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MEASUREMENT OF THE n°p + ny DIFFERENTIAL CROSS SECTION

NEAR THE Pll(1460), ROPER RESONANCE .

P.A. Berardo, R.P. Haddock, B.M.K. Nefkens, L.J, Verhey, M.E. Zeller'

4 'University of California, Los AngefésJ:Calif.'90024
| ~ and |

: , _ o ew
! A.S.L. Parsons*, P. Truoel

Lawrence Radiation Laboratory, Univ. of Calif,,Berkeley,Calif,94720

ABSTRACT
We measuféd sixvdifferential cross sections for T p + ny at
490 MeV/c incident ™~ momentum. Our data do not agree with'.
recenf theoretical pfedictions. "We find no evidence, in the
sense Suggested by'Donnaéhie, for the classification of tﬁe':
Réper”iesqhance, Pll(1460), in an SU(3) antidecuplet. Odr
angulgr distribution is consistent with the classification of
the Roper resonance in an octét,'as predicted'by:the simplest
quark models, Using detailed balance, our results agree well v
with the reported cross sections for the ;nveise reaction}

which are deduced from vyd data,

» : This work supported in part by the U.S. Atomic Energy Commission
v; o | " Now at Physics Department, Yale University, New Haven, Connecticut
1 Now?at Rutherford High Energy Laboratory, Chilton, Berkshire, England -

Now at’Physiés Department, University 6f California, Los Angeles



We report'results of a measurement of the differential cross section

for ﬂip_* ny; which tests whether the Roper resonance1 - P11(1460), with

I(Jp)  1/2(1/2+) -~ can be strongiy photoproduced from neutrons.2 The

Roper fesonance‘has_been seen in many'experiments inVolving peripherdl

’ + + - ' :
interactions of m, K, p or p with p and d targets.3 The Roper has not

been observed ih‘ﬂ+ or m° photoproduction from protdns,4’5 which could be
explained‘By a small radiative decay rate of the Ropervregonance. Another .

possibility,'emphasized by'Donnachie,z:is that only the charged Roper has

‘a small radiatiVe;decay rate. Thus, PIl + pY is forbidden, but Pgl + ny

" is allowed.  This follows from U-spin conservatioh, provided that the Roper

belongs .to an SU(3) antidecuplet, as originally proposed by Lovelace6_and

recently by Brehm‘gglgl.7

In terms of a conventional multipole anlaysis, the Donnachie interpre~
tation means that the two relevant isospin components8 of the Roper-pro-

ducing M.- multipole cancel ohe another in photopfoduction from protons and

1
enhance one another in photdproddction from neutrons., This remarkable be-

havior of the M - multipole is very apparent in the parameter-free multipole

1
analysis of Berends 35.31.9 Their ‘analysis is_based on fixed-t dispersion



2.
rcl1tions and is in good agrccmcnt with most photoproduction experiments,
all of which employ a proton target. |

| The SU(3) c1a551f1cation of the Roper is of particular interest for

the following reason, One expects the existence of an antidecuplet in

 the Eightfold Way,lo since

8x8m=1+8+8+10+T0+27,
However, the simplest quark models exclude the antidecuplet and predict
an octet classification of the Roper.11

are formed from three quarks, and

3x3x3=1+8+8010.7 | ,

Moorhouse12 has pointed'out that in the non-relativistic quark model one
expects the photoproduction of the Roper resonance to be suppressed with ‘
both proton and neutron targets. A similar suppressxon appears in "the quark
model calculations of Copley et al. 13,14

The shape and magnitude of the differential cross section for yn + pm

are necessary to determine the.iSOSpin decomposition of the pion photopro-

duction multipoles and serve to distinguish between'the conflicting symmetry

classxfications of the Roper resonance., In the absence of a neutron target,

our approach is to investigate the reaction Tp -+ ny. The incident 7~ momen-

tum selected is 490 MeV/c, corresponding to an invariant mass of 1363 MeV/cz.
It is the maximum energy for which the multipole analysis of Berends 35.2139

