particles before they start being deflect
ed in the magnetic volume. From the point of view of the prac
tical realization criogenic Cerenkov detectors were known to

(8)(9)

give satisfactory performances Further studies on a
small s%gﬁ liquid H, counter have been recently performed in
Frascati with the aim of testing the 1ight collection effi -
ciency in an arrangement particularly suited for the Super Ado
ne kind of situation. The encouraging results of this prelimi-
nary work are shown in fig. 4.2.36 (sketch of the set up as
tested at the 1 GeV electrons of the Frascatil electronsynchrg

tron) and fig. 4.2.37 (efficiency measurements for different

high voltages supplied to the photomultiplier). The conclusions

are that a cylindrical liquid H2 Cerenkov counter surrounding
the vacuum pipe of the experimental region of the storage ring
seems conceivable as far as its performances are concerned.

FPurthermore the thickness of such detector can be reduced to ac

ceptable values in order to minimize unwanted interactions of
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the produced particles (nuclear interactions and coulomb scat

tering).

SIDE_VIEW

W
LIQUID H, CELL MYLAR WINDOW LUCITE

+ LIGHT
VACUUM LIGHT PIPE PIPE
g 1 2 3 4cm
—t

He

TOP VIEW

Fige 4.2.36
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100%

50%

0 2000 2500 HV. Cerenkov

Fig. 42.37

iqui func
Efficiency curve of the liquid H2 Cerenkov counter as a C

tion of the high voltage of the phototubee. (11)

As far as the momentum region px 2 Gev/c is concern

ed gas Cerenkov counters with typical thickness of the order

of 1 m, are needed. This means that such devices have to be 10
’

(distance from the beam line
of

cated outside the magnetic volume

of the order of 1 m) and that solid angles larger than 20%

4 T are hardly coverable. For instance, & request of a solid

angle of ~/ 10% 4 T means a gas Cerpenkov whose Front window

g

covers an area of the order of 4 m2 . Such large Cerenkov coun
ters have been already built and successfully tested when using
commercial gases such as 05 H12, Isobutan, Freon etc. at pres

(10)

sures up to 2 — 3 atm. A particular realization of a lar-
ge, wide aperture multi-cell Cerenkov detector (front window

(2,5 x1) m2, thickness 1475 m) has been tested at SLAC (see Fig.
4.2.38) achieving a very good single-particle separation when

used as a threshold counter.

In conclusion, a chain of three Cerenkov counters (11

quid H lucite and gas) allow the separation among I's and

X
K's in the whole momentum range involved in the multihadron pro

duction at a Super Adone type machine. It ig furthermore worth

noticing that the pulse height analysis of these three Cerenkov
counters may allow also a good K/p separation for momenta larger
than 450 MeV/c (that is the Cerenkov threshold for K's in luci-
te). In connection with the protons selection, it can be recal-
led that always an antiproton is present when a proton is produ
ced and that this fact may well be taken into proper account to
Pully exploit the advantages of the peculiar antiproton signatu-

pe. The time of flignt measurement also help when protons are present.

A last remark may be made on the convenience of comple
menting the series of the Cerenkov detectors with an hadronic fil
ler, some interaction lenghts thick, which, even if in a limited

solid angle, could perform a clear indentification of the u's.
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Fig. 4.2.38

L i~
arge multi-cell Cerenkov detector (described in ref. 10)
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4.2.5. Neutral detection

The detection of charged tracks only is clearly not

sufficient to the proper evaluation of efficiencies in the re

construction of the total hadronic annihilation cross section

OT. Also, the precise individuation of the dominant hadronic

channels and the determination of the average maltiplicity are

not possible without the detection of neutrals.

The problems of detecting y's can be thought of at

three different levels:

1) y- counting, to assign the event it's peculiar to
POLOgY e
2) Determination of the angless By and gy of the y with
the beam line. In some cases this measurement allows
a complete kinematic peconstruction of the event and
might be enough to decide whether two vy's come from

the same [° Or nee

3) Measurement of the y energy to have a fully comple-

te kinematic veconstructione

The first two problems, counting and angle determina —

tion, necessarily need a solid angle as large as possiblee. This
does not require mich material and can be restricted to a reasong

ply thin shell around the interaction regione.

