ANALYSIS OF THE 2C(v, pt)2a REACTION MECHANISM
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Calculation of the (p, ) and (o, &) energy correlations in reaction *>C/(7, pt)2c at photon energies E, = 27 — 140 MeV

is carried out using the pole a-cluster diagram with two-spectator a particles. These energy correlations agree with

experimental data at photon energies E, = 32 — 50 MeV'.

PACS: 23.20.en, 25.20. — x

1. INTRODUCTION

The investigation of the many-particles photonuclear
reactions on the light nuclei opens larger possibil-
ities for the analysis of the mechanism of the in-
teractions of photons with virtual dynamic clusters
(p,d,t,h,a; A > 4) systems and of the evolution of
the nuclei cascade processes. In principle for the re-
action 2C(~,pt)2a several mechanisms are possible
at By = 27 — 140 MeV: (a) one-particle interaction

v+ 12C —p+ 1B, B —t+5Be,
8Be" — 2u;

UB* L a+7Li", "Li" >t+a; (2)

y+12C - t+9B", B - p+38Be,
8Be" — 2u;

v+12C - a+8Be", 8Be" - p+t+a;

(1)

(3)

(4)

(b) two-particles direct production

v+ 120 s p+t+2a (E‘Be*)7

8Be" — 2a; (5)
Y+2C s p+a+TLi, TLiT —t+ o (6)
y+2C s t+a+°Li", LT —p+ o (7)

(c) 12C™ decay-schemes

*

N4 120 - 20t
$Be" — 2a;
Ro* L+ QB*7
8Be" — 2a;

2o o a4 8Be’,
2ot L5+ LT,
Li" >t +a.

2" S p+t+8Be’,

(8)
B — p+°Be",
(9)
SBe" - p+t+a; (10)
SLit — P+ a,

(11)
The 2C(v,pt)2a reaction has been experimen-

tally studied with several methods. The photoemul-
sive method [1] was used to obtain the preliminary

data about energy dependence of the total cross sec-
tion for photons energies £, = 27,5 — 80 MeV, pro-
ton and triton energy distributions and proton angu-
lar distributions at E, < 70 MeV. The kinematical
analysis of 132 events has been carried out. Only
the channel (1) has been analyzed. As a result for
the most of the events for 2C(v, pt)2« reaction the
manifestation of ground and 3 MeV excited states of
8 Be was observed.

With the Wilson chamber method [2] there
were obtained analyzing 77 events of the reac-
tion 2C(y,pt)2a the energy and angular correla-
tions of the proton-triton for £, = 40 — 60 MeV and
60 — 140 M eV, also the excitation spectra of the in-
termediate nuclei ''B and B up to 80 MeV with
the aim of studying the channels (1)-(3) and (9). Ac-
cording to experimental data [1], [2] together with
the one-proton mechanism (1),(2) the interactions of
the photons with the triton and a-clusters in the
channels (3) and (4), (5) respectively are possible.
The diffusion chamber placed in the magnetic field
has been used in [3] to measure the total cross sec-
tions of the 2C(v, pt)2a reaction, the energy cor-
relations and mean energies distribution of the fi-
nal particles at E, = 27 — 140 MeV. The kinemat-
ical analysis of 786 events of this reaction has been
carried out. The excitation spectra of the interme-
diate nuclei *He, 5Li, "Li, 8Be, °B, 1B were ob-
tained. The results of the experiment show that at
energies of the photons E, > 50 MeV the dominant
mechanism of the reaction is direct interaction with
S1/2 -protons of the carbon nucleus in the channels
(1),(2). The experimental energy distributions of par-
ticles in the reaction 12C(v, pt)2a were obtained in [4]
for £, = 27,5 — 150 MeV by further processing the
data of [3]. Calculations for the channel (5) carried
out in the pole a-cluster approximation [4] with and
without taking into account final state interaction in
the three-particle version of the 2C(~, pt)® Be reac-
tion have not allowed to describe in a satisfactory way
energy distributions of protons at £, > 40 MeV and
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tritons at £, > 32 MeV. In [5] the theoretical com-
putations of the total cross sections of the reaction
120(5, pt)2a in the range 15 — 21 MeV of ''B” exci-
tation energies have been carried out in the approx-
imation of the one-particle mechanism (1) with the
ejection of Sy /5 protons. These computations, as well
as ones carried out in the « cluster model [6] for the
three-particle version of the reaction 2C(, pt)® Be,
are in a satisfactory agreement with the experimen-
tal data of [3] at E, < 80 MeV. However, calculation
results of (p,t) energy correlations in [6] turned out
to be essentially larger than experimental data [3].As
one can deduce from theoretical results of [5] and [6]
total cross sections are practically the same for both
mechanisms. Therefore, to distinguish among them
one should deal with energy and angular distributions
and correlations of the final particles. In this connec-
tion we have carried out calculation of energy (p,t)
and (o, ) correlations in approximation of the pole
(a-cluster mechanism for the channel (5) with two-
spectator « particles. In contrast to the calculation
[6] with the one-particle spectator ® Be we obtained
an essential improvement of the agreement with the
experimental data [3] of the theoretical estimations
of the energy (p,t)-correlations in the energy range
of the photons E, = 32 — 50 MeV.

