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DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California.
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This ar_tiéle is based on the lecture notes prepared by the
“authors for the 4th Anniversary Symposium on Resonant
States of Elementafy Particles, held at the Institute of
Mathematical Sciences, Madras, India, on January 3 to 11,
1966. Due to unfore.s_een circumstances these lectures

‘were never presented,

The article is to be published in-the Proceedings of the

4th Anhiversary Symposium,
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The A ‘and K>'=‘>'<(1320) Phenomena--,

K1nemat1c Enhancements or Mesons'?

 Gerson Goldhaber and Sulamith Goldhaber*

Lawrence Radiation Labor'atdry and Department of Physics. -
University of California, Berkeley, California

March 1966

INTRODUCTION

In this article we discuss the similarity, down to some very fine
details, between the well-known A1 phenomenon and the more recently
discovered K (1320) phenomenon, We wish to point out that this similarity
is truly remarkable and can hardly be coincidental,

We will try to present the pros and cons, to the extent they are
known to us, for the assignments of ""kinematic enhancement' or "meson"
to the A1 and K%*(1320) respectively. In view of the similarity between
them we feel that when the ultimate decisions as to their identity can be
made they may well turn out to be the same type of physical phenomena,

namely either both kinematic enhancements or both mesons.

% 4 . .

Deceased, Sulamith Goldhaber g} died suddenly on December 11,
1965. At the time she was holding a Guggenheim Fellowship and the appoint-
ment of Visiting Professor at the Institute of Mathemat1cal Sciences in

Madras, India.
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I, THE EXPERIMENTAL. EVIDENCE FOR THE 'Ai- PHENOMENON

Before we comment on the subtle features involved in the Aﬂ'let us
‘review the current evidence for this: phenomenon. The A, has been observed

in four distinct: experimental situations, These are:

(a) High momentum, 12 to 18 BeV/c, m interactions with complex nuclei
in a heavy'liquid bubble chamber,

{b) The reactions
‘ + 0
TP T p TP
in the momentum intervals 2,75 to.4 BeV/c observed:in hydrogen bubble

chambers,

(c) The reaction
T N . - 0"
TP opoT pat 8 BeV/c and m p—>p'm p

‘at 6 BeV/c in hydrogen bubble chambers.

(d) High momentum, 17 BeV/c, 7 interactions in.photographic emulsions.

We will now consider 'these.groups of experiments in turn:

(a), In a series of experiments studying the'-.‘r'rfTr‘;T‘r+ production,
without visible nucleon excitation, using: the Ecole Polytechnique heavy" hq—
uid bubble chamber at CERN, Allard et al. have observed a very marked
peak in the wTr ! mass at 1.08 BeV, Furthermore, they. find: that if they
limit their sampile to.events with low four-momentum transfer to: the nucleus,
nearly the entire A peak:is associated with p0 formation:(see Fig. 1).

0 discovered.in-the exper-‘

This is-in-accord W1th the decay mode A >t p
-iments with hydrogen, 2-4 ‘No -apprec1able A2 formation--ie_ observed.in the
-data on complex nuclei, '

~{b). In Fig. 2 we show a recent corhpilation:of the data in.the 3- to
4-BeV/c region. For these data events with po formation have been:-se-
lected and the N et band has been removed, Here both the A .andvA2 peaks
are observed, although A formation.is: much more prominent than- A1 for-
mation., Figure 3 shows the data of Alitti et al ~(SOBB Collaboration) at
2,75 BeV/c, which is not included in-the above compilation., Alitti et al,
also,have'reasohab'ly, good evidence for the p "’ decay mode as well as the

pow- decay mode of both the A1. and 'AZ,, If one were to.characterize-the
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16 GeV/c m on Nuclei

e ECOLE POLYTECHNIQUE, CERN, MILANO,
| SACLAY u c BERKELEY
8ol ]

T*M-T- Effective Mass

yoll ___Allevents (989) ]
! ... Lowgevents .
e LOW 9 events with§

: .
|
ﬂUu{J :
?/iﬁ ‘W w
1.5 Zﬂ | 30 M3-H'Ge\/
MUB-9849

Fig, 1. The three-pion mass distribution from the heavy-liquid |
chamber experiment,
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Fig, 2. Compilation of the i p® mass distribution from the available
data in the 3- to 4-BeV/c region. The N*t+ events have been
removed in these plots,
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Fig. 3. (upper) The w n n' mass distribution from the 7 p inter-
~action at 2,75 BeV/c, The shaded area corresponds to pm”
events, : '
(lower ) The 7~ + missing-mass distribution. The shaded area "
corresponds to Tnm events,
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AT phenomenon in the 2. 75- to 4-BeV/c momentum interval in:words,. it
could be described as a broad ''pedestal ranging roughly from 1.0 .to 1.4
"BeV in the ot p° mass, - At the upper end of this pedestal sits a very prom-
inent A, peak at & 1320 MeV (although the 6-BeV/c dat.aé-suggest
M(A,) =1290 MeV and the 8-BeV/c data M(A,) = 1280 MeV). At the lower
end of the pedestal a less prominent’ A1 peak at = 1080 MeV may. be noted.
(c) The fr+p 8-BeV/c data, 7 taken at face value, appear:to give two
very clear-cut peaks, A1 and.-AZ, of nearly comparable intensities.and with
a very definite separation between them (see Fig. 4). On the other hand the
very recent data of Barnes et al. , T paté BeV/c, 6 with about half as:many
events, do not show any evidence for a distinct A1 peak (see Fig. 4).
Although the statistical accuracy of the two experiments-is such that we are
not really dealing with a serious discrepancy, it does-make one wonder,
however, whether the truth might not lie somewhere in between.

. (d). The data of Bozbki et al, 8 from photographic emulsions are
given in Fig. 5. - These data show avdistinctvthree-pion peak, The data
confirm the production .of a peak from interactions on complex'nuclei, and
are compared with a diffraction dissociation model. 9 No -information is

-a.va11ab1e from this experlment on the finer detalls we:shall discuss:subse-

que ntly.,

II. THE EXPERIMENTAL EVIDENCE
FOR THE K* ‘(1320) PHENOMENON

she ale

Indications for a K'M‘(1320) enhancement were first observed: by
. Almeida et al,»io.in‘the K+p reaction at 5 BeV/c. The effect is strongly
reminiscent of the A enhancément. It was observed inthe reaction
'Kfp - i{+ﬁ7ﬁ+p. |

One observes no striking enhancement if one looks at the entire
K_’-Tr_frf-mass distribution. However, if one selects the events with-the
‘K+1T- in-the ‘K*O‘_(89O) band one observes a clear-cut band on a Dalitz plot
for the "three-particle'" system K*o ﬁ+p, Furthermore, the projection of
this Dalitz plot on-1:he'K>.k0 77 mass axis shows a peak centered. at 1320 MeV,
when the N*++ (1238) band is removed. Here the K‘*o is the SU(3) analog
of the p?, which occurs in the case of the - Ay enhancement, Figure 6 shows
the data of Almeida et al., who obtained 41 events i_ffﬂ the above two selec-

tion criteria were applied.
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& Fig. 4. (left) The wp mass distribution at 8 BeV/c incident ' momen-

tum, This represents the strongest evidence for a sharp A peak,
(right) The same distribution from the w p interaction at 6 BeV/c.
In these data no evidence for the A1 was observed,
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Bozdki et al.

