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Spevific three-hody decays such as P+ T—A + m *» A have heen thoroughly studicd in

defined in a ranidity plot fig. 1. The purpose of the

the eegion of ¥ =¥ i BT 0
collisions by ahserving

experimnts is te probe the complux denamical aspeces of some W

the distribution of small velorities of m in the final state, This is a step toward the

Fions in relativistic 4.7, enl-

Bixh deprer of rultiplicity which characlerizes the dissor
lisions 3 it is alsp a rather difficult attempt at low energy hecause three—bodv cross-
sections are very small emmpaced to the ores of prominant hinary processes.
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! s n ¢ 20 with the aim of prabing alizned or
3
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LIRS

sp#n the study af
quasi=al igned shapes which could describe the structure of hiph excited states in ‘ﬂsi.
aaff. The simple and

The experiments were carried out at Saclay with the Tandem Van de &
naive starting idea of such experiments was to evidence these exotic confipurations bv

n

deteetion of u particles emitted at rest

In fig. | the three-hody configuration A=m-A qualitatively explains how m for 1) ran
he vmitted far below the two-body Coulamb cepulsion m + [2a]* (or @ + 244™). Thus, any en-
tuncement in the inclusive a spectrum taken at zero degrees is a way to evidence the most
prohahlc shape invalved. Thia argument, really valid for negligihle em velocities, vas used
as a signature of the quasi-aligned configuration '‘C - a - '%¢ [CACRR
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Fip. | : Qualitative representation of the cal-
lision precess which viclds< o particles in the
range af low em v ities. The ¢ particles are
expocted at ‘zero deprees with Eﬂ - e

-
Fig. 2 shows a typical inclusive n spectrum ohtained with the MNP of Saclav, set at
1t is quite clear that a peak does emerge at Fﬂ - ch : an excitation func-

1))

Fero degree

Lien 1oF such events has heen published

1o this work we would rather pay attention to the origin of such 7 particles and com-

pare the role of sequential decays (or two-body final state interactions) as well as the

role of three-body Coulumb distersions. This discussion is also hased on experimental re-

refer to exclusive measurements due to a well-known method in three-bodv reac-

sults wh
tivns. This methud consists of considering m{or a) as a missing mass in the detection of
the associate fragments in crincidence. Contrary ta inclusjve measurcments, this is a
prverful means to study the dissociation, partirularly for the 1 cmission at zero degrees,

since pe eounter has to be set in the beam path,
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Fig. 2 : Inclusive a epectrum recorded at zero
degreres with the aDOD of Sarlav. Each noint of
the spectrum iy abtained with a specific Be va-
tue and oormalised by a parasitic Rutherford
scattering on Au.

2
Fig. J shows a typical cuincidence plot relative to the detection of the “C nucled

and the relevanl a velocities which are easily deduced from kincmatics.

The main features of the experimental data are :
i} an accumulation of events in region (a) (Y, = ¥p)» a5 3lveadv chserved in inctu=
sive measurements at 0%, The observation selects here the transverse velocities in thic re-

gion (svmmeteic dotection).
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Fig. 3¢ '2¢ = "% coincidence data recarded at
FCUA0Y = 45,9 MoV, The anpies ate chesen in sweh a
wiay that the ion can be ubserved in o the vici=
nity of ¥ = ¥ . The exclusive me

sre
tn ohserve the® ! emission in the onlv region defined
by the contour in the rapidity plet.

s . i . . 12
ii) an aecumulation of events in region (b) that e define as follows : the two  “C's

symmetric reeail and educe the a particle at zero degrees (see the rapidity plot).

heve a
Tl 1+ encrgy is about 3 MoV lperhaps fortuitouslv the n velocity is camparable to the prajec-

tile velucitv),

ii1) an empty zooe wwil of 2erv degrees, along the kinematically allowed coniour. ¥hat
arly obscrved, is the sequential decav due to the Formation of '"0%(: » '20)
lﬁu’(é' 3 10,1 MeV), our experimental results

i~ mec part
'

