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ABSTRACT

The production of ¥° and n° mesons in the reactions pd + ¥°t and
pd + n®7 has basn studied at very backvard angles for kinetic ptoton
eosrgies T ranging from 0.92 to 2.6 GeV. The excitation functions at
o, = 0“ = 180° di:plny large structures which might be related to
baryonic (4 and N ) excitations in the intermediate state.
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I - INTRODUCTION

In the snergy domsin of the elemantary baryonic excitations of
a nuclecn, suclei could exhibit s complex excitation spectrum of various
sultibaryonic resonsnces (Ref. 1). The region of the A(1232) has bean
studied in various 7 - and vy ~ induced reactions (Ref. 2, 3, 4), From
the study of the reaction He"(y,¥ p) of Ref. &, it has been suggested
that the her small r observed could be a resopant state
formed by the A with other nucleons, The maina difficulty with this kind
of experiments is to sepsrate the quasifree A production from a coharent
4 production mecheniem. In this sense, the choice of kinematical
conditions emphasizing multibaryon mechanisa {s of great importance :
that is tha case of very back d meson production where the single
particle contribution is reduced and many nucleons solicited to share
the transferred momentus., In the case of proton induced resctions,
head-on collision can lead to the fusion of the p + 4 system in S=chamel
resonances vith rather lov angular womenta. The p + d system is the
lower N-A system available and a previous p +d » t + »* experimeni,
studying the excitation function at 9“, = 180° in the snergy range
0.6 ST S 1.5 GeV (Ref, 5) revealed a significant structure centered
at '!p = 1,2 GeV corresponding to 700 MeV excitation snergy in the

- p +d system,

The present work is a furthsr study of ths pd-systes including
nev data for the Tr° and " final states which we hope will shed light
oo the interesting problem of identifying the baryonic states responsible
for the rich structure observed in the excitation functions. The pd + Tn®
reaction at vary backvard angles has been measured to 2.3 GeV.

To clarify the mechanisa involved in the backward
#-mason production, the n®-meson (vhich is also a J” = 0" meson)
production has been also extensively studied from thrashold (TP = 0.897 GaV)
to 2.6 GaV. Before this experimencal etudy few data existed at very
backward angles (Ref. 6).

The appsratus is describsd in part II and the data are presented

in part III. The pradictions obtained from two models of the reaction
pd> 1T 71° (or t**) are discussed in part IV. A discussion of the
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several enhancemants observed for the 7tr* and tn® final states in terus
of baryonic resonsnces is in part V. Part VI contains the conclusions.

II - EXPERIMENTAL PROCEDURE

Protons accelerated in the SATURMNE synchrotron wers directed .
onto a cryogenic liquid deuterium target 600 mg.cm-2 thick. SATURNE can
deliver protons in the energy range 0.2 to 2.9 GeV, The SPES IV spsctro-
meter vas tuned to detect T's (’He' s) st angles near 0°. For the T7°
final states the apgles were 0,1 and 2°, For n"-production data wers
obtained at angles between 0 and 6°. The momentum of the detected T
determines the invariaut mass of the unobserved meson.

The SPES IV facility and its detection system have been described
in earlier publications (Ref. 5). An image of the target is formed at an
intermediate focus 16 m from the target, and a second image at a final
focus 32 m away from the target. Scintillation bodoscopes located both
at the intermediate focus and at the final focus provide pulse-height and
time-of~flight information for each svent, The final focal plane hodoscope
is -ultil-ioud and for each particle the energy loss is determined
4 times. The momantum resolution as defined by the size of the fine
step scintillator array is 0.2 % and the total reletive womentur acceptance
is 7 Z. Digitizing and storing of all pulse-height and time-of-flight
signals allow one to replay the data and apply assorted cuts on these
paramaters for optimum particle mass identification. A typical time
resclution of 0.8 ns on the 16 w flight path, combined with the highly
redundant pulse-height informstion, provide an excellent background
rejection.

An example of the raw data is shown in figure 1 a, which displays
ths number of events in each slement of ths focal plane, here directly
calibrated as p/2, for protons of 2 GeV. Even in the raw daca the n°-pesk
is quite apparent ; after off-line anslysis the continuous background
is considerably reduced as seen in figure 1 b, and the N,-peak has
become prominent. The remaining flst contiouum msust be due to 2- and
3J-pion final states. The two-body cross section do/dd for tn® (and
similarily t7*) final states is calculated from the number of svents
in the peak, after subtraction of a smooth background fitted to the
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continuum left-and right from the n* (m*)- pesk.

