CERN LIBRAKIED, UBNL v

- \\l\\\\\\\l\\\\\\\\l\\\\\\\\\\\\\\\“\\\\\l\l\\\\\||||\\\|\\\|\\||\ =

CM-P00065431 | g 6- AL

AN DXPURIMENT TO MLA URE p~PATR PRODUCTION IN
NUCLEON-HUCLEQN COLLISIONS

G. Matthiae and A. Silverman
Yamaguchi(?), k011 (2) and chilton et al.(3), following a

'suggeétion of Van Hove, have calculated the relation between$J;meson

and p-pair production in nucleon-nucleon collisionsJ 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 WLproduction. In this néte we propose an experimental
. arrangement for observing p-pairs with 2 GeV <"W),uu(4 GeV. "m,w.=
invariant mass of the muon-pair. We consider this as a first step
in a search for the W-meson and ha?e designed the apparatus to be useful
in such a search, but we do not wish to minimize the intrinsic interest
in the p-pair production, &ince 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 rig. 1.

The apparatus consists of a conical iron shield with apex at the target
cdvering the angular range 200 —VBOO. Embedded in the iron are
scintillation counters to measure the ranges (2 GeV/c <P;‘<5 GeV/c), and
angles of the two muons observed in’coincidenoe. The méss of the
virtual ¥-ray, 4)1,,\“ is to be measured to an aocuracy'-.xof 15% with
reasonably constant effieclency for 2 GeV‘:¢an < 4 geV. '(See belqw
for details). |

Counting Rate

Ve nave considered two equally unreliable methods for estimating
the p-palr cross secction. (a) We relate the p-pair production to the
(1) Y. Yamaguchis  CERN TH. 634, 1965.

2) M. H. Kmoll: Private communication.

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

Tig. 2 shows schematically the situatlon in which a p-pair (2a) and
a n-pair (2b) of the same mass are produced. We assume tha‘t_ for every
p-pair final state, there is a corresponding n-pair final state for
which ﬂ?y«»:"’}nﬂ and E/»w= Emt' Then, one might guess that the ratio
of the cross sections for these two equivalent configurations is
something like

Sy ’mpu W[T‘ﬂ‘) ~ OL'L _ﬁ\,
6‘;(\'\’ C,U-“ = T’u ‘F
S

where 942 et . (1/137)2 as usual
'PA/ 2 electromagnetic form factor for 4/2 = M/w“'z
b

t
0f course, nothing is known of either ?XQ or _&2.

form factor for the strong interactions.

1]

. 32
We shall assume /FX This is probably a better assumption

,{:S‘_—-é‘ = lw

than the usual one that they are separately equal to unity, In fac‘(;,
‘since the electromagnefic form factors have their origin in the strong
interactions, the assumption may not be completely _outrél‘gepus, We
‘observe, rather diffidently, that these assumptions give‘z' approximately
the same branching ratio for the decay of the fQ or (2 intp ’Z'/q‘s as
do more reliable computations. To obtain i}gifofmation of 61;\"(( we use
two sources - the Aachen - Berlin - CERN collaboration(ﬂ’)‘ (8 GeV mp
collisions) and Cavendish - Hamburg collaboration(s) (10 GeV pp

: -1¥
collisions). Bach of these gives 0,( ~ (O oam® /Ge\/
O(W w L( :

~ ~ T |
imen dS 2 ol® AT = gy i07% en? /CeV
AM dmgarw .

¢

(4) hachen - Berlin - CERN collaboration. Phys. Lett. 12, 356 (1965)

" (5) Cavendish - Hamburg collaboration. Oxford Conference, Sept. 1965.
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The second method of estimating ATw follows Ref. 1 - 3
v <
{ ¥
from which: AM s »
u 3
s = €t L L
A /2 r1u)

G - lo'fﬂp'l

ForG:; = 20 GéV, and /7“,= 3 GeV, Chilton gives us (ﬂ; =7 x 10‘32 cm2

from which 10—9 3 7

A = x 10722
_':3l Mo es 1077 3 /2 27

n-

5 x 10702 cm2/GeV.

We 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 AT 5 x 10777 cmz/GeV
Mjpn

is equivalent to inserting a.form factor of F2 0.1 in Chilton's result.

In order to calculate the expected counting rates we negd to know

not only {?ﬁgi: but the angular and momentum distribution of the
C Wian

virtual X:rays. We have calculated the efficiency of the adefector
shovn in Fig. 1 for three differeni assumptions about theseé{-ray
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 s?nﬁumvdﬁh a phase space distribution in momentum. (¢) They have
the same distribution as X¥E real particles produced in p-p collisions -
.which we call the "Cocconi assumption(6), In the latter case, the
distribution is given by

A - consTad (T - - Oy Swér/.
S X e Oy e‘
(iﬂo\()x A @zr‘ /F‘ @

O = 2% Cavje. Ce = 0. \% @d\//c.-

(¢) G- Cocconi, L. J. Koester and D. H. Perkins: High Energy Physics
shudy Seminars No. 28(2) UCLD - 1444 (1961).
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- Bhe results of these three calculations are shown in Table 1. The
detection efficiencies are shown for various angular intervals as a
function of ’l’)zw. Ye shall assumc that & = 1.0 x 1072 fof the interval
2 GeV'<7nMM» < 4 GevV. This is almost certainly a rather pessimistic
assumption. These efficiencies are calculated assuming the difference
in the azimuthal angles of the two p's lies in the region 1500<.£&¢ < 210°.

