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ABSTRACT. -

We report on the latest set of luminosity measurements carried
out at Adone last March. Single (SB) and double (DB) bremsstrahlung
reactions were measured at several energies and compared with the
results obtained. at the same time by the " u-&'" group, measuring,
-small-angle-Bhabha-scattering. The three luminosity measurements were
found to be in agreement within the expected systematic errors.

1. - EXPERIMENTAL SET-UP. -

Our apparatus is very simple, consisting mainly of three lead-
-scintillator sandwiches, and three plastic scintillators, arranged as
shown in Fig, 1(0),

Al, A2, A3 are anticoincidence scintillator counters, while SW1,
SW2, SW3 are the sandwiches, Two windows are provided in the vacuum

(%) - Now at DESY, Hamburg,

(0) - For details on cross-sections, signal-to-background ratios, angular
distributions etc, refer to Ref. (1), The pressure in the ring, at
the time of the measurements, was in the range of 10-9 Torr, and
circulating currents were inthe range of 10+ 30 mA per beam,



chamber, one at each side of straighf section 11, while there is no win
dow at straight section 8.

FIG. 1 - Experimental
layout,

Unfortunately, the original 0,1 mm stainless-steel windows had
to be taken out because of synchrotron-radiation heat problems, and
were replaced by 3 mm-thick stainless-steel ones.

An additional counter, placed inside the magnet and projecting
inside the vacuum chamber, has been occasionally used for tagging
purposes. Sandwich counters 1 and 2 are built as shown in Fig, 2, They
are linear up to 1500 MeV and their measured resolution is
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In front of SW1 and SW2 there are two lead collimators defining a half-

-aperture angle, as seen from the center of the straight section, of
6 mrad,
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1 1 sandwich assembly

FIG. 2 - Sandwich counter.

Fig. 3 shows a simplified block diagram of the logics, SW3 is
used for separating- background from single bremsstrahlung events,
as explained in detail inthe following, and does not appear in the dia-
gram,

Counters SW1 and SW2 were alignedwith respect to the beam by
looking at the outcoming y-ray-beam profiles at the counters., Alignment
is accurate to +0.2 mm both radially and vertically,
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FIG, 3 - Simplified dlagram of the logics for defining an event,

2, - BACKGROUND SUBTRACTION, -

a) - Single bremsestrahlung,-

As discuseed in Ref, (1) the main source of baekground te thie
reaction is bremsstrahlung on the reeidual gas (GB),

The eignal-to-background ratio can easily be as low as 10%
so that subtraction requiree speeial care and will be deseribed in some
detail, Let us, for convenience, assume that our eounters face the e™
beam, The event rate due to buneh i at interasction straight seetlon k
is given by

ok _ k. I =
(2) he =Gy N] +8 L (] N)) k=123
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where N is the number of e— in bunch i and L, (N,, N,) is the lumi-

nosity p%odluced by the crossing, in k, of bunch it of ]’che ‘]e"' beam with *
bunch j of the e~ beam, Gy and S are coefficients,

G}f, the background yield per circulating particle, is given by:

2

lrd%c _(s)
k 2 YRF GB k, _k
(3) Gy =2y Py ”f dedg dedQ) +F,
Ve 7 0
where:
@ =3.55x10 % cem™®
ZZAV = average quadratic value of the atomic number of the
residual gas
P = pressure of the residual gas (torr,)
VoF /k = revolution frequency =2.86x 100 71
1 = lenght of straight section=6.1 m.
d2 GGB.( £ ) = differential gas-bremsstrahlung cross-section

™
]

fractional y-ray energy= EY/EMAX'

All parameters appearing in (3) could depend on k, and a depen-
dence on i of some of them need not be excluded. We have therefore la
beled G with two indexes i,k, The first term on the right hand side of
eq. (3) is the dominant one and is due to GB, while Fi‘ is the contribu-
tion of all other backgrounds proportional to N;, such as y-rays from
electrons lost on the vacuum chamber walls and the like,

S is given by:

