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A report on the luminosity measurement was made by C. Rubbia at

1
the ISR Users' Meeting in June 1968 ).
It is convenient to write the luminosity L in the form

_ S _ 1 1

o = 4

L
e ¢ tga/2 h

where J is the current, e the charge of the electron, a the intersecting
angle, and h the effective dimension of the colliding beams in the verti-
cal direction

j;1(Z) p2(2) dz

[~ Y

/;1(Z) daz - j;z(z) dz

p1(2) and p,(Z) are functions of the density distribution of the beams

in the vertical direction.

The measurement of the luminosity may be done by means of two sys-
tems. One system, consisting of rather simple counters, detects some
particles from the beam-beam interactions; for example, the neutrons,

as suggested by Rubbia.

With the other system we have to make only one measurement of the
gize of the beams., Simultaneously, we must measure the currents and the
repetition rate of the counters. These data make it possible to deter-
mine the absolute cross-section of the reactions which are detected by
the counters. Such measurements can be made for the different energies,
and we then use only these counters for the measurement of the integral

of the luminosity.

The most difficult question is that of the measurement of h.
Darriulat and Rubbiaz) put forward the interesting proposal to measure
h by means of a wire crossing the beams. This method makes it possible
to be very precise, but the construction of such a system seems to me to
be a difficult technical problem. Rubbia's other idea about the measure-
ment of the beam shape by means of the electrons, ereated by the beam as
a result of the ionization of the residual gas, has not yet been discussed

in detail.

) )

some suggestions., In Van der Meers' idea therec is a prineipal difficulty,
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After the ISR Users' Meeting, Van der Meer ’ and Steinberger4 made
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connected with the limited dimensions of the aperture. It means that
we eannot measure the tails of the distribution of the beams. Besides,
it is possible that the size of the beam changes without control when

we displace it,

Steinberger suggested measuring the beam shape by means of the par-
ticles from the interactions of the beams with the residual gas. This
idea is very interesting because the system is outside the vacuum chamber

and the beams are not displaced.

In this note we will examine some suggestions for the use of particles

from beam-gas and particles from beam-beam interactions.

1. The first question is that of baeckground. It is clear that
in the detector system, besides the useful particles, other particles
will cross which are created as a result of interactions with the chamber

walls of particles leaving the beam because of its finite lifetime.

To avoid this difficulty, one can make a poor vacuum in the inter-
action region during the measurement of the beam dimensions. If the
mean vacuum in the ring is 10"° Torr and the vacuum in the intersection
region is 107" Torr, we can change the vacuum in the intersection region
for a length of about 1 metre up to 10~° Torr. The repetition rate
will inerease, although the lifetime changes very little. The rates,
whieh were obtained with a good vacuum, can be subtracted as background.
If one were to follow this suggestion, it would mean changing the vacuum
conditions and having the homogeneity of a vacuum of about 1% in the
vertical direction for a length of about 1 em. E. Fischer believes that

this is not a very difficult problem,

2, To check the correctness of the beam density measurements for
p1(Z) and p,(Z), we can measure the density distribution of the beam-
beam interactions pbb(Z) simultaneously by means of this detector system.

If the measurements are correct, it must be

pbb(Z) ~ p1(Z) * po(2) .

Estimates show that the accidental coincidences for pbb(Z) at the

-8
vacuum of 10 Torr are unsubstantial.
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I should like tc say that if one believes that the forms of the
beams are identical and that the axes of the beams are in one plane, it

is enough to measure only the density of the beam-beam interactions
Z) .
pbb( )

3, The demand for space resolution of the detector system can be
fulfilled by the following method. We shall designate the r.m.s. dimen-
gions of the beams in the Z-direction as Sy and 8z, and thé C.i.S. &rror

of the determination of the point of the created particle as Cib® The

error of the determination of the beam dimension is
O-S - Gdb/ﬁ 3

The effective height of the colliding beams depends on the distri-
bution forms ps(Z) and p,(Z). In the case of the Gaussian, h =
2Vr V5,2 + S8, If Sy =8, = S, the relative r.m.s. error of h is

The real shape of the beams is known only roughly. The measurements
of the beam dimension in the PSS) showed that the distribution is approxi-
mately Gaussian and S & 3 mm, If one can maintain the beam dimensions in
the channel between the PS and the ISR, the beam dimensions will be the
same as in the PS after the injection, and then the multiple secattering
will slowly increase the dimensions [by approximately a factor of V2 for

12 hourss)].

To be on the safe side, we shall assume S = 3 mm. In this case,
for &h = 2% one needs b = 0.12 mm. Still, it should be noted that we

can obtain the function of the distribution of de.

this function and also that the real dimensions of the beams will apparently

Taking into account

be bigger than S = 3 mm, we can hope to bring the error down to §h = 1%

with this space resolution.

