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Tho aim of this is uD moasure ¢
LN .1 PR T e R . L e Jog g o1 2 PN S e . PR TR S -
&) the single clectron e- wmomepiun gistiipuiilon in reaceions
400 TS VT
such as @ oo (c»») + anyvihing (1)

. , . + -
b) the mass spectra of elecirons poirs (e e ) H

pp = (e'e”™) + enything (2)

The production cross scctioesn for these reacticns could

gl 2
be explored down to a limit ¢ = 10 “em” in a relatively short

period of machine time 7Tt ~ 100 hours [1].
The experimental resolution would be of the order

~ 5 % for momenta in the range 1.5 ¢ p ¢ 4,0 GeV/c

(AP/P)G;,};
which would permit to obtain the electiron pair mass with a

vl

resolution (Am/m)€+e~ ~ 3.5 % din a considerable mass interval.

The measurement of the eﬁ momentum spectrum -~ reaction
(1) - will provide an upper limit on the production rate of
electrons with large transverse momentum, in other words a very
useful information on the hypothetic prrduction of heavy vector

+ +
- e"-rOe ﬁq.

mesons : W

-+ s .
The measurement of the (e’ e ) mass spectrum - reaction
(2) - with a resolution Am/m o~ 3.5 % will provide interesting
. . . . . + -
information on possibly existing heavy vector mesons (W“ - e e ),

o

. +, - .
strong production of (W VW zirs, etc... and a very useful
< -

information in order to correct the single electiron specirum
from contributions in which one electron escapes [2].

~

Furthermore a detailed study of these production specira

will have a great theoretical interest Eﬂ. -

I~ L

The infornation which will be obtained from a pre

v

cis

®

[¢

measurement of the momentum of particles emitted in the large
sclid angle of the detector will provide a detailed study cf
what we have called anything in reactions (1) and (2), a more

recise energy balance of these reactions.
33



The other hy-produvcis oi this proiimiuvanry

a weosurement of the production spoctra of  Yrays
will give information on the spectra of n°%, qG, K
into §'s

a measurement of all the events of the tyvpe 0 +

. ) T .
in particular n-%% events

more generally the multiple production of pions

large solid angle of the detector.



oo Tor the success of

sdentify the decay

(1)-(2) {clcctrons cr clectrons privs)

P OUNG .

Most of this background will originate from n° and K°
decays and subseguent §y ray internal and external conversicn,

e 1
. . . 4 -
In other words producticn of eleciyon PALTs (e’e ).

As soon as one can separote each of the two electiroens:

+ . s ot
e and e from a pair, o s a very efficient handls on

rejecticn of

10?3 in the

the baclkercund : an extra

single electiron events Trom X conversion Dﬂ.

This is the basic motivation for the introduction of a

small magnetic field in the apparatus [g].

o
o
<N
T
o

~— [?he usc of this magnetic field ig of couvse subje

o

the condition that it will not introduce auy perturbztion on the

ISR proton beam. This very stringent condition is anulyzed in

f““

Ch.II paragraph -5, and the necessary shie ding is defined. | -~

1

Furthermore the introduction of & small magnetic field

will help :

a) to improve cconsiderably the momentum resolution

J%E ~ 5 % (see paragraph 6 below);

b) to rejecct the spurious unassociated electron pairs

in the study of reaction (2) as the sign of the

particles will be knownj;

. . . + . .
¢) to improve the rejection of the =~ contamination

(4]

- firs Irnowledre of the womentum of

< N

o

1y by

5 %) which will be compared

each tTracl




(BRI ATEER

DT e
(@R SRS

(;u*e Anoendix T),

- secondly, by

- ) 3 Ty - - ey e e .
lopmsent in the last larg clauber
T § 1o S N TR 1 yal 1
' A oy e ~ o o - - T S . U D
the possible use of & strict momenuvym

inn

definit

o o} £
and ai

ter
triggeriug
The proposed =&

introduction of two ext

essentially the

Same

the layout of the

2) Wire chambers

These chambers

“an accurate locaticn of the

interaction region.

and cud

‘ra magne
useful

set-up figures

epre

' v

NS}
Q
A
[
ot

ig entirely compatible with the

sc that one keeps

Ls,

Al = 1 as shown on

~

orn i

of

sented igure 1 - will provide

begining tracks coming from the

These wire chambers will operate in the proportional

mode

(5]