1, &
_ ___SB
(4) S—/ﬁjﬂ d5d0 dedQ

and is calculated in ref, (1),

i The quantity to be measured with great accuracy is therefore
G;" Nj or rather its average value over the time interval necessary
to perform the luminosity measurement,

The way the average G}?Ni has been measured can best be explai
ned by assuming at first that only two bunches of positrons (1, 2%) and
one of electrons (1-) are present, and recalling that we have two coun
ters, one facing an interaction straight section (SW1 at straight sec-
tion 11), and the other facing = non-interaction straight section (SW3
at straight section 8),



The positron bunch 1+ will collide, at straight section 11, with
theelectronbunch 1°, while bunch 2T will have no corresponding e~
bunch to collide with, At straight section 8 (a non-interaction straight
section) neither et bunch will undergo a collision,

The counting rate of bunch 2% at straight section 11 will there-
fore be due to background only, yielding a measurement of Gl Ny, while

the counting rates cfSW3 will yield an accurate value of the ratio

2. .+, 2 + )
GZNZ/GlNl. We have

11+ 1, + -
= +5 L
ng (3}1 3 all(Nl,Nl)
» +
n;=G;N2
(5)
v 2 2+
ny =GNy
.2 2 _ .+
= N
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From (5) one obtains
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where all quantities on the right hand side are measured with very
small statistical errors, the counting rate being high. Failure of
assumption (6) must be envisaged as a possible source of errors,
The method can be straightforwadly extended to the case where three
et bunches and two e bunches are present, if the third e~ bucket is
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completely empty, Actually a measurement of L. can be made, provi-
ded only the current of at least one e~ bunch is not identical to that
of thecothers, under one further assumption, namely that L be a func
tion of the product of the currents of the colliding bunches only:

(8) L = constx(N; N:i-)

Of course, if the difference is too small, the statistical error is very
large, We will come back to this point when dealing with the correc-
tions made,

b) - Double bremsstrahlung. -

In this case, the events being defined by a double coincidence,
background subtraction can be made with the usual delayed coincidence
technique, provided only the delay is equal to one full machine revo-
lution,

3. - THRESHOLDS., -

The next major problem in connecting counting rates to lumino
sity is that of determining the exact value of the threshold energy
for y -ray detection,

We recall that

Envax .
. . ao.
n yoﬂ. L ,.-/ e (E) dE

Eth

where do /dE (E) is the differential single (or double) bremsstrahlung
cross section, The value of E; is of course determined by the setting
of the discriminators (see Fig. 3).

Eip can be found by calibrating the GB pulse-height spectra

a) against the theoretical ones, the machine energy being well known,
b) against a tagged spectrum of known energy.

After checking that results obtained through the two methods
were in good agreement, we chose to rely, during normal operation,
on method a) which is more practical,



a) - Energy calibration by means of the high energy
cut in the GB spectrum.-

The thin target energy spectrum of y-rays from GB, in the
extreme relativistic case and for complete screening, can be found in
Ref. (2) and Ref. (3).

Since the spectrum does not change with energy if the reduced
variable ¢ =Ey /Eppax is used, we have plotted in Fig. 4 the product
of ¢ times the spectral function n(e), versus g.

Given the energy resolution of our counters (see formula (1)),
the curves of Fig, 4 are obtained by folding R into the theoretical spec
trum for different values of I

It can be seen that, since the high energy part of the GB spec
trum is, in the approximations of Ref, (2) and Ref, (3) a step function,
all curves with I' #0 cross the g =1 step at almost exactly the same
point, no matter what the value of I (at least for ['£0, 6),

Moreover all spectra have a nearly flat region at around ¢ % 0, 65,
so that the following approximate method for finding channel Cpp» cor-
responding to € =1 in our pulse height spectrum, can be envisaged: assu
me yp to be the ordinate of the flat region (plateau) of the spectrum,
Cy is then the abscissa of the point on the spectrum, which has the
ordinate

== yP
M 1.82(1+0,013)

