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ABSTRACT

\ o . o - + -
We show that p - @ interference effects in the =« x decay

¢}

rode can be predicted withoﬁt‘any essential ambiguity. The data vermit th
determination.of the relative phase of the production_amplitudés, in
agreement with the:prediction-of a Regge iodel with exchange degenerate
trajectories.’ The model exﬁlaiﬁs the anomaloﬁsly small width of the rho

measured in colliding teams experiments.
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EXperimentél attempts to positively identify R
1nterference have for several years resembled a search for a needle in a
_haystack. The recent observatlon oy G. Goldhaber et al. 1 of .a sizeable
dip at the o mass in the,diplon mass distribution in
ﬁ+p * ﬁ+ﬁjﬁ++..ié rather dramati¢ evidence_for the.ekistence and magnitude
- of the effect. We flrst show how one can calculate the w - ﬁ+ﬁ ’
amplitude. This has no ess0nt1al am01gu1t1es once one knons the effect
to be larOc. Then we calculate the 1nterference phenomena by means of a
model for the relaulve Dhase of the p ~and w production amplltudes. Our
predlctlons for hadronic and photooroductlon experiments and for
e+é o ﬂ "~ agree well with present data and are summarized in both
/Table I'and Fig. L. The'expgrlmbnual sign and magnitude of ‘the
-t amplltude agree, within a factor of two, with the symmetry
breaklnv theory of Coleman and Glashow.2
| A convenlent formallsm to descrloe the 2% decays of the pQ and w
'1s the mass mixing theory which has beén described by many authors.3 Any

2ﬂ preduction amplitude may be written:

T(po - x+ﬁ-)

PR

by

(1)

(o = <'x")

where the ratrix propagator is given by

-1 | m_ - il /2 -5 |
.[qyﬁ =ml- _ uM=|P P - ' ; ‘
g\t o e T A . : 4 (2>
: -5 o - i.w/e |

A(p) and A(w) are the resneCulve vector meson Droductlon aﬁp71tudes,
the T's are decay amplitudes in the acsence of mass mixing, and m is

the invariant rass of the dipion syster,



-2 : . UCRL-19241

A pfiori, = - {p°|:]o) where u is the electromagnetic
(EM) 'maes operator, is a free parameter. Hovever Coleman and‘Glashow2
have related such matrix elements to the medium strong, SU(3) .breakﬁng;
mass spllttlno of the well—knorn baryon and meson states. This theory
 gives quite reasonable results for the EM mase'shifts of the baryon

octet and decuplet and pseudoscélar meson nonet. They predict

8=~ (p° o)

for the value (x')/{(n') = .018 they determined from the baryon mass

K K

'splitﬁings. They also predlct L*0 - m ¥4 ~ 2.5 MeV which difference is
experinentally measuredh to be 6.3 * 4,1 MeV. This equality between
and the K EM mass splitting follows in the more flexible theory5 which
’-assumes both that' M transformsAlike an octet under SU(3) and that it

¢ .
Oo

N

satisfies the guark model type relation (pluld) =

Actually this uy“e of th2ory is on Ly 1ntenaed to calculate the
tadbole or suouractlon ter; n-the ratrix elements of W One must add
by hand to %he previousvresulte any contributions from low lying

. . | | ‘

1nter*ed1ate sta+e . (For the X mass difference,the 7K - internediate
state will lower the prediction by . an MeV-or so. For & such a term is
abeent as neither pO nor o is blessed with a charge or magnetic moment.
One may however couple fﬁe po and o directly to a photon leading'to the