is thought to be reliable and is sufficiently high to observe possible

‘Roper production.2

The experiment was done at the 184-inch cyclotron of the Lawrence

Radiation Laboratory. The layout of the m beam and the detection ap-

| paratus are shown in Fig, 1. The apparatus consists of 4 beam hodoscope

planes, each with 8 to 11 counters; a pion timing counter;'a 4-inch dia-

meter liquid hydrogen target in the form of two independent half-cylinders,

In these models the baryon resonances .
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3.
hhl(h gives us.an option on the tarrct thickness; an array‘of charged

particle antxcounters Surroundlng the target; 8 1ead-sc1nt1llator—sandwxch
counters to reduce the ﬂ-p + nr° background; a neutron detector andqa.gamma |
detector, ecach faced with a charged partxcle anticounter. The neutron de- |
tector consists of 32 independent, cylindrical, ltquid scintillator counters,
each 2-3/4 inches in diameter and 18 inches long. Each counter polnts at
the hydrogen target when at a distance of lzgfeet. The efficiency (40 to 50%)
of the detector, as well as the neutron counter cross-scattering probability,
have been determined ln a separate experiment.15 The gamma detector consists

of a 40-p1ate optical spark chamber, 30 x 30 inches, containing 10 radiation_

lengths of lead InterSpersed between the modules of the chamber are 8 sets,'
.~ of trlgger counters, each 24 1nches hlgh and 27 1nches wzde. A PDP-5 com-

puter collects monltors, and transfers the . dxpital data to maynetic tape.

The spark chamber pictures are scanned and measured by an automatic PDP-5
v1d1con system.16 o |

An event is defined as a c01ncidence of signals in the beam hodoscope,
one neutron counter, and two gamma counters, prov1ded no antlcounters fired.
For each event we determ1ne the neutron and gamma angles relative to the
1nc1dent T and the neutron time of flxght The beam energy has been mea-
sured separately. All events are analyzed assuming Tp -+ ny.
To separate the ny from the charge exchange process, which occurs about

a hundred times as frequently, we use three parameters determined for each
event, namely,dthe reconstructed 7 momentum and the measured neutron time
of flight and coplanarity, Coplanarity is defined at the neutron array as

the perpendicular distance between the center of the triggercd neutron

counter and the Ty plane., We define the normalized deviation in each para-

- meter as the difference bctween measured and expected values divided by the

non-gaussian uncertainty introducedvbyvthe finite target size, beam diver-

gence, and resolution of the detectors. The expected values are the known

i



beém momentum, the neutron time of flight épprOpiate_for the y angle and
mean beam momentum, and the absolute copianarity.A The distribution of‘
normaliéed deviations in the three parameters fdf.éach-rﬁn is a check on
the alighmeht of the.apparétus, the timing éélibration, and the'méan beam -
moment#m,j'v |

For each e?éﬁt a péeudo—x2 value is éalcuiated froﬁ two of thevthree
parameters, and its fréQuency disfributioﬁ is ﬂisplayed versus the number
of standard deviations of the third parameter. vAlso; a x2 distributioﬁ is
made whicﬁ usés all thrée'parametefs simultgheously. The détection of the
ny and nim® feaétioné are independently simulated by an ex;ensive Monte Carlo
program, ‘Tﬁé'same anélysis'of the Monte Cario—simulated events prqduces
xz &istribufions separaﬁgly fdr_the signal and background. ‘The number of
- ny eﬁent§ is obtainéd from a X2 frequency distfibution by a-maximﬁm iikeli-
hood fit bf the Monte Carlo ny andvn’rro_)(2 distribution to the data distri-
bution,v fhelcommonly ﬁsed X2 distribution is béséd on coplanarity,and re-
construéted T mbmentum, for events with neutroﬁ time of flight,within 3.5
vétandardvdeViations. A good example of such a distribution 48 shown in
Fig. 2. The.ﬁy peak stands out clearly above the nﬂo,background. The
dashed line is the Monte Carlo—generated background. |

Our resulté for the differential cross section for ﬂ-p ~+ ny have:been
converted to the reaction yn - ﬂ-p.ﬁnder the aséumption of time revérsal
vinvarianqe. They are listed in Table 1 and displayed in Figure 3. The -
errors shbwﬁ include the statistical uncertainties oﬁly.,.There is about a
7% normaliéation uncertainty. Also shown in Fig. 3 are the resulté of

three experiments in which the yn - T p cross section has been deduced, from

Yd investigations%7’18’19 The cross sections reported by Neugebauer gé
El'17 -~which are obtained by multiplying.the (yd » W-x)/(yd - ﬂ+y) ratio

