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November 1974

Abstract

. . . + + - +
An amplitude analysis for the reaction T p T 7 ot

at 7 GeV/c
has been performed using the isobar model for the 3T system. The 3T-mass
covers the range ffom 0.82 to 1. 90 GeV. We observe strong Az-productiqri:-.
The spin périty of the w*(1700) is determined to be 3'_° ‘No significant Ai

production can be seen.
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The 1nter.est in 37 final states 11es in the fact that: the constituent quark
model predicts the éx1stence I(J ) 1(2 ), 0(37) as well as .I + resonances
in bo}th 1sostates_ I [1] . Analyses of the reactlon

wp - m¥ntep o o (1)
have yét confirmed only the 2+ state (2], ‘because I=0 ca.nnot contribute to
reaction (1) and the i+ states may be hidden under dift:‘raéfive dissociation of
" the m and/or production of 3w by the Deck mechanism. ‘For bo,th,reaséns a
| neutrai 3m system seems to be more suitable for detecfioh of these possible
resona"nées. Th-ér-efore we stﬁdiéd the reaction

A R N (2)

The conventional approach to analyzé the 3w system in (1) or (2) is to use the

so called isobar model [3,4]. It has been applied in two ways. In the
technique pionnered by Ascoli, the (37) density matrix is fit to the data [5].
However in this approach, the rank and positivity conditions are difficult to
impose; nevertheless the fact that spin coherence of the initial and final
proton in reaction (1) is compatible with the data [5,6] gives an a posteriori
justification of this procedure. Another method has been proposed by

" Tabak et al. [6], where the production amplitudes are used as parameters
In reaction (2), in contrast to reaction (1), additional 1nformat1on about the
production mechamsm can be obtained by studying the A-decay into w p
Therefore we are bound to use the latter method.

In an analysis of KN - KnwN a striking similarity between the diffractive
and charge exchange reaction has been found, both reactions being dominated
by unnatural spin parity states produced via natural exchange [7], as also
. found for reaction (1). It is interesting to know whether reaction (2) follows
the same pattern. Ih addition one can test the quark model predictions [8] for
the'pA++ vertex, predictions that are in remarkable agreement with the data
for several quasi two body reactions [9, 10,41]. After a description of the

data and generalization of the isobar formalism to include the A decay, we

discuss the fitting procedure and describe the results obtained in these fits.



The measurements are based on a 700,000 picture exposure of the 82"
SLAC bubble chamber at 7 GeV/c [12]. Of all events, 85,856 fitted the reaction
1r+p—> wtn o prn+ c-o,rresponding to a cross section of 216 +0.09 mb. To select
reaction (2) we irr:.tpo.sed a mass cut on either. _Tl’+p combination of 1.16< M'r-r+p$ 1.28 GeV. -
Depending on the 3m mass M3ﬂ_, ‘5—12% of the events had both 7" in this mass
band. In these cases we took both combinations with a relative weight according
to a Breit-Wigner mass distribution for the A. After this cut we have 6790
events for ltpA l .<__O.35 GeVZ (hereafter called the low [t| interval)va.nd 5998
events for 0.35 = ltAp‘ = 0.80 BeV2 (high Itl interval) in the mass range
0.82 va?m =1.90 CeV. We checked that the A decay r_nOrhent,s (Yi\:I ) are
zero for L =3 and that there is little N>:< production visible in any AT channéls
in this kinematic region.

The isobar rﬁodel [4] describes any 3w state with. é-pin parity JP, helicity
m referring to é. quantization axis in the production plane, and isospin I as
being the sum of ww (isobar) states with spin £ in an orbital angular momentum

state L with the third w. Using amplitudes satisfying the constraints from

,M where m = + 1(-1) is related to natural

parity we replace m by lm
(unnatural) parity exchange[4]. The amplitude for reaction (2) can be written

as

- nm
TSp - Z DKmn Tsp (K,’M3’Tr’t) o (3)
Kmn

In this equation the spins of the A and p are characterized by their exchanged
spin s(s = 1,2) and the corresponding z-component p (s = 0,1,2), which is equal
to the helicity flip at the pA vertex [9]; n takes care of hegative values of y;

K abbreviates all 3w quantum numbers except 1 and m; that is, by K we mean
I(,JPG‘IT /o /fm); the_ known function D contains the angle dependent part and the
nw phases describing the isobars p,€,f. The isobar model assumes that the

amplitudes T do not depend on any mm submasses. Parity conservation at the
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Ap vertex impl'iers va'nishing of Tii)n and T ™M9].

