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1+ INTRODUCTION

The process which we wish to study is the production of

o

+ - . . . . . .
(e"e ) pairs in pion-nucleon interactions, i.e.
N +
7T+ N->e +e + N,

The corresponding Feynman diagram is:

o

(DIAG A)

Such an investigation has many interesting aspects which we
will try to summarize in the following paragraphs.

i)} If the dispersion integralsof the nucleon form factors
contain dimportantv contributions from a non-resonant background, this
will show up directly in our experiment by the fact that e'e” pairs will
also be observed at q® values other than those at the p, w and ¢ peaks.
As is well kﬁown, "pole dominance" is extremely appealing because of its
simplicity, and consequently people involved in this field prefer to

maintain this working hypothesis until there is evidence to the contrary.
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The best it obtained by Lsssam and Zichichi shows {that the non-resonant
background can be maintained as low as 5%, It is obvious that the
observation of a large non-resonant background, which could also be q?
dependent, would be of tremendous importance for what would turn out to

be our present misunderstanding of nucleon form factors,

In the following we will limit ourselves to the case of "pole
dominance' in order to show that il "pole dominance” turns out to be
true, then very interesting problewms in our present-day physics can be
. investigated.

ii) If the dispersion integrals of the nucleon form factors
are dominated by poles, then the structure of the box in DIAG A is the

following:

™ 67( ¢ W

}*/ A N ﬂ
® 7

(DIAG B)

. . . + - . . C s .
that is, the production of (e'e ) pairs with high time-like q2 values
will proceed essentially via thiose intermediate states which are the

known vector meson resonances: p, w, Q.
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This will allow us to check that the known vector mesons
(p, w, ) play +the role which we think they play in the clectromagnetic
structure of the nuclcons, . As this point has been fully discussed by
one of us in a recent SR scminar, we will not illustrate this point

“further.
iii) The measuvrement of the (w-¢) mixing angle.  The physical
particles @ and ¢ arc belicved to be mixturces of a pure SUs singlet wo
. th - .
and a pure 8 member of an SUs octet We, 1.C,

+ wo sin 8 .
[

¢ = Wsg COS Go

]

(This cannot in fact be considercd as a measurcment of Gs, but is rather

a way of adjusting the mass formulas)

An independent way of determining @S has becn suggested by

Sakurai, ramcly that of comparing the experimental width of ¢ - K + K, F¢AK§9

&
(_:_
&
-
@
@]
:

nc predicted frem the mowledge of T'p and FK"‘ s the two widths are .

P e = cos® O eI e
¢~KK s "wg~ KK ?
since the unitury singlet wo camnot contribute to the channel KK, In
Tfact, wo can only be coupled to a symmetric bilincar expression involving
the two pscudoscalar K's which conseguently cannot be in a state with
Jd =1, The valuc of ©_ deduced in this way is less accurate than that
[}

obtaincd from the mass formula but is consistent with it.
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The mGQS'rém;nt‘ox she mixing angle using the ete decays of
0 and ¢ depeﬁds upon th@lfact that the SUs zinglet wo is not coupled to
the electromagnetic field., If this is truc, the mixing angle @S, is in
fact obtained by mocasuring the ratio

_ Y ,
o= il,t,um o cot? O o
Em

w - €

(The suffix Il indicates that the mixing angle @s is measured using

eleetromagnetic channels instcad of strong channels., )

There are two possible reasons why the mixing angle, 8.
T O=F2 TR ?

measured "elcctromagnetically™ could differ from O _:
~

a) The possible cxistonce of the "charm® quantum number,  If this
quantum number werce to exist, the Gell-lMann- Nishijima rclation
would ‘contain ancthor additive term and consegquently the electro-

magnctic current would be

g~ s+ f/.‘;, + 2 and not
3 3 ' ‘
Jd ~Js + ii as has been believed so far.

