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I - INTRODUCTION 

In tha energy doaain of tha eleaentary baryonic excitations of 
a nuclaon, nuclei could exhibit a coaplex excitation apactrum of varioua 
aultibaryonic raaonancaa (Raf. 1)> Tha region of tha A0232) ha* baan 
atudiad in varioua Tf - and Y ~ inducad «action» (Raf. 2, 3, 4). Froai 
tha atudy of tha reaction H«*(Y.*~p) of Raf. 4, it haa baan auggaatad 
that tha rathar saall resonance obaerved could ba a raaonant stata 
foraed by tba A with othar nuclaona. Tha main difficulty with thia kind 
of axpariaants is to saparata tha quaaifraa A production froa a coharant 
A production aechanisa. In this sansa, tha choica of kinsaatical 
conditions emphasizing aultibaryon acchanisa ia of graat iaportanca : 
that is tha casa of vary backward aason production whsra tha singla 
particla contribution is raducad and many nuclaons solicitad to ihart 
tba transfarrad aoaantua. In th* casa of proton inducad raactiona, 
haad-on collision can laad to tha fusion of cha p • A systsa in S-chatmal 
rasonancaa with rathar low angular aoaanta. Tha p + d aystaa ia tha 
lowar N-A systea availabla and a pravious p + d * t + » axpariaani-, 
studying tha axcitation function at 0 - 180* in tha anargy rangs 
0.6 î T S t.S CaV (Raf. 5) ravaalad a significant structura cantarad 
at T » 1.2 GaV corrasponding to 700 HaV axcitation anargy in tha 
p + d syataa. 

Tha prssant work ia a further study of tba pd-aystaa including 
naw data for tha nr* and m' final statss which wa hopa will shad light 
on tha intarasting problsa of identifying tha baryonie atataa rasponsibla 
for tha rich structura obaarvad in tba axcitation functions. Tha pd •* rtr' 
reaction at vary backward angles has baan aaasurad to 2.3 GaV. 

To clarify th* aachanisa involved in tha backward 
*-Mson production, th* n'-aason (which is also « J* • 0' aason) 
production bas baan also extensively studied froa threshold (T - 0.897 GeV) 

P to 2.6 CeV. Before this axpariaencal study faw data axiatad at vary 
backward angles (Raf. 6). 

The apparatus is described in part II and tha data are preaantad 
in part III. The predictions obtained froa two aodels of tha reaction 
pd * T IT* (or tir ) are discussed in part IV. A diacussion of tha 
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•avaral anhancaaanta obaarvad for tha m * and Tn* final states in taras 
of baryonic rasonancas is in part V. Part VI contains tha conclusions. 

II - EXPEUMEHTAI. PROCEDURE 

Protons accalaratad in tba SATURNE synchrotron war* diractad . 
onto a cryogenic liquid deuterium target 600 ag.ca-2 thick. SATURNE can 
dalivar protons in tha energy ranga 0.2 to 2.9 GaV. Tba SPES IV spactro-
aatar vas tunad to datact T'S (*He* s) at angles naar 0*. For tha Tir* 
final statas tha anglas vara 0,1 and 2*. For n*-production data vara 
obtainad at anglas batvaan 0 and 6*. Tha moacntua of tha dataccad T 
datarainss tha invariant mass of tha unobsarvad a*son. 

Tha SPES IV facility and its dataction system hava baan dascribad 
in aarliar publications (Ref. S). An image of tha targat is formad at an 
intaraadiata focus 16 m fro» tha targat, and a sacond iaaga at a final 
focus 32 a away froa tha targat. Scintillation bodoscopas locatad both 
at tha intaraadiats focua and at tha final focua provida pulsa-haight and 
tiaa-of-flight information for aaeh avant. Tha final focal plana hodoscopa 
is aultilayarad and for each partiels tha anargy loss is datarainad 
* tiaaa. Tha aoaantua rasolution as defined by tha six* of tha fina 
step scintillator array is 0.2 Z and tha total ralativa aoaantuc acceptance 
is 7 Z. Digitizing and storing of all pulsa-haight and tiae-of-flight 
signals allow one to replay tha data and apply assorted cuts on these 
parameters for optimum particle mass identification. A typical time 
rasolution of 0.8 ns on tha 16 a flight path, combined with tha highly 
redundant pulsa-haight information, provida an excellent background 
rejection. 

