TO BE SUBMITTED ~ CERIT/TC/PHYSICS 663
‘PO PHYSICS LETTERS 11.5.1966

EVIDENCE AGATIST THE INTERPRETATION OF THE Aq

s i

ENHANCEMENT AS A KINEMATIC EFFECT

L

Aachen - Berlin - CERN collaboration,

. ) I o . ¥
1, Deutschmann, R, Steinberg, I, Weber and W, Wolschnig

I, Physikalisches Institut der Technischen Hochschule, Aachen,

C. Grote, J, Klugow, K, Lanius, R, Leiste and S. Nowak

Forschungsstelle fHir Physik Hoher Inergien der Deutschen Akademie der
Wissenschaften zu Berlin-Zeuthen,

- .o+ A
, P,F, Dalpiaz , E, Flaminio ,

. *x*x . .

A, Bialas ~, V,T, Cocconi, 0, Czyzewski
aa . O S , PR .

J.D. Hansen , H, Hromadnik , G, Kellner and D.R.,0O. lorrison

C.E.R,I, Buropean Organization for lluclear Research, Geneva,

ABSTRACT.
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(Al meson) as a kinematic effect are discussed and results are presented,
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derived from a study of 8 GeV/c n p interactions, which are inconsistent

with the interpretation of the A. as a kinematic effect, and hence favour

1
its interpretation as a resonant state,
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In the mwp mass distribution of the reaction =n~p -» pn~n © , peaks

(1)

A, and A, mesons, regvnectively, It has been suggested by a number of
l a H i y DD

have been observed near 1,10 and 1,30 GeV, which have been called the
authors that the Aﬂ enhancement may be due, not to a resonant state, but
to a kinematic effect, since processes can be conceived which would
produce a peak at around 1,1 GeV in the np mass distribution, The fact
that no alternate decay mode is observed for the Al 2), while a K K
enhancenent at 1300 MeV can be assumed to be evidence for snother decay

mode of the A2’ gives additional weight to such an interpretation,

~

It ig the purpose of this letter to present results from a study of
+ . . . .
8 GeV/c n p interactions which are not compatible with the interpretation

of Al as a kinematic effect.

In the analysis of about 9000 four—pronb cvents produccd by
(8,04 - 0 Oo) GeV/c pos sitive pions in the 81 cm Saclay hydrogen bubble
chanber K@dlc‘Qfﬁmzdﬂoxcracted beam of the CERN proton-synchrotron, 1711

events were found to fit the recaction
o +ot -
T . 1
TD > D W, LT (1)

This channel is dominated by F and rho~production. Since the A-mesons

238
are observed as enhancements in the mnp system, and since the formation
of the Dlgsﬁ isobar is competitive with the formation of the A-mesons, a

further se1ectlon of events was made by requiring that
a) no pn combination had an effective mass in the region of the
If;;é (1.12 to 1.54 GeV).
b) at least one of the n+n— combinations had an effective mass in
the region of the rho-meson (0.62 to 0.88 GeV),
Both conditions were fulfilled by 543 events. This selection of events
could be biassed by interference effects between the NEE and the npk systen.
However, the Dalitz plot for the reaction n+p 2P n+po shown in Fig, 1,

. . K + 0 . '
indicates that the overlap between the N and the = p  bands involves, at

this energy, a relatively small number of events, and hence interference
effects must be unimportant. The projection of the selected events on the
(np) axis ie shown in Fig. 2, where two well resolved-peaks can be seen at

1,08 and 1,28 GeV, corresponding to the Al and A2 mesons,
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The basic difficulty in analysing these peaks is the lack of
knowledge of the shape of the non-rosonant background, At these energies,

in fact, the statbtistical phase-space distribution, peaked at high masses,
does not represent the physical situation (see the dotted curve in Fig, 2).
. L. A3 . .
A mechanism suggested by Pelerls< ) to interpret nucleon isobars led
- . 4 . .
Navenberg and Pals< ) to predict an enhancement in the mp system necar
1.1 GeV, even before the A1 peak was discovered., However, this was later

(5 (6)

shown to be incorrect both theoretically °) and experimentally .