CIi ’\/'3

The clectromagnetic field would then be able to couple to the

singlet woe and thercfore give

+ - cos B + X sin © |2
- 00 P = 2
9 el I Qoﬁz UP" = 8 ) 1 % OOt» @s .
- . B . P
w~>e e ' - 5in © + ¥ cos O !
| S sl

Noticc that if X = 0, i.c, if the "charm® quantum numbcr is not

associated with the we then -

cot? ©_ .= cot® 9 ,
IhLi 3

. o a0
and we cxpect to find 0., = 337,
1
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b) The possiblc cxistence of the "A" quantum number,  Brouzan and Low
have proposcd the exwlstence of a special sclection rule for bosons
which originatcd the conserved "A" quantum numbcr, If this

selcetion rule is valid then

w>y  transitions arc forbidden

while
>  transitions arc allowed.

The suppression gencratcd by the A" quantum number is believed ‘o
be a factor ~ 40, therefore wo would cxpect @LH 0°. Concerning
the validity of this "A" gquantum number no clecar-cut cxperimental

s at prescnt. For instance, the n decays can be
oxplained according to Okubo, without any nced for the "A" quantum
numbcr conscrvation, by actually working out the detailed matrix
clements for cach channcl. This, on the other hand, nccessarily
involves model-calculations. Nevertheless, the fact that by using

9

a rcasonablc model it is possiblce to cxplain factors as large as 100

o2

between expceted and cuscrved ratcs casts much doubt on the existence
of the "A" quantum numbcr. Rccently the missing dccay mode (£ 3%)
to nm of the Ar moson was shown by Glashaw and Socolovw to be con-

sistent with thelr cxpectations without any "A" conscrvation.

~

. .. ) _ 60
It is clcar that if we measurc OFM ~ 387 the "AY gquantum number
LAl

has to bc disrcgarded.

iv) The compariscn of the ‘clectron™ and the “muon™ channcls
allows a check of the cquality of the cleetromagnetic coupllnf of "u¥ o
and "o" for a range of time-like ¢® from 0.56 (GOV/% 1. (GeV/e)?,
In this conncction it i3 interesting to point out that a rcpetition of
the large anglc e+e— photoproduction expcriment by lidlstry ct al., sccms
to confirm the results previously obtaincd by Pipkin ct al. (Privato
communication from J. Steinberger). This result implies the czistence
of a M"non-locality" associated with thce "clcetron” which is as large as
(0. GeV/c)? .

& E"pected on the basis of phase space and the presence of y-rays in the
final state. +

'"In fact the production of (e e ) and (u uu) pairs with large time~like
q values should be identical over all the range of q? values obtainable
with present m, N beams. See also Appendix III,



2, THE ERLUHN STATUS CF THE PRODUCTION
OF VECTOR IMES0NS AID THEIR LEPTONIC DMCAYS

we will briefly review whet is known so far in this field.
Table 1 showg the theoretically expected branching ratios of the o,
w and p mesons, the present experimental results, and finally the

expected rates for the present proposal.
The following points concerning the decays are to be noted:

i) The "electron" decay of the p is practically unknown, while the

"muon" decay seems in good shape.

ii) The electron decay of the w is poorly known. Notice, moreover,
that the theoretical estimates reported in Table 1 do not take
into account the possible depression factor due to the "A" or
"Low" guantum number., As pointed out before, this could lead
to a depression by a factor of 40 relative to the expected

branching ratio.
iii) Hothning is known concerning the ¢.

This lack of knowledge is not an accident but a serious con-
sequence of *the way in which ¢'s are produced in nature, In fact the
expected leptonic branching ratic of the ¢ is an order of magnitude

higher than that of the w or p.