+ : .
by the yp .7 n_cross section -- have been updated by using more recent Yp



‘measurementszo and they have been linearly interpolated to our energy. The

results of a bubble chamber experiment19 on yd +~ T pp have been averaged

over 30° biné; we averaged this data because it has large error bars and

“the cfoss“section appears to be smooth. Finally, we have-included.in Fig. 3

the theoretical predictions by Berends.gglgl.g and by the Karlsruhe group 1,22
A , : | _ _ ;
and the speculation by Donnachie2 (Ml— multipole set to zero, otherwise
equal to Béiends 23 21.),'a1l made for 500 MeV photoﬁs."
. _ 9

Our results disagree stfongly with the predictions of Berends‘g£<§l.
This casts doubt on their treatment of the Ml?vmultipole. We find no evi-

deﬁce, in'the$sense suggested by Dénnachié, for the classification of the

Roper in ahﬂantideéuplet.‘ The'flatnesé of our measured differential cross

section‘iszéuggeStive of a small M,- multipole and a small radiative decay

1
rate of the neutral Roper. ‘This is consistent with the classification of
the Roper in an octet as done in the simplest quark models.lz—14 When we

vary the magnitude of the Ml; multipole, keeping the other multipoles fixed
at the values of Berends‘gg_gl.,g we do not obtain an_acceptable overall fit.

This_resﬁlt, and the fact that our measurements disagree with the predictions
21,22

~of the Karlsruhe group, °°~ who calculate the Ml— multipole from dispersion

integrals without contributions from the Roper resdnance, lead to the.con-
ciusion thgt'in this energy region the‘results of the ébpve dispersion re-
latioﬁ.calcuiationsg’21 are not useful without some‘revision of the mplti—
poles, or;rﬁéfhaps, their isospin decomposition.23

Using'détailed balance; our résults agree very well with the réported

cross sections for the inverse reaction, as deduced from yd data. There

is no apparent violation of time reversal invariance in this process at

‘this energy, barring unexpected cancellation of time reversal effects by

the deuterium corrections.
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, _ Table 1. Experimental Differential Cross Sections
for ™ p + ny, with 490 MeV/c Incident w , * :

. ?SY \ dS/d (Tp + my)  do/d (yn » pr)
Degrees Microbarns/Steradian - Microbarns/Steradian

W 18s1.2 9.4t 0.7
72 o _ '2'2.1':1..6> " 10.5:0.8

92 15.0 + 1.7 -  7.2+0.8

111 11.7 + 1.4 | j 5.7 £ 0.7

132 B 13.0 + 0.8 - 6.2 + 0.4
151 12.9 + 0.8~ S | 6.2 + 0.4

. | _ | S
The third column lists the calculated cross sections for
¥n =+ pr”corresponding to 520 MeV (lab) incident photons,
‘The errors include statistical uncertainties only. The

normalization uncertainty is 7%.
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Figure 1

Figure,z

Figure 3

10

FIGURE CAPTIONS

Béam Layout and Experimental Apparatus

x2 (cgplanarity>and momentum) Frequency Distfibution

with 3.5 Standard Deviation Gate on Neutron_Tihe of Fliéhﬁ
Diffefentiai Cross Section fér Yn + ﬂfp.athY_¥ 520 MeV.
Thevtheoretical predictions, calcuiated fdr_EY = 500 MeY)ére

due to: Be?ends.gglgl.; Ref. 9, indicated by the dashed line;
Karlsruhe group, Ref. 20;21, indicated by the solid line; and
Donnachie, Ref. 2, indicated by the dashed-dotted line. The
expefiment#l points ére:(} from Ref. 16, ﬂ-/ﬂ+ ratio;

+_', from Ref. 18, bubble chamber; ¢) fronl_ Ref. 17, spark chamber;

and Il is this experiment; namely;'ﬂ-p + ny at P"- = 490 MeV/e¢.
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