The introduction of a more sophisticated shape for the high energy side
of the bremsstrahlung spectrum (Ref. (2) and (3)) leads to corrections
that are small with respect to the overall accuracy of our reconstruc-
tion of spectra, and were therefore neglected,

We also need to know what channel (C,) in our pulse height spec
trum corresponds to zero-energy. By knowing C, and Cpp> and assuming
the pulse height analysis chain is linear, we have an energy calibra-

tion of the apparatus, and can therefore proceed to find Eth‘

Let us briefly describe how the actual system works: counter
pulses enter a linear gate, are superimposed on a constant amplitude
pedestal, and are then fed to a 200-channel pulse height analyzer, An
external clock continuously generates ''pedestal-only' pulses, which are
also fed, during the measurement, to the analyzer, The zero-energy
channel C can thus be identified on each spectrum. Once a spectrum
is completed, it gets directly transferred to a computer, which identi
fies C, and Cyp, calculates the calibration factor
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which is the width of a channel in energy units, and compares the sha
pes of the experimental and theoretical spectra, by normalizing one
to the other at one point (on the plateau).

Fig. 5 explains how the threshold energy is defined, by equating
the areas under the two spectra.

[RET N

VY

FIG, 5 - Method for finding the threshold., Curve (1) is
the theoretical spectrum, while curve (2) is the experi
mental one, C is defined by the condition that the two
dashed areas be equal. E_ is given by:

ET= (CT—CO) f= (C,T—C
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We will come back on this subject when discussing the measu-
rements,

b) - Tagging. -

A small (1x1x1 cm3) plastic scintillator counter was installed
inside one of the magnets adjacent to straight section 11 (see Fig, 1).
The two quadrupoles and part of the magnet act as a momentum analy
zer for electrons accompanying bremsstrahlung y's. The y and the accom
panying electron (of known energy) can thus be detected in coincidence,
If the accepted electron momentum-byte is small enough, the associa-
ted Y's are quasi-monochromatic,

Our counter was placed at (6+0,06) magnetic degrees inside
the magnet, at a distance of (12+1)cm from the equilibrium orbit,
Taking into account the closed orbit position and angle, the peak of
the y -ray energy distribution was calculated to be at

£=0,85+0.01

The error quoted is a mean square standard deviation. Fig. 6 shows
one of the measured peaks. The test was performed at 1 GeV. The width
of the peak corresponds to the 850 MeV resolution of the sandwich, sin
ce the resolution of the tagging system ( Ap/pa3.% fwhh) is much better
than that of the counter (24% fwhh). The calculated position of the peak
agrees, well within the errors, with that estimated using method a),

4, - PERFORMANCE OF THE APPARATUS, -

Several tests were performed, both before and during the expe-
rimental runs, to check on the performance of the apparatus,

We mainly had to check the accuracy of the subtraction proce-
dure (both for single and for double bremsstrahlung (SB and DB)) and the
linearity of the pulse height analysis,

a) - Background subtraction,-

Before running, it was checked that, with one beam only and
under all machine operating conditions, the ratios between the counting
rates due to the three different bunches, ﬁi/ﬁiﬂ" measured in section
11, were the same as those measured in section 8, The agreement was
found to be within the statistical errors (a few tenths of a percent), This
is of course a test of hypothesis (6) of § 2. Hypothesis (8) can only be
checked indirectly (see § 6, b)).
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tagged spectrum (amplified).

An overall test of the correctness of the procedure is the measu
rement of SB and DB luminosity with two vertically separated beams.
A collection of these "'background'' measurement, performed over seve-
ral days during the experimental runs, is shown in Fig., 7 and Fig, 8.
We plot the ratio of luminosity measured with vertically separated beams
to.that measured with crossing beams. Inthe case of DB (see Fig, 8)
the set of all measurements shows the ''background'' luminosity to be
zero, within the errors, independent of energy. The x 2 value of the di
stribution is 34. 9 against an expected wvalue of (37i9). The measured
luminosities need not therefore be corrected.
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The situation is somewhat more complicated in the case of
SB (see Fig. 7). The points are distributed around an "average' value
of (-0, 35)%, the distribution having a xz of 46 against an expected value
of (37+9), Moreover there seems to be a dependence on energy. The
latter could in principle be expected since residual gas pressure, cur
rent, and machine conditions are widely different at different energies,
However, the maximum deviation from the "average' being at all ener
gies of +0. 5%, (compatible with the errors on the above mentioned
measurement of bunch-current ratios), we have taken the view of cor
recting all SB luminosity measurement by 0.35%, and of increasing by
+ 0. 5% their systematic error. Fig. 9 shows the behaviour of L /L
as a function of the signal to background ratio. Note that in the case
of SB, given our subtraction procedure and the low signal to background
ratios, Lo is very sensitive to possible systematic errors on the mea
surement of the ratios between bunch currents, a