An example of tha raw data ia shown in figura 1 a f vhich displaya 
tha number of events in each element of tha focal plana, hare directly 
calibrated as p/Z, for protons of 2 CaV. Evan in tha raw data tha n'-peak 
is quite apparent ; after off-line analysis the continuous background 
is conaiderably reduced as seen in figure 1 b, and tba ru-paak has 
becoae prominent. The remaining flat continuum must be due to 2- and 
3-pion final statas. Tha two-body cross section do/dft for Tn* (and 
similarity TIT*) final states is calculated from the number of events 
in the peak, after subtraction of a smooth background fitted to the 
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continuum laft-and right from tha if (n*)- paak. 
Tha baaa currant vas typically 2 to 5 x 10 1 1 protons par burst, 

and monitorad by 3 talascopas aach comprising 3 plastic scintillators ; 
two talascopas wars viewing a vary thin CH2 films upstraam from cha 
deuteriua targat, and tha third was aiaad at tba dautarium targat itsalf. 
Additionally, a aacondary alactron monitor waa uaad. Absoluts calibrations 
of tha monitors vara aada at «seta baaa anargy by activation measurement 
from 12C(p,pn)11C. Tha variation of the aonitor atability during tha 
taking of tha data and the uncertainties in tha absolute calibration, 
targat thickness and solid angle lead to a total systaaatic error of 
±8 1. 

Ill - THE RESULTS 

Tha results of the present investigation include cross sections 
for 0 or 0.5* «minion of tba triton in pd * l* for proton energies from 
0.6 to 1.5 GaV in steps of 0.1 GaV, which have been presented earlier 
in raf. 5, and are shown in tabla I. Tha so far unpublished results for 
pd -* TIT', at proton energies of 0.92, 1.65, (.85, 2.0 and 2.3 GaV for T 
detected at 0, 1 or 2* ara shown in table II. The 0* results are shown 
in figura 2, where tha tir cross sections have bean divided by a factor 
of 2, ae should be the case if isospin conservation is valid.' Tha 
entirely new results for tha in* final state ara shown in cable III. 
They cover the energy range 0.92 to 2.6 GaV in 9 steps ; at several of 
chase anergics tha angular distribution baa bean measured out to 6* in 
the laboratory for the T. The 0* cross sections (or extrapolated values 
at tha 3 highest energies) are shown in figure 2. A discussion of the 
qualitative differences between tba excitation functions for IT* and n* 
is to be found in part V. Beside the fact that the threshold *or n* 
production occurs where the **croea section is at a miniaua, it should 
ba noted that both reactions show a large enhancement at 1.6 (TD - 1.2 GaV) 
to 1.7 GeV (T- - 1.35 GeV) proton energy. Furthermore the n* excitation 
function, but not the ** one, contain» a second peak near- 1.92 -(Tj, " 1.75 GaV) 
to 2.02 (T„ - 1.85 GeV). 
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IV - PION DATA COMPARED TO MODEL CALCULATIONS 

Concerning tha ir production, différant models have bean used 

in the region of tha M1232) résonance (370 < T < 600 HaV) to interpret 

tha cross sections and the asymétries (Réf. 7). Hone of these were able 

to reproduce tbe backward pion production. In the following, ue try to 

interpret the 9 - 160* excitation function of the reaction pd -*• TIT* 

from T • 0.4 to 2.3 GaV using two different models. 

i) - the model of Lochcr and Hsber (Sef. 8), where the pd * Tir* 

croaa section is expressed in terms of tha pp -»• dir elementary interaction 

multiplied by an inelastic form factor F, which is the overlap of a 

dauteron in the 5He nucleus in momentum space. This form factor is 

tha coherent turn of a direct form factor F Q and an exchange form factor Fg, 

tha last one coming from the Fauli principle for the two neutrons in 

the intermediate state. This exchange term F_ plays an important role 

at backward angles for the pion. As a result the pd * CT cross section 

is written as : 