17.2-BeéV/c 7~ on emulsions
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J
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© 'MUB-10190

Fig. 5. The distribution of the effective three-pion mass for 142 events.
The smooth curve is the effective-mass distribution predicted by the
diffraction dissociation mechanism,
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Fig, .6.
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The initial evidence for the K**(1320), _ o
The K'n™n" mass distribugion without K* selection,
The Dalitz plots for the K m'p events.
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In our own Work11 with K'+ p at 4.6 BeV/c,»b obtained from a run
‘with the 80-inch Brookhaven National Laboratory hydrogen bubble chamber .
exposed.in a separated K+ beam at the AGS, we have observed a very sim-

ilar effect based on 10 times the number of events, viz., 421 events- after

the same selection criteria are applied. (These data were first presented
at the- 1965.0xford Conference). A

We have studied:the two reactions

' +p -~ K+TT—1T+p (997 events), (1)
—>7 KO 11'0 11'+p . (454 events). (2)

In (1) K (890) is produced, while in (2) both K °(890). and
K=:=+(890) are produced. Figure 7igivesthettiangleplot for Reaction: (1).
Figure 8a and b shows the corresponding Dalitz plots for Reactions (1) and
(2). Here for Reaction (2) both versions of K*(890) are chosen, The pro-
jections in Fig. 8 show the [K*(890 'rr]+ mass squared and mass distribu-
tions for Reactlons (1) and - (2) separately as well as the combined. mass dis-
‘tribution. We observe a very. distinct and sharp peak at 1320 MeV W1th
I" = 80 MeV in both Reactions. (1) and. (2).

- Jongejans also. presented data at the: Oxford Conference from K P
at 3, 3.5, and 5 BeV/c (De Baere et al 2). The numbers of events for
Reaction (1) after apply1ng the above: two selection criteria were 102, 130,

-and 214 respectively, for-the three: moment;a De Baere et al. concluded
from their data that the Kwﬂ(1320) must be a kinematic effect, because they
found that the location of the center of the peak-moves.as the" K" .incident
momentum changes. From Fig. 9, the central masses of the observed
peaks (as read off by us) for the three incident momenta are = 1225,

= 1350, and 1225 MeV respectlvely. 3The variation: they observe does not
appear to show a consistent trend and could. thus: be in part statistical,
Although these‘ data certainly favor. the kinematical interpreta.fi_o_\n, we feel

- that it is not fully conclusive just on this evidence alone. For -example, it
is conceivable that the 'K**(1320) gets produced only above 3.5 BeV/c in-
cident momentum, | We thus feel that more data willbe-needed to setfle

this point.
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Fig. 7. In the triangle plot for the reaction K + p-K +7 +7 +p at

4,6 BeV/c, the K*"‘(1320) phenomenon corresponds to the K (890)
" events found in the vertical band outside the N1 horizontal band,
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+
K'p 4,6 BeV/c
K*+p > K'+ v+ 7t 4p .
- T " T T T T T 259 events, K*® in, Combined
K*+p—K*+r=+z*+p K*+p —= KO+ z*++704+p N**"*out N - s
(0) 0.84sM(K*7r™)s 094 BeV |(b) 0.84sM{KO#0)s0.94 Bev, 30 K*+p = K¥+ v +nt+p
or 0.845 M(KO»*)s0.94Bev (e) = KO +nO+7*+p
6.0 — + —
i r ] 20r 421 events, all K* N* out
+0 ]
[ 1oF
a -
= 60
o~ —
=

[¢] + + + +
K"+p - K°+1y"+1r°+p

Events per 0.04 BeV

20 + 162 events,
20+ . * . 40}k
‘ . ther K*in,

o {c) N* band removed (d) N* band removed eiiher N* ::" (g)
g 259 events - 162 events N | ’
s T (£)
5 10— ~—
a 20+
o |0~
c -
8 uﬂ-ﬁ[ﬂm‘ | I

0 | L I o) 1 L HJ.Iﬂ]] 1

0.5 25 45 05 25 45 L o L

M2(K*Ox+) (BeV)? M2(K*x)*  (BeV)? 24 o8 ' 24
M(K* )" (Bev) M (K*x )" (Bev)
MUB-9794 A

Fig, 8, The Dalitz plots for the K wp events, The projections are
shown in (c) and (d) in mass squared and in (e) and (f) in mass,
The combined distribuytion is shown in (g), The latter shows the
mass peak in the K™r mass distribution at 1320 MeV/c and a
possible indication of an enhancement at 1400 MeV /c,
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Fig. 9. (left) . The same mass distribution as.in Fig, 8 from the
experiment of De Baere et al

Fig, 10, (right) The same dlstrlbutlon as in Flg 8 from the data
g of Bishop et al, ; the shaded reglon corresponds to K" (890)
selection, In these data the N*T* has not been removed. The
authors point out the small enhancement at 1400 MeV /c,

\
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One amusing feature is that not only does the 1320-MeV K* m .
peak correspond to the Ai’ but there i.s also the possibility of a second
peak due to the K (1400) decay via K (890) + m, which would correspond ' -
to the AZ’ Thus here again we would have a situation in which we observe
an SU(3) analog (this time from the 2+ nonet). The very persuasive ar-
guments of Glashow and Socolow14 on the 2% nonet predict
[ K’ "(1400) » K’ (890) 7] /[ K (1400) - Kr] = 0.6. Although we observe a
small peak in the K’ (890) m mass distribution in the region of 1400 MeV
(see Fig. 8), our present daté do not allow us to give a significant deter-
mination of this ratio, Bishop et al. 15 have shown some evidence for this
decay mode 1n their experiment W1th 3.6-BeV/c K p (see Fig., 10), while
Chung et al. quote a limit for this decay mode. Furthermore, Derrick

also presented evidence for this decay mode, based on the K p interactions

at 5.5 BeV/c, at the 1966 New York Meeting. 17

III. KINEMATIC ENHANCEMENT MECHANISMS

Even before its discovery, the A was predicted as a kinematic
enhancement. Thus Pais and Nauenberg 8 predicted a peak in the mp mass .
at the position of the A on the basis of the Peierls mechanism, 19 However,
more careful study of th1s phenomenon, in particular by Goebel 1ndicates .
that the Peierls mechanism cannot give rise to such a-peak, at a physical
mass value. New mechanisms have been suggested more recently, again
considering the A, as a kinematic enhancement.

1
A, The Deck Mechanism

In Deck's model, 21 and the further elaboration by Maor and
O'Halloran, 22 it was shown that the qualitative features of a peak in the mp
mass near the A1 can be obtained from an OPE calculation in which the
lone pion scatters off the nucleon. (These models differ in detail in that &
Deck, in the spirit of the Drell process, has considered the wp scattering
vertex purely as diffraction scattering. Maor and O'Halloran, on the other
hand, have considered the physical mp cross sections with.off-the-mass-shell
corrections, At the higher wp mass values these two approaches differ only

slightly.) Figure 11, -gives the result:of the calculations by -Maor . - >
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Maor and O'Halloran.
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Flg, 11, (a.) o -p? calcula.ted mass dlstr1but10n for 3, 6 GeV/c 1nc1dent

momentum, (b) 77 -K™ calculated mass “distribution at 3.0 GeV/c'

~ Calculations: based on asymmetry. of 7 p scattering above. Nt
resonance., Both distributions are compared with the. approprlate
normalized phase spa.ce d1str1but10ns (dashed 11nes)
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and O Halloran.

A word of caution, = We feell sure that the abové authors:wi-ll agree

~with us-that the exact shape, location of peak, and width of peak must be con-
sidered only as qualitative indications from their calculations. In:particular, |
such questions as absorption effects versus form factors and the exact handling
of spin >3/2 resonances have not been settled.as yet. Furthermore, Bose sym-
metrization effects have not been.included.in:the calculations. either.

If we take this model, inv.olvingt virtual pion exchange, seriously, it
carries with ‘it some further specific conditions, which cah: be -tested.

We can state these as.follows: ’

(a) The p° should be produced ahgned with respect to the-incident direction,
such that the mr scattering:angle a . in the p? center of mass: follows the dis-
tr_ibution:cos"2 a_ ..

