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E. Sacharidis, A. Silverman, A.M. Wetherell

~ For the period that starts after the April-May shut-down of the PS,
our group intends to continue to exploit the.slow extracted proton . beam (ez)
in the Bast Hall,
Presently, our programme is the following.

a) To complete in a relatively short time the large angle elastic scattering

measurements already started before the shut-down.

b) To measure the bremsstrahlung spectrum produced by protons scattered

nearly elastically at about 90° in the centre of mass.

¢) To measure y- meson pair production in nucleon-nucleon collisions.

Experiment a) is not discussed here, as it has already been approved.
The aim of experiment b) is to measure the momenta and the angles of emission

of the two protons produced in the reaction
P+P"PR“‘PL+Y:

and reconstruct the spectrum of the vy~ rays when the four-momentum transfer
of both protons is near to the maximum. The primary proton energy will be
about 20 GeV. '

We believe that with the system of counters and of sonic spark chambers
described below, the energy of the photon will be determined within 10 - 20 MeV,
and its mass within about 50 MeV (thus excluding 7~ meson production) up to

total Yy~ ray energies of 200 - 300 MeV. -
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energies below the meson production threshold (s 150 MeV). Their motivation

Measurements of proton- proton bremsstrahlung have so far been confined to

was to obtain information on the nucleon- nucleon potential.

The method of observation proposed here, namely the accurate measure-
ment: of final state momentum vectors and deduction of the energy and mass
associlated with the momentum unbalance has not before been employed for
bremsstrahlung experiments, but caﬁ clearly be used for the study of any
charged particle "elastic" collision process at any enérgy and for a large
range of momentum transfer. The amplitude for the emission of soft photons
can be directly relatedz) to the matrix element of the strong interaction
scattering process énd'data on the radiative "elastic" scattering could give
information, for example, on the phase of the strong interaction scattering

3)

amplitude”’,

The experimental layout is sketched in the following figure.
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1) B. Gottschalk ct al, Physics Letters 16, 294 (1965).
R.E. Wafner, Physics Letters 18, 289 (1965).

2) F.E. Low, Phys.Rev.110, 974 (1958).

3) H. Feshback and D.R. Jennie, Nuc.Phys. 37, 150 (1962).



A coincidence between the two counter telescopes Iy L Lz and
Ry Rz Rs detects the two ncarly dastic (as well as the truly elastic)
protoné pL and Pp > and triggers the four sonic spark chamberSVSL1 SLé-
SRy SRz that locatc the two trajectories within about 0.3 mm, At the
distances and the momenta indicated in the Figure this uncertainty in track
location gives rise to errors of about 10 MeV/c in the determination of the
momenta and of about 0,2 milliradians in the de¢termination of the directions.
The cenergy and the mass of the unscen y-ray can thus be measured with

the precisions stated above.

The data from the sonic chambers,of dimensions around 40 x 50 cm® and
similar to those alrcady used last yecar by our group in the small angle scat-
tering measurements,will be recorded on magnetic tape. The complete analysis
of the events will be made off-line by the CERN CDC 6600 computecr.

Tests made wutilizing the present facilities give us assurance that the

background on the spark chambers will not be prohibitive.

The low rate of elastic plus inclastic cvents expectcd (about 30 per
hour) make it advisable to monitor the behaviour of the sonic spark chambers
and of the trigger system by mecans of an on-linc analogue computer with dis-

play on a cathode-ray tube.

We expect to have chambers,analogue computer and analysis programmes

ready by May 1966, and to be in position of taking data soon after the shut-down.

The hydrogen target and the shiclding around it presently in use for
the large angle scattering experiment will remain practically unchanged for
the bremsstrahlung cxperiment. Four 2 m bending magnets (two on each side)

will be needed and no quadrupoles.

The total running time necessary is expected to be about 20 days.
However, maximum efficiency will be attained if this time i1s broken up in

several periods of a few days each, over a span of several months.