RETE 12, . i
ar My - C). Concernping the formation of

stent with the accurence of such a twa-bady final state, observed in other condi-
2,9

s of detection
More gencrally, in this raoge of incident enerpics, and for the specific nhservatinns we
chose (small 1 velocities), the vell- kpown mechanisms of three=bad™ reactions, such as so-
guential or statistical decave, are not able to account for the date. Fig., 4 pives an illus~

tration ot such an inadequacy.


http://tli.it
http://Mi.it
http://nbserv.it

) ] §
E“c(Mejii;a- " 2 5‘ E{"0)=495MeV}
3793, £ e

2 a

Ea
12 A 7 370

Erzimen

Lo 2 1 L

€z, (MeV) E{*0)= 455Mev
20} w7 Yol _ 6. 12 12, 16 4
~=---0+ C—C+ 0

-

’

= a+’20

Qbserved in other
e v conditions by :
12 \T---’ RO ~R. Wielond ot ol 2)

T S -*" Ena (Mev)
T L tF ~K. Furuno et o 3)

2 16 20

Fip. 6 : Inadequacy of the scquential process
{straight lincs), involving che 4* state
(10,3 Hev) af 160, to explaiu the evpical
acrumulations in reginns (a) and (h), A same
nvﬁ:tivo conclusion could be obtained wich

a Z4Mg state.
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Fig, 5 BifhHirence betveon the coinridence plots
ohtained at 65 and 4% HeV. The relevant ohservation
in the Belitz wlat ik showm an the right. e are
able to distinguish twe different mechanisms which
give rise to the same cmiss at rest in (a). The
sequencial decay is clearly chserved at 65 MoV,

To wive more conteast to this aew kind af U emission, chacacterized by an accumulatjon
aling the biscetrix of the plot, fig. 5 shows two opposite results ohtained at b5 and
49 MeV. In this experiment, the conditions were exactlv the same {only the angles wvere

sVightty carrected o ohserve ¥ =¥ °. 1t is quite clear that the two-bodv final srate

cm
12¢ = '80(4*) is vuscrved at 65 MeV vhereas it is not at 49 Mev. In both

interaction ¢ -

s there is emission at rest of the n particle (region (a)) but the processes are dif-

Terent. Qualitatively, negligible a velocities vould be explained at 65 MeV by an n emis=—
sion which balances the recoiling velacity of 'ﬁu'(a ) i the emission is thus apparently at

rest. Un the contracy, at 69 MeV, the a emission seems to he due to a direct decav which

actualty legves the a particle at resec.
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This difference ot 4 emission is worth discussing in the framework of quasi-mplerular
states bocause these states are commonly deseribed in twe wavs @
. . . 4-6 . B . . P
i) a binary representation ), in which one of che two interacting incideat vares
miy be {n one of its intrinsic states. The example shown here could he an excitation of
b, . +*
Y in the unbound 8% state.
. . 7-8) 12, 12,
ii) a ternary representation of the type A =0 = A (here "C < n = 7U),
H.J. Wicbicke, at this conference, Rives a theoretical approach te the description of such

molecular states. [t is worth noting that stretched confipurations shou!d favour

(Mev)| ¥=40°
]”o'mu, )

Ly = 396 MV

10 15 20 &, M\

Fig. 6 : Conincidence cvents at twoe different incident
edergivs and angles such that Y, # Ve Swall @ encrgies
are selected by the detectinn at 65 MeV (and an accumula-
tion of events is obierved in (b)) ; larger o enerpies
are selected at 49 MeV where the sequential decay seems
to be pregent,
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the removal of

m=A (or a4 - 12&2) interactions 3 on the contrarv, in the triangular ca
@ (1) from aligament should permit the A - & ('2¢ = "¢y finz2) state jnteraction. Our results,
which refer to 'P0% (4 = '2€) or to small 4 velocitivs, are, in both cases, rather related

ta stretched configurations. Triangular confipurations, which are expected at lower incident
energivs®!, should be searched for a particles of long range (and more probably in the tue-

body decay a + Zng%y.