~ |Fi(ﬁmﬁd)|2 |Mi|25(ﬁa +ﬁb +ﬁc +ﬁd _ﬁ'y)(s(Ta + Tb + Tc + Td - TO)

2. METHOD

We consider the four-particle photonuclear reaction
v+ A — a+ b+ c+ d whose amplitude is described
by the pole diagram (Fig.1) of the direct production
of (a) and (b) particles, where (A) is the nuclear-
target, (c) and (d) are the two-particle spectators,
and (i) is the dynamic virtual cluster.

d

Fig.1. Pole diagram for the two-particles direct
production in the photonuclear reaction
Yy+A—a+b+c+d

Then, the differential probability of this reaction
in the non-relativistic approximation [7] can be writ-
ten in the laboratory system, as

dA\ ~

|k(50 + Tcd) + ﬁc%j

where F; is the form-factor of the virtual de-

cay A—i+c+d; |M]? is the average over the
spin states matrix element squared of the reaction
y+4+i—a+b; Ty, pn, my, is the kinetic energy, the
momentum and the mass of the particle (n),..., re-
spectively, T,.4 and p.q is the relative energy and total
momentum of the particles (¢) and (d),

o, = E,—e¢, (13)
Ec = Mg+mp+me+mg—ma, (14)
g0 = Mi+me+mg—ma, (15)
2 7 c
po— 2mulmetma) (16)
m; +me + mgqg
7z
Tgq = —%, 17
d 2mcd ( )
- mdﬁc - mcﬁd
| = — 18
ed e — (18)
memgq
Meg = ———), 19
d Mme + Mgy ( )
ﬁcd = ﬁc +ﬁd- (20)

Since we are interested only in the manifestation of

the pole mechanism of the reaction we put |F;| and

|M;| to be constants [7].
Transforming Eq.(12)

from variables

10

? dpadpydp.dpa, (12)

ﬁn (n = a, b7 C, d) to ﬁaba iab7 ﬁCda q_'cd and integfating
OVer Pub, Ped, Jeq for the distributions in variables
tap = Tup/To and toq = Tea/Tp at Ty = const one can
get

dA (1_tab)2 tab
= F(2,3/2;3;2),
Aty eo/To + (1 — tap)2 (2,3/2:3;2)
(21)
dA (1 —tea)®Viea ,
=C! F(2,3/2;3;2"),
dteq  2Jeo/To + b+ (1 — b)teg)? (2,3/2:3; %)

(22)

where C and Cs are the constants, F'(«a, ;7; z) is the
Gauss hypergeometric series (for example Eq.(15.3.1)
[8]),

(b—1)(1—tap)