However, the enerdy measurement needs much more space

occupied by detectars and then a substantially larger coste

Tt must be noted that, at least for what concerns the

veconstruction of topologies, a missing y in a y- pair from 1°,
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n® can be tolerated thus softening a little the prescription
on solid angles.

Counting and localization of y's can be done by means
of a sandwich consisting of alternate layers of MWPC and lead.
The coordinates must be taken on many separate planes and the
total lead thickness must guarantée a high efficiency. Each ab-

sorber, however, need be thin enough to allow:

a) a low detection threshold (this problem must be consi- 657 g
dered in connection with the thickness of the internal 10(Pi'
coil of the magnet); i

b) determination of the conversion point with a reasonably

(2]
T

small error.

The energy spectrum of y rays from I ° decay in ee 81

at 10 GeV has been estimated and clearly shows that even 1f most

20
Y 's have energies in the range 500-1000 MeV, the number of sof
ter vy 's is not negligible.

In general the pairing problem to reconstruct the 1P 1d)

1T ||||1|||11||

mass is non-ambiguos only for 21° in the final state. With one

more produced II ° some consistency test can be used based on the

T

aperture angle of the 2 y's (to get a rough indication on the e-

T

nergy) once a given pairing is assumed (see fig. 4.2.39).

The measurement of the energy can be obtained by ad -

N

ding to the part used for localization a further detector inwhich P o (GéV/C)
14

1 l IIIIIIIIIHIII‘ ) | | lIlllllllIllHl

05 1 2 5 10 20

the shower can be totally absorbed.

—
o
'—I—T_flllllll

o
N

We think of three different solutions already adopted

in many experiments:

1) Lead-glass Cerenkov counters. The energy resolution is of the order

B : ’ FIGe 442439 -
A Y .+ 0.0 .
S : 2y aperture angles in 7° »yy decay as a function of the w° momentum
Ey YE

Y gev
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2) Sodium Iodide scintil lation counters for which

AEYy . + 0.005

By "EY GeV

3) Lead-Scintillation counters sandwich.

—————— M 1
r - NO
‘ = | Dl ‘__\
ll 2.5 | =g LEAD GLASS BLOCKS
=z | |[&s
Il S8 | ISE]|
L2 [ FE
A choice among these possibilities is very much in- \ § \‘ ‘\ E‘l
<
fluenced by cost considerations. For Lead-glass Cerenkov coun L _2_________1 U [

2
ters it is in fact of the order of 50 ML/m"; for Sodium Todide

it is up to 200 M[J/mz. In connection with a magnetic analyzer 27' |NVARlANT MASS Beem
device, a y detector with good energy resolution should be put
outside the volume for momentum analysis and would hardly have
a surface smaller than 40 m2. Therefore, a practical tentative
solution might consist in covering the whole surface with lead-
MWPC sandwiches to gety counting and localization. A smaller

sector, perhaps 20% of the total solid angle, might be equiped MeV/e
with lead-glass Cerenkov counters to get energy determination on

some of the vy -rays. This composite structure is analogous to the

one proposed for I /K separation.

This choice is not new and we show two different exam

ples the multi-y T.A.C. spectometer (12) (Fige. 4,2.40) and the
. . 13). ige 4.2.40
Multi- y apparatus at the ISR (CERN) (Fige. 4.2.47) as). Fig. 4

An external y detector for BEBC has also been recently

A CERN multigamma spectrometer realization (Holder et al.)
. o 1
proposed for the use at 400 GeV which uses a similar scheme (14) .

N.I.M. 108, 541 (1973)
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In summary, we show in Fige. 4.2.42 a possibile struc

ture of a device suited for y detection.