‘"?TALC;’%'/L;*""E""'"f‘.: R o D I I b ' Ll

Towi L

FIG. 9 - Separated beams 'background" luminosity as a
function of signal-to-background ratio, Single and double
bremsstrahlung,
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b) - Linearity of the pulse-height analysis chain,-

The sandwich counters were tested in a monoenergetic beam of
100+ 700 MeV electrons. They were found to be linear within the expe
rimental errors in this range, and the resolution was found to vary
as the square root of energy, as expected, being ~ 35% fwhh at 400
MeV. More accurate tests of the whole chain were performed at the
storage ring, using the bremsstrahlung beam.

The linearity of the electronics has been tested using a pulser.
Differential and integral linearities have been found to be within + 0,3
channels, which is compatible with the pulse-height analyzer specifica
tions,

Fig. 10 shows the linearity of SW1 and SW2 versus energy. The
dots in Fig. 10 are values obtained for Cpyiax, using our analyzing
program, The crosses are points obtained by subtracting spectra of
the same series one from the other, This leaves of course a peak of
quasi-monochromatic y's, We plot the peak-channel position,

A best fit of the points with a straight line gives an error on
the extrapolated zero-energy position of (-0, 12+0. 3) channels for SWI1,

FIG. 10 - Linearity of pulse-height analysis chains,
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SW2 is slightly worse, since the phototube shows a beginning of sa-
turation at around 1200 MeV. The extrapolated zero-energy position, -
obtained fitting the points in the interval from 350 to 1100 MeV, is however
(0.06+0,4) channels,

5. - EXPERIMENTAL BREMSSTRAHLUNG SPECTRA. -

a)-Gas Bremsstrahlung. -

Our method for determining the detection threshold requires
the gas bremsstrahlung spectra of both counters to be analyzed.

A typical spectrum, obtained during an experimental run at the
energy of 1000 MeV is shown in Fig, 11 for SW1 and in Fig. 12 for SW2,
superimposed on the theoretical spectrum. A slight discrepancy between
theoretical and experimental shapes can be observed, its magnitude
being slightly lower for SW2 than for SW1. The ratio:

[ente) [y [en0e)] o
[en(e)]th

is negative, but never exceeding ~3% at the lowest end of the spectrum,
Such an effect could of course be due mainly:

a) toa non-linearity of our analyzing chain or of our counters,
b) to a physical effect causing a slight energy degrading of the spectrum,

The effect has been studied with some care and the.tentative
conclusion we reach is that there is at least some background of low
energy y 's produced inside the vacuum chamber(¥), Should the effect
be due to a non-linearity of our system alone, it would be just barely
compatible with our estimated maximum errors.

Reflections of this discrepancy on our threshold values will be
discussed in the paragraph on experimental errors.

b) - Single beam-beam bremsstrahlung. -

The bunch configuration used during the measurements, having
one e  empty bucket, allows the beam-beam single bremsstrahlung
spectrum to be extracted, on a statistical basis, from a spectrum con-
taining’ both GB and SB.