Number of gaps
dimensions
total thickness -
spatial resolution
time resoluticn
dead time

wire spacing

When the

Ch.ITIL)

measuring
progran

plate wire

these two

will

3
80 X 30 cm
0.05 g'/cm2

mm

~ 3 mm,

Y’ray spactra

geps will be

intd
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(’ 53
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vt B P R T . .3 t
The Cevenizov countoi 00 o long - sca figure 1 - willd
I~ e Al A LA w3 PR N oy o et
be filled with N at o mrasoure o 1 oimosphors, Tho
NER .3 Ty PRI TSN S, SV e ey P o3 BT PG :
threcstold Tor delecting clontrons iy ~ 20 HsV/c and for pions
i ;

s . C . , Ca C ;
This large solid engle counter will be subdividad into
8 caells ~ sce fipgure 1T znd 2 - in owvder to mindmize woltiple

B T P M i A door T B PN : \ :
traclk counting. The teoial thiclkness of the counter will be

N e

~ 0.1 g/em .

The rejection ratio of charged particles other than

electrons obtained with this Cerenkowv ceounitoer has beenn discussed

.4

3 - ™~ e - . " " - . . . .
in reference [4] and a résume of the total discrimination of the

Y P Rt - PN + . .
apparatus against #— dis given below Ch.III.

4) Shower spark chamber

D

G
o

As explained in more detail in Appendix T it is necessary
to have a total plate thickness of ~ 20 iradiation lengths in
order to get the most precisec information on the energy of the
electrons from the analysis of the shower developmént, The
momentun resolution obtainced with this method will be extremely

Xz

useful in the first part of the ecxperiment wien the magne

it
-
[%)
o}

field will not be available and also in the rejection of the

. . 4
contamination from mn— tracks.

These gaps will be distributed into two groups of
approximately ~ Lo and 30 wunits. The overall dimensions of
the chambers are illustrated in figure 1. The average plate

thickness will be ~ 0.2 radiation lengths.

These chambers will provide a permonent record of actual

events , i.e. : a visualisation of all the preoblems one will

meet at first while working near ISR interaction region. In
our view the drawback of picture processing and anzlysis will
be largely offset by the more complete information on baclkgro
and also on accompanying hadren states called tanything® in

reactions (1) and (2.
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eneray imown from analysis
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-~ . W A - PR S 4 . P . PR - -~
I the Ficrst wmericed of ISR opcveition when wo will probably
e d N A ey en, o« . L ode o - g . RPN . T AT e A Fal
not be using any megnevic Tdeld, the woemonitun cofinition of each

can bhe considerably

improved by using

&

descrined in refercnce

the pulse height analysis from these counters one obtains a better

o, ok . .o -
handle on the mn—/e~ discrimination,

We propose to use two existing magnets with an aperture

~ 180 cm along the beams, ~ 80 em high, and 40 cm deep. In order

to maximizc the sclid angle about the interaction regicn the vertical

sides of the aperture ccould be shaped as shown on figure 1.

The magnetic field distribution is illustrated on Tigure 3.,
(]

The central field in each magnet is equal to 3 200 gauss, with a t

field strength Bd1 ., 3x105 gauss. cm, With the two magnetic

cr

3

ficlds in copposite directions the Ticlid in a centiral region + 20 cm

about the interaction zone varies between i 600 gauss,
The conditions for minimum perturbation of the ISR beams
i.e. ¢ + 1 mm displacement at the end of the straight sectiomn

correspond to the fellowing limits ﬁcﬂ :

-~ maximum uniform field B ~ 25 gauss/1 m (6 gauss/L m)
. . JB "
- maximuin gradient e ™ 20 gauss/cm  over 1 m

consists of an iron tube @ - 40 cm

[
n
e
=)
bt
o}
pt
-
o3
s
e
03]

The proposed

of thiclness e = 15 1w plus a peormalloy Q4~meta})l&y0r of ~ 0.5 mum.
/

The shielding of enchh separate bLeam in a region vhore

»:,
[6]
-t
R
-~
9]