® MWPC
® LEAD GLASS COUNTERS
® LEAD GLASS TAC

_ o,
FWHW = [£ 1%

15 x15 X35 cm3)'>
3

15x75x 35¢cm

Fig. 4.2.41

Fig. 4.2.42
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We took into account the consideration already done
concerning I /K separation: therefore the core of the appa-
ratus, fully cylindrical symmetric, is deserved to momentum
analysise. The outside space is  filled with plexi -
glas Cerenkov counters forll /K separation up to 2 GeV and with
a lead-MWPC sandwich system for y counting and localization

over a very large solid angle.

Eventually T /K separation up to maximum energy and vy
energy measurement is confined to smaller sectors covering 10%

of the total solid angle each.
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4,3 - Forward Electrons Tagging Systems

4.3.1. — Introduction

Recently, several theoretical works have shown
. . + = - -
the importance of two photon processes 1in e € (or e e )

. s . . 1
collisions in the energy region of some GeV (1:5), (16).

For example, the total cross section of hadro-
nic two photon processes, e € » € -+ X has been estima-

(16

ted by R. Gatto and G. Preparata )to be of the order
of 10 - 15 nbarn. Almost 10nb ofthis are due to the pro-
duction of resonances from two quasi-real photons and the
rest of the cross section is calculated as due to a dif-
fractive process where the two photons behave like hadro
nic particles. For inclusive production of hadrons in the
process e s +e @ +h+X even with a transverse momentum
cut on pi of the order of 0.5 GeV2, the cross section

from two photon processes is larger than that of one pho
ton annihilation for s=4 E2 = 200 Gev2 (Fig. 4.3.7.).

Such a large cross section of two photon processes im -
plies the possibility of investigation of almost real and
perhaps also virtual yy collisions using the existing or

. + - - - o
coming e'e (or e e ) colliding beam storage rings.

The processes yy into hadrons are also of inte-
rest since they provide a tool to investigate the eleC -
tromagnetic properties of the hadron currents. The large
cross section of the two photon processes may turn out to
be a serious background for the study of the one photon
annihilation processes. A clear separation of the two phe

nomena requires the detection of the primary leptons, be
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cause the measurement of the energy of the hadron state
could suffer from geometrical inefficiency or from the
escaping of energy in the form of undetectable neutral
particles (KL, neutrons).

o’
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Fig. 4.3.1.

The detection system for the forward emitted electron in
the e+ei+e+e_X processes, (called the tagging system)has
bean successfully used in the magnetic structure of Ado-
ne (10’18). The Adone tagging system has shown that the
detecfion of the Ffinal electron with high efficiency in
a large energy range is feasible, and that for the Adone
experiment the contamination of two photon events in the

annihilation channel was limited to a small percentage.

4.3.2. — The tagging system

The tagging system for a low gmagnetic struc -
ture like that of Super—Adone has been studied in ref.

(19) and is schematically shown in Fig. 4.3.2.
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Fig. 4.3.2.
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Counters q,, q, and m, ... m are all shower coun
1 2 1 4 -

=
N
1A
A

< 100 mrad

ters that will give information on the energy and the po- 100 mrad

14 26, <

HORIZONTAL TRAJECTORIES

<

sition of the electrons. q1and 9, will have the best energy
resolution since in Myoeeemy, the energy information is gi-
. Y/,
ven by the magnet and the measurement of the energy deposi {/?" %) ’
— .Vn\:n n A

ted in the counters will be essentially used to reject low 420

energy background. xu.9
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r\,\ 3 \ Kw 7 (mebers)
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Angular and energy acceptance of the tagging system GRozaING POINT
The angular acceptance of 9, is energy indepen-—
dent because the region from the interaction point to qqis Xe
free from magnetic field and its lower limit is determined 5o
by the vacuum chamber shape, which is assumed to be ellip-~ =T
y pe, P Qo Q. Qo || Qe M1
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dimension: ———
Xe 3
A
(mm[mrov)
3
Lo VERTICAL TRAJECTORIES \
\
i
— \ Xa 9
e N == S
N 5 xa.7 (meters)
. X=.3
. CPrOSGING POINT x=.§
Fig. 4.3.3
:
* !
}-so
|

