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INTRODUCTION

A u-ﬁeson scattering experiment at the PS has been proposed some
time ago’) It requires a special beam. Since the constructlon of this
beam has been delayed, the possibility of a prellmlnary experlment in a
"oompromlse beam" has been envisaged by us ) Tt has now been suggested
that a rough experlment could even been done in an existing beam., The

use of heavy spark chambers for this purpose has been recommended.

In the following we try to analyse what type of experiments would
increase our present knowledge about the p meson, and what are the require-
ments for these experiments from the point of view of intensity and purity

of the beam and precision of detection.

In order to compare experiments it is useful to introduce a
figure of merit. One parameter which is frequently being used is the
"y-meson vertex cut—off AT'" introduoéd in the discussions on breakdown of
QED. It correspondé to a p-form factor of which the imﬁbftant term'is
proportional to q%. In a p-scattering experiment at a momentum transfer
q and with a standard error Ac/c in the cross—sectlon we can. put Wlth

95% confidence, the following limit on A

- 1 ‘o‘ .
A g a2 / -y (1)

The "r.m.s. radius of the charge distribution" is bigger than this quantity
by a factor V6.

N From the SC experiment (q = 260 MeV/c = 1.3 fermi ', Ac/o10%)
we expect a limit of ~ 0,24 fermi., A similar limit is given by the g=-2
experiment (A”' = 0,15 V2 fermi for 95% confidence).

A substantial improvement of this knowledge would require a

decrease in this parameter by at least a factor 2 (A-1:=}{§ fermi) This

could be achieved in one of the following ways: 0.1
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T a precise experiment at q = 0.5 GeV/c Ac/oc = 10%
IT a quantitative experiment at g = 1.0 GeV/c Ac/o = L0%

It is, of course, possible that the u-p interaction cannot be
described by the simple picture which leads to Bqe (1). In the most
general case the deviation from the electromagnetic cross-section can be
a function of both the momentum transfer g® and the total c.m. energy W. -
But only if the g® independent term of a power series in q® increases
strongly with W, Eq. (1) breaks down completely. In case the coefficients
of higher powers in g, e.g., q* or q° become large, the square root in
Eq. (1) would have to be replaced by a higher root, i.e., ‘the precision
would be of somewhat less importance and we should aim at a higher momentum
transfer instead. This approach is, of course, limited by our knowledge
of the proton form factors at high momentum transfers, Al though, for this
reason, a result of such an experiment would not héﬁe.a unique interpreta-

tion at present, we will inqlude_this possibility in.Qur lisf, as

IIT a qualitative experiment at.q = 2 GeV/ec Ac/oc. =-100%
-1 N
A =0,10 fermi

We will further distinguish -experiments in these three classes

by subscripts indicating the momentum of the incident u meson in GeV/c.

B. INTENSITY .CONSIDERATIONS

In this section we Waﬁf to deal with two questions:
1) What is the minimum p-meson flux required in order to carry out one
of the experiments listed above ?
2) Which is the optimum momentum of the incident particles from the point
of view of obtaining a high rate of scattering events at a given .

momentum transfer ?

The rate of u mesons elastically scattered in hydrogen per inci-

dent u meson and per hydrogen atom is given by

(0,6) = o(p,0) 90 = 0(p,9) sind 09 by 2)
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where

C cos®9/2 1 Coe z
o(p,0) = L 2 B2 A pr(gy) )
P2 sin%9/2 1+ ﬁ%sinzz?/Z = | -

is the differential cross-section for elastic scattering of fast (1;,8«1)

Dirac particles against protons, with

5.20 mb (MeV/c)?
the momentum of the incident particles

‘the scattering angle

2 o a

the proton rest mass

. » 2p sind/ 2

q = the four-momentum transfer ()
2 .2
A ,1 + % sin®9/2 .

2 2 . 2
F2(q?,9) = [qu (a®) + ij: B*(q®) | + ';qujl}ﬁ (a®) + P2 (d? )] tan®9/2 (5)
c M2 ¢ .