™ :

(b) The Treiman-Yang angle-at the p 0 vertex should be isotropic (except
perhaps for small deviations due to absorption effects). ‘

(c) The Tll;eiman—Yang*angle-at. the ‘ITp vertex also. should be isotropic (with
a similar proviso for-possible absorpti;)n-effects),

(d) The four-momentum transfer distributiofn-t'ovthe p° meson. should; be
"characteristic of the OPE model, "

(e) The differential cross section dza/deM of the frip vertex should be |
“similar to that for free e p elastic scattering, <d0' /d.Q) when averaged over
the corresponchng mass interval. '

Inthe above discussion we have made a.11 statements in.terms . of A
.production.: They are equally applicable to K" (1320) productmn iniwhich .the

o is replaced by the K g(890,).,

With respect to points (a) through (d) we have two. control regions . we
.can consider for-the A (which is here assumed:to be a klnematlcal enhance-
ment), First we can. compare the angular-and four - momentum dlstr1but1ons ob-
tained¢=for-‘1:he Ai band:with dlstr—lbutmns;corres_pondlng- to p N , (1238) produc-
tion. Here we have a control region.and expect to see similarities in.the dis-
'tribu-tioﬁs, since the NJ‘ +‘ is just part of the Tl’fp -scattering cross section, >
. albeit a:very. intense and well-defined part. Secondly, we-can.contrast the
distributions:in:the A1< band with those in: the A2 band. Here we expect to see
radical differences, as:the events in-the A ‘band. (as1de from background)
definitely correspond.to a bona fide resonance with J =2"

Furthermore even. if A-i is.a meson (of spin-parity JP# 2+)we do not

expect the same angular -distributions. However, one might have expected

@
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cmmparable A (p) distributions (both corresponding to p exchange); but these

bserved to e
are/?hstlnctly different, One further point of interest is the lack of asymmetry .

~in p decay (the.cos a__ distribution) in-the A, band, while the usual asymmetry
™ 2 :

" is presvent for-~the'A1 band (see Sections IV E and H).

For the K*>'v:(1320) we hHave only the K*(890) + N:'?H_ events as-confrol
reglon where we must again look for similarities. [As: poinfed out above, the
(1400) K (890) + 7 decay mode is not pronounced enough in our data to be
useful as a region of comparison in analogy to the AZ].
B. Other Mechanisms "

Other kinematic mechanisms have been proposed to explain the A1 en-

hancement as well, Month23 proposed triangle singularities as a source for

the enhancement, and Chang, 24 and Dash et al, 25

‘considered.enhancements
arising from Bose symmetrization effects, These mechanisms do not po'ssess
such well-defined tests as points.(a) through (e) above, that can be performed
with the data; we will not puréue these further here. ('_Month's-proposal Wouid
require considerable low- mass mm enhancement for-the- A’l’ and. mm and/or Km
enhancement or both for K (‘1320) No effects strong enough to produce the

observed_phenomenon are seen in either case. See Fig. 32 for the A1 case., )

IV. THE EXPERIMENTAL RESULTS AND TESTS ON THE A1
PERTAINING TO KINEMATIC ENHANCEMENT '

A, Results -from the Br-1tlsh German collaboration

In this work (-rr/+pvat 4 BeV/c) Aderholz et al, 26

imental data with an OPE calculation similar to the Deck model, ’They‘ studied

: _cbrnpared the exper-

the mp mass distribution (see Fig. 12a)g._the‘an_TT scatterlng angle in the p
center-of-mass system, see Fig, 12b and c, and the A dlstrlbutlon to the
Tp system, Fig., 12d and c. .In the latter two the Az'band--ls used as.a con-
trol region for the Ai’ and marked differences are noted. They conclude that
the general features of the events in the A1. region:are described by the QPE
model except for the height and narrow width of the- A1 enhancement, - They
thus felt that they could not decide between ""meson' and 'kinematic enhance-

ment, "
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Fig, 12, The data from the 4-BeV/c 1T+p experiment; (b) and (c) show
the distribution of the wm scattering angle in the p® center of mass,
This was called a__ in the text. ’
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B. The work on the m d interaction

The 7 d reaction studied by Seldhtz et al. 27 Lt 3,2 BeV/c and by
28

"Abolins et al. at 3.7 BeV/c, allows one to rule out the isotopic spin T = 2

for both the A, and AZ’ The argument rests on the comparison of the pro-

1
duction rates for the A1 and- A2 in the reactions
- 0 i . 0 +_-
_ md—=>p +7+n+(p); p T (1a)
or: »p% + 7 4p + (n); - p® - ﬁ+TT- (1b)
and mTH+d—>p +m +p +(p); p B L (2)

- thus they search for the rates of A~ p° + from Reactions (1a) andﬂ--(i-b)
and A"~ P “fm from Reaction (2),. Wthh should be 1:1:0. for T(A)

and 1:1:8 for T(A) = 2, The data showklearly (Figs.13 and 14) that both

A and. AZ correspondto T =1 effec:ts° Seldlltz et al.. stress in: partlcular

that the events in the A1 reglon are assoc1ated W1th very small A to. the

CA [A (r p )< .15 (BeV/c)z] which appears 1ncon51stent w1th the' 1nterpreta—

as a resonance in Tp scattering (and thus . correspondlng to

tion of the A1
29

p exchange). - They cite: the work of Cohn et al.:
duction in the reaction w- + d—->w+ p(p)at 3.65 BeV c. (assumed to proceed

P :
via p e_xchange). Cohn et al. find. that no -appreciable amount of w produc-

tion occurs for A (w) < 0. 6(BeV/c ‘. which is also-the case for- A. produc -

who observed W pro—'

tion,

-C. .The comments by Xuong

' In his talk at the 2nd Athens Conference Ng. H, Xuong, reporting

‘on-the data of Abolins et al., 28 made'two--further_comments-'about the "’Ai

phenomenon,

4 .

(a) He showed that in the react1on TT p— T 1T+p one. can-use the events
corresponding to a p N'++ formation to produce a "pseudo Deck effect."
By studying the p oqt mass distribution for these events. he: showed that a:

peak in this mass distribution near the A‘1 can be obtalned ‘by ch0051ng the

‘events correspondlng to. the forward decay of the N '-(see Fig. 15).. Thus

he achieved by artificial means what the diffraction effect does "naturally"

ats

at wp masses above the "N band. While this strengthens the Deck model,

he points out that it does not prove that the Ai-.-is not a meson,
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13. (a), (b), and (c): Chew-Low plots of the Tp systems in the
reactions indicated. (d)through (i): Projections of mass squared
(rp) for the same reactions, In all plots, events were excluded if
neither n% ¢~ _pair was in the p interval (600 to 850 MeV), Events
with glther nw pair (a), the pﬂ+ pair (b), or either pw pair (c) in
the N” interval (1120 to 1320 MeV) were excluded,
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Abolins et al,” 3.7-BeV/c w-d
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F1g. 14, (left)(a) Effectlve -mass distribution of the p "m~ combination
from reaction 7 d- ppp T = ppm nlm”,
(b) Effectlve -mass distribution of the p Oq” combination from re-
action d—»pnpoTr —=pnr 0",
Solid curves are phase-space est1rnates Broken 11ne is a smooth
curve normalized to fit the region outside the A1 and A2 masses,
Fig. 15. (right) M 2 of poTI'+ from the reaction Tr+p—> N p—>p-rr+p°,
(a) All events (fo) Events with cos a>60 ( forward dlrectlon)
(¢) Events with cos a < 6 (backward direction),
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(b) He suggests, an additional test for the Ay phenomenon, In the reaction
o+ P~ N*JH- + pQ_ + 3’, the decay A1 - p° + m° is forbidden for a T =1
meson (Clebsch-Gordan Coefficient = 0) and allowed in the Deck Model,
While A1—> o+ nT is "forbidden' -in the Deck model (exchange of a doubly
charged object would be required), it is allowed for a T =1 meson, This
test may, however, be rather academic, as at the energies investigated so

far no appreciable A1 peak has been observed in the above reaction,

D, A similar test proposed by Kirz

e

A very similar proposal was made by Janos Kirz,a‘ He suggested

the study of the reaction

+
T d - ppAi. : \ (3)
Here, again if A, is a meson,
Al p T, (4)
- p+ + T, (5)
A op® + . (6)