If we take b = 15 cm and a=5cm the angular ac-

Lo
ceptance becomes:

Fig. 4.3.4




The angular acceptance of 1, is determined by the charac
teristics of the quadrupoles as shown in Fig. 4.3.4 and
is a function of the fractional energy X. Its values

for three typical X values are:

1,8 < @ 7,5 mrad
< <
0,8 < OV < 6 mrad

< 0
X = 0,5 9 < u 10 mrad
X = 0,9 A OH =Y OV = 0

The angular acceptance of counters mj.... m4is
shown in Fig. 4.3.5 as a function of the fractional ener
gy X. The acceptances are derived from Fig. 4.3.4 requi
ring that the electron reaches the first dipole without
crossing the vacuum chamber wall. Fig. 4.3.6 (a) shows the in
tersection points of a particle trajectory, defined by
the initial angle OH and the fractional energy X, with a
vertical surface Z parallel to the beam trajectory at a
distance y = 15 c¢m in the direction of the machine cen-
ter. The surface £ is the border between the magnetic
and the Ffree field region. The lines for |e H| > 0 are
limited at thellower X values by the magnet gap as already
shown in Fig. 4.3.5.In-Figd.3.6(b) the angle © gut of the
electrons with the surface L is shown. From this figure
we see that the Super-Adone vacuum chamber has to be of
particular shape in the tagging region of me in order to
minimize the material to be crossed by the tagged elec -

trons.

\
VERTICAL |\

HORIZONTAL ACCEPTANCE
RCCEPTANCE
\
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The angular acceptance of 1, is determined by the charac
teristics of the quadrupoles as shown in Fig. 4.3.4 and
igs a function of the fractional energy X. Its values

for three typical X values are:

1,8 < @ 7,5 mrad

0,8 < OV < 6 mrad

< 0
X = 0,5 9 < 9y 10 mrad
2,5< 0, < 14 mrad
X =0,9 A@H = A @V =~ 0

The angular acceptance of counters Mmoweee m4is
shown in Fig. 4.3.5 as a function of the fractional ener
gy X. The acceptances are derived from Fig. 4.3.4 requi
ring that the electron reaches the first dipole without
crossing the vacuum chamber wall. Fig. 4.3.6 (a) shows the in

tersection points of a particle trajectory, defined by

the initial angle OH and the fractional energy X, with a

vertical surface I parallel to the beam trajectory at a VERTICAL \ PORIZONTAL ACCEPTANCE
distance y = 15 cm in the direction of the machine cen- . N RECEPTANCE \\

ter. The surface I is the border between the magnetic \\\

and the Free field region. The lines for |[© HI > 0 are , AN

1imited at the lower X values by the magnet gap as already

shown in Fig. 4.3.5.In Figé.3.6(b) the angle O Eut of the

electrons with the surface £ is shown. From this figure

-
/
4

Q

we see that the Super—Adone vacuum chamber has to be of
particular shape in the tagging region of m, in order to

1 Fig. 4.3.5
minimize the material to be crossed by the tagged elec -

trons.
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Background of the tagging counter

The most serious background in the tagging coun
ters is caused ty the electrons which have lost energy in
beam-beam and beam-gas bremsstrahlung. Even though beam-
-gas bremsstrahlung may be neglected due to the ultrahigh
vacuum existing inside the chamber, because of the high)
luminosity foreseen for Super-Adone, in the one bunch ope

1032 2

ration (L = cmo sec —1) beam—beam bremsstrahlung will

cause the tagging counter to be hit by 50 e or e+ per
bunch-bunch interaction with X = 5 10_2. These electros

will simulate tagging events in the tagging counters.