" Due to the lack of polarization measgrements‘ and -ﬁmited statistics, we
want to make the :following additional as sumption; We neglect’iall amplitudes
with an helicity fhp of 2 units at either vertex (m =2 and/or o= 2) This
| assumptlon depends on the coordinate system we are g01ng to describe now.
For reaction (1),and several other two body reactions, 1t= has been shown '

[9] fhat the vector

t-m o
— - i — —_ .
C:qﬂ+‘*§§—‘(qp+qA) v o (4)

taken as z-axis in the meson rest frame leads to helicity conservation for the

" meson system. Si'rhilarly we use for the A the vector c!
) :

— t-m —> — . . V
B qp * ——2-32 (q'n' + q31r) ' ‘ . (3)

1n the A rest frafng aé. z axis'.. .;I‘heoretically the choice of eqs. (4) and (5) is
motivated by the co_gpiihg of vector mesons to a conserved current [13]. Since
- the angle between s (or¢') and the corresponding t-channel direction is small,
there is little difference between neglecting helicity flip of two uhits (however,
not bf one unit) in fhe t channel helicity system and in‘f‘he systems defined
by eﬁs. (4,5). |

With this assﬂmp’cibn, the unpolarized différential cross section W in-

cluding the A decay'is given by

=S D - pEo— . AT (&) . M Am* |
= 2 Dinm Dzim " Arga® - Thn(K) - TIPNE) (6)

The matrix A depends on the unit vector p of the proton from the A decay and
is given explicitly in the Appendix. Apart’;from the simpii'city of eq. (6), one
ot_her' reason t.o‘use s and p to characterize the Ap vertex is that the quark
model [8] Apjﬁl;"e'dicts _vanishing of any TZT with s = 2 [9]. |

The ampliil:ud-és' T in eq. (6) are_.par'arr'leters in a-maximum likelihood fit

[14] to the data, Wthh were binned in M3Tr and t. We,a_llowed for all waves
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up to Jpz 3t _with £+ L <3 and I €2 plus the 0(3-F‘;‘ﬂ') ;- wave in their various
isospin and spin combinations. Together with the pA quantum numbers, this
gives 473 real parameters, an impossible number to fit simultaneously.
Consequently, we adopted the following procedure: First, we varied only
those waves which were present in the charged 37 system as determined in
previous analyses-[5,6] for both I=0, and. only s =1 amplitudes at the pa vertex.
Then, in succeeding fits, we added parameters with thé aim of significantly
increasing both the likelihood and the energy continuity 6f the solutions. We
rejected those parameters which did not meet these criteria. This procedure
was iterated until the major waves stopped changing. The results presented
here come from this final set, but share their major features with earlier fits.
For details of the'analysis see ref. [15]. |

The experimental mass distributions in the two t-intervals show two
significant peaks ét M3,n, ~1.3 GeV and M31r~ 1.7 GeV respectively (fig. 1).
The fitted total contributions for T([1(2+Dp7T)] and T[Q'(S_var)] show that the
peaks are caused by these amplitudes. The first peak must be attributed to
the AZ" The relative phase between the dominant Az_amplitude T-11(?[1(2+Dp71')]
and the backgroqf_ld wave T;8[1(2-fﬂ)] exhibits [fig. Z(a_)] the.variation expected
for a Breit-Wigner resonance. A fit with a Breit-Wigner distribution to the
points for this 2t émplitude at low ltl [fig. 1(a)] givés a mass of (1.298 £ 0.008)
GeV and a width_of (0.122 £ 0.012) GeV, which agree well ‘w'ith the world
average [16] . .

If we identify the second peak with the w*(1700) found earlier in its
(3m) and (5T) decay [17], this w*(nob) is found by us tb have the spin parity

assignment of 5¥2 37, The fit with Breit-Wigner to the points for this 3"

amplitude present in the high t mass distribution of fig. 1(b) gives the
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followin.g.resu_lt: " (1.669 £ 0.011) GeV for its mass and for its width

(0.473 £ 6.019) Gev; these values are similar to the mass and width of the
g-meson [16].. A_’pi_mse variation is more difficult to obtain, mainly due to
the'lavck_of a réliabie single background wave. Neverthéless most solutions
are compatible with a phase increase of 100° for a més.s of the (3m) syste"m
between 1.625 and 1.725 GeV. This fact and the obsvér.v"ed Brei.t-Wigner
shape make a res’onanc.e interpretation very likely. After the .recent spin

’ périty assignment of 3~ to the K*(1800).[18] » the only r_rii_ssing _rn‘er.nbebr of
the 37 nonet is the ¢; ideal mixing predicts its mass to be ~2 GeV.