This reaction has the virtue that it can be quantitatively compared (from

I-spin considerations) with the reactions
+ +
T p—~> p+t A1

L

Thus Reaction (3) followed by the decay mode (4) or (5) should be in the ratio

p0+1Ti, (7)

2:1 with reactions (7), while decay mode (6) is forbidden. On the other hand,
on the Deck model, (3) followed by (4) is forbidden; all other reactions are
allowed and semiquantitative ratios can be. obtained for them based on the
appropriate mp scattering cross sections, If this test is performed at ener-
gies at which Reaction (7) gives a clear-cut Ay peak--e.g., for 8-BeV/c nt
mesons (if we accept the present data at face value)--it should result in a

conclusive answer on the A1 phenomenon,

“This proposal is quoted by A. H. Rosenfeld, Ref. 13,
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E, - The approach by Shen et al.
In our own work with 1T+p at 3,65 BeV/c and wp at 3.7 BeV/c

(Shen et al, 30) we considered the events with p° production, 'n'ip—» powi P..
We then asked ourselves the question whether, aside from any considerations
on A1 and A2 production, we observe-the Drell process, 31 i,e,, scatter-
ing of the virtual pion from the proton., We answered this question in the af-
firmative based on the following arguments:

Let us consider the proton vertex.in the Feynman diagram shown

in Fig, 16, Here we can look at the correlation between the 'rr:tp mass for

the outgoing particles and the Pins Pout scattering angle app.in the wip
rest system, This is shown in Fig, 16a and c, We note two distinct
features: (a) an enhancement of events in the region of the 3/2, 3/2 res-
onances N*++ (1238) and N*0 (1238), the latter at about 10% the intensity of
the former; (b) a véry strong enhancement of events at small scattering
angles, cosa__ = 0.8, for both the nfp and m p data, As may be noted from
Fig. 16, the cosa distribution becomes more forward peaked with in-
creasing mass of tI;e outgoing %‘rip_‘system, I\/[(Tr:t p), in a manner character-
istic of diffraction scattering. Figure 17a and b shows the same correlation
in three-dimensional plots, To further investigate this effect we have divided
the Tfip mass distribution into four.infervals of width 0,25 BeV, starting at
1,09 BeV. These intervals were chosen so that the corresponding differential

ste
. - ° *
cross sections represent averages over the various known N resonances,

Thus the first interval includes the N=‘2/2-(1238) resonances, The next two

-intervals encompass various resonances near 1500 and 1700 MeV in the w p

system. The last interval, 1.84 to 2.09 BeV, includes the 'Nz/z (1920)

resonance, The differential cross sections for the first three energy bands
are given in Fig, 18 for a AZ‘ cutoff to the‘*rrip .system of 1,0(BeV/c)2.
It is important to note that this has the effect of virtually eliminating the

contributions from the A_ meson (see Fig. ZZ.below). The corresponding

wip mass projections'arez‘sﬁown shaded in Fig, 16b and d. For the mass
interval 1.84 to 2.09 BeV our small sample of events did not permit us to
eliminate events with _A.iip >1 (BeV/c)Zo In order to investigate fhis mass
region as well we have chosen to remove events associated with the A‘2 band

(1.26 < Mw:i:po < 1.38 BeV).
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Shen et al, 3.65 BeV/c

Tri.'.p —_— Po +1Tt+ p

Cos app

200

100

Events per 0.04 BeV

MU B-7770A

Fig., 16. Scatter plots of cosa__ versus M(p'n‘i) for 1r+p and 7 p
interactions, The mass pxpgjections are shown in éb) and (d)
respectively, The shaded regions correspond to A%(pr¥)<1,0
(BeV/c)Z. The arrows delineate the four mass regions dis-
cussed in the text,

L 3}
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Shen et al, 3.65 BeV/c

7T+p—>po+1r +p

-05

- MUB-9785A

Fig, 17. Three-dimensional plots of the mass in the T p and 1r+p
system respectively versus cos a This shows how the -
angular distribution sharpens up in the forward direction as
the 'rrip mass increases. [Technical note: these plots were
drawn automatically from the computer output, ]
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Fig., 18, Data of Shen et al, The differential cross section dzcr/(dSZdM)

for the four M(prn*) regions, Parts (a), (b), (c) and (e), (f), (§)
correspond to Az(pwi)si.o (BeV)Z. In parts (d) and (h) no A

off is applied. The A, band is removed, however.
respond to elastic ntp scattering cross sections averaged and nor-
malized as discussed in the text, The dotted lines illustrate the

exponential dropoff at small angles.
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We have taken two distinct approaches in parameterizing these

experimental data, as follows,

- . +
‘a, Diffraction scattering at the m p vertex

_ We find that the data at small a values can be represented. by |
the same variation with t, namely e_at, which holds for -rr+p and .7 p
scattering on the mass shell, We find that the a.._l_' and a values for
"virtual" ﬁ%p and m p scattering lie in the region 8 to 12 (BeV)_Z., The -

dashed lines on the semilog plots in Fig, 18 indicate that at small angles a
good fit can be obtained with an exponential dropoff,

. . . + . .
b, Comparison with glastic m p scattering experiments

Here we have taken the available experimental 'rrﬂ,Lp and 7 p. elastic
differential scattering cross sections from counter experiments and have

averaged these over the four mass intervals. specified above, i, e.,

- M'
do_, J do_,
= dM/(M, - M.).
dQ M, d2 ;o
dZO'

We have compared these distributions with our experimental Tav distri-

butions by normalizing the elastic differential cross section to the exper-

-imental points in the COS"upp region 0.8 to 1.0. We find that the general

shapes of our experimental distribution, although somewhat rrg.lore peaked

Oel-
dQ2

We

conclude that here, unless one were to ascribe this feature to some acciden-

tal effect, we have experimental evidence for point (e) in Section IIIA,
We now turn to the question of the A1 and A2 "mesons, ' which are
observed as eénhancements in the i po system, If we limit ourselves to the

sample of events primarily associated with diffraction scattering--i. e, ,

'cosqppZO,S and M(p'rri) =1.34 BeV--we find a broad enhancement in M('n'i po ),

- with evidence of peaking at the A, and A, bands. Aside from a small A,

contribution this mass distribution can account for the entire Aivehhance-

ment observed in our data;see Fig. 19a. On the other hand, eliminating the

events associated with diffraction scattering--i. e., COSCﬂ,pp < 0.8, and

leaving the same condition on M(p'ni )--we remain with a clear A‘2 peak

(see Fig. 19b), whereas the A1 peak has completely disappeared.
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Shen et al. 3.65 BeV/c
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Fig. 19. The M('n'i p°) mass distribution with the N ' band removed,
(2) Distribution for cosa__=20S8, i.e., for the events we have as-
sociated with "diffractionpé)cattering. " (b) Events with cos appSO.8.

-~ .
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Here we must remark that the condition cosca__ >0.8 -is of course
equivalent to small AZI_(Ai) values. Thus, although ourpzvidence-makes ;
interpretation as a diffraction-effect very tempting',. it is not the only pos-
sible interpretation. _
. We now turn our attention to points (a)through (d) (in Section IIIA),
the alighment of the p’ and the Treiman-Yang angles at the two vertices,
These are studied for the A1 bandﬁ'and the A2 band as.a control region,

The results are given:in Figs. 20a-and b and 24, We note the fo-llowing:

(a): The -p is indeed strongly aligned for the. A,1 band, although not for.
the A, band:(see Fig., 20a). - Another noteworthy feature is that the asym-

2
metry. familiar in p° decay is observed here for the A1 although not for

the A2 band.