S | : - | 8
rather thin diagram of Fig. 1.A7 This gives a contribution
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The presence ofwreal intermediate states (xy, mny) will lead to
an imaginary part for 6:. One may use unitarity and the'experimental

bounds” on'the p and m - decay rates to ﬁhe'these states, to find

|Im 8] < 0.5 Mev.
More accurately this is a bound for the full ® - 2r amplitude
1nclud1ng the intrinsic T{(w > T n ) contribution. This is 511 to the

good for it is this full amnlltude 03.5 =8 + (m -1 '; 1Pp/2) T(w

Wthh occurs in the expre551on for S(r b 4 ), the emnlltude to produce two

flnal state pions. . The fact that 5 » 1if - large, must be real is simply

Fao)
L4

Watson*s.theorem that if the mnx intermediate state dominates then
w = 2x must have the same Dhase as =an elastic scattering.
We will not distinguish between 3 __ and & as the T(w) tern

is s0 small. So we have for the production amplitude

S(a'n) = 20 o - if 73 ; .m '-lm YR
o 2 | - ° v

(3)
We now turn to the problem of estirating the ‘phase of A(w)/A(p) -
As we shall indicate shortly, a SLrple Re ge model with some

experirental support implies

/()
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“Alw) .
KT~7 (Real, p031t1¢e nupoer) (%)

(% )

for the reactions x N - (p s w)N . This sign is theoretically

) i 20 P + : s s L =
determlned to be plus ;or.lnc1dent % and minus for 1nc;denu T
Consoqaantlv wve expect a dlp (rlse), of max1mum size at the rass,

“coming. from Lhe Lactor
20 [ ) )"
Iy

) o . . N v . _— - o
for incident  n”. Such a dip and peak have been seen in two different

high statiétics experiments:l’lo
R N T AT A at 3.7 GeV/e; dip (1)
xp-ox'tn at 3 to 5 GeV/c; peak - (1I1)

The present best esﬁimate of.lﬁ(m)/é(p)|. for reaction (I) gives

5 =4 MeV, in fair'égféement with our crudeAestimége.b.Thése data boﬁfirm
the sign pr bdl‘ tions of both e‘v¢=f~° da;eﬁefacy -[sée_Ecn. (k)] and the
~ Coleran-Glashow mass-mixing théory.

A reaction with relatively reél productibn amplitudes 1is

o+ - o) .
ee - (p, ®), where universal vector meson-photon coupling suggests

A(w)/alp) ~ + e
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We therefore deduce a modulating function in the p - pead,

! +f h ’-845-_ip | '?,__ o (5)
‘ w " wfz
‘which gives a shoulder or klnk on the hlgh side of the dipion- p peak.
We understandll that such a shape is seen in the prellnlnary data from
Oréay.'.We note iﬁ passing that the processes xN - Z*an(f) are_glso
amenable to detailed analysislg.in our picture.

Our claim for the.réiative phases of the poiand @. production
amplitﬁdeé is Jjustified by a'simple exchance degeneracy15 argﬁmentQ éince
the production reactions primarily populate the density'ﬁatrix elenent
.poo’ we expect po(w) production to be dpminatedzbyj n(B) exchange near
the forward.difection.lh The mechanisn is'indicated3invFig. 2.a). The
'meson»specffuﬁvsuggests [Fig. 2.bi} that the n and B may lie on'tﬁe sare
trajectory. To apoly exchanée degeneracy, we consider the SU(3) related

reaction,
+ KO At
Kp->K A",

which also proceeds by x and B exchange. ZFrom the absence of s-channel

resonances, we infer that the imaginary parts of the 1 and 3 arplitudes
) ‘ Liag Jo PeIUS

- e s o -ina el
[the phases of which are (1 % e )s respectlvely] must cancel.
Consequently the = and B must lie on the same trajectory, and must have
the same residue functions. The SU(3) rotations back to the reactions

of interest then give the result, A(w)/i(p) cc 21 10
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From the prediction for reactién (i), we obtain>by i;os?in
rotations five other resulfs for pion-nﬁcleon reactions. Allfof ouf
results are summarized in Table I. Quantitative predictions may be ob-
tained.from‘eqns; (3) and (5); and:either the theoretical or e#perimentéi
estimates of the mixing parameter cr o :In Fig° 3, we show typical
predictioné'for TfN-iﬂTTN(*) and for e+etafF1—. We have modulated a pure
' BreitQWigﬁer for simplicityc In our example; the.unadorned'Breit-Wigner_
has [ p = 100 The distribution for the e'e™ > qix  reaction displays -
1) a rho peak shifted toward fhe omega mass and 1i) a full-width at
half—méximum of 80 MeV. Bothvthese'features are séen'in the preliminary
| data from Orsay;ll. Thus we predict thaf colliding beam experiments should
see ah énbmalously sﬁall rho width, The_same shape is predicted for
diffractivevphofoproduction of:rho'and omega.