2.1 Production of p, w_and ¢

. \
Here it should be noticed that until now ° nobody had observed
the production of ¢'s in pion-nucleon interactions. he ¢'s are known
' ! - ° + -\-r::: .
to be produced by X , and the upper limit for 7 » = ¢l is 10 pbarns at

3.65 GeV/c pion momentum.

Aftoy writing the present proposal we have received a_communication
that Q ~Wuﬂu0Lloa hes becn obscrved in the reaction 7 p = oN with
o /G < 107" for a pion momerntum ranging from 1.57 to 2,22 GeV/c.

Notile that this value is in good agreement with our value assumed in
Table 1,
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Another limit is

TS G e -~ Y
TRITRO L4 o% sy b = 5.7 GoV/e

TP PT LW

=

"igure 1 chows the variation of o versus F_, and in
> PN T

Fig, 7 the cross-section for p production is shovn,

From the above discussion it follows that the first step

must be the study of the production of ¢ in 7-N interactions in order

to establish definitely the feasibility of that part of the experiment

concerned with the measurcient of the (w-¢) mixing angle, The method

N

is discussed in Appendix IT,

Tili PROPOSED SET-UP

The principle of the experiment is as follows:

The p, @ and ¢ will be produced in the reaction

oL
7 o+t w ;+ I
o J
| -
¢ s ot
! Lo : ) ns il - ) + - L i)
s0 the particies in the final state will be e ¢ and neutron. e
a 3

have alsc studied the possibility of looking at ¢'s produccd. in the

. - 0.0 s . .
reaction X + p =+ ¢ A" butl this docs not look very encourag;ng.)

3.1 The ncutron detector

Figure > shows the ncutren time-of-flight as a function of
the neutron laboratory angle for various missing mass valucs at 3.0 GoV/c
incident pion momentum. As'may be scen frém the curves a displacenent
of the neutron counter by ~ 11° is sufficient to vary the mass sclcction
from ¢ to w, The angular acceptance of the neutron counter in the ¢

position will bo from 38° to 48°,



Ono possible type of neutron counter which we would like %o
use is a six-layer scintillator structure viewed by twe photomultipliers
which dctermine the azimuthal angle and by twelve photomultipliers
which determine the polar angle and the time~of-flight using the Charpak-
Dick~Feuvrais technique, The dimensions of the detector will he

60 cm x 40 cm X 30 cm.

The resolution in mass of this neutron detector is a result of
time-of-flight and position resolutions. The latter is also a time
resolution sincc we usc the CDF technique. We are aiming at a time-of-
. flight resolution of 0,3 nsec which corresponds to Am = 7 MeV, The
spacial resolution aimed at is * 2.5 cm over a distance of 2 metres,
ise, AD = * 0.70 which corresponds to Am = 10 HeV. The total mass

resolution is therefore
Am = £ 12 UeV

Total acceptance: 0,3 polar i

J 0.15 total angular acccptance.
C¢5 azimuth

Efficiency (averaged over the range 100 to 400 eV kinctic cnergy)
= 30% .
. Praction of neutrons detected

= officiency x acceptance = L.5%.

342 The clcctron detector

Considerable cxperience has becen gained during our previous
experiment (pP - ¢8) in the selection of clectrons in the presence of a
high pion background. Particularly simple criteria may be used to
attain a rejection power of 5 x 10™* in the cnergy interval 1.0 to
2.5 GeV,  Thesc detectors have been fully described in a published

paper and will not be described further here.
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For the above ncubron acceptance the ¢ momenta and angles lie
between 2.8 GoV/c et 30 and 2.2 GcV/b 2% 210, vhich gives us the
excellent possibility of triggering on the condition that the total
amount of cloctromagnetic cnergy must be greater than 2.2 GeV.  Tor

s . ; . 0
the mean ¢ womentum, *the minimum opening angle of the clectrons is 45

g

and the distribution in opening angle is such that 75% of the cvents

.

. 0 -0
will have opnening anglcs between L5 and 60 .-

-

It is intended to add to our PAPEP detectors two gas
Y .
Cerenkov counters between the first and sccond dircction-defining
chambcrs in order Go give further rejection and reduction in trigger

rate,

The mean acceptance of the cloctron detector is 30%, and by
incrcasing the thickness so as to improve the cencrgy resolution we
expcet to obtain high cfficiency.