A very promising solution to this serious pro-
blem has been proposed, namely to on distinguish on a sta
tistical basis the bremsstrahlung electrons and the elec-—
trons from two photon processes from their different an-

(20)

gular distributions . As shown in Fig. 4.3.7 the angu-
lar distribution of the electron bremsstrahlung is charac
terized by an angle of the order of me/E. In the two pho
ton processes the electron emission angle is of the-order
of mg/E. If the angular acceptance of the tagging system
is properly chosen most of the bremsstrahlung electrons can
be rejected with a small loss of two photon electrons. Ta
ble IX gives the preliminary results obtained for the re-
lative acceptances of the electrons coming from bremsstra
hlung events Ab or from photon-photon events Ayy , for e-
lectrons having an energy X =0,95. The angular spread of
the primary beam has been taken into account assuming

o =0 =0,7 mrad
OH 0V




TABLE IX

6 =0 0 =1 0 =1.5 o =0 Another solution to the problem of accidental

c - c 7 c ~° c - . . :
coincidences due to the bremsstrahlung electrons has been

A : -2 -3 .

bremss. 1 0.15 310 410 proposed by several authors who suggest a multi-bunches
ring, in order for the accidentals per bunch to be kept
AYY 1 0.37 0.29 0.25 . . .

at a reasonable level while still attaining comparable to

tal luminosity.

S in mrad gives the lower limit of the emission angle ac-

cepted by the tagging counters: as showvn by the table it is 4.3.3. — The wide angle apparatus. (W.A.A.)

i a a rejection 2 orders of magnitude on brems

possibie to have ’ ’ N The two photon processes also have the following
- ts with a reasonable loss of events.If i ) ]

strahiung events vy relevant features in which they differ from the one pho-

i ers are required in a trigger the accep- o )
poth tagging count : 99 ton annihilation:

tance PAyrepss and A vy have to be squared.
i) the frame of the reference of the two photons is in ge
40“ neral moving along the beam direction, so that the an-
é%&i (“VGN) . gular distribution of the Final state is forward pea-

. ked around the electron or positron direction; with an
angular distribution that can be easily measured by the
W.A.A. as shown in figures 4.3.8, 4.3.9.

(15

ii) the equivalent photon energy spectrum

contains ‘many low energy photons and the total energy of

the state produced by the vy vy interaction is wsually much

lower than the total available energy 2 E.

Tn order to use the above features, the wide an

gle apparatus that will detect theyy events must measure

pe the particle energy and it must cover the smallest possi-
mir. ble angle in the forward region. An example of a magnetic
tror.

6,(mrad) detector especially suited for detecting yyevents is the
A

magnetic apparatus proposed for the investigation of this

- 090 . - 223 -
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- +
process at VEPP 4, the 7 GeV Novosibirsk e e storage 10
. (21)
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The magnetic field of the storage ring bends- the

interacting lepton pair towards the inside of the magnet. Another wide angle apparatus suitable for the
Thus that pertion of the magnetic path adjacent to the re- y.y investigation could be the total solid angle array
gion of collision must be designed so as to allow for the of a total absorption calorimetric spectrometer, recen-
detection of the particles of interest and their energy a- tly proposed for inclusive experiments at the ISR(22)
nalys{s. This is schematically shown in Fig. 4.3.10. (Fige 403411).

-

/,’-’.'9& EeR

FoRwARD

PARTICLES

TRSMLA TING FoAl

—_— Fig. 4.3.10 ; Fige 443411
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The most interesting property of this apparatus for the

vy yinteraction is that the calorimetric part of the spec
trometer can efficiently cover the forward region. In thi;
apparatus one could investigate the diffractive part of
the e @ + e E‘ X cross section at the studied for the ISR
highest energies. This proposal, however, needs further
study to be considered as an experimental apparatus for

+ - .
e e storage rings.

4.4+ Data Acquisition

Introduction

Future experiments with high energy electron-posi
tron storage rings will probably make extensive use of multi
wire proportional chambers (MPWC), because of the attractive
features of high acquisition rate, resolution and multitrack

efficiency of such detectorse.