As for experiment c¢) , our plans are not yet definitive. A preliminary
discussion about its feasibility is contained in the annexed paper by

G. Matthiac and A. Silverman.,



It secms that a preliminary, reduced version of it, that could give
valuable information about background rates, could be realized very soon in-
side the shielding already built around the present hydrogen target of

beam e> , and that these tests could be made while experiment b) is running.
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Al DXPERIMENT TO MBASURE p-PAIR PRODUCTION IN
NUCLEON~NUCLLEON COLLISIONS

G. Matthiae and A. Silverman

Yamaguchi(l), Kﬂpll(z) and Chilton et al.(B), following a
Suggeétion of Van Hove, have calculated the relation between W-meson
and p-pair production in nucleon-nucleon collisions) ﬁ%suming the
validity of the CVC theory;'¥;us, the observation of p-pairs, a
simpler experimental problem, would be a very useful preliminary to a
search for W-production. In this néte we propose an experimental
arrangement for observing p-pairs with 2 GeV <Wﬂpa(4 GeV. Thu=
invariant mass of the muon-pair. We consider this as a first step
in a search for the W-meson and have designed the apparatus to be useful
in such a search, dbut we do not wish to minimize the intrinsic interest
in the p-pair production, since it is related to the electromagnetic
structure of the nucleon for large time-like momentum transfers.

A section through the experimental arrangement is shown in Fig. 1.
The apparatus consists of a conigal iron shield with apex at the target
cdvering the angular range 200 —’500. Embedded in the iron are
scintillation counters to measure the ranges (2 GeV/c<JiL<5 GeV/c), and
angles of the two nmuons observed in coincidence, The méss agf the
virtual Yeray, Muwis to be measured to an accuracy.of 15% with
reagsonably constant efficiency for 2 GeV<:7nMu < 4 GeV. .(See below
for details). |

Counting Rate

e have considered two equally unreliable methods for estimating

the p-pair cross section, (a) We relate the p-pair production to the

(1) Y. Yamaguchis  CERN TH. 634, 1965.
(2) M. 1. Kmoll: Private communication.

(3) ¥. Chilton, A. M. Saperstein and C. Shraumer (to be published).
Revised November 1965.
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production df pion-systems of the same invariant mass, and make use of
the raihér sparse experimental information available for the pion
produétion. (b) We use published W -meson cross sections,and compute
the p-pair from References 1 - 3.

Tig. 2 shows schematically the situation in which a p-pair (2a)‘and
a n-pair (2b) of the same mass are produced. | We assume that for every
p-pair final state, there is a corresponding n-pair final state for
which n%ut:*ﬁﬂﬁ and Ea““=:E;n' Then, one might guess that thevratio
‘ of the cross sections for these two equivelent configurations is
something like

q}:‘* ’H'IP“ = mn'ﬂ‘) ~ OL’L'{)X
J{T“’ C,U-“ = C’ru T
S

electromagnetic form factor for @? =7nu“2

where 94,2==e4 = (1/137)2 as usual
iy
"PX

-pg 2. form factor for the strong interactions.

i

{
0f course, nothing is known of either.?k? or_€§2.

‘We shall assume,{}g2

IS

than the usual one that they are separately equal to unity, In fact,

This is:.probably a better assumption

since the electromagnetic form factors have their origin in the strong
interactions, the assumption may not be completely outrégepus, We
observe, rather diffidently, that these assumptions givé‘approximately
the same branching ratio for the decay of the §o or U intp ng}s as
do more reliable computations. To obtain i@fofmation of (Sqfﬂ‘ we use
two sources - the Aachen - Berlln ~ CERN collaboration(4) (8 Gev np
COlllblOHu) and Cavendioh - Hamburv collaboratlon(5) (10 GeV pp

1%
collisions)., Bach of these gives \dg_; ~ 10 cm® /Ge\/
~ 2 el .
¥hen 9—9/ = A _______‘gl@" = §$to'33 U“Z/G-c\/

AM p Amew .