1. i i sa i i •«,,•. y * — I ; w . ; J . dl ( „ . *,, 
* i.ffP* E ' " E « £ V " ) ? . I I i a 

a* d. «p. 

where Q is the momentum transfer Q » W p - -r q I • (For the meaning of 

symbols see Sef. 8). Tha total c m . energy S 1' 2 of the pd * tit* system 

is related Co the total energy S 1 ' 2 of tbe subsystem pp -» d» through 
Hi 

which neglects the Fermi motion in the triton. We have slightly modified 

tha kinematical factor appearing in tha formula giving the cross section 

in Kef. 8, to take into account tha recoil of tha deuteron and 

the triton. This increases the cross section by an amount of 10 X at 
the highest energy (T - 2.5 GeV). 
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Tha raault of this calculation ia ahown on Fig. 3 b in comparison 

with our experimental data. Two different wava function* hava baan uaad : 

tha 3-polaa wave function givan by Lochar and Wabar (full lina) with 

tha aaaa factor of 2 multiplying tha exchange form factor F £ a* givan 

in their work and an Ecfcart type wave function (Ref. 9) 

* (r) - £ ."«"(I -a - 6')» 

with a - 0.42 feT 1 and S - 1.8 fat*1 (Ref. 10) (daahed line).. The two 

curvee correspond to pd •* tv , so they have to be rationalized by a 

factor 2 when compared to tha expérimental data, due to iaospin conser­

vation. Tha elementary interaction pp * d» needed in this calculation 

is obtained fitting the experimental data available at 6, • 180' (Ref. 11) 

and ia ahown on Fig. 3a. One can see that thia calculation misses 

completely the large bump observed at T- • 1.2 GeV and that tha calculated 

crosa section is quits below the experimental raault in this energy region 

by at laaat a factor of one hundred. 

ii) - The model of Barry (Ref. 12) where tha pd * CT reaction 

is related to the ltd + dir reaction when tha pions ara backscattered : 

to ' Kl KA to 
— (pd -• tir) - - G* „(kf) '-Il J E . — (ud * dir) 

«"e 2 P I'd I « « « o 

with the same notation as uaad in the Sef. 12. 

Thia calculation is shown on Fig. 4 b with tha angular corres­

pondance cos 6 " coa S • - 1. The calculation ia normalized to give the 

experimental value H L • 0.9 GaV. Since the publication by Barry, 

new valuable backward * d elastic scattering hava been awaaurad (Raf. 13) 

and ara ahown on Fig. 4 a. The fit of the data appearing in thia figure 

(daahed line) has been used as the elementary interaction in our calcula­

tion ahown on Fig. 4 b. 
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Tha general trend is wall reproduced axcapt that tha larga 

structura at T "1.2 GaV is not wall accountad for. Tha snail structura 
P 

appaaring in tha calculation at tha right plaça which is not abla to 

raproduca tha experiaental obsarvation is dua to tha saall atructura in 

ch« ¥d — d» around T • 0.6 GaV. Tha rascattaring of Che pion in tha 

final stata of tha pd — tir could anlarga and broadan th« calculatad 

atructura. 

V - DISCUSSION 

In tha pravioua part, tha intarpratation of tha pd •*• TIT* axcitation 

function at 180* in tanas of pp — dir, «van with an axchanga tara ia unabla 

to yield a larga atruccura as obsarvad. Moreover, tha calculation is vary 

sansitiva to tha vary high Boaantua coaponent of tha wave function, which is 

unknown. The two wava functions usad giva tha liaits batwaan which a 

raaliatic wava function Bust lia for «all distanças. 

Tha aodal in taras of ïïd *» d* saaaa to raproduca tha aain trand 

of tha axcitation function avan if tha buap ia not wall accountad for. 

This raiias ovar a faw ird •* ird alaatic scattaring data that should ba 

sura axtanaivsly aaasurad. This nodal eaphasizes tha tola of baryonic 

axcitation in tha intenaediate stata and waahaa out tha aoaentua 

dapandanca of tha 3Ha wava function. 