Il

A(q®) + B(g®) tan®s/2

F1(q®) and F2(q®) are the two conventional form factors which describe the

electromagnetic properties of the proton.. These can be derived from

electron scattering experiments, - We Have based our estimates on results
. of Wilson et al.?). Up to g ~ 1.2 GeV/c these are compatible with the

expressions for the form factors suggested by Fubini et al.4) s namely -

¢ 2 C!V Olo
- Po= 1 = %< + " = 2>
R e e N P

' : (6)

B, !
F, :1.793-q2<2v 2+ N g 2>
a®+q,° %+ gg
with . .
a, = 1.1 B, = 2.1 qV2 = 8.3 x10% cm®
(7)
a, = 0,58 g/ =0.09 qsz = Lol x 10%° cm?
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We have used these formulae also for extrapolating beyond the range where
they are checked experimentally, - This means, roughly, assuming form
factors which tend to a constant value for very high ¢® and give cross=-

sections of the order of 0.1 times the point oross-sectiqns.

| Ap in (2) is the range of ézimqthal angle accepted; it will be
determined by practical considerations.
A% is the range of scattering angles accepted. It'shouldibe
chosen in such a way that we accept always a fixed band of

relative momentum transfer, i.e,

%%,z const. =0, say. . _ . (8)
(8) and (4) yield
89 = 20 tend/2 (1+ 52 sin0/2). (9)

Substituting (3 and (9) into (2) we find

n(p,d) = g%g cot?8/2 F2(q?,0)0, : (10)
p
and with (5)
n(p,d) = 22 [a(q? ) cot?9/2 + B(q®) ]y, o ~(11)
p? o

In order to study the dependance of this gquantity on p, for a given d,

we eliminate ¢, using the relation (4), which yields

2 .,2_ _2 |
cot?0/2 - [ . -z-gﬁ-g (12)

Then we have - e

() = oo s A1 2L g, 2] (1
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The right hand side of (12), put equal to zero (¢ = m) gives the

kinematic threshold in p for a given q.

= E%Z (q+ Va2 + LiPc?) ‘ (1)

Ppin
Figure 1 gives the kinematic threshold Ppip 25 2@ function of q.
In Fig. 2 we have plotted n(p,q)/aty [Eq. (13)] as a function of p, for
g = 0.5, 1 and 2 GeV/c. It must be stressed that the curve for g = 2
GeV/b is already an extrapolation 2 The approximate shape of the curve

. for g = 3 GeV/c is also indicated although the extrapolation in the form

factor is too bold here to justify a detailed calculation.

The curves of Fig., 2 show that the dependance of n on p is very

Weak, once we are well above the kinematic threshold. From the intensity

point of view the best condltlons for an experiment aiming at a certaln q

are thus given by the strongest beam available at any momentum well above

the kinematic threshold. This will in general be a beam of lOW'momentum,

due to the higher abundance of lower momentum 7 mesons and their bigger

deéay probability per unit path length,  On the other hand, due to the

influence of the kinematic threshold, an experiment almlng at a very wide

range of g should be done at a high momentum.

More quantitative information can be obtained by further speci-

. fying the experimental conditions., The number of counts N is given by

N =238tAdp = o M =3t Adp r(p,d)a A

n(p,¥)
o AY
where
® is the u flux per burst
t is the length of the experiment (in bursts). We have assumed
10 shifts of data taking (60 hours) for. one point as a maximum
tolerable time, since any decent experiment will require several
runs of data taking plus a lot of test- and check runs. This
yields t = 72 000 bursts.

A Avogadro's number 6.0 * 10%

*)  This exarapolatlon depends critically also on the behaviour
of F» at large q .
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d thickness of target 100 cm

p density of hydrogen 0,07 g cm"3 : .

@ =Ag/q = 0.2, Due to the strong g dependence of n it would not
be meaningful to multiply a differential cross=section by a wider
g-band. An integration would show, that the contribution of
scatters with a g more than 20% above a certain Inin is nqt big
(except where the form factor flattens off completely) ’

Ap =7 for a reasonable detector geometry.

Under these aséumptions we will work out the required flux ¢ for %arious

types of experiments, as listed in the introduction., We find.

& =5,2° 10-30% /burst , (16)

Thisvyields the figures for various experimeﬁts as given in Table I,

The fluxes are also summarized in Table II.

In how far such fluxes of 7 mesons can be made available without
a special effort has to be studied in more detail, The high=-energy
u-mesons beam used by Hyams et al.®) had a flux of 2000/burst. At first
sight it seems highly unlikely that an intensity of more than 10 times
this figure can be "found" anywhere in the present beams. From this
point of view only experiment I could perhaps be done without a special
beam. We will see, however, that it requires a very high precision in

momentum and angles.