The beam current was typically 2 to 5 x 1012 protons per burst,
and monitored by 3 telescopes each comprising 3 plastic scintillators ;
two telescopes vers viewing a very thin CH: films upstrean from the
deuterium target, and the third was aimed at the deuterium target itsslf.
Additionally, a secondary electron monitor was used. Absolute calibrations
of the monitors were made at each beam energy by activation measurement
from 2¢(p,pn)1’C. The vsriation of the monitor stability during the
caking of the data and the uncertainties in the absolute calibratiom,
target thickness and solid angle lead to & total systematic error of
82

II1 - THE RESULTS

The results of the present investigation include cross sections
for 0 or 0.5° smission of tha triton in pd + en® for proton energies from
0.6 to 1.5 GaV in steps of 0.1 GaV, which have been presented earlier
in ref. 5, and are shown in table I. The so far unpublished results for
pd + Tn®, &t proton energies of 0.92, 1.65, 1.85, 2.0 and 2.3 GeV for T
detected at 0, 1 or 2* ara ghown in table II. The 0° results are shown
in figure 2, where the tx" cross sections have been divided by a factor
of 2, as should be the case if isospin conservation is valid. The
entirely nev results for the Tn® final state are shown in cable III.
They cover the ensrgy rangs 0.92 to 2.6 GeV in 9 steps ; st several of
these energies the sngular distribution has been measured out to 6° in
the laboratory for the T. The 0° cross sections (or extrapolated valuas
at the 3 highest energies) are shown in figure 2. A discussion of the
qualitative differences between the excitation functions for 7° and n*
ie to be found in part V. Beside the fact that the threshold #or n®
production occurs where the *° cross section is at a minimum, it should
be noted that both reactions show & large enhancement at 1.6 (T, = 1.2 GeV)
to 1.7 GV (T, = 1.35 GeV) proton energy. Furthermore the N° excitation
function, but not the w* one, contains & second peak nur-l.sz-.(-'l'y = 1,75 GeV)
to 2,02 ('l!, = 1,85 GeV).
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IV = PION DATA COMPARED TO MODEL CALCULATIONS

Concerning the 7 production, diffsrent models have been used
in the region of the A(1232) resonance (370 < T_ < 600 MaV) to interpret
the cross sections and the asymetries (Ref. 7). None of these were able
to reprod the back d pion production. In the following, we try to

interpret the ) 180° excitation function of the reaction pd + tx*
from ‘!p = 0.4 to 2.3 GeV using two different models.

i) - the wmodel of Locher and Weber (Ref. 8), where the pd + Tr*
cross section is expressed in terms of the pp < dwv slementary interaction
ssltiplied by an inelastic form factor F, which is the overlap of a
deuteron in the *He nucleus in momentum space. This form factor is
the coherent sus of a direct form fsctor il) and an exchange form factor ;E'
the last one coming from the Pauli principle for the two neutrons in
the intermsdiate state. This exchange term ;! plays en important role
at backward angles for the pion., As 8 result the pd + er* cross section
is written as :

9 P Sy B B E B
4 Toe PS5 5F g3f ettty

O §<)l=“(‘ )
~ 7@ — G+ a
D E am "

vhere Q is the momentum transfer Q = E-;- -;-; I. (Por the meaning of

sysbols see Ref. 8). The total c.m. ehergy $i/2 of the pd ~ tn’ systea

is related to the total eunergy s*/ ? of the subsystes pp -+ d¥ through
7d

.3 2 1.2
] ?s,.d"3l T U5

which neglects the Fermi wotion in the triton. We have slightly modified
the kinematical factor sppesring in the formuls giving the cross section
in Ref, 8, to take into account the vecoil of the deuteron and
the triton., This increases the cross section by an asount of 10 X ac

the highest energy (Tp = 2.5 GeV).