At this point of tha discussion tha question is to know if this 

larga structura dua to baryonic excitations iaplias a two or a three 

nucléon aacbanisa. Tha answer could ba found studying tha pd -» m * 

axcitation function drawn on Fig. 2 which also shows two wall aarkad 

structurée. Unfortunately tha OPE aodal of C.W. Barry cannot ba ueed 

because of tha isospin violation of tha ird •» dn* reaction which would 

ba tha eleaentary interaction entering in this aodal. 

Tha presentation of tha results aa a function o f v a V - 2 ! L « 

Fig. 2 ahows up tha axcitation of nuclaon rasonancaa at tha total 

c.a. energy « • 2 M^ + M^* where M,,* is tha aass of nuclaon resonance involvad. 



Thisa nanti ara ihown on cha uppar part of tha fig. 2. Only tha A 
and H having 3 or 4 stara atatua froa tha laat Raviaw of tha Particla 
Data Croupi (Baf. 14) ara shown, cxcapt tha N (1990) which haa 2 atara. 
It ia vary intaraating to point out tha raaarkabla corraipondancaa 
axiating : 

- in tha pd -* TIT* batvaan tha two atructuraa obaarvad and tha 
4(1232) for tha firat ona and tha R*(1650) and M*(1680) for 
tha aacond ona. Thaaa M ara known (Saf. 13) to hava a vary larga 
branching ratio in tha Hir channal. 

- in cha pd * TU * batman tha two structural obiarvad and tha 
M*(1710) and H*(1720) for tha firat ona and N*(1990) for tha sacond 
ona. Thasa two M hava larga branching ratio in tha Nn" 
channal. Tha origins of tha pasting of tha croit saction 
naar tba thraahold could ba found in tha axcitation of tha H (1440) 
which il bslow tha thraihold in thii anargy eorraspondsnca, 
but that haa also a larga branching ratio in tha Un* channal. 
In that lima tha N (1535) having alio an important Hn* dacay 
ooda should produca a atructurs in this axcitation function, 
axcapt that contrary to tha othar M hara involvad, ' it has and 
odd parity. 

VI - COKIUSIOM 

To concluds, ona can say that tha structuras obiarvad in tha 
pd •» TH* and pd •* Tn* axcitation function! at 8 « 8 • 180* iiaai to ba ralatad 
to tha axcitation of raapactivaly n and N having larga branching 
ratio aithar in Its or Rn channaLa. For tha pd -*- cir raactiona« tha fact 
that hara M (I • •* or I « y) can ba axcitad in intarawdiata icatas 
through antranca channal with l ' y , shows that isospin flip transition! 
occur in tha dautaron axcitad by tha incoming proton in a coharant procats. 
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Ac prcstnt cxae, it is herd to conclude that e coherent participation of 
the three nucléons is forming e true three baryonic eigen state . The 
future experimental devclopnent oust include a u - or cos 9 - dependence 
of these two reections at backward angles and should be extended ;o 
higher energies. 

Ve greetly acknowledge the SATURNE Synchrotron crew and 
the Low Temperature Service of* IFN for their kind cooperation* 



TABLE I 

I 

p d *»• CTT 

T 'lab "lab dd/df! lab. du/dfi.^ Uncertainties 

(G«V) nb/sr nb/sr statistical systematic 

0.6 - 0.5 11.500 624 1.3 Z 1.0 Z 
0.7 - 0.5 4. ISO 251 6.0 Z 1.0 Z 
0.8 0 1.080 69.3 2.3 Z 1.0 Z 
0.9 0 635 43.2 3.7 Z 1.0 Z 
1.0 0 690 49 3.5 Z 1.0 Z 
1.1 0 850 63 3.2 Z 1.0 Z 
1.2 0 920 70 2.9 Z 1.0 Z 
1.3 0 656 51.2 2.9 Z 1.0 Z 
1.4 0 315 25.2 6.3 Z 1.0 Z 
1.5 - 0.5 222 18.0 2.8 Z 1.0 Z 

i i 



TABLE II 

p + d * 'He + » • 

! 