(b) The Treiman-Yang (T-Y) angle at the p % vertex b (p %):is-isotropic
for the A1 band; however,. it is also. essentia‘l‘ly‘isotropic for the-'»AZ band.
It thus follows that the  T-Y angle does not appear to be-a stringent:test in
‘this instance (see Fig. 20b).

(¢) The Treiman-Yang angle for the ﬁip vertex ¢(pTr:h) is strongly an-
isotropic for the A, band (see Fig. 21). At first sight this:looks bad for

the kinematic enhancement model,

There are, however, the fo_-ilowing:two-miti_gating' factors:

(i) As illustrated in'Fig, 21, on introduction of the nt p ® mass cuts
(to delineate the A1 and A2 bands), the system appears to be overconstrained.
That is, as may be noted.from Fig. 21, we find a-definite correlation between
the 1'ri po mass cut and the distribution: in-cp(p'{ri—). -As a»furthérvcontrbl we
have carried out the same T'rtikpo mass cuts for p oNFH events, which again
-~ show the same correlation., ' In-particular, the p° N*++ events add.up to an

isotropic distribution (as expected) when all mass cuts are combined. to, give

the '"Total" distribution shown in Fig. 21.

ThlS figure differs from the one shown in Ref, 28; the one given here-is
correct while the -one in Ref, 28 includes events in the N* band as well.
There is, however, no qualitative difference between the two, thus all con-
clusions.reached in' Ref, 28 remain unaffected.
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3.65BeV/c 1r'i‘p Shen et al. .
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A, bands respectively and for (n¥p) ot masses above the N
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3.65 BeV/c wtp Shen et al.
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Fig, 21, The Treiman- Yang angular distribution at the outg01ng 1T:|:p
vertex. (a) Distribution drawn for a selection of M(p nt ) mass
values to illustrate the correlations existing between this mass
and the Treiman-Yang distribution, (b) The same distribution for
p "N" events used as a control region,
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(ii) When 'we limit ourselves to.events with cosa__ -20.8 (which enhances -
the Ay phenomenon), shown shaded in Fig, 21, the cp(p'ﬁ:t) distribution :is

nearly consistent with isotropy: in the A1 band,

We thus conclude that the T-Y distribution at the ﬁip -vertex must be handled
with extreme care. - When this is done the data do not appear to contradict

the "kinematical enhancement' hypothesis,

(d) In Fig. 22 we show the Az(po) distribution- -the four—momentum trans-
fer to the p ® meson.,  The distribution for the A band is narrow, the peak
extends to Az(po) (23051 ‘ZTT,';,-—however . not so narrow as for p °N ++- events,
for example (not shown here),‘ In the latter case the peak extends to
AZCo o)z 10 m21r° - A possible interpretation of this difference is givem iriterans
of the kinematical boundary imposed by the Chew-Low plot., This is shown
in detail for K '(1320) below.

On the other hand, for the A control band we observe a double
"hump'" in the A (p ) distribution, Where the second 'qhump” (A p %y = 40 to
80-13:1_2 is associated with the A2 meson, Thus the A (p ) distribution for
the A, band may be cons1dered "con31stent with the OPE model." For
.completeness we also show A (p); which equals the AZ to the p 0 system,
for the A1 and A bands (see Fig. 23), If we express.these in the form
e-ats w1th t = A (p), then we obtain a(A, ) = 8.3 (BeV)_'Z, and a(A,) = 3.0
(BeV)~ 2 -

From all the evidence presented here we. conclude that the ﬂA1 en-

hancement, ' as observed in our data is consistent w1th what is expected

from the diffraction scattering of virtual pions,

F. New results from the experiment with 16-BeV/c m~ on Freon , .

Allard et al, 32 have been able to show from a study of the four-
momentum transfer distribution that there is an initial steep slope with t,
which they associate with coherent production, followed by a more gentle
slope which they associate with noncoherent production (see Fig, 24a). - The
coherent production gives rise to ’che-A1 phenomenon exclusively, while the
noncoherent production gives the A1 with the possibility of some AZ produc-
tion as well, Figure 24b shows the cross section for the coherent production
as a function of the pion mutliplicity. This indicates the great preponderance

of 37 production.
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Fig. 22, (left) Momentum transfer to the p° for the A, and A, bands
respectively,

Fig, 23, (right) Momentum transfer to the po-rr:h system for the A1
and A2 bands respectively. _ '
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Fig. 24. (left) Logarithmic plot of do/dt vs t', where t'=t-tyjn. Lines
(a), (b), and (c) correspond espectively to 1/to =9 (GeV/c’:)'2
(Tp scattering), 54 (GeV/c)™“ plus a background of 7 (GeV/c)-2
(rFl+ mn scattering + eizperimental resolution, least-square fit to
data), and 84 (GeV/c)™“ plus a background of 7 (GeV/c)~2 (nC+mn
scattering + experimental resolution, least-square fit to data).

(right) Cross segtion vs pion multiplicity for all channels of charge
-1 and t< (2m_)~ for incident w~ of 16 GeV/c,

»
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Huson, as spokesman for the group at the 1966 New York Meeting,33
also showed the angular distribuﬁons they obtain for the p° decay (see Fig.
25). 'The results are \}ery similar to our data. They find a very strong
alignment of the p° from the Ai”decay. " which gives a cos2 distribution
together with the well-known forward-backward asymmetry (see Fig. 25a),
~ an isotropic T-Y angle distribution at the _p° vertex (see Fig. 25b), and non-
isotropic T-Y distribution at the nucleus vertex (Fig. 25c). The latter dis-
tribution was cited by Huson in New York as evidence against the kinematical
enhancement hypothesis. However, more recently34 the féeling is that this
can perhaps be due to contributions from the noncoherent scattering, for
which the system may be overconstrained, just as we show for our data above.
Furthermore, they give the angular distribution of the "bachelor pion' in
the A1 center of mass with respect to the incident pion (Fig. 25d). This is
the same distribution as we show for our data'in Fig. 33 below (see discussion
in Section VI,2), Finally, they give the AZ distribution to the p° which they
feel is too wide for the OPE model (see Fig. 26), and this together with the
narrow width of the A1 peak, represents at present the only evidence they

cite against the kinematical enhancement hypothesis.

G. Compilation by Ferbel

_ An interesting compilation of all available 'rr+p and 7 p data was
carried out by T. Ferbe135(see Table I), He tried to see to what extent the
Ai’ AZ’ and B effects show up ifﬂpreselections (such as p or w produc-
tion, and N*++ eliminated) are made.

He compiled data from 2.75to 8 BeV/c, on two reactions,

u

28,700 events - (a)
26,300 events, (b)

+ + + -
T 4+p>T +tptmw W,

[

and 1'ri+p—> ‘n':t+p+1r++1'r—+ m°,
His results are that although the AZ meson persists clearly the A1 and B
"phenomena'' are "washed out' to a large extent (see Fig. 27). The results
on the B phenomenon are not surprising, as it never showed up noticeably
without w selection., What is particularly relevant here is that the '"washing
out" of the A1 peak may indicate small displacements in the peak position
in the various momenta compiled. This result favors the kinematic enhance-

ment interpretation for the Ay
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Fig, 25, (left) New data from the m on nuclei experiment,

(a) The 7w scattering angle in the p° c,m, (which is called
COS agq in the text), (b) The Treiman-Yang angle at the p°

(c) The Treiman-Yang angle at the m-N vertex,

" (d) The angular distribution of the p° (what is actually plotted
is the ""bachelor pion' direction) with respect to the incident
pion in the A center of mass, Dashed curves correspond to
the "A, events." ' v

vertex,

Fig. 26. (right) The momentum transfer to the p°
curves correspond to the A, events,

The dashed
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Table I. Sources of the data compiled by Ferbel.