N
]_.A.
o
}...J
(ot

is less than B ¢ 130 gauss would nced an iron tube ¢ ~ 20 cm

and thicknugs ¢ ~ 5 rmm,



ATy < «~ O cm high oana 100 Jong woula lec voriticios
POR R DRI S S VRS I VNI IR S0 1 1 . L i S SRR [N
2 . e L -~ «
detucior  (figure 2).
T copm e . U R S R L4 e oy ey O .
Thie backgrou introduced by Yo IOV conversioen @and parivicie
3 % 3 .
interagetion in thoe 15 om o drern shiield ki heon caliculaied and is

il rod 47 . . e ey 4 4 LT oy sa - P
cousidaered in more vatail in the nexit chapter.

thot our prorvosed avrangement with

Finelly, wve
a small icld neaxr the interoction region is faveourable to let
very low mowmentum particles with a all curvature radius come
cut and be detected. This mowentum limit is as low as
p ~ 20 MeV/c and is particularly vseful in the rejection of the

}’ ray converted electron pairs background. This is to be

compared with a momentum threshold for dotection p w~ 150 MeV/e

in the casc¢ of a large central ficld magnet with B ~ 15 000 gauss,

6) Momentum resolution

There will probably be no mognetvic field in the Tirst
part of the experiment and thoe nmomentunm measuremsnt will be ob-~
tained by @nzlysing the electron shower developmeni in the large
spark chamber. The momentuwsn resolution will be limited by track
counting bias, saturaticn effects of individual gaps and the energy

threshold for spark formation. The average momentum resclution
obtained by this metihod is egual to AR ~ 20 9% for momenta in
the interval : 1.5 & p ¢ 3.0 GeV/e.

» A definite improvement has been obiained by using the
technigque described in reference [9] with scintillation counters
in the sparik chamber assembly. According to these results the
energy resolution varies from 15 % to 10 % in the momentum range

between 1.0 GeV and 2.5 GeV/c.
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The toiol nusbhor of = sgeivg threush the apparatus
soiiad anslo A TT g S e mmepe s .
SO @i fble PN T AN 5 I S R R
& o~ 50 hours and the oxg 4 the

Cerenlov counter are reproduccd in the following table [HJ.

These numbers correzpond to the nominal ISR luminosity
30 -2 =1 -3
L ~ 4x10”" cm 5 (A cross scction o o~ 10 -

2 g

correspord to approximately 10 evenis in the detector solid angle

o .
cm would

ASL in the same pericd T ~ 50 hours.]

i+

Momentum interval Toial number = b—-ray contamination

. oy b -
GeV/c in  Af~y and ¥ 50 hours

1.5 — 2.5 «z108 2><103

P > 2.5 fv106 ~ 50

The further ni, K~ discrimination obtained from the
spark chamber assembly has been discussed at length in & pre-
ceding addendum [4]. It has been shown that ni rejection
ratio of the electron shower detector is equal to «~ 10"3 50
that the total ﬂi contanination in the clectron speetrum will
be reduced to an exitremsly low level for immomenta above

P > 2.0 GeV/ec.

Furthernmore the accuratc magnetic momentum measurement

4 +
(“ML ~ 5 % will considerably increase the n— discrimination

P
from the analysis of the shower spark chamber pictures, as ex-

lained in more detail in Appondix T,
i3

spocetra will

of the detecciors.



L - e - ey vy T Ty R b £
rosgidunl electron background will e

i : T Paasey b ey €3y oy - dezar

very precisely calculoted from the measitroda ‘;f ~-ray SpPecLina
i 4 “ia T T At e et s e
with the ssme apnaratus - see R IV . In othoer words, this

contamination will have been eceourately measured,
o o 3 1,
In the case of the masg specirum of e e pairs, the
background will first be very much reduced and the nagnetic

field will help to rejet uncorrclated pairs.

3) Paclkeround introduced bv the magnetic shielding

This electron background will ceme from Y - ray conversion
and particle interactions in the 15 mm iron shield. These elcctrons
will have to be scattered through an angle larger than € = 20¢°
to get into the detector solid angle and also have a minimunm

momentum p > 1.5 GeV/c.

The anticoincidence counters 0102 will eliminate most of
the electrons originating from the top of the vacuum chamber wall
and also from the magnetic field shield. The background from
X -~ ray conversion in the 3 mm counters{?xio-B]will be less
abundant than the fv[éx10—2j 5’ cenversion in the 0.2 mm vacuum

chamber wall and Dalitz pair production.

Furthermore the track rcconstruction will reject all the
events where the electron track origin is not located in the

+ 5 mm high interaction region.
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in the nomentum rence 1.5 < P ¢ 3.0 GaV/ec with essentially the

same apparatus,.

