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The question of helicity coﬁservation in the prodqction of resonances
is of current interest. In this paper we study the diffractively produced
low-mass ﬁ+ﬁ-p’system. In particular we examine the N’*(1700)1 produced in
the reaction:

fip - ﬁ'N*(1700) ' _ (L

* - .
where N (1700) - nn p. Helicity conservation in the s-channel has been

: 2 :
demonstrated for po photoproduction and for elastic scattering. It:has

been argued that s-channel helicity conservation (SCHC) might hold for dif-
fractive processes in general.3 Although there is strong evidence for

t-channel helicity conservation in the diffractive production of the A1

4 .
- enhancement, this reaction does not provide a good test of SCHC. Most,

if not all, of the data in the A1 enhancement can be explained in terms of

a double-Regge model5 which by virtue af its kinematical nature cannot con-
serve s-channel helicity.6 Reaction (1), on the other hand, is a diffractive
process involving a definite resonance that cannot be explained as a kinematic
enhancement from a double-peripheral model., To determine the properties of
the N*(1700) we have performed a spin-parity decomposition far the ﬁ+ﬁ-p
system as a function of the effe¢ .ve mass,

The data from this Purdue-Notre Dame collaboration come from the reactions:

np wmnnp h (2)

- - - . -

and Tp—+TnNTDp, 3)
The Purdue data consist of 10,7~ . S o e 2l GeV/c in

————— —

the 82 inch hydrogen bubble chamber at SLAC. The Notre Dame data consist

L m————

‘at 18 5 GeV/c and 2, 515 events of reactlon 3 at 8 05 GeV/c in the BNL

\\_

80 inch hydrogen bubble chamber. In*Flg.l (a) 1s Shown the U p effective

N .
mass spectrum below 2 4 GeV for the combined data. The N (1700) peak

':piobservad in this?figura is also very :t:minent in the individual sampias.'
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A fit using an s-wave Breit-Wigner shape plus a smooth hand-drawn background

‘yields M = 1715 * 5 MeV. Since the width is sensitive to the shape of the

background we only quote an approximate value F‘~ 80 Mev.

In our spin-parity analysis of the N*(1700) we assume that the low
mass n*n-p system is diffractively prodﬁced. Cross sections for the
broad lowbmass.(<>2 GeV) mmN region and for the I = 1/2 ﬁ* peaks, including
the N*(1700) peak, have been found in many experiments to be approximately
independent of inéident moﬁengﬁm.7 Our results are consistent with these
experiments,

We observe a very strong A++(1236) signal in the events with n+n-p

. % :
- mass below ~ 2 GeV. To determine the fraction of N (1700)'s which decay .

to n-d++, the following method was used. For a given n*n-p mass region,

“

a phase-space distribution was fitted to the n*p mass distribution in the
regions above and below the A++ mass region. The number of events above the
‘background curve in the region between 1.160 and 1.280 GeV was determined.
This A++ signal, corrected‘for_the Breit-Wigner tails, is plotted in Fig.

' ' - . , ’
1(b). We observe strong 1m A enhancements in the intervals centered at

’ % -
.1.480 and 1.720 GeV. - The number of Nc(1700) - A++ events was determined

by counting events above the hand-drawn dotted curve shown in Fig. 1(b) and

%
the total number of N (1700) events was obtained from the signal in Fig. 1l(a).

' * - % -
The branching fraction (N (1700) =+ d++)/N (1700) -+ all ﬂ*ﬂ p) = 65 % 15%..r '

.r

%
The branching fraction was also determined by counting the N (1700) events with

X ++ . De o . . ‘
‘and without a narrow A cut and assuming 2 linear combinccion of phase space

and A decays. (This method is fully described in R. B. Willmann et al,, Phys.

Rev. Letters 24 (1970) 1260.) The branching&fraction thus obtained was also 65%.



To study the angular momentum structure of the ﬁ+n?p system we have
8 e o . .
used angular functions for a m A" intermediate state. The functions
are expressed in terms of two angles: 8, the angle of the 7 with respect
to the target proton direction in the n‘A++ rest system (Gottfried-Jackson
Frame) and B, the angle of the 7 in the A++ rest system with respect to

the line of flight of the A++ defined in the n-d++ rest system. We have con-

1-

sidered the following spin-parity (JP) states: 1/2i, 3/27, 5/2+ and 5/2°,

In each case the lower f{-wave has been assumed. Because of the evidence7

P 0+

]

for diffraction production we have assemed Pomeron exchaege (i.e. J
exchange) and have therefore set the spln—den81ty matrlx element pL% =1/2,
The likelihood functlon (LF) used to fit the data consisted of a sum of
squared amplitudes,IALI)l . For the results which we preserit here we.have used
= aIA(l/Zi)|2 + blAk3/2-)]2 + clA(5/2+)]2,,where'a +b+c = 1.* We also
_considered JP = 5/2° but it gave negligible contributions to all mass regions.'.'
A maximum-likelihood fit was(made for 40 MeV intervals of-n*n—p.effective
A maes. In an earlier study9 it was shown that background from final states
EuCh;as nibop and nifop is eliminated if the analysis is restricted to events
" with cos 6 > 0.0 apd M(n*p) <1.5 GeV. We have therefore incorporated these
cuts in our analysis., |
;f Results of the f1t are shown in Fig; 2, In Fig. 2(a) is shown the

effect1ve mass spectrum for all events used in the fit; in Fig. 2(b) (d) are

: *
trhese JP states are sufficient to describe all of the known I = 1/2 N states

'below‘~'1.9 Gev.