For reactions with kaons incldent, we cén alsé apply exchange
degenéracy to obtain tﬁe felative production phase,l6
A(u))/A(f) -+ 1. | |

The high energy kaon dataare consistent with the prediction of
eqﬁal‘omega and rho-pfoduction amplitudes. However 1t is not sufficiently
precise tovresolve the'rho—OMegé interference in the two pion decay mode
‘and SO.test the relative phase -of the_ampliﬁudesa The low energy datal7

contain substantial background (¢ 75%) under the rho, and a clean

test is impossible.
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Figﬁre 4 summarizes the wide réhge bf.posSiﬁlé phases of
w)/A(p) obtainable in different expériments. invthe theoretical dream
'of an experiment with infinite statistics we coﬁid hope to use p-w
interferenée to investigaﬁe'ﬁhe,t-dependence of the pﬁaselof
w)/A(p)t Similarly one ééﬁ examine'its»ﬁalue in différent émplitudes by
lobking at various moments of the decaying 2x 'system;.. |
While our rgsults do not embédy any revolutionarybtheoretical _ .
concepts, they do illustrate a pleasing union of'soﬁe‘simble.and appealing
ideaéQ  First we have the mass mixing thebry of. the w’—i‘n+n- amplitude
'itself. _This kind of model was previously faﬁiliaf from the. superweak

. 7 _ - .- o :
theorle'of the CP-violating X © = n n .  The hypothesis of octet dominance

2
for the EM mass splitting relates the mass'miiing paraméter (and thus the.
® ¥>.n+ﬁ ' amplltude) to the K*© - K*+mass difference.r Secondly, we find
exchange degonerate Regge tragectorles.- Thié notipﬁ has received much
.attention lately in both =N and KN scattering,l9 and appearé, by virtue
of'oufvresults, to be.valid in vector meson production reactions as well.
Thirdly, the:relative sign prediction of fhe universalv(po,w) - photon
couplings [see eqﬁ.'(5)] is tested in e+e- > xx.
| It is a pieasure to thank Professof J. D.»JacksOn and Dr. E. L.

Berger for wigdom and encquragement.

We also wish to thank our.éxoerimentalvcolleééues fof their genefosity
with new ana stllT prelwmlnary data. In partlcular, we thank Profescor G.
Goldhaber, Dr. A. R. Clark, Dr. D. G. Coyne, and Dr. W. A Wénzel for .
dlscu331ons. '

A.S.G.'wisheé to thank Professor Geoffrey Chew for the hospitality -

of the Lawrence Radiation Laboratory.
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TABLE I. Predictions of the Inte?ferénce
In Various Reactions
Reaction Exchange Phase (®/P) - Prediction
n+p -’ﬁ+ﬂ+A++ ,B . +1 dip
-n+n .-)n+n—A+ n,B +1 | dip '
> xp n,B o dip ' '
n;‘p ‘..)r(fn—n 7,B -1 peak
it 70 A° ,B -1 peak
T n ->n+ﬂ'Af T,B -1 : -peak .
Kp =1 1 (A,Z%) K, K*(1320) +#1 - { comstructive below
' _ 4 o : ’ ®, destructive
Kn - L7 or +1 above :
Kop - nanT K*(890), K*(1k20) -1 : destructive below
3 + - ol ' o ' -9-W, constructive
Kn -t 1 (AZ7) -1 above
e T ¥ +1 constructive below
I ®, destructive
VA =m0 A

+1 _ above
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If, as is doné‘in Ref. 5, we identify the tadpéle with the

contribution of the A2 trajectory, we predict (pf f) = 0O..
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This diagram was first suggested to us by Prof J. D. Jackson.
The sane diagram has been employed oy M. Courdln (DreDrlnt
1969)‘to estimate the electromagnetlc mixing of rho and omega.
Our results indicate that this will uﬁderestimate the effect.