! T P 
(GeW 

•L» do/dn l a b 

(nb/srt 

do/d!^ 

(nb/sr) 

Uncertainties 

££atjstiçal Systematic 

0.920 
0.920 

0 
2 

233 
236 

16.1 
16.3 

14 t 
3 i 

20 t 
5 t 

1.6S 1 3S.4 2.90 7 t 5 i 

1.85 1 11.4 0.90 30 t 35 t 

! 2.0 1 8.0 0.68 36 1 30 I 

i 

2.3 1 7.3 0.63 35 t 50 I 



TABLE I I I 
p + d * sHe + n° 

TP < * dff /dfJ l a b an Uncertainties 
CGeV) (nb/sr) (nb/srt Statistical Systematic 

0.920 0 234 14.6 1.3 t 10 I 
2 290 17.1 5 t it » 

0.9S0 0 534 6.5 3.6 t 10 I 
2 705 8.3 2.3 % 10 t 
4 1030 10.9 7.5 t 10 t 

0.975 0 156 3.8 10 % 20 t 

1.000 0 147 3.0 S t 30 % 
2 180 3.6 8.4 t 3 t 
4 291 5.6 S.4 1 13 t 
6 572 9.9 3 t 10 \ 

1.050 0 77 2.1 14 t 20 \ 
2 99 2.6 8 t 20 t . 
4 120 3.1 5.8 i S i 
6 262 6.4 5.5 \ 2.5 t 

T.T49 0 56.5 2.1 14 t 20 I 
2 57 2.1 9 I 12 t 
3.86 65 2.4 14 » 20 % 
6 101 3.6 6 1 10 t 

1.250 0 130 5.9 12 1 17 » 
1 102 4.6 15 » 1 t 
2 81 3.7 13 t 3 I 
4 53 2.4 20 t 25 % 
6 79 3.5 14 t 8 t 



TABLE III (suite) 

T P 
CGeV) 

9 l a b do/do^ 

(nb/srl 

do/dfi 
un 

fnh/srl 

L'ncert 

Stat ist ical 

.lir.T : - 5 

Systeinati: 

1.350 0 
1 
2 
3.86 
4 

135 
126 
119 
85 
83 

7.0 
6.5 
6.1 
4.35 
4.3 

10 l 
8.8 i 
8.3 l 
5 \ 

13 l 

5 l 
4 t 
4 \ 
3 t 
7 \ 

1.450 0 
2 
4 

7.7 
58 
53 

4.4 
3.3 
3.0 

10 t 
10 » 
10 l 

S t 
5 t 
S t 

1.550 0 
4 

60 
47 

3.6 
2.8 

13 \ 
8 \ 

5 t 
10 l 

1.650 0.5 
3.86 

37 
41 

2.4 
2.8 

12 f 
13 \ 

S i 
1 t 

1.750 0 
4 

4S 
42 

3.0 
2.8 

20 t 
9 l 

5 t 
1 t 

1.850 1 41 2.9 10 l 5 t 

2.000 1 
2 

25 
28 

1.8 
2.0 

9 t 
9 t 

4 \ 
4 t 



TABLE III (suite) 

T P 
(CeV) 

°L* 
(nb/sr) (nb/sr) 

Uncertainties 

Statistical Systematic 

2.150 1 
2 
3.86 

13.5 
14.1 
13.1 

1.0 
1.05 
0.98 

19 I 
13 t 
12 1 

15 l 
8 l 
8 \ 

2.300 1 
3 

13.2 
8.6 

1.0 
0.66 

33 t 
23 t 

10 t 
5 t 

2.600 3 S 2.8 i 0.22 1 
! 
i 



REFERENCES 

1 - S u for instinct : H.J. Heber and H. ArenhSvel, Phytic Reporc, 
Phys. Utt. (C) • Vol. 36C n* « (1978) 

2 - L.S. Kisslinger u d W.L. Want, Fny». X*v* L * t t - 30(1973)1071 ; 

H. Hirata, F. Unz and K. Yazaki, Anaala of Phy»ici 108(1977)116 

3 - M.G. Hubert aod X.K. Klingenbeck, Nucl. Phy». A358(1981}243 

« - P.E. Argan ac a l . , Phy». Rev. Lace. 29(1972)1191 

5 - P. Berchae at a l . , Phy». U t t . Vol. 106Bn* 6 (1981)465 ; 
R. Frascaria at a l . , 9ch XCOKEPAIK (VariaiHa», (Franca), Jul. 196I) 