The " ¥~ray events" will be obtfzined bv asking the
{-ray conversion in the ~ 0.4 R.L. thin plate éhambcr (ve),
a signal in the Cerenkov counter (C), and a shower in the last
spark chamber (SC), so as to reject showers not coriginating

from the interaction region (figure 1).

The "electron events" will be obtained by simply removing

the ~ 0.4 RL thin plate chamber (WC).

As we will probably not be using the magnets in these
P >

preliminary measurements one should note the following

. 4 . o
a) the momentum resolution -—— ~ 15 %

sufficient for a preliminary survey of low momentum electron

and ¥ —ray spectra,

b) as the expected initial intensity of the ISR prcton
beam will be low, the signal/background ratio for the measurement
of the Y -ray spectra will be large Pﬂ . So that the contamination

problems will be limited.

The general motivation for these preliminary measurements

are the following

- they do not depend on the intensity of the circulating proton

beam,

-~ the data taking time will be short ( T ~ 50 hours),'

- at first conly one half of ihe eguipment will be used with a
. T . . P 5o ‘ .
solid augle ASl:;;.’Iue maginetic field will noet be usad in
this preliminary run, so that 1 assembly will




diomontvied,

not be heavy awnd could be ropldiy

~ the rTecuirements From ISR would Lo roduood o @ sstimun,. The

L...-J

.
ith ISR standords i”

vacuum coamber design
- this exmerimental arrangemsnt woula be compa le with woany
other expariment
- the initial ISR starting ooric od of oweration would be the most
favorable peried for experimental set-up and optimizaticn

of expecrimental conditions , i.e. 3 Tha study of ISR bachkground
[i] has already produced encouraging results as ¢
bility of reducing the general environment background near

the interasction regions. The starting period of ISR operation

4

b
5
o
o
o]
1

is certainly the best time to optimize this shielding

nection with the first experimental measurenents;

-~ Furthermore thesc preliminery measurcments will provide
invaluable infornation on all unexpected difficulties which
are apt to occur at first while working near ISR;

- Lastly, the simplicity of our proposed experimental arrangement

will certainly be an asset in the starting period.

2) Secor d eriod of TSR operation

The intensity of the circulating proton beam will then
have approximately reached its nominal value &11014 protons

30 -2 -1

which corresponds to a luminosity ~ 10 cm 5 .

We propcsc to measure

1) the momentum distribution of the glecctron spectrum .

produced in reaction of the type
+ .
pp =~ e~ + anything (1)

P

5

in the momentum range 1.5 ¢ 5.0 GeV/c with the increased
PS = .
»EB ~ field,

RSN/

momentum resolution provided by the magunetic

4o e
2) +the mass snectra of eclectircn mairs (e'e } from

reactions such as



Yoo e . DI
e o= {(e’e § o+ wmyiihing (2
. . ;{A " - At
with a mass resclution -~ ~ 3.5 7,
il
The production eross section Tor these recaclions would
) s
- 3% i
be explored s low as o 3 10777 em
in several T o~ 50 ~ 100 hours,.

The experimental arrangement will be essentially the
sane as in the previous measurvements but for the Tollowiryy
improvements

a) we propose to use the two magnets after a careful.

check on the proposed shielding;

b) the apparatus will be symetrical with respect to the

interaction region in ovder to provide a useful solid
, Tt N
angle A4Af= 2 X (E) ~ m steradians.

The preliminary measurements of the electron and Y -ray
spectra carried out in the starting period of ISR operation
(paragraphe 1) will have provided invalueble information con the

residual "electron™ baclkground as

it will have beon msa

3

surea,

As it has slresdy becen explained the introduction of the

"small" magnetic field will

wilil mostily provide a very powerful

The
a record of extra data on

which could

handle on the backgro
(&}

increase the momentum rasolution but

und.,

proposed experimental arrangement will also provide
’ + -+ .
n®, K° ... wn—, K= ... production

well be extremely interesting from the pcint of

view of multiple particle preduction and should not be forgotien

as an extra secondary by-—prcduct.