(x) - We could not however prove this point through direct measurements,
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FIG. 11 - Experimental gas-bremsstrahlung spectrum compared with
theoretical spectrum - SW1 - Beam energy 1000 MeV,

b,

g’ — 3 K R R R
FIG. 12 - Experimental gas-bremsstrahlung spectrum compared with
theoretical spectrum - SW2 - Beam energy 1000 MeV,

2’
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During the same run, the spectrum due to the e* bunch 'colli-
ding" with the empty e~ bucket, which is a pure GB spectrum, can
be collected, normalized with the ratio of the currents (which we mea
sure with great accuracy (see § 2)) and subtracted out from the total
spectrum, A spectrum obtained in this way is shown in Fig. 13 superim
posed on the theoretical shape. The agreement is seen to be better
than that of gas bremsstrahlung spectra, although it is not perfect, The
residual discrepancy (of the order of 2% at the lowest end) is well wi
thin our ''linearity' errors, and could also be in part attributed to
a slight, uncorrected-for energy degradation in the thick window (see
§ 6). A quantitative estimate of this last effect is rather difficult to
obtain, and, the residual discrepancy being compatible with our estima
ted systematic errors, the effect was neglected, The fact that SB spec
tra agree with the calculated shape better than GB spectra seems to
support our previous conclusion that at least part of the effect is due
to a background originating inside the vacuum chamber, which would
of course be subtracted out from the beam-beam SB spectrum,

FIG. 13 - Experimental single-bremsstrahlung spec
trum compared with theoretical spectrum - SWI1 -
Beam energy 1000 MeV, ’
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6. - CORRECTIONS. -

a) - Conversions in the thick window, -

The y-rays we detect have gone through a 3 mm stainless steel
flange situated inside the fringing field of one of the mathine bending
magnets, The latter acts, at least in part, as a clearing field. We re
quire, however, in order to have a clean spectrum, counters Al and
A2 (see Fig, 1) to be in anticoincidence,

Our event rate has therefore to be corrected for conversions
in the flange and in counters Al and A2, A small residual contamination
of degraded y's having converted in the flange (or elsewhere:) but going
through A without firing it, remains, Their number has been measured
and is given by fi_ d,, where ﬁs is theirate of RF. SW. A counts, and
03=(1%0.2)%, independent of machine conditions,

Conversions in a flange identical to that mounted on the machine
and in the anticoincidence counter have been measured too.

3

The overall correcting factor for SB is:

- 1
SB 1-( 61+ 62- 63)

f

where ( §,+ 0.,) is the fraction of y's, which converts in the flange
and in the anticoincidence counter,

We have measured

(61+ 6,)=(12.7+0.2)%, 6,=(2.5+0.2)%

..1

so that we have

fop= (1. 133+0.,005)

*

For double bremsstrahlung (A2 is slightly thicker than Al) we have
measured:

=(1,295+0. '
fop (1.295+0.012)

The calculated value for ¢ is 10.5%, in‘:good agreement with the
measured value,
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b) - Residual bunch, -

Our assumption that one e” bunch is completely empty is not in
practice always true, It is however possible to correct the measured
luminosity value for the effect due to the residual current in the bunch.
Assuming bunch 3~ is the "'empty' one, the correction factor is given
by

.. Pa %8t % By
i (g, By)*a (- By

+ .+ - =
= i i = i i k=2,3
@, 1k/11 By lk/ll

The factors ay and By are carefully measured with vertically separa-
ted beams,

The hypotheses made are that the coefficients relating SB-and
GB to counting rates are the same for the three pairs of crossing bun
ches, notwithstanding the large difference in the product of currents;
the proof of the correcthess of the hypothesis lies, in our opinion, in
the fact that, while fi ranges for our measurements in between 1,00
and 1,18, no dependence of the results on fi has been observed (see
8 8 Fig. 17)., This correction applies of course to SB only, so that agree
ment between SB and DB luminosity is a further check on the above as
sumptions.

c)-"Background" luminosity correction. -

As discussed in § 4, no correction for 'background' luminosity
has been applied to DB data,