6 - J. Bauaigs at a l . , Phy». U t t . «SB (1973)394 -

7 - C. Jonas, lOeh Inc. Conf. on Fev Body Problem», (Karlsruhe, (RFA), Aug. 83) 

and raf. in there 

8 - M.F. tocher and B.J. Weber, Hucl. Phy». 876(1974)400 

9 - I.K. Lia, Ph. Utt. 43B, (1973)349 

10 - H. U m i a k and L. Uaniak, Acta Phy». Polonica Vol. 89(1978)419 
11 - D.F. Barelaec ac al., Phy». 1er. D Vol. 1 n* 7 (1970)1984 ; 

0.1. Oversach ec al., Pny». Bar. Ucc. Vol. 13 n' 2 (1964)59 ; 
H.L. Anderson et al., Phy». Rev. 03 (1938)1336 ; 
B.S. Neganov ec al., SovieC Phy». JtPT (1938)528 ; 
R.H. Reins et al., Phy». Rev. 167(1968)1232 

12 - G.W. Barry, Phy». Rev. 07(1973)44 

13 - L.g. gchroedar et al., Phy». Rev. Utt. 27(1971)1813 ; 
R.H. Cole et al., Phy». Rev. 017(1978)681 i 
R.J. Bolt et al.. Pays. Rev. UtC. 43(1979)1229 ; 
R. Frascaria ec al., Phy». UCC. 91B n* 3,4(1980)345 
B.H. Abraaov at al. gov. J. Hucl. Phy». Vol. 23 n* 2(1976)194 

14 - Review of Particle properties Rev. Hod. Phy»., Vol. 56, n* 2 part II 
April 1984 



TABLE CAPTIOK 

Tabla I - Croaa «action» of tba pd * tit ruction. 
Tha tyataauitic uncertainty ia obtainad aa a raault of tha 
difference batman tha uppar and tha lover background that 
can ba extracted below tha peak. 

Tabla II - Croaa tectiona of tha pd * tu* raaction. 

Tabla III- Croaa aactiona of tha pd •» Tn* raaction. 



FIGTOE CAPIIOH 

Fig. 1 - Experimental ipactra abowing what ia obsarrad in tha focal 
plana of tba SPSS 4 spectrcaeter (Fig. la) and obtainad aftar 
aoftware analysi* (Fig. lb). 

Fig. 2 - Tha 8 r - 9 • ISO* axcitation function! of tha pd » Tir* 
and pd - Tn* raaction* aa a function of tha total c.a. 
energy ainui two nuclaon aaaiea. Tba valua quotad (a) 
ia an uppar valua of tha croaa faction pd * Tn* at 
T - 2.6 CaV. Tha baryonic axcitation aulas ahown in tha 
uppar part of tha figura ara takan froa Kef. 14. 

Fig. 3 - Comparison between tha experimental data and tha calculation 
in tha model of Barry for tha 8 » 180* axcitation function 
of tha pd + Tir* raaction 

Fig. 3a : tba ird •» in elementary intaraction (dasbad curva) 
fittad on tba data of laf. 13 and uaad in tha 
calculation. 

Fit. 3b : tha raault of the calculation (full lina curve) 
in comparison of tba data, as a function of tha 
kinetic proton energy. 



Flf. 4 - Comparison between tha axpariaantal data and th* calculation 
in th* aod*l of Loch*r and Wab*r for eh* 9 » 180* «xcitation 

IT 
function of th* pd •* TIT* reaction : 

Fig. 4 a : the pp ••*• dir cleaentary interaction (daahad 
line) fitted on the data of S*f. tt and used 
in the calculation 

Fig.jtb : th* result of th* calculation using th* 3-pol* 
(full line c u m ) and tha Eckart fora (dashed 
lin* curv*) war* functions in coapariaon with 
the data, aa a function on the kinetic proton 
energy. Th* upper seal* shows th* correspondance 
with tha aoBantua transfer Q. 
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