The rvesult of this calculation is shown on Fig. 3 b in comparison
with our expsrimental dats. Two differsnt wave functions have bsen used :
the 3~poles weve function given by Locher and Weber (full }ine) vith
the same factor of 2 multiplying the exchsnge form factot Fp as given
in their work and an Eckart type wave function (Ref. 9)

vir) = 5 0T 7By

with o = 0.42 fu™! and 8 = 1.8 fa"! (Ref. 10) (dashed line).. The two
curves correspond to pd + n’, so they have to be renormalized by a

£ 2 vhen compared to the experimental data, dus to isospin conser-
vation., The el y i ion pp > an* ded in this calculation

is obtained fitting the experimental data svailable at 6, = 180° (Ref. 11)
and is shown on Fig. 3a. One can ses that this calculation misses
completely the large bump observed at Tp = 1,2 GeV and that the calculated
cross section fs quite below ths experimental result in this ensrgy region
by at least a factor of ons hundred.

1i) =~ The model of Barry (Ref, 12) where the pd -~ t7 reaction
is related to the 7d + dr resction vhen the pions are backscattersd :

CIC'(Pcl"l:‘lr)-—t:’ )I—l—-—(wd-»dr)

mo 'Pd | 5, e g

with the same notacion as used in the Ref. 12,

This calculation is showm om Fig. 4 b with the angular corres~
pondance cos & = cos § = = 1, The calculstion is normalized to give the
experimental valus at 'l'p w» 0,9 GeV. Since the publication by Barry,
nev valusble backward *'d elastic scattaring have been measurad (Ref, 13)
and are shown on Fig, 4 a. The fit of the dats appearing in this figure
(dashed line) has bean used as the alemantary interaction in our calcula-
tion showm on Fig. 4 b.
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The gensrsl trend is well reproduced except that the large
structure at T_ = 1,2 GeV is not well accounted for. The small structure
appearing in the calculation at the right place which is not able to
reproduce the sxparimental observation is due to the small structure in
the md + d% around ‘J.‘Tr = 0.6 GaV. The rescattering of the pion in the
fins) state of the pd + tm could enlarge and broaden the calculated

structure.

V = DISCUSSION

In the previous part, the interpretation of the pd + Tr* axcitation
function at 180® in terms of pp + dm, even with an exchange term is unable
to yield a large structurs as observed. Morsover, the calculation is very
sensitive to the very high momentum component of the wave functiom, which is
unknown, Ths two wave functions used give the limits between which a
realistic wave function must lie for small distances.

The model in terms of Td + d¥ seems to reproduce the main trend
of the excitation function sven if the bump is not well sccounted for.
This relies over a few md + 7d elastic scattering data thet should be
more extensively measured. This model emphasizes the role of baryonic
excitation in the intermediate state and hes out the
dependance of the ’Hs wave function.

At this point of the discussion the question is to komow if this
large structura due to baryonic excitations implies a two or a three
nucleon mechanism. The answer could be found studying the pd ~ ™m°
excitation function drswm on Fig. 2 which also shows two well marked
structures. Unfortunstely the OPE model of G.W. Barry cannot be used
because of the isospin violation of the 7d + dn® reaction which would
be the elementary interaction entering in this model.
The presentation of the results as & functionof w = W -~ 2 My on
Fig. 2 shows up the excitation of nucleon resonances at the total
c.m, energy W w 2 HN + H"t where Me# is the mass of nucleon resonsnce involved,
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These masses ure shown on the upper part of the Fig, 2. Only the A
and ll‘ having 3 or & stars status from the last Review of the Particle
Data Groups (Ref. 14) ara shown, axcept the n‘(tqao) which has 2 stars,
It is very interesting to point out the remarkable corrsspondances

existing :

= in the pd + T1* b the two st obsexved and the
48(1232) for che first one and the !.(1650) and N.(ISBO) for
the second ons. Thess !I* are kmown (Ref. 13) to have a very large
branching ratio in the M7 channel.

- :.n the pd + ‘m between the two structures oblcrvcd and the
l (1710) and N (1720) for the first one and N (1990) for the ucond
one. These two N have large branching ratio in the Nn*®
channel. The origine of the pesking of the cross section
near the threshold could be found in the excitation of the 1 (1440)
which is below the threshold in this energy cozrespondance,
but that has also s large branching ratio in the Nn® channel,
In that sanse the N (1535) having also an important Nn® decay
mode should produce a structure in this excitation function,
except that contrary to the other I(' here involved, it has and
odd perity.