Momentum Range and references | - ‘Number of events
(BeV/c) nT Reactions m~ Reactions
, (a) _ (b) (2) _(b)
< 3,07 - a-e 2990 3000 5170 3900
3.0 to 4,00 ‘f - i 5450 5700 6870 7020
> 4,00 j-n 3840 1800 4420 4900
Total 12280 10500 16460 15820

N, Gelfand et al. (Columbia-Rutgers "r'r+p collaboration).

S. S. Yamamoto et al, (Brookhaven National Laboratory ;ri'-*.-p)o :
J. Alitti, J. P. Baton, et al. (S.O., B. B. 7 p collaboration).
d., P. R. Klein, G, Tautfest, et al. (Purdue‘ T p).

o o o

€, V. Hagopian, W. Selove, et al. (Pennyslvania m p).

£r. W. Moebs, J. C. Vander Velde, et al. (Michigan® p').

g. G. Goldhaber, S. Goldhaber, B. C. Shen, et al, (Berkeley ™ p).

B. M. A. Absling, P, M. Yager, N. H.  Xuong, R. L, Lan.der, et al,
(La Jolla Tr+p),

i, S, U, Chung, D. H. Miller, et al. (Berkeley T p).

j5. A, B.B.B.H.L.M, 'rr+p Collaboration, Phys, Rev. 138, B897 (1965).
k. N, M. Cason and M. L. Good (Wisconsin 7 p).

. N. P, Samios et al. ‘(BNL—CC.NY m p collaboration).

4. K. Lai et al. (BNL-CCNY w p collaboration) ‘

4. D. R. O, Morrison et al. (A.B.C. 1r+p collaboration),
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Fig, 27, (a) The e mass distribution comEiled by T. Ferbel
without any selection criteria, (b) The w57 7 n® mass distri-
bution compiled without any selection criteria,
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.H. A Test proposed by A, S. Goldhaber

The following comment was made by A, S. Goldhaber.36 He pointed
out that if the Ai is a-meson and consequently a state of definite spin and

parity, the p meson obtained from A,1 decay should show no forward-back-

ward asymmetry (in the angular distribution of p° decay) with respect to the

incident direction when observed in the A1 center of mass., It turns out,

however, that the transformation to the p° center of mass does not change

the angular distribution drastically, thus even this distribution (in cosa_rm)

.should not show an asymmetry.

The experimental data, both in our experiment (see Fig. 20) and in

the heavy-liquid experiment (see Fig, 25), however, show a very marked

asymmetry! The sign and magnitude of the asymmetry are the same as ob-

served for essentially all other sources [?r’ioasyrnmetry, in p° decay is ob-
served in the photoproduction process y. + p = p %+ p (Ref. 37).] of p? pro-
duction by charged mesons. 25 Although one can always invoke interference
with a suitable background as the cause for the observed asymmetry, this
result favors the kinematical enhancement hypothesis for the A

Although the asymmetry in K (890) decay is much less pronounced
than for pO decay, a definite effect has been demonstrated 38 Here-agaun
some asymmetry is obtained for the K" (890) productlon from- K ('1320)
"decay“ (see Fig., 29 below).

V. THE EXPERIMENTAL RESULTS AND TESTS ON THE K (1320)
| PERTAINING TO KINEMATIC ENHANCEMENT

All the arguments and graphs we gave for the A1 can be repeated

here for K' "(1320) We W111 just present the correspondlng figures from
our 4.6-BeV/c K P experlment with very few comments. Figure 28a shows
the Dalitz plot for all K events from Reactions. (1) and (2).  In Fig. 28b'we
show the scatter plot for these same events of Mz(pw) versus cosapp. From

e ofs

this it can be seen clearly that the K~ (1320) band corresponds-to the

'TSimila_r. results on some of these angular distributions have been obtained

by the group at Oxford from a study of the K p interaction. (private com-

munication from D. H. Locke to S. Goldhaber). Graphs on their work are,
however, not available to us at present. :
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Fig, 28. (a) The Dalitz plot for all K wp events from the 4.6 -BeV/c .
data, This corresponds to the sum of the Dalitz plots shown in
Fig, 8, (b)- The same events as in (a) shown in a scatter plot
of the 'MZ(Trp) ‘vs cosa__. The comparison between (a) and’ (b)
indicates that the K*r Bhhancement corre sponds to the observed
enhancement at small a__ scattering angles., (lower) The cos
distributions for a seledtion of 7tp mass bands similar to Fig, 1%),13
which is drawn for the A, phenomenon, The curves shown come
from the available counteér experiments averaged over the energy
intervals indicated. In the plots shown here no A~ cutoff was taken.,
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small-angle band (c:osappz 1). Figure 28 also shows the dZO'/deM distribution
(1n arb1trary units), These are compared with the experimental curves for

< e1> This figure is the analog to Fig. 18, corresponding to the point (e)
in Section IIIA, Figure 29 shows the cosa distribution in-the K~ center of

KK s
mass and also the T -7Y distribution at the K~ vertex for events in the

aleals

‘K" (1320) band. Also shown-as a control region are the same distributions
for K;ko (890) N*dlh+ events, As expected on the Deck model, the two sets of
distributions are very similar, Figure 30 givesthe T -Y distribution at
the 1T+p vertex, Here again this distribution is anisotropic, where the an-
isotropy is associated with the ~K>:€1r mass cuts, The same distribution for
the 'K*'o N*-H_ events, here shown as a control region, also gives this corre-
lation, In Fig, 31c we show the AZV(K*) distribution for events in the

K** (1320) band, At first sight this distribution looks too broad for the OPK
model, say, when compared with the control region for K N*-'_+ events in
Fig., 31d. A possible explanation for this broad distributio'n is, however,
quite straightfdrward It becomes clear.if we look at the Chew-Low boundary
calculated for K~ 1rp production [using M(K ) = 840 MeV, the lower limit
of the K mass band] in Fig. 31a, Thus the events with high wt p 'masses,
which contribute appreciably to the K (1320) band, are forced by the kin-
ematic boundary to lie at fairly high A (K*) values, while the events in the
N*:;F‘&" band (Fig. | 31b) are not so constrained,

Finally, for completeness we also give Az(p),'which is the same as
‘the AZ to the K*'rr -system. If we represent this inbthe form e_at, with
t = A2(p), then we find a(K 1) = 6.7 (BeV) ~.

Here we must stress that the boundary shown in Fig. 31a corre-
sponds to the "minimum values' of the K* mass, If we draw the boundary
for the "maximum value" (940 MeV, not shown here) it comes much closer

_ to the points at highl M(pm) values. All the same, even a distribution in
A (K ) - AZ-(K*)min remains slightly broader than for I<>==N=:< events, where
A (K ) . is the Chew-Low boundary value for a given event [i.e., a func-

tion of M(pvi) and M (Kn~) for-the event],
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Fig. 29. (a) The KK scattering angle in the K ° center of mass, and

(b) the Treiman-Yang angle at the gg* vertex; (c)and (d), corre-
sponding distributions for the K'N_ events,
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4.6 BeV/c K'p
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- Fig. 30, (upper) The Treiman-Yang angle distribution at the proton
vertex, The distributions were drawn for a selection of M(p 17:':)
mass values, to illustrate the correlation between this mass and
thg0 Tre1man -Yang distribution, (lower) The same distribution for

N" events used as a control region,
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Data presented by  Dornan et al. 39 at the 1966 Washington Meeting
is of particular relevance to the subject under discussion here. Dornan et al.

studied the K p reaction at 4.6 BeV/c.