Thus, these two kinds of molecular structurcs seem fa be clearly signed in the resules
given fig. 5. At 65 MeV, the sequential decay signature could be assigned to on initial two-
body configuration, when at 49 MeV, the three-hody structure would be more probably eviden-
ced in the original iecumulation in regions (a) and (b). f
to fact, the experimsntal situation is not so clear whea ather exclusive mrasurements are
carried out in different conditions of detection (observation out of Y = ¥_ ). For instan-
ce, fig. h gives a rather confusing and misleading result, since an opposite conclusion ta
tiw previous one (fig. 5) can be drawn ; naw, the scquential decay seems to apprar clearly
At 49 MV and an accemelation of a few events in (b) (previously defined) is ohserved at

67 Mev,

Incerpretatinn of the results

Tu summarize the experimental data, it Seems that a cocxistence or a competition of
twn decays is observed according to the conditions of detections. To give a quanticati-
ve interpretation to such results we assume that the malecular configuration is decaving
utder the influence of the Coulomb fields due to the distribution of charges invalved
{analogy with Coulvab distorsion studies of pion emission in relativistic collisions ?
or with teraary fission). The three Coulomb trajectories can be computed when initial con=
ditions at scission are defined in the phase-space. The relevant equatians we used, and

one of the initial conditions ve considered in detail, are shown figx. 7. e

The initial couditions ace defined as follows : first, a coupling between two particles

is assumed to have a specific angular momcntum value ; for instance we mav consider

mo-m tm-Aza- 12¢ vith the angular momentum f'ii 3 then, this angular momentum is
cavpled to l—; the angular momentum of the third particle m = A = ”C, to pive the Final

T value. The L. and L values evolve with time, J is checked to be constant. The example
whivh will be discussed, refers to the following initial values : J = |4 (spin of the mole-
cular resunance observed in elastic scattering), Lj.(u - '2c) = 4 {analogy with the & sta-~

te of '%0 ; in fact, a sum over different L;; values could be pr rformed also).
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Newton's second law F,_m.——zl f,J(r.J)a-f.k(r.y) 18 coupled differential
equatiors of 1*order

conseration of momenta Lk; =0

Phase space relation  Lei zeq-Lvjulrye) (er= 0 ,Q)

conservation of the total . __ . oo- +T

angular momentum Loaw=dezLtin

Imtial conditions  : —— —— .~ specific coupling of m;-m;
:]. with Lij

IE.'J'M: rji 8 —J—k—:m—k-’-— constant,

m; +m;
Zm. T,
= Ui

)

Gi+Le=J=Ih,md (=5

Fip. 7 : Fguations and initial conditinns used in
the caleulation of the Coulemb break-up of the
three~body configuratina.
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e-space, Fie, B par-

twn, this chojee allows to define the initial conditions in the pha
ciculirly shows the closest lucation of the -2 particle ircespective to the core it is cou-
allel

: B .
pled with, The example chusen here is a parallel coupling of L;i and Iy i an anti-pa

coupling and intermediate configurations in space give less tight confieurations. Depeading

upan che distance of the third cluster ['2¢(D)] , we obtain a mare or less deformed circle :
the defarmation is yeally efficient in the axial region. Startine with a distriburion of o
Tocatitns and the relevant velocities, the final asymptotic velncities are computed. The
simplest way of representing the results is to plot che asvmptotic ! C energies in the Dalitz
12

:
diaxram and compare with the experiment. Such '°C - '%¢ eneegy distributions are rather more

cooplex than the usual straight liees whivh rharacterize the sequential lecay ; hovever, the
Conlomh toci may quite well simulate the sequential decav in sore pares, as showm in the Da-
lite plot, at e, = 5.6 HeV [60®%¢a*) . This result shows that an observation inside the Da-
litz pluc may disentangle pure final state interactions €rom Coulomb effects, Concerning our
experiments, they are mainly probing the amial region of the initial structure and are very

sensitive to such a Coulomd effece ; this is shown bv the carrespondance between the heavy

fines in the structure and the heavy parts in the Dalitz plot where the small cnergies are