VI = CONCLUSION

To conclude, one can sey that the structures observed in the
pd + Tr® and pd ~ Tn® axcitation funcuon- ac 8 = 6 = 180° seem to be related
to the excitation of respectively A and l hmn.n; larn branching
ratio either in N¥ or ¥n chaonels. For the pd - t¥ reactions, the fact
that here N'(I --;- or I = %) can be excited in intermediste scates
through entrance channal with I = -1-, shows that isospin flip transitions
oceur in the deuteron excited by the incoming proton in a coherent process.



At present cime, it is hard to conclude that a coherent participation of
the thrae nucleons is forming a true thres baryonic eigen state . The
future exparimental development must include & u =~ or cos § - dependance
of these two reactions at backward angles and should be extended :o
higher energies.

We greatly acknowledge the SATURNE Synchrotron crew and
the Low Temperature Service of IPN for their kind cooperation.




TABLE I

pd »tw -

T 0,  |d0/d% lab. avtag, Uncertainties
(GeV) nb/sr nb/sr statistical systematic
0.6 - 0.5 11.500 624 132 1.0 2
0.7 - 0.5 4,180 251 6.02 1.0 2
0.8 0 1.080 69.3 232 1.0 2
0.9 0 635 43.2 3712 1.0 2
1.0 0 690 49 3.5 2 1.0 2
1.1 0 850 63 3.212 1.0 2
1.2 0 920 70 2.9 2 1.02
1.3 0 656 1.2 2.9% .02
1.4 ) 31s 25.2 6.32 1.0 2
1.5 - 0.5 222 18.0 2.8%2 1.0 2




TABLE I

ptrd-+He + 1

Uncertainties
Tp '{.b da/dnlab do/dR
(GeV) (nb/st) {nb/st} + tic
0.920 0 233 16.1 141 20 %
0.920 2 236 16.3 3 5%
1,65 1 35.4 2.90 71 51
1.85 1 1.4 0.90 301 351
2,0 1 8.0 0,68 361 30 %
2.3 1 7.3 0.63 k18 50 %




TABLE IIT

p+d=> He + n°

T P

Tp 61ab d"/dﬂlab do/dft @ Uncertainties
(GeV) (nb/sr) (nb/sr) Statistical| Systematic
0.920 a 234 14.6 1.3 % 101

2 290 17.1 s ) 1
0.950 0 534 6.5 3.6 3 0%

2 705 8.3 2.3 % 10 %

4 1030 10.9 7.5 % 104
0.975 0 156 3.8 10 1 20 %
1.000 0 147 3.0 8 ) 304

2 180 3.6 8.4 3

4 291 5.6 s.4 1 134

6 572 9.9 3 1 014
1.050 0 77 2.1 14 1 204

2 99 2.6 8 ' 204

4 120 3.1 5.8 % 8

6 262 6.4 5.5 % 2.5
1.149 0 6.5 2.1 14 ) 201

2 57 2.1 ] 1 121

3.86 65 2.4 14 1 204

6 101 3.6 6 1 104
1.250 0 130 5.9 12 1 174

1 102 4.6 15 1 11

2 81 3.7 13 1 3

4 3 2.4 20 1 254

6 79 3.5 14 1 LR




TABLE III (suite)

Uncertaint:~s
b 1N dosany do/dn_, cerrainzies
(GeV) (nb/sr) __(nb/sr) Statistical| Svstemati:
1.350 0 138 7.0 0 3 54
1 126 6.5 8.8 1 4
2 19 6.1 8.3 % 41
3.86 85 4.35 5 4 34
4 83 4.3 13y 74
1.450 0 77 4.4 10 3 53
F) 58 3.3 10 4 5 4
s 53 3.0 0 53
1.550 0 60 3.6 13y 5 3
s i 2.8 8 | 104
1.650 0.5 37 2.4 P 5 4
3.86 4 2.8 13 14
1.750 0 45 3.0 20 5 4
4 a2 2.8 9 3 1
1.850 1 “ 2.9 0 3 )
2.000 1 25 1.8 9 3 44
F) 28 2.0 9 3 41




TABLE III (suite)

T T Uncertainties
P %1ab do/dfy 1 do/d
(GeV) (nb/sr) (nb/sr) Statistical|Systematic
2,150 1 13.5 1.0 19 15°% '
2 4.1 1.05 134 8y
3.86 13.1 0.98 12 4 84
2,300 1 13.2 1.0 33 4 104
3 8.6 0.66 23 1 51
2.600 3 s 2.8 $ 0,22
i