We use the coupling constants iisted by S. C. C. Tiﬁg, Proc.

XIV Int. Conf. on High Energy Physics, Vienna (1968).

Particle Data Group, Revs. Modern Phys._hlr(l969) 109.

T. N. Rangaswany, A; R. Clark, Bruce Cork, T. Elioff, L. T. Kerth,
W. A. Wenzel (IRL, BerAeJey) reported at Conf. on xx and K=t

Interactlons, Argonne Natiocnal Iaboratory, 1969 These results are

‘preliminary, pendin Understandln‘ of possible biases. Also see;
.Y)- g : D )

for example, S. Maréteck et al;, Phys. Rev. Letters 21 (1969) 1615.
iThe COmpilatidn of J. Pifut and M. Roos, Nucl. Phys. B6'(l968) 325,
dQes not e#hibit strong'features.ét the omega mass. However, because
of the difficulties inherent in combining data from diverse
experixents, wé do not regard this as véry damagiﬁg;

J. E. Augustin et al., Lund Con?efeﬁce, 1969. The sare features are
seen in the DESY phounor0quotLop data (b. Iohrmann, Proc. 1967
International Symposium onlmlectron and Photon Interactions at

High Energies); and iﬁ the ‘*eliminary‘photoproduction databbf the

1

SIAC-~IRL--U. C. Berkeley--Tufts Coll aﬂoraulon. We thank

. K. Moffeit for zringing these data 40 our att entlon.

J. T Dononue, University of I;llﬁOlS ”he51s, 1567 (unnuollsnca/

See also L. Durand and Y. T. Chlu Phys. Rev. Letters lh (106)) 7033

" The exnlwc1v results are unLoruunatQJy incorrect, because the authecrs

ao not conq r the 1”“o*cant issus of the thase of the vroduction

arplitudes



15.

6.

7.

13,
19.

L. Wolfenstein, Phys. Rev. Letiers 13 (195%4)

~11- R . UCRL-19241

R. Arnold, Phys. Rev. Letters 1L (1965) 657.

This is confirmed by detailed fits.» See. G .C. Fox and

L. Seruorlo, Phys. Rev. 176 (1968) 1739,

We.reallze that the’31mple n - B Regge pole model does not fit
the data quantltatlvely. (See the contortions performed in
Re;. lh ) Hovever,Aexchan e'degeneracy s such a general

Dhenomenon that we can reasonabe'hope our phase prediction will

survive complications, such as cuts. Further, our predictions only

hold in the intermediate energy(range:(as in Ref. 1, for exahple)

where the B exchange eontribution dominates omega production.

" ‘The exchange degeneracy predlctwon is not unlquely spec1L1ed for

these kaon reactlons. One must also assume_that both members of

the exchange degenerate pair have the same F/D ratio at the

baryon-antibaryon vertex.. This can be eetablished'by using

factorization plus exchange degeneracy in Laryon-oaryon reaction.

(see R H. Capps Purdue pren*wnt 1969, "Exchange Defeneracy and
2 2

_SU(3>" )

For example, S. M. Flatté et al.,_-hjs. Rev. 145 (1050) 1955.
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C..Schmid, Lettere al Nuovo Cimento 1 (1969)
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FIGURE CAPTIONS
Fig.l. Simplest diégrém-for bw - po, ffom‘which thé‘intrinsic mixing is
- estimated. | o
Fig.2; a) Regge exchénge diagram for the productibn of po or @ in
nN collisions. b) Chew-Frautschi plét of the péétulated ﬁ - B
trajectgrj. Wé assume thé’ ﬁA(l6hO) 4o be the first ré;urfenpe
- of the_pion. | |
Fig.3. a) Typi#al pfedicfions_fdr_ 7 - £+ﬁ—N(*): 
.8[A(w)/&(p)1 = -2,0, + 2 for construétive, no, and déstructive
interfefence.v.b.)_Resulfs fof  efe” o K+ﬁ;: 5= + k. |

3 L o . 0 . s
Fig.k. Suwmary of the relative phases of o and p  ‘production amplitudes.
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