By integrafing the above Breit-Wigner fits, the_ _A2'(1310) and w*(1700)
pfoduction cross sections are found to be (53 7) ub and (33 + 12) pb, respectively,
for Itl =<0.8 (GeV/c)z. The relative phase of about 50_" between the amplitudes
ii (natural exchange) and,T;éo' (unnatural exchange). for the AZ as showq in

fig. Z(b), at low lt' agrees with Regge p and B exchange. Regarding the rela-

T

tive.intensity. of thésé two exché.'nges, it appears that both resonances are
produced predoiﬁinantly by unnatﬁral (B) exch_ange. f‘or the A2 this fact has
been predicted by Fox and Hey [19]. By semi inclusive duality arguments [20],
the following sc.:a.li'ng law holds for the vr;a‘tio R betwe.en natural and unnatural

parity exchange production for a resonance x

2 .
m : .
R = —R_ . (7)

x ,
Using the value R = 0.8 [11,12], eq. (7) leads to the prediction of R, =0.28
and Rw' = 0.22 in excellent agreement with our observed ratios of
RA = 0.32+0.05 and R ,= 0.144 0.07 at low t. For both resonances we found ,

2 ' .

contributions less than 5% to the non quark amplitudes Tg:kn . That is produc-

tion of the natural spin parity resonances (for the w see ref. [11]) in reaction
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(2) has only pa couplings allowed by the quark model [8].
No other amplitudes with a resonant like behavior have been found.
In particular the '1(_1+) wave (A1) remains small as one can see from fig. 2(c).

An A1 hiding under the A, as proposed in ref. [21] is ce‘rtainly excluded.

2
For a width less than 150 MeV we estimate G(Ai) <2 pb The 1(27) wave,
although large [fig. 2(d)], does not exhibit a resonance-like structure as
claimed in ref. [22]. The peaks differ in the two t | bhins and also differ from
that observed in ‘reaction (1). Apart from the strong 1(0 €7) wave below

1.4 GeV, the remaining background is shared by maﬁ_y different amplitudes.
Even if we are not sure about any individual wave, the following general

features about the background appear:

(i) All background waves belong to unnatural spin parity:

(ii) The background is produced almost enti;ely by natural exchange.
Column 1 of Table I gives the ratios of natural to unnatural background
production for the various mass bins in both t intervals.

(iii) In contrast to the resonances, the backgréund waves are produced
dominantly by th'e non-quark amplitudes Tég . The ratio between quark and
non-quark background cross section is approximately eq_ual to 0.6 (see column
2 of Table I), | |

(iv) The data bears out helicity conservation for the background along
the direction C of eq. (4) for the 37 system up to the level 5%, as column 3
of Table I shows. This fact is nontrivial, especially at high t. |

(v) No such helicity conservation occurs at the Ap vertex. In fact,
€T and fm waves prefer s =2,4= 0, while pm waves are mainly ins=1,u=1

states. Together with the resonance couplings at least five different protoh_-A-
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' spin cornbina"cio_hs ar-e significahtly x‘i-on‘ zebx.'cbl.;v' Péiﬁts (i) aﬁ& (ii) have been
-observed also 1n reaction .(1) [5,6] and for K'p ~ [_{'n'_'n'N in both the chéfged
and the neutfal R'Tf'iT system [7]. Our result su'pporté the suggestion of:
re.f. [7] that the background in difffaétiQe- and charge exchangé re'act’ions
‘differ only by:i‘t:s. energy dependence.

In conc»lus'-ion, in the (3'1T)° mass distribution‘Betv‘veen 1.. and 2. GeV,
we have observed i:he A‘2 and a pe_ak’dué to the -produc'ti'(‘)n. of a 3’@% state
wifh the same ma_sbs as the g-mesén. No signific_ant{’Ai-* production has been
found. ReéonanCe production agrees“with the predictions df t'._he quark"rnodel
and'semi-inélusi&e duality. The bac.kgrou‘rvld waves b.ehai/'e \;er‘y similarly
to the .c‘orresp.ondivng énes found in other 31} o.rv K s‘).r‘st.démsv.