SB data were instead corrected by the factor

SB

- =1. 5+0. 00

BL 1.0035+0. 005
The error takes into account uncertainties in the ''background' lumi-
nosity correction which can be attributed to differences in the background
subtraction error between different points, due to different machine

conditions,
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7.- ERRORS. -

Luminosity is given by the general formula

Ms+B) "B

g

(9) L=

where ﬁ(s_.;_gB) is the signal+background counting rate, hB the background
counting rate and ¢ the efféctive cross section of the process being
observed,

a) -Single bremsstrahlung. -

As discussed in § 2, hp, the background counting rate, is given
by

nB= B R
EB being. the counting rate due to the et bunch which interacts with
the e- empty bucket, and R being essentially an appropriate ratio of

currents times factors of the type G%l /G; (see § 2).

h(S+B) and r71B are measured by the same telescope, so that all
possible drifts are the same for both.

Aside from statistical errors, the only source of errors on
SB counting rate (h(S+B)_ hB) is term R. The best check on the ma-
gnitude of any systematic error in the subtraction procedure is the mea
surement of luminosity with vertically separated beams. The results
have been presented in § 4. We have assumed a systematic deviation
of -0.35% which has been corrected for (see § 6). The error on the de
viation (+0,5%) will be added to the systematic errors on L.

The cross section appearing in the denominator of (9) is given

b
Y 1

. / do(s,Q,EMAX) edQ
SB [/ ded@

UGT.,Q

¢ and Q are measured values, ¢ being the threshold energy and Q
the acceptance solid angle,

al) Error on &m. -

Our method for evaluating & Was described in § 3. We have:
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Cp, Cy, Cpp are affected both by random and by systematic errors,
The random error on CT, Co and Cy; is of the order of +0.1 channels
at most. (Cp-C,) being of the order of 15, and (Cpi-Co) of the order
of 100, we find

Aeg
(T_’I—)rndg * 1%
T

As far as the systematic error on &1 is concerned, we have taken the
view of atiributing the discrepancy between theoretical and experimen-
tal spectra to an actual energy degradation. If this were strictly true,
our values for &1 would only be affected by the random error. Since,
however, the possibility of non-linearities or of a wrong estimate of
the absolute position of C, can not be entirely discarded, our values
of e could be affected by an error of approximately -4%. This last
figure is a worst-case estimate,

The corresponding systematic error on L is -2,7% at 800 MeV
and -2.3% at 1100 MeV,

a2) Error on Q. -

The collimators defining our apertures have been positioned using
the beam itself. Allowing for a +5 mm "random'"{(¥) beam displacement,
the corresponding error on L is (0= +0,2)% at 800 MeV,

Note that (see Ref, (1)), since our aperture is 6 mrad, Lgp is
very insensitive to errors on the solid angle,
a3) Error on the correction for conversions in the thick window, -

As seen in § 6, our data have been corrected by the factor

f.=1.133 + 0.
sp= 1-133 +0.005

on account of the conversions in the thick window. The corresponding
error of + 0, 5% has to be added to the other systematic errors,

b) - Double bremsstrahlung, -

The discussion just carried out on SB errors can be repeated
for DB. Systematic errors on the thresholds are approximately the

(%) - Meaning that it could vary from one run to the next,.
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same for the two counters, so that errors on L are roughly just about
twice those for SB., Taking the shapes of the spectra into account in
some more detail (SW2 shows a slightly better agreement between theo
retical and experimental distributions than SW1), the systematic error
on Lyp can be estimated to be(x)

_3.44— BB ¢, at 1,1 GeV
DB
4L
- 3.6 &——L-D—B—é:o at 0,8 GeV
DB
The random error on Lppg related to the evaluation of Cwms Crps CO is

in this case + 1%,

The solid angle, due to the different angular distribution of
DB (see Ref. (1)), gives also rise to a larger systematic error, which
can change from one run to the next. Under the same hypothesis al-
ready made for SB we find

RND

AL
2By, =t 0.5%

IJDB

Allowing for a + 1% error (+6cm) in the source-collimator distance,
the corresponding systematic error on Lpp is

(A LDB )SYST
LDB Q

= —_‘_-_ 0- 2(70

The correction for the conversions in the thick window (see § 6) also
introduces a systematic error