¥ |A(1/2i) |2 = 1/8[1 + 3 coszﬁ],
a2y |? = 1/4[1 + 1/4(3 cos’0 - 1)(3 cos’p - 1)]_ .
lacs/2ty |2 = 3/40[2 + 4 cos?g + 1/2(1-- 10 cos?@ +.15 cos”8)(3 cos2p -1).:,,




+ - B
shown the contributions from JP = 1/27, 3/2 and 5/2+ respectively. We note that

the N (1700) region is consistent with being almost entirely JP = 5/2 ~ The

e _/-—_

same conclusion was also reached using an analysis which did not assume a
7A intermediate st:at:e..r
The results of tests for helicity conservation in production of the

N*(1700) in the s-channel or in the t-channel are shown in Figs. 3 and 4.

In Fig. 3 we compare the cos 8 distribution in the t-channel (Gottfried-
Jackson Framejwith the drstribution of cos,‘eH in the s-channel (helicity
frame) for the N*(1700) mass region and for adjacent control regions above
and below the N*(1700).» Here C is the angle of the m rn the n-A++ rest
system with respect to the line of flight of the n~d++ in the overall center
of masgs. (For distributions in the s-channel we have used only evente for

which cos OH > 0.0.) We note that the angular distribution for the N (1700) .

region,is more peaked at. cos g = +1.0 in the t-channel (Fig. 3(b)) than at

“cos By = +1. 0 in the s- channel (Fig 3(e)) . This might be expected if the

(1700) were produced a11gned along. the t-channel quantization axis. The

=tcontrol reglons show ﬁelther the peaklng characteristic of hlgh ‘spin nor any

,~dramat1c dlfferences between the reference frames,

In Flgs. 4(a) ‘and 4(b) are shown thle value of the spin- denS1ty matrlx

Qfelement p%% for the t- channel and s channel as a function of. l ‘, the f0pr?j1]

momentum transfer from the target proton to the N (1700). Here we have

*
assumed that the N (1700) region is entirely JP = 5/2+ (see Fig. 2(d)) and

TA maximum-likelihood fit was made to the distribution of the angle between
the normal to the n*n-p decay plane and the target proton directiqh in the
ﬂfn-p rest system. The same angular momentum states ( J =V1/2, 3/& and 5/2)
were used in the fit., The contributions obtained by‘this method were very

similar to those shown in Fig. 2. The N*(1700) region is predomihantly J =




have determined_g%% in éhe t-'and s- channels from maximum likelihood fits.
We find that p%% fof.the £~ ghannel is consistent with a value of 1/2
over a wide range of |t| while for the s-channel the value decreases with
.;inéreasing lt‘.' This ‘result again sugéestsvthat helicity is conserved in the
"‘ﬁ-éhannel rather‘thaﬁ in the s-channel. ‘
| ‘Finally; in Figs.A4'(C)-(f)'we Show rés&lts of fits of the function [1+a
cos (p) + B cos-=(2cp)]dr to distributions of the azimuthal angie of the 7
ié}the t-channei'aﬁd s-chénnel reference frames'as a function of M(ﬁ+ﬂ-p).
fhe distribution of the azimuthal angle is expected to be isotropic in the
frame in which helicity is conserved independent of the spin of thé resonance
or the existence of intermediate decay states such as ﬁA.lo We find the
- distribution in the t-channel (Figs.4() and (e)) to be'éonsistent witﬁ.isotropy
"for the N%(i700) mass region; the distribution in the s-ch§nne1 (Figs. 4(d) and (£))
lis not., We conclude thét'there is n§ evidence for s-channel helicity conserva-
fion in reaction (1). Instéad our observations are consistent with t-channel
~ helicity conservgtion in this reaction.
We are pleased to acknowledge the cooperation of the 80-inch bubble -
chamber grogp, the AGS personnel’at BNL, the 82-inch bubble chamber grbup,. ﬁ
and the SLAC personnel., The assistance of W. L.'Rickhoff and R, L. Erichsen

‘was invaluable in the experiment. The hard work of the Notre Damé and Purdue

scanning'and measuring staffs is greatly appreciated.

’

THigher order terms in cos (niy) were found to be unnecessary.
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© Figure Captions

jFiéugéfl§f;a)_Dist:ibufiphﬁofﬁthe'n+n'gf§ffective'méss for the combined

" datay . o

by “Distrif... ... ofthe n~A**(1236) effective mass for the -

" combined data using the fitfed number of A**ievents as a
function of m*n"p mass. |
Figure 2, a) Distribution of the m*m p effective‘mass for events with
cos 9 >0 and n*p effective mass less than 1.5 GeV;
b)-(d) Fitted.numbers of events for the various spin-parity states -
1/2i, 3/27, 5/2% as a function of the 7 p effective mass. 2
The fit is described in the text.
Figure 3. a)-(c) Distribution of cos 6 in the Gottfried-Jackson frame
(or t-channel);
d)-(f) Distribution of cos 8y in the helicity frame (or s-channel).
Figs. (b) and (e) correspond to the N*(1700) region (1.660 to
-1.780 CeV) while the other figures correspond to control regions
(Figs. (a) and (d) 1.540 to 1.660 GeV, and Figs. (c) and (f) 1.780
to.1.900 GeV). The curve in Fig. 3(b5 represents the angular

distribution expected for g% = 5/2* with pyy = 1/2.
272

Figure 4. ‘a)-(b) Fitted values for Py in-the t-channel (a2) and s-channel
. 272

K4

(b) for the N (1700) region (1.620 to 1.820 GeV);

c)-(£) Fittea parameters of the function 1 + A cos o+ B cos 2 ¢ '
to the azimuthal angle foF the.N*(1700) decay,
(¢) and (e) show A and B in the t-chanmel

(d) and (f) show A and B in the s-channel.
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