We are v_éi%y in'debte‘dv'tvb the members of Grdu‘p_:A é.ﬁ LBL for ailowing

| us to‘use the DST Qf the events in this analysis. We are _ve'ryvgrateful to
Professor A. Ro‘s"erllfeld for his continuous interest an‘d encouragement in
the present work. We thank Dr. T. Lasinski fof helpful discussions and

Dr. P. Eberhard regarding the use of the fitting program OPTIME.



Appendix

Following ref. [9] we order the Ap spin combinations into a vector
T | -1 -1 -1

0’ T;1). The A decay distributions can be written

. _ "
in terms of P = (sin6 cos ¢, sin® sind, cosf) as W = Zx, Ain(f;)xn » Where
the symmetric matrix A is given by (see ref. [ 9]):

3 2.1
ZPy 72
3 32,1
zZPPy 2P,73
- .2 _3 32,1
prpy 2PxPz ZPx T 3
N3 N3 N3 2 3 2
ZPPy, - Z PPy S (P -P,) 3 (1-p))
3 3 N3 3 2,1
R 0 "z PPy " ZP,Py P, t3
N3 2 20 N3 N3 3 N3
3 (Px-P,) 3 PPy 3 PyPy ZPyPy - Z PP

3 2
FxFz —2-(1‘py)
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Table 1. Ratios of nonresonant background cross sections ‘

4
M : . o .

- [GeV]‘ qu [(:| High |tl High |t| Low |t| High |t|
0.82-0.98[0.02£¢0.02 — 0.734£0.14]{ 0.152£0.07 —
0.98-1.06[0.16£0.06 9 0.5640.16/|0.12£0.06  —
1.06-1.20/0.07£0.03 0.03£0.03}/0.61£0.06 0.7140.09//0.05£0.03 0.05+0.03
1.20-1.30]0.0340.02 0.07£0.03[/0.6440.10 0.3840.11]| 0.0240.02 0.06+0.03
1.30-1.40{0.0940.05 0.040.02[0.54£0.08 0.4240.17|| 0.08£0.04 0.060.02
1.40-1.50{0.0540.02 0.0240.02{/0.4240.07 0.77+0.16{ 0.0440.02 0.04£0.02
1.50-1.60[0.03£0.02 0.07£0.04]l0.65%0.12 0.76+0.08 0.09£0.03 0.1040.03
1.60-1.700.01£0.01 0.0320.02[0.36£0.13 0.48£0.06} 0.02£0.03 0.1140.03
1.70-1.80]0.03£0.03 0.03£0.02[1.28+0.18 0.55£0.05 0.0_5;0.04 10.03£0.01
1.80-1.90] —  0.02#0.02f — 0.7240.06 —_ 0.03£0.02

Column 1 gives thé ratio of background produced via unnatural exchange to that

via natural exchange.

Co_lu‘mn 2, the ratio of intensity in the background of s =1 quark coupling to

s = 2 at pA vertex.. '

Column 3, the ratio of helicity nonconserving to helicity cdnserving background.
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Figure Captions
Fig. 1. The expérimental 3" mass spectrum for 1r+p —>v("3.;“1r)°A++ as function
of M?m( + ), left hand sca;le in Events /30 MeV rli.g'ht_ ha.nd scale in
ub/GeV, Fig. 1a for |t|= 0.35Gev® and Fig. 1b for 0.35 < k| =<o0.80
GeVZ. The total intensity going into 1(2+Dp1r) ( +) and into
0(3 Fpm) (d> ) are also given. Solid ¢urves aré Breit-Wigner fits to the
2t intensity z;tt low [t| and to the 3" intensity at high |t| Dashed curves
are the same fits normalized to the number of ethts in that lt |—bin.
Fig. 2. a) Relative phase between T;éo[1(2+Dp1r)] and T;g[i(Z_sfw)] as
function of M3“_ at low It'
b) Relative phase between the natural exchange and t.he unnatural
exchange amplitude T;éo for [1(2+(Dp1'r)] as fgriction of M, at
low |t| The étraight line gives the pr_ediction of Regge p and B exchange
c) Total infensity going into 1(1+)[1(2-)] as fﬁx;c_tion of M3‘,"_ ‘

for low |t| ( ¢ ) and for high |t| ( ).
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