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tors L, Eqgs. (7) and (8) - would lead to the “intelligent
spin states” of C. Aragone, G. Guerri, S. Salamd, and
J. L. Tani, J. Phys. A 7, L149 (1974); C. Aragone,
E. Chalbaud, and S. Salamé, J. Math. Phys. (N.Y.) 17,
1963 (1976).

Bobserve that in the special case ImC=0, our coher-
ent states include the circular-motion “classical wave

packets” which L. S. Brown, Am. J. Phys. 41, 525
(1973), obtained on physical grounds, for the large-n
case. Also see J. Mostowski, Lett. Math. Phys. 2, 1
(1977), who, using the Perelomov formulation, has ob-
tained wave packets which, for the case of circular mo-
tion, are “similar to the wave packets discussed by
Brown.”
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Recently, anomalous production of dimuons with 7 <600 MeV has been reported in
16-GeV/c m*p collisions, Production and subsequent decay of the tensor mesons f and
A, is suggested as a source for these dimuons.

Dilepton production in hadronic collisions is
currently of considerable interest. At invariant
masses greater than 1 GeV there are narrow
resonances superimposed on a steeply falling
continuum. The continuum is understood in terms
of the parton-antiparton annihilation process pro-
posed by Drell and Yan' and the resonances are
taken as evidence of new quark flavors. However,
a recent investigation® of low-mass dimuons pro-
duced in 7*p collisions at 16 GeV/c has found
dimuon production which does not easily fit into
this scheme. The p and w resonances are clearly
seen, but below the p mass there remain contri-
butions in addition to the known Dalitz decays.

In order to show what signal remains to be ex-
plained, known contributions are subtracted from
the histogram of Bunnell et al.? in the following
way: (i) Their expected (rather than their maxi-
mum) Dalitz-decay signal is subtracted, and
(ii) except for two events per bin all events be-
tween 0.62 and 0.89 GeV are assigned to the vec-
tor mesons. Two events per bin is the average
number found in bins immediately to either side
of the resonances. Fourteen events in the bin
centered on 0.785 GeV are assigned to w, this
number being chosen to give a smooth p peak.
The rest of the resonance events are assigned to
p.

The original data suggest that the p. and w mes-
ons are superimposed upon a smoothly falling
background. However, when the Dalitz contribu-
tion, which is surely present even if not in pre-
cisely the amounts I have assumed, is subtracted,
what remains invites the following interpretation:

There is a flat continuum from threshold to a
sharp cutoff around 0.55 GeV, superimposed on a
slowly varying background of about two events per
bin. The statistics are such that the 0.55-GeV
dip may be a fluctuation, but the data are at least
consistent with the interpretation suggested and
I wish to propose a mechanism which accounts
for this shape. It is difficult to obtain the re-
quired smoothly falling spectrum. In particular,
simple quark counting arguments imply for a
Drell-Yan mechanism
Th-MWX
Tp~- X
(see for example Donnachie and Landshoff®) where-
as the observed ratio® is 1.28+ 0.23.
Given a flat distribution with a sharp cutoff,
what is required is a decay of the form %4 -—h’u*u',
where 2 and 2’ are hadrons with

AM =M, =M, ~0.55 GeV. @)

8

The Dalitz decays of 7 and w have this feature,
but being p-wave decays their spectra near the
upper threshold (where the dimuon invariant mass
ism = AM) are proportional to (AM -m)*/2, A
sharp cutoff requires an s-wave decay (electric
dipole) with (AM —m)'/2 threshold behavior. I
propose that the most important candidates are

It A-wu™ ™, AM;=0.53 GeV,
I: f=p°u™, AMy=0.50 GeV.

This proposal is tested in two stages, by first
checking that the spectra obtained have the right
shape, particularly in respect of the position of
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FIG. 1. Dimuon spectrum. The histogram is the ex-
perimental spectrum, The smooth curve is that pre-
dicted by the theory with equal A, and f production
(normalized to fit histogram).

and behavior near the upper threshold, and then
estimating the production cross section to see
whether these reactions can give rise to a big
enough signal.

Being of the form 2% - 1"y * (an asterik here and
below denoting a virtual particle), the decays I
and II can go via an s wave. The solid curve on
Fig. 1 is the sum of the dimuon invariant-mass
distributions, dI'/dm, for the two reactions,
normalized to fit the data at m=0.4 GeV. Itis
the shape predicted assuming A,° and f produc-
tion cross sections to be equal. In calculating
this curve no account has been taken of resonance
widths.

If the model is to work (and if we assume that
the apparatus acceptance does not bias one to-
wards seeing one sort of hadron more than an-
other), the following condition must hold:

Ecg("-P -~ X)Bh~ h;’u”u‘)
~20("p—=p°X) B(p°~ p* ). @)
The factor 2 comes about because the analysis
of the data described above assigns twice as many
events to the signal as it does to the peak. The

sum runs over all hadron pairs (z;,4;’) contribut-
ing to the signal, and 0 and B denote, respective-

FIG. 2, p dominance model for A,° decays. (a) A
—wmr, (b) A~ wpty”,

branching ratio of the bracketed reaction. The
p° inclusive production cross section? is 4.7+ 0.4
mb. Therefore we require

B(hy—~hy'p* i)
B(p°= ')
The distribution for reaction I cannot be normal-

ized to the A,°— wy rate, for this rate is not

known. Instead use is made of A,°— wn*7~ and the
following simple vector-dominance model. Since
the 71 system must have I =1 and hence odd angu-
lar momentum, it is assumed that the 77 system
is in a p wave and comes from a virtual p. It is
assumed that reactionI is also p dominated. The

model is summed up by the diagrams of Fig. 2.