On the other hand the increase in the acquisition
rate corresponds to an increase in the data processing speed
requirements, which could approach the maximum possibilities
of the biggest available computerss An example showing the im
portance of this problem is given by the CERN-ISR Split Field
Magnet, in which 105 events/sec. take place, 103 of which are
interesting, while the CDC 7600 on-line system is only capa -
ble to analyse 1 event/sec. Fortunately the expected rates on
the electron-positron storage rings are lower than the I.S.Re
rates, but the data acquisition and processing power o thela
boratory is still one of the problems to be taken into careful

consideratione.

The use of a central big computer on-line with the
experiments should be avoided as far as possible because it is
expensive and it interferes with the other uses of the centre.
For this reason we will later suggest the intreduction of anew
xind of hardware processor to be coupled to some experiments,
which could improve the data processing spead, thus allowing a

reduction in the power and cost of the central computing systemes
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Computer network

As each experiment will probably use a small computer
in its data acquisition system, a standardization of these
small systems is convenient. This should not be limited to the
interfacing electronics,where the worldwide accepted standard
is now CAMAC, but could also be extended to the small computer
systemss In this way a few specialists could provide a very use
ful general facility in the form of assistance to the experi -
mental teams for both hardware links and software problems,which
could thus be solved in a standard and modular waye. They could
also provide the maintenance of the data link between these re
mote computers and the central computers This link would make
available to each experiment all the computing power of the big

computer and in particular:

- the floating point computing speed;

— the high level programming languages;

— the extended programme library;

- the direct storage into permanent files on magnetic tapes and

disks of the central computer, thus avoiding tape transport

problems.

The increase in the central computer core dimensions need
ed for this 1link, can be compensated by a reduction in the dimen-
sions of the remote small computers and by the improvement of the

central computer system facility.

The computér network will have the configuration shown in
Fige 4e4ele
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FIG. 4.4.1 — Computer Network Configuration
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A front-end computer will manage the link with all
remote small computers which will accomplish the following
functions:

- interrupt handling;

— data acquisition and temporary storage;

— external parameter control;

— fixed point and simple floating point calculations;

- output and display of the results.

The on-line central computer facility will be tipi
cally used for:
— complete analysis of data samples to check and monitor the
experiments;
~ production of sophisticated outputs and displays;
—- direct storage on permanent data files in the central compu
ter;

~ possible complex on-line floating point calculations.

The data 1link with the central computer will also
- allow a few remote input/outputs to be placed around the cen
tre for directly submitting (in the self-service mode and un-

der system control) user jobs to the central processor.

The typical small computer could have a 8K 16~ bit
word core, while the central computer size will depend on the

number of users and their requirementse.

In the proposed scheme the possibility of high data
transfer rates between the experiments and the central computer

is not foreseen. In fact this would not be an efficient use ofthe
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data link, it would interfere with the other users and would
result in a higher cost of the experiment. For this reasonwe
suggest to implement the experiments necding high on-line com
puting speed (whenever poesible) with fast haordware data pro
cessing systemse.

An example of utilization of such systems is also in
cluded in Fige 4447,

This hardware processing can He made essentially in
three ways: analod, digital boolean and digital arithmetic.

The analog way consists in building an analog device
for the particular problem to be solved and in inserting it in

between the apparatus and the computer to get & fast data pre-

selection and reduction.

Another way consists in storing the MPWC pattern of

red wires, for instance, in a series of shift registers. This a

lows a recursive check with the same boolean functions to bec

ried out on the complete data patter: (23),

The third method 1is practicable when the event ideati-
fication is based on numerical calculations made on the rough di
gital data collected by the apparatus. This is normally possible
with the MPWC as the address of the fired wires are available i

digital Fform.