(4) nachen - Berlin - CERN colleboration. Phys. Lett. 12, 356 (1965)

;(5) Cavendish - Hamburg collaboration. Oxford Conference, Sept. 1965.
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The second method of estimating <ﬂ6’ w -follows Ref. 1 - 3
Clq‘n,uu\. #

from which:

do - "1 o 5 }
Hinpne /= Mo (M” %7,,“>

(- lO'fﬂp'l

FOIWFZ = 20 GéV, and fLJ = 3 GeV, Chilton gives us (i; =7 x 10-32 cmz

from which 10-9 3 7

A = x 10"52

d My 107° 3 /2 27

n.

5 x 10732 cmz/GeV.

Ve shall use the smaller.estimate of the first method in calculating

expected rates since there;is good reason to believe that Chilton's ‘
-
cross section is too large. The use of jZ&E: =5 x10 77 ch/GeV
: ”V*;

is equivalent to inserting a.form factor of F~ = 0.1 in Chilton's result.

In order to calculate the expected counting rates we need to know
not only Egégi: but the angular and momentum distribution of the

W\lu,u.

virtual‘x—rays. We have calculated the efficiency of the detector
shown in Fig. 1 for three different assumptions about thesezfrray
distributions. (a) They are identical to the distribution computed by
Chilton for the W/'s. (b) They are produced forward and backward in the
CM sap{&h,with a phase space distribution in momentum. (¢) They have
the same distribution as XHE real particles produced in pP-p collisipns =
~which we call the "Cocconi assumptioncs), In the latter case, the
distribution is given by

A comdad G o Oy ot/
| XY e Cy , e
ds1dh Py ' E;Z.F\ //F§ ¢;

€\=Z»% G-d//c. F,(:-o.\% Gd\//c.-

3) G. Cocconi, L. J. Koester and D. H. Perkins: High Energy Physics
Study Seminars No. 28(2) UCLD - 1444 (1961).
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- Bhe results of these three calculations are shown in Table 1. The
detection éfficiencies are shown for various angular intervals as a
function of 7¢wu. We shall assume that €:= 1.0 x 10—2 fof the interval
2 GeV<inpw- < 4 GeV. This is almost certainly a rather pessimistic
assumption. These efficiencies are calculated assuming the difference
in the azimuthal angles of the two u's lies in the region 1500<.4\¢ < 210°.
We can calculate the expected counting rate from
- dd(
bJCQ h‘f hlf TZI;:—:T l1'h\ku~\ él

3

t

! .
We take A47= 10 protons M. = 4 x 10° protons/cm2

then N, = (4 x 10°%)(20" ) 5 x 107, 2. 107

A
= 4 counts/10 protons.

Background

(a) Accidental rgte

We assume the "Cocconi" formula for n-production

A6 . Ng Ce® o o P 5n 80
A1 Al 7w e 0 ¢ /()‘6— b 6 /OT

G—_‘\‘r\dM\.C
For - 00 = 20 GeV N,a,: 2 (= 0.18 Gev/c ¢ = 2.8 Gev/e.
Fpom this we calculate the differential cross section for the decay
A
nuons —S s ‘ . The results for a decay path of 1 cm are
shown in Tig. 3. We integrate these curves and average over angles

5 .
to find the mean differential cross section for \u > 2 Gev/c.

» <9 ~ -3 .
—j}:)(’ T e
- ~> 1 S

for a decay path of one centimetre. We will assume a 20 cm decay path
which allows 5 cm free flight before the muon absorber. Then, the

I3

counting rate in‘each telescope of the detactor is
N = Nt Np (E*.f) (&)
é\n (> T G
N - (L(,»z lo”) (\o“\<3y\o'313<7/03 (‘03—%

o" puston s
a (,O



The number of nfs that survive the absorbver withoug interacting
is less than this by a factor of 10 or more. Ve double this number
to take into account muons from K-meson decay, so that the counting

rate for each telescope is

"
N =2« 10 counts/10  protons. Then,

the accidental rate between any pair of telepcopes is given by

)

(3 x 10_?)412.x 19?) (2 x 103) (10)

((\/Afl"—)pair ; s

8 x 10~
Here, we have assumed 27 = 3lng' and the pulse duration = 150 msec.