If the A,° were massive enough to decay to w and

a real p, given®

B(A,’~wr*17) =(9.3+1.2)x1072,

2400 p—~h; X) ~9.4 mb. (3)

one would expect
B(A°~ wu* i) =B (4,°~ wp®)B (0%~ pu* i)

=B(A,°~ wr*17)B (p° - u* i)
~Tx1076, @)

This result would require, for Eq. (2) to hold,
the A,° production cross section to be unaccept-
ably high.

However, as the mass of the virtual p decreases,
the rate to p* i increases (as the y propagator
increases) and the rate to 77" decreases (p-wave
barrier factor), so that

ly, the cross section for 16-GeV/c pions and the I . L(p*—~ pu* i)
* C) = > -ty
B(p*—p'y) T(pr=n"1) B(p=p'w). (5)
The relevant distributions are
dT' (A0~ wr*r7) m = 4my? 132 4m? '
=Nk [ u } LT (p°=ntn" 6
am Yimy:—am2]  (mf—md)? (p ) ®)
dT (A0 = wu*p7) (722 = dom, 2 Jllzm;(mz +2m,%)  dm?
= l—\ ()_. + -
dm Nk tmp? —am,2 ] mi(mZ@+2m,?) (mj2-m?? (0%~ p7i). ™
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Here N is a constant and 2, is the momentum of
the recoiling w. Integrating these and taking the
ratio of the rates gives

(Az"-—wu K)

o .t 8
T'(AC—~wr™n") =32B(p°= i), @

so that
B(A,’=wp* 7)) = 2.0+ 0.6)X10™, )

The A,° is a more prolific source of dimuons
than p° by at least a factor of 3. Indeed, the pre-
dicted width of 20 keV to p* i is greater than any
of the known mesonic dimuon widths.

A similar analysis serves for the f. The hypoth
esis of Ascoli et al.f with which the results of
subsequent experiments’™® are at least consistent,
is adopted so that the f =7 "n11*1~ decay (B =0.028
+0.003)° goes via one real and one virtual p°. The
A,° analysis embodied in Fig. 2 can be repeated
for the f, the recoiling w being replaced by p°.
The branching ratio is

B(f-p°utu) =44B (p°~ ¥ 17) X (0.028 + 0.003)
=(0.9+0.2)x10™, (10)

The f inclusive cross section is® (0.92+0.13)
mb, but that of the A,° is not known. The w
cross section'® appears to be close to that of the
p°, and so a reasonable guess might be that the
A,° cross section is similar to that of the f. If
we take o(f) =0(4,% =1 mb, then the f and A,°
contribution to the left-hand side of (3) is 4.3 mb.
This is a substantial contribution to the observed
spectrum.

Other decays which can give the same shaped
distribution are

II1: Az-',DH-*'IJ-, MIII =0.54 GeV,
IV: &%= fufy, Myy =0.41 GeV,

and negative-parity baryon-resonance decays,
prominent among which should be

V: D,,(1520) = Nu* i, My=0.58 GeV.

Since M, ~M,, according to (7) we should have

Tw-— u u 7)
T(°—~
zO.lI“(A2 —-wu*u').

T(4,°~puu’)= I‘CAZ ~wptp)
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III is to be expected as a decay of A,°, but with
only one-tenth the width of I. Since the three
charge states of the A, can take part, the contri-
bution to the sum in Eq. (3) is 0.3 times that of
reaction I, namely 0.9 mb. Neither the produc-
tion cross section for £° nor its branching ratio
to fr¥n" is known, and so its contribution to the
dimuon spectrum cannot be estimated. An esti-
mate of the branching ratio for reaction V based
upon extrapolations of electroproduction ampli-
tudes gives a value of 5X10™, suggesting, inde-
pendently of considerations of production cross
section and experimental acceptance, that this
contribution is negligible.

In summary, I have argued that a previously un-
considered source of dimuons might give a sub-
stantial contribution to those observed and that
the shape predicted is consistent with the unex-
plained part of the experimental spectrum. This
mechanism can be tested by examining the in-
variant masses of the pion systems recoiling
against the dimuons. Contributions from quark-
gluon mechanisms''*'? are by no means ruled out,
but the production and decay of known hadrons
should not be neglected.

I wish to acknowledge many invaluable conver-
sations with Dr. W. N. Cottingham and Dr. J. W.
Alcock. This work was supported by a United
Kingdom Science Research Council Grant, No.
NG. 01497,

'S. D. Drell and T.-M. Yan, Ann. Phys. (N.Y.) 66,
578 (1971).

2K Bunnell ¢t al., Phys. Rev. Lett, 40, 136 (1978).

A Donnachie andP V. Landshoff, Nucl Phys. B112
233 (1976).

‘3. Bartke et al., Nucl. Phys. B107, 93 (1976).

ST, G. Trlppeetal Rev. Mod, Ph; Phys 48, No, 2. Pt, 2,
S51 (1976).

8G. Ascoli et al., Phys. Rev. Lett, 21, 1712 (1968).
. C. Andersonetal , Phys. Rev, Lett 31, 562 (1973).
8y. Eisenberg et dl., Phys Lett, 52B, 239 (1974)

M. J. Emms et al., Nucl, Phys. B96 155 (1975).

03, Bartke et al., Nucl Phys. B118 360 (1977).

U3, D. Bjorken andH Welsberg, Phys Rev. D 13,
1405 (1976).

2G. R. Farrar and S, C. Frautschi, Phys. Rev. Lett.
36, 1017 (1976).

—