The acecuracy of the measurement of 0.1 mm can be obtained with wire
)

7 . .. .
spark chambers °, To increase the precision, we can put in a few such

chambers; the multiple scattering conditions make this possible,

4. We shall now consider the multiple scattering in the walls of
the vacuum chamber, The error of the determination of the point of the

particle creation depends on the design of the vacuum chamber and on the

momentum of the detected particles.
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In the case of the cylindrical chamber, the r.m.s. error of the

determination of the Z-coordinate of the point of the particle creation

is
_d_1 15 ‘At:
O-ms - 2 e /2 (pc)Mev XO ?

where d is the chamber diameter, At/X, is the chamber thickness in
radiation lengths, © is the angle between the chamber axis and the momen-
tum of the particle.
For d = 5 em, At = 0.1 mm of steel, ® = 120 mrad, p = 10 GeV/c:
g = 0,07 mm ,
ms
For an experiment on the measurement of beam dimensions, one can
design a special vacuum chamber with the walls perpendicular to the

direetion of the particles which are detected.

5. The repetition rate depends substantially on the detector sys-
tem, We shall examine roughly the two possible variants of detector
systems., The first variant is when we use the standard vacuum chamber
in the tube form of diameter d = 5 cm and At = 0.1 mm. For the second
variant, the vacuum chamber is speeially designed with the walls perpen-

dicular to the momentum of the particles which are detected.

a) The first variant is shown in Fig., 1: CH are wire spark chambers
for the measurement of the Z-coordinate, SI are scintillation counters,

M are magnets.

The scintillation counters SII are used to measure the distribution
pbb(Z). These counters surround the beam with'® s 100 mrad. The left
(right) telescope of these counters SII is connected in coincidence with

the right (left) telescope SI.

Magnets M are used to detect the particles p > 10 GeV/c. For this
purpose, one needs the magnet with a gap of about 5 em and horizontal
aperture of about 25 em. For a field of 15 kG, the length of the magnet

is about 3 m,

In principle, the left part of the detector system does not need
to be between the beams; it can be put at the right side of the outgoing

bean,
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The estimate of the repetition rate can be calculdted'roughly;
‘based on the calculations of the thermodynamical model; these were

)

used by Anderson and Daum8 for the background estimates.

The demand of the space resolution of Sap = 0.12 mm leads to the

region of the angle Ap = % Gﬁb/d'

For the conditions of p > 10 GeV/e, © = 100-140 mrad, 29 = 1/250,

«
D
a
]
o
4
[
(]
]
)
k]
"3

the repetition rate is of the order

R s~ 10 sec_1 .
bg

The repetition rate for the measurements of pbb(Z), also based on

8
the thermodynamical model ), is of the order

-1
Rbb ~ 0.2 sec .

b) Figure 2 shows the second variant of the experiment, where we
use a special vacuum chamber with the walls perpendicular to the momentum

of the detected particles,

The range of the angles is © = 15-25 mrad, 2A¢ = 1/250. The vacuum
chamber flange has dimensions of about 5 x 5 em and can be covered ﬁith
very thin foil (for example, 0.05 mm Ti), so that we can detect the par-
ticles with p > 3 GeV/e.

The aperture of the magnet is about 5 x 15 em; for H = 15 kG, the
length of the magnet is about 1.5 m.

The repetition rate for the vacuum of 10-6 Torr is of the order

2 -1
Rbg s 10° see .

For the measurement of pbb(Z), in this case it is very interesting
to use the elastic scattering of the protons. On the basis of Di Lella's
PepOPt9), the repetition rate of this detector system will be

-
Rbb = 5 see .

It should be noted that the measurement of the coordinates of both
protons makes it possible first, to increase the precision of the measure-
ment of the scattering point of the protons by v2 times and, secondly,

to measure the function of the errors G&b of the detector system as the
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protons go out from one point. Thus it seems that both variants make it
possible to obtain the measurement precision of the effeetive dimension
of h to about 1%. The second variant is more interesting, as the repe-

tition rate is higher and the measurement precision is better.

It should be noted that evidently it is sensible to enlarge the
system Sso as to measure the interaction region in both the azimuthal and
the radial directions. For this we must detect the reactions with two
non-collinear particles and measure both coordinates. Still, the demands
for the precise measurement of these coordinates are substantially lower

than for the vertical coordinate,.

I am grateful for useful discussions with J. Steinberger, who
advised me to write this note, and also to C. Rubbia, K. Winter,

E. Fischer, P, Strolin, E. Keil and C. Bovet.
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Fig. 1

Fig. 2

Experimental arrangement for the vacuum chamber of diameter
5 em and wall thickness 0.1 mm: CH are the wire spark chambers,

SI and 8II are scintillation counters, M are the magnets,

Experimental arrangement for the special vacuum chamber:
t

CH are the wire spark chamhers, S are the secintillation counters,

M are the magnets,
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