In particular they observed K=‘<(890) + m production in the reactions
Kp - Knn’p | (8)
- ROx n'n. : 3 : _ (9)

In these reactions K (890) prbduction occurs according to

e

Kp - K "% ‘ (8a)
- RO T p '(8b)
- _K's-n"l_n. ' (9a)

These reactions differ rharkedly if interpreted in terms of the ‘Deck Mech-
anism., In Reactions (8a) and (8b) we can consider the lone pion to undergo
diffraction scattering at the proton vertex; however, in Reaction (9a), on
this model, the exchange pion must undergo charge-exchange at'the proton vertex.
This tends to reduce the cross section very considerably.,  The experimental
data (see Fig. 32) indeed shows a very considerable peak in the K*(890) m
mass distribution near 1320 MeV for Reactions (8a) and '(8b) combined,

but not for Reaction (9a)! On the other hand, evidence for

—K*(i400) - -K*(890).+ 7 is observed in both reactions, These data thus
strongly favor the kinematical enhancement interpretation for the K**(132.0).,
Although one might be tempted to close the subject right here, there is one
"out" left to the ''meson hypothesis,'" All reactions other than (9a)

leading to K**(1320) production (considered now as meson) can proceed

via isoscalar exchange, whereas Reaction (9a) must correspond to iso-
vector eéchange. If for some reason the latter is strongly supressed rel-

ative to the former, one could also explain the data shown in Fig. 32 on

the ''meson hypothesis.''.
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Fig, 32, Results of work by Dornan et al, (Reference 39).
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VI, THE ARGUMENTS IN FAVOR OF AN A1 MESON
AND K" (1320) MESON

1, Spin- .assignment from the. A1 ‘Dalitz plot

As pointed out by Zenrra‘(:h40 and Frazer- et al., 41 and.from the

numerical evaluations by Diebold, 42

if we are dealing with a definite ‘mp
state the JP value can (in prinéiple) be obtained from a Dalitz plot. Figure
33 shows the data of the 8-BeV/c p exper:Lment7 and the 16-BeV/c m ‘on
Freon experlrnent1 relating to this question, These: results favor -the assign-
ments J'P = 1.}- with 2~ as a less likely possibility,

2. Leith's argument favoring a- JP= 1" A meson

During a seminar by one of us at CERN (October 1965) on-our A,
data, D.. Léi’th43 pointed out that the observed alignment of the p° ‘from.the

'-A1 band with the incident direction could also come from a. 1 .meson, - He

makes the point that one could have A1 production (considered. here ‘as a

gF = '1 meson) by a diffraction effect involving the exchange of a- ot "object"
or the vacuum trajectory on the Regge formalism, - This would lead:to an
alignment of the - A, since it would be produced:from a.collision between

a 0 meson and a O+:"object" in a relative p state, - The argument is
identical to the alignment obtained for a p° “meson in virtual pion exchange,
Next the Ay decays through an s wave into a _p° and - w, Thus the ~p°
would carry the same alignment as the A1 and hence would show the charac-
teristic COSdva distribution we observe, “There is a fine point: involved
here, - namely the A1 is completely aligned in the A1 center. of mass, while
the p? alignment is studied in the p? center of mass. The transformation

between the two centers of mass. is: such, however, that the alignment is

not appreciably altered. This also applies to the T-Y angle at the -pov:ert,ex,

~which, - strictly speaking, would be expected to be isotropic only for the: A1

. polarizatinn:. vector in the Ai»c‘enter of mass,

Thus this model would satisfy conditions (a) and (b) of Section IIIA.

Furthermore Leith argues that our data indeed correspond primarily to dif-

fraction scattering of the virtual pion, as we_hé&e suggested, and that the'A1

meson is superimposed on a considerable backgroundo Thus all other -ob-

served features remain unaltered.
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Fig. 33, The Dalitz plots for the A,. These show the evidence for spin
assignments if the Ay is considered a meson, :
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Finally, on Leith's model, since A decay into wp (and similarly

;
ek

K into K 1r if this is also considered as a. 1 meson) proceeds via an s
wave,. the distribution of the p® in the Af'l center of mass-should be isotropic
relative to, say, the incident T direction. In Fig. 34 we show this distri-
bution for the A and K . bands (as well as the A2 band for control).

Figure 25d ShQWS the same distribution for the heavy-liquid experiment. As
may be noted, the distributions are not far from isotropic, although they ap-
pear to have a small cosZ component present. Thus here again it becomes
a quantita.tive question as to how much background and how much of the

A [or K" (1320)] meson is present, No definitive conclusion can be drawn
on the basis of presently available data.

3. The sharp A1 peak in the 8-BeV /c data

As shown in Fig. 4, the.A1 peak observed in this experiment is
very sharp, and as such is suggestive of a bona fide resonance, There are,
however, two questions-to be answered: {(a) Why is-this effect not so clear
in the 6-BeV/c w p data? (b) To what extent can we believe the OPE cal-
cualtions by Wolfqr4 (unpublished) for an accurate background subtraction?
Does one really know how to calculate the OPE model (including Bose sym-
metr1zat10n) for hlgher spin resonances, such as the N3/‘2 (1920) in this case?
4, The Sharp K (1320) peak in the 4.6-BeV/c Kt p data

In our data,'11 (see Fig, 8) we also observe a rather sharp K'm peak.,

But the same criticisms applied to the A1 peak apply here as well:
12

.{a) Why do the data of Jongejans et al, (at other incident K’ momenta) not

show such a sharp peak? (b) We do not know the accurate detailed shape
for this peak to be expected from an OPE model. One small point here,
which favors the '"meson' hypothesis, is the location of the peak, From
the OPE calculations (e.g., Maor and O'Halloran) one obtains an expected
mass of = 1200 MeV for such a peak, This is also the value obtained from
a crude order-of-magnitude estimate in which we consider that on an OPE

model the "Q value" for A, “ w+ p should be the same as that for

afo afo
SR8

K —=w+ K>'<° Thus the experimental value of 1320 MeV is about 100 MeV
higher than the OPE value. As mentioned in (b), however, it is conceivable
that there is that much leeway between'the present-day OPE calculation and

a '""correct'" calculation,
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Fig, 34. (a) and (b) Angular distribution of the p with respect to the
‘incident direction in the A center of mass for the Ay and A, bands,
~(c) Corresponding distribution for the K™(890) in the K ”(1320)
center of mass,
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VII. "COHERENT" p®n AND K m PRODUCTION ON DEUTERIUM

There is a recent series of experiments on the n~ D interaction and
. . . -~k . * .
K'D interaction which have observed. p %7™ production and K 0nt production,

- respectively, without deuteron breakup:

The experiments are:

m D at 3.2 BeV/c Miller et al. 45 (Fig. 35),
w D-at 3.7 BeV/c Abolins et al, 46 (Fig. 36),
D at 6 BeV/c Vegni et al, 47 (Fig.. 37),

‘and our own experiment,.
+ - 48 .
"K'D at 2.3 BeV/c Butterworth et al. (Fig. 38).
These experiments show a number of features of relevance here.

a. In each of the experiments, po _(or'Kz.k) production.is the deminant
process [from 80 to 100% of all ﬁiﬁ:{-ﬂ_':di) events]. See the "rrfl-'rr_-(or Kir)
dlstrlbut1ons in Figs. 35 through 38.

b. The p and K" are observed to be aligned in the respective exper-
iments (see Figs., 35 and 38).

c. The respective experiments show. powi mass peaks and a i'K*ﬁ
mass peak which are very broad. - The -p 7 data do not show . any A1 or
A‘2 structure, neither does the K T peak show a K (1320) structure (see
Figs. 35 through 38). The location of the A1 ,and~-A2 peaks has.been indi-

cated on Figs. 35 through 37.