Jue to quasi=aligned configurations ; the asvemetry of the Coutemb locus is doe to the asvm-
metey af the relative velocities and Coulomb farces when the a particle is considered on one
side or che other of the in-plane configuration axis ; of coucse, a final svmmetrv is achie-
ved by considering 35 and i}i in the opposite direction. The calvulatisng show that the Ciu=
lomb efferts are mostly expected in scretched configurations vhere the a particie is stron~
kly perturbed when emitted from the axial region. On the contrarv, well inside the Dalitz

plat, the calculaticns may not be valid anymore because nuclear discances muy be reached.

Finally, the effect of the incident energy can be ohservid in fig, 9 when the same set
of initial conditions(r, = 1efm, & = 16, Lo (a ~ '2C) = 4) in kept. It can he seen thatthe
Conlomb locus (rlz = 14fm) is oot of the experimental observatjon ; te reach the small n ve-
Soritivs we need to tight the structure more ('11 = 10fm)., The heavy lines give the corres-—
pondance hetween the initial a locations and the final energies. Nnce more the kinematic lo~
cations, due to the Coulomb effects, fit the experimental acrumulations of fip. 5 and fig. H
at A5 MeV ; namely, a straight part, as expected with the tun-bodv final state
a = "¢ = 10(%), and an accumulation close to ¢, = ¢, (regian (b) observed iu fig. 1. The
asymmecrical configurations invalve very small distances a - '°C, giving murh less validicy
to the cxistence of a Coulomb locus inside the Palitz plot. Only the axial region ig in the

reaswnable range of Coulomb effects and is connected with the experiment.

ax

a7 a6 2 1y



http://luc.it
http://-p.ir.il
http://defnrn.it

|

E ('%0) =455MeV

S.C.M.

LRI (PN
52 ‘__,___\0_ (&%)

N, e @ Lis
yad ! >?
5 3
i—q‘,:u.sin-l -

Fig. 8 : Bottum left, the initial confin tions of the
three clustecs whea a paratlel coupling C e L) s as-
sumed. The experimental data are given abide wilh the
relevart locus which is drawa in tie Dalitz plot. Fimal-~
ly, the Coulowb lncus, due *n the evolution of the three
clusters, is represeated hy the complex dotted aad heayy
cutve ; the heavy parts ave due to initial axial loc-tiens
of the a particte ; the dotted parts are due to pore asvm:
wmetrical initial configurations (dots in the cenfiguration).
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E ('%0) =65 Mev

Fig. 9 : Calculations af the Coulomb Break-up at
65 MeV. The J and L;; valucs are the same as in
fip. B. Only ry7 must be decreased to vield the
a particles whith small velocities (emnerimental
observatian).




n vonclusion it seems that a coexistence of stretehed confipurations has heen probed
bv the experiments, {lassical caleulations of the Coulvmb break=up and relatively simple

initial

a

umptions show that the Coulomb effects are really sensitive to fuch confipura-
tions ; Thev alse give a natural explanation of the experimental accumulations which are
found in the Dalitz plot, According to the initial conditions in the phase space, the Cou=
lomb signature can cither be clearly distinguished from a sequential decav or in kinematic
overlap with a twn-body final stace interaction which is then stronply enhanced compared to
others. More generally such three=body emissions may be of some interest :

-~ in the study of the complex distributions of charpes involved in a collision since,
contrary to binary processes, the Touloab ficlds are very sensitive to "hree=hody confirura-
tions.

- in the study of cent:.i eollisions and light pacticle emission at 2cro degrees. The
missing miss technique suits very well the study of the :mission near Vo

Y i . T
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