12 -

REFERENCES

See for instance : H.J. Weber and H. ArsnhSvel, Physic Report,
Phys. Lett. (C), Vol. 36C n* 4 (1978) -

L.S. Kisslinger and W.L. Wang, Phys. Rev. Lett. 30(1973)1071 ;
M. Hirata, P. Lenz and K. Yazaki, Annals of Physics 108(1977)116

M.G. Hubert and K.K. Klingenbeck, Nucl. Phys. A358(1981)243
P.E. Argan et al., Phys. Rev, Letc. 29(1972)1191

P, Barthet et al,, Phys. Lett, Vol. 106B n® 6 (1981)465 ;
R. Frascaria et al., 9th ICOHEPANS (Versailles, (France), Jul. 1981)

J. Banaigs et al., Phys. Lett. 458 (1973)394 -

G, Jonss, 10th Int. Conf. on Few Body Problems, (Karlsruhe, (RFA), Aug. 83)
and ref, in thare

M.P. Locher and R.J. Weber, Nucl. Phys. B76(1974)400
T.K. Lim, Ph. Lett. 43B, (1973)349
H, Lesnisk and L. Lesniak, Acta Phya. Polonica Vol. B9(1978)419

D.F. Bartlett ot sl., Phys. Rev. D Vol, 1 u® 7 (1970)1984 ;
O0.E. Overssth at al., Phys. Rev. Latt, Vol. 13 n® 2 (1964)59 ;
H.L. Anderson at al., Phys. Rev. D3 (1958)1536 ;

B.8. Negsnov et al., Soviet Phys. JEPT (1958)528 ;

R.M, Heinz et al., Phys. Rev, 167(1968)1232

G.W. Barry, Phys. Rev, D7(1973)4é

L.3. Schroeder et al., Phys. Rev. Latt. 27(1971)1813 ;

R.H, Cole et al., Phys. Rev. C17(1978)681 ;

R.J. Holt et al., Phys. Rev. Latt. 4#3(1979)1229 ;

R. Frascaria ec al., Phys. Latt, 910 n* 3,4(1980)345

B.M. Abramov et al, Sov. J. Nucl, Phys. Vol. 23 n® 2(1976) 194

Reviev of Particle properties Rev, Mod. Phys., Vol. 56, n*® 2 part II
April 1984



TABLE CAPTION

Tiblc 1 ~ Cross sections of the pd + tn" reaction.
The systematic uncertainty is obtained as a result of the

difference between the upper snd the lower hackground that
can be extractad balow the peak.

Table 11 ~ Cross sections of the pd + T®* raaction,

Table IILI~ Cross sections of the pd + TN reaction.
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TIGURE CAPTION

Fig. 1 ~ Experi al sp a showing what is obssrved in the focal

plans of the SPES & spesctrometer (Fig. 1a) and obtainad after

softwars analysis (Fig. 1b).

Fig. 2 = The B,l - Bn = 180° excitation functions of the pd + tn®
and pd +» ™® reactions as a function of the total c.m.
energy minus two nucleon masses. Thevalue quoted (&)
is an upper value of the cross section pd + Tn° at
'l'P = 2,6 GeV. The baryonic excitation masses shown in the

upper part of the figure are taken from Ref. 14.

Pig. 3 - Comparison betwsen the expsrimental dstsa and the calculation
in the model of Barry for the 6_ = 180° excitation function

of tha pd +~ T8° reaction

Fig. 3a : the wd ~ dx el y i ion (dashed curve)

fitted on the dsta of Ref, 13 and used in the
calculation.

Fig. 3b : the result of the calculation (full line curve)
in comparison of the data, as a function of tha

kinetic proton enargy.




Pig. 4 = Comparison between the experimental data and the calculation
in the model of Locher and Weber for the 6~ 180° excitation

function of the pd - T?® reaction :

i ion (dashed

Fig. 4a : the pp-~ dn el .
line) fitted on the daca of Ref. 11 and used

in the calculation

Fig. 4b : the result of the calculation using the 3~pole
(full line curve) and the Eckart form (dashed
lins curve) wave functions in comparison with
the data, as a function on the kinetic proton
energy. The upper scala shows the correspondance

with the momentum tranefer Q.
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