T g0/To + b(1 — tap)’ @3)

;L b(1 — teq)
T /T + b+ (1 - b)teg’ (24)
b (mg + mp)(m; +me + my) (25)

mi (Mg +mp + me +mg)

Eq-s (21) and (22) have been obtained in the factor-
ized form where the distribution over variables t,,



for the four-particle phase volumes were separated
explicitly

av
dtkn

= C3(1 — tn)*VErm, (26)

which essentially differs from the three-particle phase

volumes
dV

dtkn
So for the reaction v+ A = a + b+ B with the one-
particle spectator B from Eq.(27) [9] at To = const
one can get

= Cy\/tgn (1 — tk:n)- (27)

dA tan(1—1
— U5 ab( ab) 29 (28)
dtab |€/T() + b/(l — t(zb)‘
where
Yoo (mg +myp)(m; + mB)’ (29)
m;(mg +mp +mp)
e = my+mp—may. (30)

In Eqg-s (26...28) C3, C4 and C5 are the constants.
3. RESULTS

On Figs. 2 and 3 the solid curves represent the
energy correlations of the particles in the reaction
12C (v, pt)2a which were calculated using (21) and
(22) respectively.

pt

Fig.2. The energy (p,t) correlations for the reaction
L20(y, pt)2a were calculated by (21) (solid curves)
and by (26) (dashed curves); for the reaction
20 (v, pt)®Be by (28)(dot-dashed curves); (a — d)
for E., =27-32,32—40, 40 — 50,50 — 140 MeV,
respectively. Experimental data are taken from [3]

Here (a, b) denote (p,t) and (¢, d) denote («, ).
The dot-dashed curves show the energy (p,t)
correlations for the reaction '2C(v,pt)®Be which

were calculated using (28). The calculated
curves are normalized accordingly to the exper-
imental data [3]. They are demonstrated with
the experimental data [3] in the energy inter-
vals E, = 27 — 32, 32 — 40, 40 — 50, 50 — 140 MeV.
Comparison with experimental data [3] suggests that
the a-cluster mechanism dominates in the reaction
120(y,pt)2c in channel (5) for the photon energy
range 32 — 50 MeV (look at solid curves in Figs.2,3).
At the same time, for E, =50 — 140 MeV (Fig.2)
the a-cluster mechanism with the one-body spectator
8 Be (dot-dash curve) appears to be more preferable.
However, the results of analyzing of the experimental
data [3] shows that mechanism of reactions (1) and
(2) is dominant at these energies E.,.
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Fig.3. The energy (a,«) correlations for the

reaction '2C(v,pt)2a were calculated by (22)
(solid curves), by (26) (dashed curves); (a...d)
for E, =27 — 32 32— 40, 40 — 50, 50 — 140 MeV
respectively. Experimental data are taken from [3]

4. DISCUSSION

We have shown the effect of the essential influence
of the four-particle phase volume on the energy corre-
lations of the (p, t) and («, @) particles for the channel
(5) in the pole approximation. Taking into account
this effect allowed us to determine the energy range of
the a-cluster mechanism (E, = 32 — 50 MeV') on the
background of the other possible mechanisms for the
channels (1 —4, 6 — 11) of the reaction 2C(v, pt)2a.
For testing this method at £, = 50 — 140 MeV it is
necessary to improve energy resolution of the exper-
iment. The theoretical and experimental investiga-
tions of the angular (p,t) and (a,«)- correlations
dA/dcos Oy, dA/dcos by, for E, =32 — 140 MeV is
also necessary for identification of the a-cluster mech-
anism in the 2C(y, pt)2a reaction. Such problem
was discussed in [9], [10] for the three-particles reac-
tions. Note that the analysis of the channels (1-3) be-
comes complicated because of the possible manifesta-
tion of the quasi-deuteron and a-cluster mechanisms
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with the corresponding singularities of the triangu- 4. IV. Dogyust, V.A. Zolenko, V.V. Kirichenko.
lar diagrams. Such a-cluster mechanism with rescat- Energy distributions in the 2C/(v, pt)2« reaction
tering in the final state was analyzed in [4] only for // Yad. Fiz. 1990, v. 51, p.913-919 (in Russian).
the energy distributions of the final particles in the

reaction 2C(~, pt)®Be and did not give satisfactory 5. V.V. Balashov, V.N. Fetisov. Role of nucleon
description of the experimental data. The analysis of clasters in deep photodisintegration of light nu-
these mechanisms requires comparison of the experi- clei// Nucl.Phys. 1961, v. 27, p.337-343.