Ve can calculate the expected counting rate from

New ~ Ne No o (ame.) &

23

1

'
We take A47= 10 protons . N%-= 4 x 10 protbns/cm2

then N, = (4 x 1023y (10" ) 5 x 10722, 2. 1072

A
= 4 counts/10  protons.

Background
(a) Accidental rgte

We assume the "Cocconi" formula for n-production

aArs - Ng [ - e 0
dagdfx  Tg (7\":(3‘ ¢ ‘/ﬂe‘ « 59/@

C\_’mdw{\'c
For - 00 = 20 GeV N,f 2 (7{= 0.18 GeV/c ¢ = 2.8 cev/e.
Tpom this we calculate the differential cross section for the decay
» 1
mioens d’s . The results for a decay path of 1 cm are
shown in Fig. 3. Ve integrate these curves and average over angles

to find the mean differential cross section for f; > 2 GeV/c.

‘ s ~ -37 .
if;z f)() o ~ Zio” c>~‘z//§Z;%¢’ ,
) P~ > ’L R

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

r

counting rate in'éach telescope of the detector is
N = Nt Nop (sif) (dn)
4“ (> T Gl
N - (q,szl07'3> (\0“3(354\0’“5@03 ,<‘03__}X

o" pston
Py [03



The number of n's that survive the absorber withougvinteracting
is less than this by a factor of 10 or more. We double this number
to take into account muons from K-meson decay, sSo that the counting

rate for each telescope is

1R
ﬁJ = 2 x lO3 counts/10  protons.  Then,

the accidental rate between any pair of telescopes is given by

(3 x 1072) (2' % 1o}) (2 x 10°) (10)

(NACC—)pair ; S

8 x 10

Here, we have assumed 277 = 3§ and the pulse duration = 150 msec.
Since we insist that the difference in azimuth between the two u's
be in the region 150°< A < 210°, and each telescope subtends 30°

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

- 1
rate (Aﬂxo& Total = (6)(8) x 10 2. 0.5 qounts/lo' protons.

‘

¢
Background - (b) Detection of m's as u-pairs according to our earlier

assumption
A e = °<7' for m/‘”" = m\‘fﬁ
S | -
AT wa Epw = Err
Okm—w( '

Then, let/h%ﬂ be the number of charged m-pairs which decay into u's and

are detected as p-pairs. Let NLH be the true u-pairs, then

2
Mo =X
Oy 2
N
nn
where () = probability that a 2 GeV/c m will decay in 20 cm.

QB = 20 x 1.4 ~ 2 x 10—5
2.5 x 20 x 300

¢ e (\/AA»\_ ~ 1 ’: 10
e hd 4 —6
A/ 2 x10'.4 x 10
T



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'on about the cross sec‘cioné is correct to an order of
magnitude, we can expec"c the charged n-pair background to be small at
a1l My

It is easily shown that the background contributed by the neutral
pions is an order of magnitude 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 the decay of charged =n's.

We make the following observations about backgrounds:

(a) The preserﬁ; arrangement is not optimized for signal to noise.

(b) The counting rates will be limited by the randoms. OQur estimates

{:: fhé ;/,'~f”-f‘y!‘~‘£”' indicate that if the f?, e 10-3, the rendom rate and real rate will be
ﬁ{’ﬂ?m l‘jﬂ&l approximately equal when they are both ~ 10 counts/hour.
/
" (¢) The present calculations refer to the mass interval 2 GeVeWuuw < 4 GeV.
A rough calculation indicates that the rate at which data can be obtained
is not a strong function of "N‘I,uu. TPherefore, it is likely that
' measurement can be made down to gquite low WI/‘“ , in parfziéular in the

region of they—meson. This would appear to be very desirable.

Detector

The detector shown in Fig. 1 consists of 1l X 12 = 132 scintillators

embedded in 85 tons of iron. The first scintillator in each telescope

v

is a "Charpak“ counter which, together with the target pos;tion,
determines e}l to £ 2% for a 10 cm long target. The range is determined
to T 7%, and the difference in azimuth between thé two muons A(]):s x 300.
The invariant mass of the p-pair is given by (neglecting Qmue)

2 _
W}W = 25,8, (1 - «=t00)
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energy of one muon

=
1

= energy of other muon

€;12 = angle between the two muons

At e o | AEti; Agzm+ A (88, )
$hen — | =/ [z 5 VP
..‘ - V2

M -
Putting in the errors given above

AW

WV“AM = 2 0.15 as stated earlier.

T

Cost estimate of everything new

60,000 fr.

Iron 85 t at 700 fr/ton

ft

132 56 AUP at 800 fr. 105,000 fr.

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

5%0,000 fr.

Electronics

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 qﬁantit;“;o that probably
very little new would be required.

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

detcctor, but to start with only two telescopes.
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