Fast hardware processors

A method to increase the data processing speed is to

use a parallel instead of a serial logic, the latter being usad
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in convenfional computers. Nevertheless such a method has
many inconveniences such as the electronic complexity and
the reduced versatility due to the 1oss in the ability to
programme the systeme In fact in some laboratories some spe
cial-purposs fast hardware Processors have been built to sol

ve the problems faced in analysing MPWC's data (24),

To allow a more general and easy use of these
hardvare processors we propose to introduce a modular system
which has not only the advantages of the systems using the
parallel logic, but also a certain possibility to be program
med. This would allow oneto build special purpose data pro-
cessing systems as a sequence of elementary modules, as in a
computer cne makes a program as a sequence of elementary in -

structions.

This modularity is very important because it al-
lows one to build and change very easily the hardware program

which is executed without any electronic engineering.

The system will be Fformed by one or more crates,

with a number of common lines, in which the electronic cards,

each one corresponding to a module, are pilaced. A simple exam

ple of a modular system is shown in fige. 4.4.2: A, B,C and D
are fixed digital parameters; the iaput of x into the system

will start the sequence of the add and multiply operations in-
dicated so that at the end the digital number corresponding to

the polynomial AX3+ BX3+ CX + D will result on the output.

X
A l
¥
AX
B—}4
—F AX+B
2
* AXFBX
C—y
+ AXFBX+C
L
%é
AxFBXFCX
D—7
_F

l

OUTPUT
32
AX+BX +CX+D

FIG. 4.4.2

Example of polinomial calculation
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This hardware execution of the calculation can require a ti-
me up to two orders of magnitude shorter than in the small

computers.

The calculation just described is actually aserial
operation; an important feature of the hardware modular sy-
stem described, which is not found in small computers, is the
possibility of parallel operation, which contributes to an in

crease in speed.

Before going into some details of the operation of
the modular system, we show another example to clarify how
these serial and parallel cperations can work: in fige. 4.4.3
one can see the sequence of modules required to compute the
triple integral:

AXMIN+DX

YMIN+-DY ZMIN+DZ

j dx dy F(x,y,z)dz
KXMIN YMIN ZMIN

The function F(x,vy,z) can be made by either a sequen
ce of elementary digital modules similar to that shown in fig.
4,442 or by a mixing of digital and analog modules, which allows

fast and approximate calculations of complex functions.

The modules indicated by Xi and Pi are two coupled
read only memories (ROM) which contain, for instance, the 24
points and the 24 weights For the gaussian quadrature (fixed pa
rameters) .

At each "clock!' pulse (see fige. 4.4.3) the read only

memories shift by one position presenting on the output both the

ZMiN

YN

AMIN

CLOCK
sTOP
CLOCKj CLOCKk I
. 3 %
AR cONTROLFR=0 Pil | %] Pyl X P
I —
¥ ¥ *
||
+ + %
T

FIG. 4.4.3 ~ Hardware

F(x,2)

QUTPUT

system computing a triple
integral 2.g. by gaussian quadrature.




neyt noinc

and weight Pi (as digital numbers). After

ook 1M pulses  the next pulse will arrive also to

to a
ried ou
out any

ond couple of ROM (7. and P.) as "clock J" (see
J

Gl e I this way every 24 “elock i pulses one

7

v owalse is sent to the second store <Xj’Pj) and
ooy 24x24 tclock i" pulses one ”clock\k" pul
£ to the third store <Xk’Pk>' This is equivalent
ioop in which the actual calculations are car
oav0d x4 times within the hardware processor with

input/ontput requirements, which would slow down

the spoed.

calenla

The equivalent Fortran programme would be:

=0
po 1 I=1,24
Y¥=XMIN + DX * X(I)
DO 1 J=1,24
YY=YMIN + DY * Y(J)
Do 1 K=1,24
77=7MIN + DZ * Z(K)
1 R=R 4+ P(T) * P(J) * P(X) * F(XX,YY,22)

In this example one clearly sees how parallel

~ion” can be carried out: all the operations corre-

gponding Lo boxes on the same horizontal 1ine in £ig.4.4.3

are c¥oe

~uted at the same time.