3) Further outlioolk

a) extension of these

P > 4 GeV/c where the

Iy

&8as

pion

be efficient o reject

solution coovtaeined {frem the
competitive with otftiher poess

neasurcmeunts

to the mementum rang

Cerenkev ceounter will no
s and winore the nmomentul
magnetic field will no m
ible techniques @

e

more
re-
ora be
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The proposed annaratus which ts eszentially 3 wWe ]

definaed and aloeocaod tasited ftech

-
0]

limirzory information on til cicctyon momentum dish

elcctron pair mass spectrum in reactions {1) and (2), down to
] )
. -3 < . , . .
a cross secticn o ~ 10 E cnl in reasonable data talking periocd

I

Tt ~ 100 houicz.

et
Ui

The same apparatus will also provide on the saiie pichures

- 2

r the study of multiple pion

~h

.
-

a record of very linterecsiing dats

production as a secondary by-preduct.

|2



APPURDT I

CRTTIYY (0 CASCATYTE QIIAWED MR
STTUDY OF CAROADT SHOWEN

. .
We prascnt here a short résume of the study of caescade

~
0
4
H
2]

shower development i 1y of lead plates due to primary electron

and 5— rays in the momostum interval 0,250 ¢ P ¢ 4.0 GeV/e.
These resulis were obtained with a Monte Carlo program written by
H.ZACCONE [zﬁ . The purpose of this investigation was to put a
reasonable 1imit on thé accuracy onn could sxpect to obtain on
the energy measurement of the primary elecirons and ¢ - ravs,
from a fairly extensive study of the sbower development, i.e. 3

the spatial distributicons of the secondary electrons.

A preliminary search which will be discribed elsewvhere
has indicated that by far the most precise criteria for energy

determination was the total number N of secondarv electrons in

e
ol

the complete arraov of lead plates. The dirficulty to Tind a criteris

sucii as the position of the maximun, the center of gravity, the
width or even a parametrized function which could be applied to

the secondary electron distribution as a function of depth & in

.
the array of plates can be traced back to the large statistical
fluctuations from one individual shower to another. These fluctuations
arise from the strong correlations in the number of secondary elec-
trons in necarby gaps. This can be easily understcod as each
individual electron shoecwver éxtends over several contiguous gaps.
and the origin of these elementary cascade not cantihuously
distributed. None of the smeothing methods which we have usecd has
given a result more precise than the total number N of secondsry
electrons which we will now briefly consider. (Some results on the
study of the lateral structure of electromagnetic showe ers are given
in reference DIJ )

‘e have studied with this Mounte Carlo program the variation

C

of thie totel number N  of secondary electrens as a ffuncticao ©

depth g (1n radiation length ¢ r.1.) in an array of 100 plates



of thickn=ss e 0.2 r.1l. & minimus cub of’f in whg v
L woennory cloctros B 10 (Thons yosulis. o S
to an averag ~ 100 spbowers at each zhorgy:. Tihe variation of U
against < (r.i. is plotiad o fisue 4 . The totail nurber of
elecirons N in 100 plaotes corresponding to & ~ 20 r. 1.

- g

srainst momentum is illusirated on fizure 5 . The ratio o =

"
Bt

i
4

vhere ¢ is the standard deviation svcut N  is plotied against

- S . — . L. PR
the cdepth £ (r.l.) on Tignxe 6 . The vaviation of the same ratio
o for ¢~ 20 r.l1. is represented ageinst momentum on figure 7
. B }‘MS . r \
and can be fitted by the curve o ~ —= (P  in GeV/c).

D

L

The influeiice on the total number of electrons N of the
energy threshold Emin’ the plate thickness & end ths minimum
distinguishable distance bN between two adjacent tracks due to
the finite space resolution of the detector have also been studied.
Similarly energy distributions of secondary electrons as a function

of depth ¢ have been obtained.

From this wnreliminary study of lhe showver development in
a lead plate detector one czn draw the Tollowing conclusion i
the total number of electrons N can provide a useful criteria

on the energy of the primary electrcn/xﬁray if

a) the total deptk g (r.1.) of the lead plates array is at least

[

equal to &~r20 1.1,y in the momentum range 0.5 ¢ p < L,¢c Gev/

This limit is illustrated on figures 4 and 6 .

b) the optimum number of lead plates is ~ 80 with plate thickness

&~ 0.2 r.1.

Applications of these calculations to spark chamber E?]
detectors and also ionization measurements 551 have already bcen

considerced.
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The production crofs sectiens JTor re2ceticns of bc trua
e - 9
x . . ) . A .2 P 4,) R
1 - 2} have be=2n estimated o~ 10 s o £ 00 cm
/ > <
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