L - L
(x) - AL is defined as True Measured
L LMeas:ured
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Cq, Cp, Cp are affected both by random and by systematic errors,

The random error on CT, Co and Cyy is of the order of +0. 1 channels
at most, (CT-CO) being of the order of 15, and (CM—CO) of the order
of 100, we find

4
(—El )rndz 1%
T

As far as the systematic error on e is concerned, we have taken the
view of attributing the discrepancy between theoretical and experimen-
tal spectra to an actual energy degradation. If this were strictly true,
our values for & would only be affected by the random error. Since,
however, the possibility of non-linearities or of a wrong estimate of
the absolute position of C, can not be entirely discarded, our values
of e could be affected by an error of approximately -4%. This last
figure is a worst-case estimate.

The corresponding systematic error on L is -2,7% at 800 MeV
and -2.3% at 1100 MeV,
a2) Error on Q. -

The collimators defining our apertures have been positioned using
the beam itself, Allowing for a +5 mm "random'"(®) beam displacement,
the corresponding error on L is (0= +0.2)% at 800 MeV.

Note that (see Ref, (1)), since our aperture is 6 mrad, Lgp is
very insensitive to errors on the solid angle.
a3) Error on the correction for conversions in the thick window. -

As seen in§ 6, our data have been corrected by the factor

A = +
fop= 1-133 £ 0.005

on account of the conversions in the thick window, The corresponding
error of + 0. 5% has to be added to the other systematic errors.

b) - Double bremsstrahlung, -

The discussion just carried out on SB errors can be repeated
for DB. Systematic errors onthe thresholds are approximately the

(%) - Meaning that it could vary from one run to the next,
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same for the two counters, so that errors on L are roughly just about
twice those for SB. Taking the shapes of the spectra into account in
some more detail (SW2 shows a slightly better agreement between theo
retical and experimental distributions than SW1), the systematic error
on Lpp can be estimated to belx)

-3.4‘:—1——]9—]5—&0 at 1.1 GeV
DB
4L
- 3.6 -‘=——L—IlB—'~’*~"-o at 0.8 GeV
DB

The random error on Lpp related to the evaluation of Cwms CT, Co is
in this case + 1%,

The solid angle, due to the different angular distribution of
DB (see Ref, (1)), gives also rise to a larger systematic error, which
can change from one run to the next, Under the same hypothesis al-
ready made for SB we find

RND

AL
(_ﬂ)g =+ 0,5%

IJDB

Allowing for a + 1% error (+6cm) in the source-collimator distance,
the corresponding systematic error on Lpp is

A LDB SYST

(+22)
Log @

= -L— O“ 2(70

The correction for the conversions in the thick window (see § 6) also
introduces a systematic error

=+ 1, 2%

LT:r'ue - I—’Measured

(%) - AL is defined as

L Measured



FIG. 14 - Typical luminosity measurement run - Experimen
tal points refer to 1000 sec measurements., Beam energy
1000 MeV,

F1G. 15 - Values of LDB/LSB' Crosses are the average va
lues of the points at the same energy.
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FIG. 16 - LDB/LSB as a function of signal-to-back
ground ratio, Single and double bremsstrahlung,

machine is operating with head-on collisions). The main machine para
meters involved are RF voltages, phases and frequency, These para-
meters can, to some extent, change from one run to the next, entrai-
ning a corresponding variation in the systematic errors on SAS lumino
sity., The small-angle-scattering cross section also depends on the abso
lute value of the beam energy., The distribution of the points around
their average value is not quite statistical ( X 2/Nx3), reflecting the
fact that individual runs may be affected by different systematic errors.

The "average' deviation of the points from Lgag/Lgg=1 is
(4.5+0. 5)%(3‘). The systematic errors on SB measurements are given in
§ 2, and the systematic errors on SAS are of the same order (see Re-
ference (6)) of the above mentioned "average' deviation on the ratio
LS.AS/LSB- The two measurementsare therefore compatible with each
other, within the expected systematic errors,

(x) - The SAS data we have used were analyzed by F, Ceradini of the
“H"“” group.
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