We can also understand better now how the sy -

atem wonld work to allow closed loop serial operation. Inor

der to accomplish its function each module should wait until

the pre

s5ons modules have completed their operations, and

039

then, after an internal delay, not shorter than the time raequi
red to present LO the output the result of its cperation it
should send a signal to the following module o which it is con
nected.

The connections of these 1ines determine the time sg
quence of the instructions (nprogram Flown) corresponding to the

modulese.

Tn addition to this network which defines the program
there must be other connections ("data 1ines") between the modules

which generate and those which use these datae

The number of elementary modules can be quite limited
and one could also introduce special purpose and analog modules
(as A/D, D/A converters, scalers, analog function generators, al

plitude to frequency converters, teletype divers, etce) .

The elementary functions needed are very similar toO
those we.find in ordinary computers (jump, skip under condition,

add, or, store, atCe) e

Beside the obvious arithmetic and boolean function mo
dules and the store module used to make the loops in Fige4.4.3
we can mention a module capable of comparing two numbers A and B.
This would give the 'programm flow" signal on one of three indepen
dent outputs according to what condition is verified: A< B,A=B or
A > B; this module will alloy one to perform a neonditional skip's
The "jump" is Just made as a connection on the programm £low line .
The "store" of the data is just one latch opened by the nprogram

flow" signale
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FLAG
] "| CONTROL START
Tt is worthnoting that in this system many modules
behave like a register which stores its output data until
its next cycle, so that the use of store registers is much
less important than in the usual processors, in which par- -
tial results must be temporarily stored before being used COhﬁgtwa
again Ffor futher calculations. L
Finally the system control can be achieved by one STORE
control card containing two flip-flops (FLAG and CONTROL), R
which both theexternal device and each module can reach through &Nij‘_“"~__w
the common lines of the crate. The FLAG will enable the "pro COMPUTER “JEEIIL“{TBEKMJ
gram flow": it will be set by the external start; when clear uml
ed, the "program flow" will stop (for instance when the out- SET
put data must be sent to a slower device, like a coﬁputer). CONTROL INTERRUPT
The CONTROL will allow the system to send an inter- L o
rupt to the external device. COhﬂgLth
An example of a hardware system which must compute ¥ l
and send to a computer two numbers R and § is shown in fig. CLE AR
4.4.4. WA start signal From the computer sets the FLAG and FLAG HALT
clears the CONTROL flip~flops to start the "program flow".Be T L
fore computing the number R, the register S is cleared becau 7 . STORE
se both R and S are read by the computer on the same data 11 S
ne after an OR circuit. When the result of the R calculations . - '
is present at the OR output a "set CONTROL" is done by an ap : [Efil]
propriate module to produce an interrupt on the computer which &
«Q
starts the acquisition of R. In the meantime the system proce C(ﬁi%;§0[_
eds with the calculation of § after which a "clear FLAG" modu k
le stops the "program flow" and waits for the computer to com CLE:AF3
plete the acquisiiiion of R. When the computer starts again the FLAG HALT

vprogram flow" with a "set FLAG" and "clear CONTROL*", the re-
FTG. 4.4.4. — lixample of the 1/0 system control




sult of the S calculation is stored on the register S and
the register R is cleared so that on the output of the OR
the number S is present. Then a "set CONTROL" module give
another interrupt, which starts the acquisition of S by the

computer, and a "clear FLAG" module stops the "program flow".

From this example it is apparent how the system
input/output is controlled by a few control modules intro-
duced in the system, in the same way as the equivalent in-

structions are used in a similar program of a computer.

The advantage of the hardware system is its speed
which can be two orders of magnitude higher than in the small

computers due to the microcircuits speed and the parallel

operation. .

In our opinion this modularity of the system is a
big improvement which allows for cost reduction and simpli-

city in the building up and modifications of hardware systems.

A device along the lines described here is now un
der development in the Physics Laboratories of the " Istituto

Superiore di Sanita.

This work is a part of the research programme with

in the framework of the activity of the Sezione Sanita of the
INFN3
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