mental data for the energy and angular distributions

. . . . 6. R.I. Jibuti, T.I. Kopaleishvilli, V.I. Ma-
and correlations of the final particles in the reactions Khli Nucl Lust 0 lieht loi
120y, pt)2a and 2C(y,nh)2a. Thus a solid sup- masakhlisov. Nucleon clusters in light nuclei //

port of the a-cluster mechanism in these reactions Nucl. Phys. 1964, v. 52, p.345-352.

at by = 32_ — 50 MeV’ may be provided by experi- 7. V.M. Kolybasov. Capture of stopped m-mesons
mentally discovered sharp increase of the asymmetry in light nuclei // Yad. Fiz. 1966, v. 3, p.729-738
coefficients 8, and (3, in the angular distributions ’ ’

of photoprotons and photoneutrons at £, = 40 MeV
[11]. Similar energy distributions of these parameters 8. ”Handbook of mathematical functions”. Edited

(in Russian).

(especially for @z at B, =40 — 50(M eV) were found by M. Abramowitz and I. Stegun. Nation. Bu-
in the *He(v,p)*H and *He(y,n)? He reactions (see reau stand. Mathem. Ser. 55, 1964. M.: ”"Nauka”,
review of the experimental data [12]). Also for the 1979, 830 p. (Russion translation).

more complete analysis of the a-cluster mechanism

in the reaction 2C(, pt)2a the model estimations of 9. V.M. Kolybasov. Angular correlations in the cap-
F; and M; in the formula for the differential proba- ture of m-mesons by nuclei // Yad. Fiz. 1966, v.3,
bility (12) are required. p.965-973 (in Russian).

10. I.S. Shapiro. Some questions of the theory of the
nuclear reactions at high energies // Uspekhi Fiz.
Nauk. 1967, v. 92, p.549-582 (in Russian).
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AHAJIN3 MEXAHU3MA PEAKIIUUA 2C(v, pt)2a
B.H. I'ypves

IIposesen pacuer (p,t) u (o, ) sHepreTmdecKux Koppensumii B peakimu 2C(7,pt)2a ¢ UCTIOMB30Ba-
HHUEM IOJIIOCHON Q-KJIACTEPHOi JUuarpaMMBbl C JByMsI CIIEKTATOPHBIMU (Q-UaCTUIAME [IPU SHEPruu (POTOHOB
E., = (27 — 140) MsB. 9Tu sHeprerudeckue KOPPEJSIUU COMJIACYIOTCA € IKCIEPUMEHTAJIBHLIMA JIAHHBIME
npu sHeprusx ¢doronos F., = (32 — 50) MsB.

AHAJII3 MEXAHI3MA PEAKIIII '2C(~, pt)2a
B.M. I'yp’es
ITposesieno pospaxyHok (p,t) Ta (o, a) emepreTmanux Kopensmniit B peaxmii 120 (7, pt)2a 3 BUKopucTaH-
HsM IIOJIFOCHOI (-KJIACTEPHOI [iarpaMu 3 JIBOMA CIIEKTATOPHUMU (-IaCTHHKAMU IPHU eHepriil (hbOTOHIB

E, = (27 — 140) MeB. 11i eneprerutsi Kopessmii y3romKyOThCs 3 eKCIIePIMEHTAIbHIME TAHIMH [IPU eHep-

risix porouis E, = (32 — 50) MeB.
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