ChanN( ) suggested that interference between the two possible rho's
+ - I . ‘
(nAn and w7 ) in reaction (l) could produce a mwp enhancement near
LD
1.1 GeV., This would be too small to emerge from the general background,

but could become important when the background is reduced by reguiring that
E , . ) e .. (8
no ¥ is present. However, more detailed calculations by Sweig have

4

shown that this prediction was incorrect.

An improvement over the phasc-space calculation of the background

(9)

background must arise from peripheral processes that can be described with

was made by Deck s who pointed out that & large contribution to the

the formalism of the OPE model, In particular, Deck's calculation
considered the case in which a rho-meson is produced at the mesonic vertex,
"while the virtual pion exchanged undergoes diffraction scattering on the
proton at the baryonic vertex, Describing the squared amplitude at this
latter vertex, for mwp masses greater than 1.6 GeV, by the expression
dc/dt = const, exp (-At), where t 1s the four-momentum transfer

squared and A = 6 (GeV/c)~% ig the slope of the np elastic differential
¢ross section, Deck found, at 3,65 GeV/c incident momentum, that the (np)
cffective mass distribution was indeed very different from the statistical
distribution, being peaked at 1,08 GeV, The full width at half height, G,
of the distribution obtained was about 350 MeV, and the cross section about
1/50 of the experimental one., However, by combining conveniently this
distribution with phase-space, Deck could satisfaetorily’f§t the small peak
0

observed for the A1 at 3,65 GeV/c. Maor and O'Halloran(l improved Deck's
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. . . , . e . ooty .
calculation, by substituting the exp(~At) parametrization of (= p) elastic
scattering with the ecxperimental cross section and angular distribution.

17

Their result, again at 3.65 GeV/c, is similar to that of Deck, but the
t

wider (G=a 400 MeV),

peak is somewha

We have performed tTwo series of Deck-type calculations, for three
values of the incoming pion momentum, i,e.,for 3,65, 8,0 and 16.0 GeV/o,

~

using the values of the slope A indicated in Table I,
(a) meking the same agsumptions and approximations as Deck,
(b) removing an approximation introduced in the original Deck
oo (11)
calculation N
It is found that our calculations of Type (v) produce somewhat broader
pecks at the higher momente than calculations of type (a), that the
position of the peak isg always at about 1100 MeV independently of incoming

energy and A-value chosen, but that the width of the peak incrcases with

increasing energy, being at 16 GeV/o about twice that at 3,65 GeV/c.‘ In

Table I, the results obtained from the calculations of type () are

summarized,
TABLE I
. .y | o P -s.m-,. PN f . ; - ,r_m.._;
P ; A | M | G
o 1 [
3,65 GeV/c | 6(GeV/c)™ | 1100 MeV | 350 lieV

8,00 @ 'g " 3100 v b 500
\ ] }

16,00 w1 9 u | 1100 © L7700 W
e e 1. s i

The consequence on this is that, at 8 GoV/c,th@ oaléulated distribﬁtion
has too broad a maximum to account for the rather narrow Al peak which we
observe, If a fit to our data is made with this background, the enhancement
at the A1 nass emerges by more than 3 standard deviation above the

background,

The conclusion that the Deck mechanism cannot explain the peak at:
1,1 GeV, is confirmed and strengthencd by the result of a more complete

(12) .

calculation recently performed by Wolf , for 8 GeV/c incident pions,
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The assumption is made, hore, that at the mesonic vertex two pions are
produced, instead of a rho of fixed mass, and that the squored amplitude
at this vertex is described by the n+n— cross section, as derived from
experiment, The diffraction of the virtual pion at the baryonic.vertex
is described by the experimental n+p cross section as in Ref, (10),
symmetrisation with respect to the two positive pions is introduced and