“We have considercd the possibility of a magnetic analysis of
the electron pairs but at present this complication does not scom to be

necessary.

sriacntal layout

Pigure L4 shows the side view of

the experimental sct-upe.
The target is 30 cm of liquid hydrogens. The eclectron dircctions are
defined by thin-plate spark chambers placced 40 cm apart in front of
the elcetron detectors. The ncutron detoectors are mounted at a mean

.0 . . . . : .
angle of 45 at a distancc of 2 motres from the target. They arc six

s
in number and span 50% of the ncutron azimuth {(sce Fig. 5).  Appendix T

discusscs the choice of ncutron counter geometry.

Pulse-hcight analysis is carricd out in the counters M to
ensure that onc and only onc particle cnters each electron detcector.
A 20 cm diamcter beam veto counter is placcd immediately before the

clectron detectors to veto non-interacting beam particles and some of
the unwanted interactions, An annular veto counter shiclds the clectron
detector from the halo of the beam. ot shovn on the diagram is a sct

of crosscd hodoscope counters to select cvents witihh fixed opening angle,



-1 -

the veto counters which are placcd in front of the ncutron counters,
and the hodescope of beam counters which determine accurately the

inciden’ particle momcntum,

L, EXPYCTED RATE AND BACKGROUND

Rate :: Nw X NA X Joj X ¢ X 0 X R X €n X €

=107 x 6 x 107 x 7 x 1072 x 30 x 3 x 10727 x 10™* x 4.5 x 1072 x 0.3

where

Nﬂ = maximum beam rate = 107 w/burst  (10'? circulating protons)»
o0 = production cross-scction = 3 mbarns

R = Dbranching ?atio :.10'4

p¢ dis the surface density of hydrogen

€n and €, are neutron and clectron total acccptances.

This gives a ratc ol 2200 ovonts/ﬁay w7ith maximum beam,
10™* branching ratic and 3 mbarns cross—cscction.

In the final column of Wable 1, rates arc quoted with the more
. realistic figurcs of 5 x 10'! protons/burst and 30% of these on target 1.
Turther, they are calculatcd using the theorctical branching ratios and

reasgonable production cross-sections.

Lol Trigger rate from spuricus events.

The electiron detectors give a trigser from a 7 or K pair with

.

(5 x 1072)2  without total energy discrimination. From experience with
similar conditions in the PAPEP experiment, we expect a further factor

of 10 from the total energy discrimination. Ve estimate a factor of 10

for the combined effects of the beam veto counter, the single particle
selecting counters, the gas Eérenkov counters and the kinematic sclection. It

will be seen that even without this extra factor the rate 1s reasonable.
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The neutron trigger will restrict the missing mass to values
(& 1) o

around the resonance for which we are looking, It is therefore

NN

zer will come from the strong two=body

<

expected that the main
decays of the resonances. The spurious brigger rate will then be:
Yot vy 4o ) . . N2l T e L =1 . d
(kinematic) x (electron detector)® (total I.H, energy) x R™'x event rate =
107" % 2.5x107% x107! x40t x 7.6x107¢
X 2x107% trigzers/burst

(el

= 1 trigger/20 minutes .

Le+2 DBackground ratve in the chambers

Take total mp cross-section = 20 mbarns.
— N . 4 2 4
Mumber of interactions/burst = 3.8x10%,

Pion multiplicity x duty cyecle = 10 (say), so we will have
5 o . B 3
a total rate 3.5x10° particles/sec in each chamber. For a given good

event, the probability that another interaction will take place during

intended to overcome this by displaying the first few electron detector
counters on a slow oscilloscope so as to recoznise when double events
occur, In this way we expect to losc less than 5% of the events

becausc of ambiguous double events.