Since we insist that the difference in azimuth between the two pu's

be in the region 150°<.£3¢) < 2100, and each telescope subtends 300

in azimuth, there are six possible pairs. - Thus, the total accidental

rate (ﬁQXQJ Total = (6)(8) x 10'2 = 0.5 qounts/ion protons.

4

t
Background - (b) Detection of n's as pu-pairs according to our earlier

assumption
A S
A mp ~ oL " for qqqﬁ*“ = qu‘ff(
d;ﬁf;> Epw = Exe
AN '

Then, let(h&n be the number of charged nm-pairs which decay into u's and

are detected as p-pairs. Let NL“ be the true p-pairs, then

N

/\/Tﬂt

where eg = probability that a 2 GeV/c m will decay in 20 cm,

%2

Py = 20 x 1.4 ~2x 1072
2.5 x 20 x 300

N L ~
A/nn o x 1074 x 10'6

s




The situation should be considerably better than this, since the
energy carried off by the neutrinos will cause the appareﬁ% mass of the.
decay p-pair to be about half the mass of the parent n- pair. Thus,
if our‘assumpti?n about the cross sections is correct to an order of
magnitude, we can expecf the charged n-pair background to be small at
all Wﬂhu.

It is easily shown that the background contributed by the neutral
pions is an order of magﬁitude smaller than the charged pions.

It is perhaps unnéceSSary to ppint out that there are decisive
experimental checks to determine whether the observed rates are due to
directly produced p's or thé decay of charged =n's.

We make the following observations about backgrounds:

(a) The present arrangement is not optimized for signal to noise.
(b) The counting rates will be limited by the randoms. Our estimates

T f ~ -

L ﬁba&awwwa’indicate that if the f2 - 10 3, the random rate and real rate will be
s T 7y .4

ﬁ,(:»’g‘;ﬂ'\ /;ﬂ'[‘ (l,'\

7

approximately equal when they are both ~ 10 counts/hour.

(¢) The present calculations refer to the mass interval 2 Gve;nyuu.<k4 GeV.
A rough calculation indicates that the rate at which data can be obtained
is not a strong function of 01},% Therefore, it is likely that

measurement can be made down to quite low thu, in particular in the

region of the\?-meson. This would appear to be very desirable.

Detector

The detector shown in Fig, 1 consists of 11 x 12 = 132 scintillators
embedded in 85 tons of iron., = The first scintillator in each teieSCOpe
is a "Charpakﬁ counter which, together with the target po;;tian,
determines E%Lto T 2% for 210 cem long target. The range is deftermined
to © 7%, and the difference in azimuth between the two muons A= ¥ 30°,

The invariant mass of the p-pair is given by (neglecting 21q“2)

2 ,
'w],m = 2B, (1 - c=#07)



=3
i

1 energy of one muon

=1
[

> energy of other muon

912 = angle between the two muons

éﬂ'quAw ' . <j£§Eﬂ
then = /7‘\/ E'

1.+ (Ag7_>’l—+ A (s 8, 0)

E’b \“Cb’gg\t

My
Putting in the errors given above

AMpa \ ™

Wnr*u = % 0.15 as stated earlier.

Cost estimate of everything new

n

Iron 85 t at 700 fr/ton 60,000 fr.

132 56 AUP at 800 fr.

H

105,000 fr.

132 bases at 600 fr. = 80,000 fr.
40 power supplies at 900 fr. = 36,000 fr.
Misc. 50,000 fr.

530,000 fr.

Blectronics

The electronics: can be very simple. We trigger on, any coincidences
between the first three scintillators in any of the appropriate six
pairs of telescopes, and look at the output of all the scintillators.
This type of electronics exists in sufficient qﬁantitéwgb that probably
very little new would be required.

0f course, one could imagine beginning more modestly,' Two
telescopes, which, of course, reduces the counting rate by a factor of
six, could certainly be assembled out of available components, Perhaps
a rcasonable compromise would be to buy the necessary iron for the total

detector, but to start with only two telescopes.
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