C. PURIFICATION

An accurate estimate of the permissible 7 contamination would
require a detailed analysis of w-scattering results, leading to curves
similar to those of Fig. 2. For the time being we will limit ouiselves
to a rough estimate, starting from the following assumptionsi '

l) In a given momentum interval in the 7 beams there will be about
2% U mesons.

2) Amongst the scattered events we want to tolerate ho more thaﬁ
10% 7 scatters.
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3) The differential (elastic and part of the inelastic) w-scat-
tering cross~sections o are of the order of 1 mb/sterad.

The purification factor P required will then be given by

e 25
‘m Hhx 10

P —-500><g? = >
u u

dﬁ varies between 10-30 and 10”7 cm? for the various cases considered.
This leads to Table III, where P is listed as a function of Gﬁ' If we
wish to obtain this purification by the use of absorber only, and if we
assume, following Hyamss), that the pion attenuation length in light

[ ] material is 130 g cm -, we obtain the absorber thicknesses listed.

For a 10 GeV/c incident 7 beam we can furthermore list the resulting
final momentum Pro and the r.m.s. multiple scattering angle a0 The
same has been done for 6 GeV/c incident momentum (pre’ de)es This shows
that:

1) in many cases a determination of the direction of the incident parti-
cle will be necessary, in order to obtain the precision required

(see next section), even if one starts with a "parallel beam";

2) the losses in intensity in the absorber and in any momentum analyser
behind it will be severe. They will be more severe at low momenta.
On the other hand the tolerable beam spread for a given momentum
resolution will be lower at high energies for the same magnet. Also

. at lower momenta other means of discrimination (Cérenkov counters)

can still be used, thus eliminating the need for part of the absorber,

In view of these difficulties it lodks tempting to place some
of the absorber into the scattered beam where the multiple scattering is

of no consequence. There exist two limitations to this schemeg

1) Low-energy charged secondaries which may accompany a nuclear cascade
started off by a 7 meson. By requiring a coincidence between two

counters separated by some absorber these can be eliminated.

2) Decay in flight of 7 mesons after the scattering event. The proba=
bility for this is roughly equal to the decay probability of the w
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between the scatterer and *the final detector. Tor a path length of

a few m, this is of the order of 1%. So & facltor 100 is. the highest

purification rate we can obtain here corresponding to 130 1n 100 =

= 600 g en ° of absorber, which can be placed into thes scattered

beam, while the absorber in the primary beam can be reduced accordingly.

The values af listed in Tabie ITT correspond to this case. This

'possibility is of special imporvance in the case of a low-energy beam,
e.ges Lo | D |

We . can conclude that any beam lay-out should be made in such
a way as to minimize the losses due to multiple scattering. ”(Altgrna-

tion of absorber and focusing elements etc.).

D, PRECISION REQUIREMENTS

In order to obtain information about the u meson one has to be
able to compare the experimental resvlts with predictions based on
electron:scattering data. Such a comparison can, at present, o+ be

done for g > 1.2 GeV/b, since no electror scathtering data are available.

But also for the g region where “the proton-electron scattering
cross-sections are known, a corparison cen only be ccrried out if suffi-
ciently precise data are available abouu the scattering evenis. In
order to obtain quantitative information on this point, we have computed
a number of derivatives of the cross-section and of n [qu,(Z)]; with
respect to pairs of observable quentities, p,¥ and the recoil angle ¢.
We will extend the oaluu7a+10nu to other pairs of variables, %+ seems
1mportant to measure et least three variebles 1n order to obtain a uheck
on unelagtlc events. The derlva01ves are 1lstea in Table II for the
various experimental conditions. CassIII (q = 2 GeV/c) is again an
exfrapoiation; e have also listed the uncertainty up/b, A - and -Ag,- which
would by itself lead <o an error equal to the precision aimed at in the

experiment, It follows, that the uncertainties have to be kent well

below the limites given in the table.. It is seen that in 9Xperiment I

an extreme precision both in the determination of the momentun and the
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angles is required., The latter would only be possible using thin spark
chambers arranged for nearly perpendicular incidence of the tracks, or
cloud chambers., The precision requirements for the other cases are more

normal, But two points are apparent from this:

1) In all cases a momentum analysis has to be made in front of the target,

if any direct information on p is wanted.