5e REQUECT FOR MACIINEG T

. AND BEAN RO

o0
£
D

Six wecks are requested for setiing up and measuring the pro-

duction of ¢, w and p,

<

The request for run-time will be made afver these tests.
The bcam requircments arc 305 to L0% on target 1, at 19.2 GeV
internal beam momentun and 300 msec flat-top. The external beam

required is myg with beam momentum variable ur to 3.0 GeV/c,
- £
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Appendix T

Angular distributions and polarisation states of the vector mesons

The cylindrical symmetry of our neutron detector is designed
in order to produce a zero mean polarization of the vector mesons.
This is important for a comparison of the ¢ and w branching ratios

because they may be produccd with different polarization,

The variation of the neutron counting rate with the neutron

azimuth will allow a mecasurcement of the product oP

naramcter of the angular distribution
iy (&)

R
]

polarization of the vector meson

I

where N~ 1 4+ 4 cos®e
a0

L 3lar|? + 3la-]® -
1= |as]? - [a-|?

where Ar are the helicity il amplitudes.

Figure 6 shows possible decay distributions for « = 1,
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Aﬁgendix IT

Scarch for o producwvion in pion-nucleon intecractions

It is intended that this search will also be a test of the
perforuance of the prototype neutron counter and so this is used as

described in the main text,.

The ¢'s will be detected using the decay mode K+K— and usec
will be made of the low Q-value of this decay. Figure 7 shows the K
opening angle distribution for ¢ encrgics corresponding to the range
spanned by +the neutron counters. Seventy per cent of the decays have

. cyq s 40 .
the opening angle within % of the maximum value,

The main background in this distribution comes from three
pion events with invariant mass near to that of the ¢ mass,. In order
to estimate this effect, the decay ¢ - 7 at 2.5 GeV/c was simulated
by Monte Carlo. Onc hundred and seventeen decays were used and the

shaded squares show the tail of this distribution.

Thus, about 2% of the three-pion events are able to simulate

B L. . . . . ~ . . . .
o > KK, It is kinematically impossible for +two-pions with invariant
mass near that of the ¢ Ho simuiate the ¢ decay. The problem of identi-
fying the ¢s is then by th's technique very similar to that of identi-

fying o' 's in mormal mivsing mass speot

tromctry.

. e -+
In order to be surc of scleceting KK pairs, a K detector

will be used.

e e
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Appendix ITT

Two photon diagrams and related speculations

Throushout this paper we have nceglected two-photon diagrains

such as DIAG G on the basis that, for these types of disgrams, no
3 b

enhancement mechanism is known so far that will overcome the factor of
a ~ 107% which they possess relative to DIAG A because of the second
gamma ray.e The interference term with the one-photon diagram vanishes

for our present experimental conditions of observation.

This is equivalent +to saying that the observation of an (e+e_)
pair is considered as the signaturec that a time-like photon has been
produced, i.e., a "hadron' with quantum numbers JPb =1 ,and I = C,

1 (G = #1) has transformed itself into a time-like photon.  All the
Py

"unphysical region® camn be scanned to look for such states; this scan-

l 1

ning corresponds in fact to a complete investigation of the spectral
functions entering in the dispersion invegrals of the nucleon form
factors, If this swectral functicn were found to be not very small
outside the ¢, p, w poals (i,e. 1little or no pole dominance), then we
would proposc to investigate the Ou channel in ordcr to compare ee and
pp results. In this comparison, all complications from strong inter-
action physics disappears and we remein with a clean investigation of
it

the electromagnctic equivalence between "e" and "u" for a large range

of *time-like ¢Z,

If the rates for lepton pairs produced in (#l7) interactions
turn out to be cencouraging, the study of the interfercncce term between
one-photon and two-photon diagrams can be undertaken by distinguishing
the sign of the charge of the leptons. If the interfercnce term is not

small this is a way of:



66/197/3
p/Jmf

-~ 49 =

i) studying the o dependence of the two-photon contribution

in the nucleon form factors and

ii) by comparing ¢ and iy channels to investigate the point-
like behaviour of "u" and "e" propogafors. In fact, when we limit
ourselves to onc-photon diagrams we only check electron and muon vertex
functions. As 1s well known, vertex and propogator arc related by the
Ward Identity. Present evidence could be interpreted as indicating that
there is a possible deviation from point-like behaviour for the electron
propogator and probably no deviation for the electron vertex.‘ It is not
impossible that a breakdown of the point-like interaction botween lepton
and electromagnetic field would also violate the Ward Identity leaving

the deviation from point-like behaviour entirely in the propogator.

[

References

Particular poferences will be supplied on request,
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Tigure Captions

1+ Showing the cross=section for the production of w in the reaction
T + P = w+ N as a function of the laboratory momentum of the pion.
2. Showing the cross-scction for the production of p in the reaction

7 + P = p+ N as a function of the laboravtory momentum of the pion.

3, Showing the relationship between the ncutron time-of=flight and the
neutron laboratory angle for various values of the missing mass X in
the rcaction 7 + p > ° 4N at 3,0 GoV/b incident pilon momentum.

The ordinate is the timo—of—flight/hotre - 3433 nscc/m, The missing

mass values uscd werc
¢ = 1020 lieV, n__ = 960 oV, o = 783 licV, n = 549 MeV.

The rangs of, for example, the ¢ curve which is accepted by our sct-

(S . . )
to 48 indicated by the "boxes',.

icw of thc sect~up. The beam crosscs a hodoscope (not shown)
which defines its momentum, passes through a veto counter to remove
"Halo" and cnters a 30 cm long hydrogen target. Thin plate spark
chambers define the clcoetron directions,and scintillation counters

arc used to select only events in which onc particle enters each

electron dctector. A velc counter, immediately before the electron

-0 .

U S TR S O,
actector veoces events ac legss than 127 an

L electron detectors

are similar to the ones used in the PAPLEP experiment., A hodoscope

to recognise events vwithin a fixed range of' opening angle will be
placed betvween the thin plate spark chambers and the electron detector,
The ncutron counter consists of six layers of gcintillator viewed col-
lectively by twe photomultipliers in the azimuthal direction and by
srelve ohotomulvipliers in the polar direction. “he veto counters in

front of the ncutron counters are not shown.

5. Showing the end vicr of the set-up.
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the oxtrene Types of angular dlstribution of the decay

Cw
<

°

electrons in the laboratory systoenl. The veetor meson 1s produced
th a polarisation porpuendicular to the production plane (top

ran) . The tio oxtreme ansular distributions are sin® 0 and
cos” & where O 1s the angle betvween the veotor meson spin direction
and the decay eluctron direction. Thece are slotched, distorted
by the Lorentz wransfoimation, in the left and right lowoer parts

of the diagram, and show how the veebor moson spin should be
oricntated relavive to the tuo clectron detectors in order to have

the maximus detection eflficicncy.

‘..

. . . : -
7. Showing the opening angle distribution for ¢ - K KX for ¢ momenta

of 2.0, 2.5 and 3.0 GcV/c. The line marked 707 indicatcs the

; N } o T ]
region containing this fraction of tho decays for the 2.5 HeV/c

curvc.  the shaded squarcs indicate the background cxpected in
this region of opening ansle from final states of the rcaction

—

T+ p >n+ 37 at 2,5 GeV/c,  Roughly, the smallest square rep-

rescnts 1% background.
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FIG. 3

Neutron time of flight spectra in
(L CY nsec/m TT+p->N+X at 3.0 Gev/c
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Fig-7 Opening angledistribution for <{>—>k+ k

A Mg= 30Mev shifts these curves by ~4°

aN are the eventswhich fallin this region from 117 25Gevic ¢ —»
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