The mechanism by which these reactions occur-is not fully under -

stood at present. There are three possible mechanisms we can consider:

(2) In each of the reactions observed, p oﬁi (Or'K*.TT) productioh‘with
deuteron break'up-is an important channel, The observed data may.thus
correspond to the \‘rery low-momentum-transfer end of these reactions
(possibly even with pn recombination to form a deuteron), In this case the
deuteron (without breakup) is acting as a "momentum transfer filter' which

ensures small momentum transfer to the deuteron and consequently to the



M (dv+) (Bev)

M{de=) (Bev)

Events per

-52. UCRL-16744
Miller et al. ~
3.2-BeV/c 7 d= pow-d
T T T T T T T :
3.2~ (a) -1 (b)
2.8} 4
2.4 + A, (1080)
2.0; i od
3’65 (c) :- (d) ] l *I ] ) l ]
3.2}~ + Oy wa :
=~ 263 Events -
2.8~ . i —+ 13
- L T ol A,(1320) _
2.4 + 2
g S —
2.0 = e @
( e ) Evenis per 40-MeV inferval -
| [T s o
reed—dewtsw—tou- L :
40 263 evenis -190t 2
d I - r A2( 2~} pai N s e
g 30 T rarerS2twer o $
] 1} Colpll g
£ N 20 o 0 :
) ,on ol 650 890 1130 370 610 1850
4 1 ‘
gso' 450 650 850, 1050 1250 1450 G0 65 -0 60 M1r+11'_1-r_ {(MeV)
M (w+x~} (MeV) Cos {w,¥) ,
MuB-10191

Fig,

35,

(left) (a) - (e),

tions for m +d—=d+wt+n 4+ -

cgmbination ™
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tween the incident
of mass for both

mass di
d+m +7 +m ,

+

A

Scatter plots and effective-mass projec-

The scatter plots include only the

™1. (d) and (e) include also the combination
(see text),

(f) The distribution in cos 6 of the angle be-

(Tmm) combinations,
distribution for the three pions in the final state,

Zpion and the outgoing 7~ in the (w 7 ) center
(right) The effective-
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© Fig, 36. (left) (a) Histogram of the d-my mass versus Ty - 1'r+rnass.
Each event is flotted twice. (b) Histogram of the d-m mass
versus 7, - nt mass. FEach event is plotted once. , mp is the w~
which gives the lower momentum transfer to the 7™ - 172- com-
bination. The reaction studied was m d—m = = d, but led pri-
marily to p?m-d formation, (right) Distribution of effective mass
of the three pions; all events,
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Fig. 37. (left) (a) Distribution of the quadrimorrzl_entum H_rql_nsfer t to.the
deuterium; solid line: 251 events that fitm d - drm = m ., (b) Distri-
bution of the square of t?e trana_vg]_rs_e momentum q, given to the deu-
terium in the reaction ™ d - dm 7 = ; solid line: the 251 four-prong
eyents, zgl_nq_ the 56 three-prong events (shaded events), fitg}r}_g
m d—=dmn w 7 ; dashed line: the four-prong events with M m d=< 2,35
(GeV/c)“. The exponeiltial fits to the graphs are made over the inter-
val 0.02 - 0.1 (GeV/c)” for (a) and (b) and over the interval 0.0 - 0.1
(GeV-/c)2 for (c). For comparison, on (c), the corresponding lines
have been drawn for radii of proton (R = 1.1 'E") and of carbon '
(R = 3,24 E’). (c) Distribution of the quadrimomentum transfer t
to the deuterium of 570 elastic m'd events, corrected for scanning
bias (preliminary results), .

(right) (a) Effective mass of the three pions in the geaction

wtd - dntnte”, haded events are the ones with M"~(1T+d) < 2.35
(GeV/c)Z. (b) m'm effective-mass distribution, each eve_lt_lt plotted
twice. Dotted events are the c.‘orpbinations which give a m ™ mass
further from the p mass. (c) m,7  invariant-mass distribution,
taking the m which, associated with the deuterium, leads to the lower
quadrimomeptum transfer to the system w d. Dashed events are the
ones with M (5 d) < 2.35 (GeV /c)?.
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38. (a) Mdn+ vs M, + - for the reaction K'+d->K'+ 4 e d,
with projections. For fhe M, + projection the ghaded histogram shows -
the distribution for events wi(%ﬁ MK° + in the K" region (0.84 to 0.96 Bev).
The solid and dashed curves show pﬂrase space for K+d—-K+fr+m+d and :
K+d—-K“+m+d, respectively, r_)‘_ormalizec_i..to+the appropriate number of
events, (b) The reaction K.+d-K +m +m. +d. Distribution of
Ccos a,, % = (lKin" K utl )/(IKir‘lﬂ‘ﬁKoutl ), the cosine of the Km scattering
angle 1n the K7 cenfer of mass, ior'events 'with 0.84 s.‘MKTrS_C)Z.‘?f) BeV,
(c) The reaction K +d—»K +m +m +d. Chew-Low plot of A¢ vs"MK
The splid points are.for events with 0,84< M;;+_-<0,96 BeV, i.e.,

2
o
the K* region. Those marked X are for ever%%sﬂoutside this region,

' Shaded histograms refer to the former events, The smooth curve on the

M i projectign shows phase space for K+d-K+mw+mtd, the dotted curve
th& For K+d—K +m+d. The dotted line joining the two projections shows
that M would have to be less than 1. 8 (BeV)2 if the "momentum-

'tra.nsfe??ﬁter" produced by the deuteron form factor were approximated

by a sharp cutoff at O,Z?(BeV)Z.,
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three-particle system. The Chew-Low plot boundary then forces these. , -
events to occur at low mass values., This might be considered as a trivial
explanation of the effect. _ : : w
(b) A virtual pion may be scattered off the deuteron, leaving a = d
structure whose mass corresponds roughly to formation by one of the nucleons .
. in the deuteron of an N (1238) or N" “(1238) without deuteron breakup In
this case we are dealing with virtual pion exchange in accordance with the
Drell process, which gives rise to a broad p’IT (or K*'rr) enhancement. On
this interpretation the observed alignment of the p %(or K ) can be understood
as well,
(c) Coherent production of a 1% state would also lead to alignment of
the p (or. K 0), as dlscussed in the previous section. In this case the ques-
tion arises why the Ai[or K" (1320)] if they_ are indeed 1t mesons do not
show up. One possibility here is that the coherent process actually enhances
a1’ nonresonant state! Ashas been reemphasized recently, 49 the coherent
process will primarily excite states which can be produced with exchange of

- S
angular momentum only. Thus for a 0 incident particle and Ep=0- 1,2,

we get states with JP: 0, 1+, 27,000 vform_ed, Of these the 0  state corre-

sponds to '"elastic" diffraction scattering, while the 1t state is the first
more complex coherent state beyond diffraction scattering.

If either (b) or (c) is the correct interpretation here it is very likely
that this process also contributes to the '"coherent'" scattering observed in
the heavy-liquid chamber. 1 In fact the entij're’A1 phenomenon observed in
that experiment could be of this nature. An obvious test here would be to
study the w and K' interactions 1eading to three bosons in a heavy-liquid

chamber as a function of incident momentum.

VIII. SUMMARY AND CONCLUSION ' ,_,,‘

We summarize the tests discussedhere in Table II.

There appears little doubt that in both cases discussed here the
Deck mechanism plays an important role. The real question boils down to
this: is there a resonance in addition to the kinematical enhancement ef- .
fect? The principal evidence favoring this assumption is the extremely

sharp'A1 peak observed in the data of Deutschmann et al, 7 on the 8-BeV/c v
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1r,+p reac'tion and the similar sharp K*('l 320) peak observed by us11‘ in 'the. ,
4.6-BeV/c 'K+p reaction, If these peaks persist with improved statistics
(although it is ‘not obvious at present that they will), it may become possible
to perform the tests described here oﬁ a select sample of events from thé
narrow peaks.. Thus we feel that considerably more data will be required
before the presence of bona fide mesons can be either established or com-
pletely ruled out. '

We wis}; to acknowledge the help and effort contributed by Dr.
Benjamin C. Shen to all phases of this work. We wish to thank Dr. Janos
Kirz and Professor George H. Trilling for a number of discussions aﬁd
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