2) An angular precision of a few degrees is wanted for all cases except
III. This can not be achieved, unless thin plates (a few g em - total
mass) are used in the spark chambers, which detect the recoil proton,
otherwise the result will be unreliable because of possible nuclear

small angle scatterings.

CONCLUSIONS

The only experiment which seems feasible from the intensity
point of view without a special beam is the low-q experiment I (g =
= 0.5 GeV/c). It could possible be done in a beam like the Hyams beam,
derived from de. T4 could possibly also be done in ay. The precision

requirements are extreme, Heavy spark chambers would be useless.

In order to reach a higher q and have less stringent precision
requirements, it would be desirable to make a better intensity pu beam
above 2 GeV/c. Such a beam could probably be derived from a medium
momentum (5 to 9) GeV/c 7 beam of about 10° w/burst. This is, incidentally
the kind of beam for which the Brookhaven experiment is planned. (1t
relies on a direct measurement of g by range of the recoil, and of ¢).

Light spark chamber would be preferable to heavy ones.

An attempt Yo reach high momentum transfers in an existing low
intensity beam does not look promising, unless one hopes for a cross-

section about 10 times higher than that expected for heavy electrons.

A. Citron

D. Fries
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TABLE I

Fluxes required for various experiments

Experiment I, I. II. IT, ITT,
Momentum transfer | g 0.5 0.5 1 1 2 GeV/c
Number of counts N 120 120 40 40 10
Incident momentum | p 1 2 2 6 6 GeV/c
-. Cross=-section ’
from Fig. 2 n 110 120 762 8.8 14 nbarn
Required flux & | 5.7 5.2 29 2l 36 10° /ourst

N is chosen 120 for a 10% statistics after some corrections
L0 for a quantitative experiment
10 for an exploration

1 nbarn = 107" om?

® is calculated from Eq. (16)
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TABLE II

Derivatives of cross=sections with respect to observed quantities
and precision requirements in their observation

Experiment I4 I, II» IIe IIT,
Momentum transfer q 0.5 0.5 1 1 2 GeV/c
Incident momentum | p 1 2 2 6 6 GeV/c
Scattering angle 9 31 15 3l 10 25 2
Recoil angle P 60 68 46 57 31 ©
Required flux 3

(Table T) & 5.7 5.2 29 2L 36 10% /burst
8hd>~chm>
=) Y (e -4 -k -4 -k -3
<a Inp 9 dlnp 9
<a§§“> -10 | =17 | -9 32 | =11 | rad™
p
<ag%n> | -7 | -9 | -6 | -20 | -7 | raa™
P
(202 () | | | wre | ere | o5 | e |
? /o ? /o
() S A A I
)
<§_%.%_p> -5 +12 + 4 +3 +1 lc‘a.d.m1
()
. . . Ao
Precision aimed at| =| 10 10 40 40 100 %
Ap
> 2.5 2.5 10 10 30 %
A9 (from n) 1 8 70 19 140 mrad
Y 7 6 33 80 170 mrad
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TABLE IIT

Purification requirements

o s D 010 P Qe ak
U _ 1o Te

Bxpt. cm? P g cm 2 GeV/e mrad | GeV/c nrad mrad

I 107%° | 5% 10°% | 1700 6.6 17 2.6 35 23
IIe 107" | 5x10% | 1930 6.1 19 2.1 L1 27
I, | 107'% | 5% 107 | 2160 5.8 20 1.7 L8 31
IITe | 10 | 5x 108 | 2390 5. 22 1,2 60 37
O—IJ typical cross=section

P purification required

] thickness of light absorber providing this purification

Prro residual momentum of 10 GeV/c incident muons behind this absorber

010 r.m.s. multiple scattering angle behind the absorber

Pre
. o } the same for 6 GeV/c incident momentum
0 r.m.s. multiple scattering angle behind the absorber in the

primary beam, if 600 g em 2 of the total absorber are placed into

the scattered beam.
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Fig, 1

Fig., 2
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FIGURE CAPTIONS

The kinematic threshold, i.e., the lowest incident momentum
Ppin? at which a four-momentum transfer g can be reached,
as a function of q.

The cross-section n for elastic scattering of Dirac particles
of momentum p against hydrogen into a solid angle AQ, divided
by adp. AQ = sind AG Ay and A is determined by the require-
ment, that the scattering should take place with a momentum
transfer g within the (small) tolerance Aq/d =a [Eq. (9)].
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