13)

form factors of the Ferrari-Selleri type are used., ZEvents of reaction (1)
arc generated by a HMonte Carlo method, thun woighted according to the natrix
elements, and finally the desired distributions are produced in the same
way as the experimental distributions are produced from the data, The
distributions thus obtained should adequately describe the behaviour of

reaction (1), in the absence of the A, and A2 resonances,
A

. .. . ; o . o + 4+ -
Wolf's distribution for the effective mass of the (n T T ) systen

+ . . L . o £ .

when no 7 p combination is in the mass rcgion of the I isobar, and when
) 4 b o . (14)

at lecast one of the n m combinations is in the rho~mass region is
dravn in Fig, 2 (dashed line), It can be seen that this background still
has a maximum at ~1100 eV, but much broader than that of the corresponding

Deck~type calculations,

The experimental digtribution of Fig. 2 was fitted (solid 1ine) with
N 15) . , - - :
two Breit-Wigner curves( ) for the two enhancements and with the "backe-

; e . e s
ground"” shape as calculated by iolf, The peak observed at 1076 ~ 14 eV
. +50 | o e a L .
with T' = 130 _20 MeV contains 6C /6 of the events in the A1 region
(0,95 < M(np) < 1,125 GeV), The presence of this peak above background

is consistent with the description of AT as a resonance,

It should be noted that the results reported here are obtained for o
higher incident pion energy than in previous experiments, and that this
might be the reason for the discrepancies in the results, It has been
recently shown by Shen et a1,<16) that at 3,65 GoV/c several results on
angular distributions are consistent with the assumption that the peak
observed at around 1,1 GeV is a kinematic effect due to the Decl: mechanisnm

described above, though the existence of a very small cContribution of a
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resonant state cannot be ruled out, In our opinion this represents the
fact that the production of the Al resonance at that encrgy is weak, In
fact,.in the 7p mnoass distribution for 3 to 4 GeV/c incident pions, only
about 2536 of the events in the mass bend considered for Al are above the
estinated backgréund(l7). It is therefore not surprising that the observed
distributions are not strongly influenced by the presence of the Al events,
The angular distributions obtained at 8 GeV/c'are all consistent with the
assumption that 60?6 of the events in the Al band derive from a resonance

0 \ : 5 o
and 40,6 from a non~resonant background, as calculated by Wolf,

In conclusion, the mechanism suggested to intecrpret the mwp-cnhancement
at 1,1 GeV as a kincmatic effect cannot account for the peak observed at
that mass in n+p interactions at 8 GeV/c. It seemg therefore probable that
the Al pcak observed at I = 1076 = 14 MeV with T = 130 fzg Mev docs
“correspond to o resonant state, with dominant, if not unique,'docay node

into np(z).
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with Dr., R, Armenteros and Prof, Ch. Peyrou.
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FIGURE CAPTIONS

1.

- . . + + 0 "
Dalitz plot for the reactions mwp->p 7w p at 8 GeV/c. The rho-

band is between 0,62 and 0,58 GeV,

Effective mass distribution for the system n+po -> n+n+n", wit N%++
ecxcluded, at 8 GeV/c, '

The solid line is the result of fitting the expefimon%al distribu?ion
with two Breit-Wigner curves and the background shape calculated by
Wolf in the frame work of the OPE model, snd shown by the dashed line.
The dotted curve is the statistical phase-space distribution normalized

to the same area as the OPE background,

TABLE CAPTION

N e s

=]

Results of Deck-type calcéulations (type (b)) of the M(np) distribution
for incident pions of momentun p = 3%.65, 8.0 and 16,0 GeV/e,
: . - .  ho . -+
The constant A is the slope of the elastic differential m p cross
~

section introduced in the calculations. M is the noss ond G ig

the full width at half-height of the peak obtained.
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