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The interpretation is given on the effect of two ”peaks” appearance in the experimental deuteron energy distributions

in the 4He(’y,pn)2H reaction with photon energies £,=30...50 MeV. The mechanism of pole 2 H-diagram determining

the first ”peak” motion and the mechanism of triangular 3He(BH)—diagrams showing a fixed appearance of the second

"peak” with a deuteron energy E5y=2.22 MeV due to the root singularity in the p + n — 2H vertex are taken into

account. The position of maxima in the calculated distributions by the relative pn-pair energy, going out from the

photon vertex, coincides in the diagrams under consideration for E,=45...150 MeV.

PACS: 25.20.-x

1. INTRODUCTION

The interest to the problem of three-particle pho-
todisintegration of *He nucleus is determined by
the possibility of proving the notions about nuclear
forces, nucleon-nucleon correlations, cluster configu-
rations and meson exchange currents in nuclei. All
these questions are associated with determination of
a reaction mechanism. According to the experimen-
tal investigations [1] (FIAN, Moscow; Wilson cham-
ber), [2-4] (NSC KIPT; diffusion chamber in the
magnetic field), [5] (Turino, Italy; diffusion cham-
ber in the magnetic field) and theoretical research
[6-12] carried out in 60-70 years using the photon
energies F,=26...150 MeV the main mechanism of
4He(v,pn)?H reaction is the photon absorption by
the pair of nucleons (quasideuteron) being at a short
distance from each other. In the 80-th years these
investigations were continued at the Kharkov Insti-
tute of Physics and Technology using the experimen-
tal data obtained by means of a diffusion chamber
with an appreciably improved statistics (4.5 thousand
of events for the given reaction) [13-15].

A satisfactory fit was obtained for the theoreti-
cal estimated values to a pole quasideuteron approx-
imation and the experimental energy distributions of
deuterons, protons, neutrons, pair (pn), (pd), (nd)
correlations and angular (pn) correlations. In [15] a
contribution of triangular 3H, 2H and A=3-Feynman
diagrams was analyzed and a little importance of the
final state interaction (FSI) even with low energies
E, was stated. However, the interpretation of an ef-
fect of the appearance of two maxima at E, ~50 and
75 MeV in the energy distributions of total cross-
sections of the oy (E,)*He(vy,pn)*H reaction should
be considered as one of unsolved theoretical prob-
lems.

Also, unsolved was a problem of two ”peaks” ap-
pearance in the experimental dN/dFE, energies distri-

butions of deuterons [14] with EZ*(I) ~1.25 MeV and
E(II) ~2.5 MeV at E,=28...45 and 28...50 MeV,
their contributions to the reaction section being
changing with E. increasing (the first "peak” be-
comes blurry and the second ”peak” becomes dis-
tinct). The interpretation of this effect is given in
Section 2 within the bounds of extension of the mech-
anism of * He(v, pn)?H reaction with taking into ac-
count a pole quasi-deuteron mechanism and 3He(*H)-
triangular diagrams which differ markedly from the
triangular diagrams [15] by the (np)-pair knocking-
out from the photon vertex.

2. MECHANISMS OF “He(v,pn)?H
REACTION IN THE DIAGRAM
REPRESENTATION

The pole mechanism of *He(y,pn)?H reac-
tion, being discussed in the introduction, cor-
responds to the Feynman pole diagram (Fig.1)
with a quasi-deuteron photodisintegration outside
the mass surface in the photon vertex 1 and
with a nuclear form-factor in spectator channel 2.

Fig.1. Pole quasideuteron diagram for the

“He(y,pn)?H reaction
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In the first approximation, to take into account
only the pole mechanism features, vertex 1 and ver-
tex 2 of Fig.1 are replaced by the constants. Then
the distributions (being the most sensitive to the re-
action mechanism) by the relative energy of (pn) pair,
dA/dtpy,, and the kinetic energy of deuteron, dA/dEy,
take the following form [13,16]
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E, are the relative energy of (pn)-pair and the kinetic
energy of deuteron in the c.m.s. reaction respectively,
(C1...C4 are the constants.

The distributions (1) and (3) correspond to the
experimental data [14] and [13] at E,=30...45 MeV,
45...75 MeV and F,=28...150 MeV respectively with
a normalization performed for the total number of
events. The taking into account of triangular dia-
grams for the *He(y,pn)?H reaction is considered
in [15] and presented in Fig.2. The calculations
of dA/dE,,dA/dE,,,dA/dE,; in [15] did not allowed
one to describe simultaneously, within the theory
domain [17], the experimental energy spectra of all
the *He(~y,pn)?H reaction products in the region of
E,=26...50 MeV and 50...150 MeV and opened to
question the role of FSI in this reaction.
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Fig.2. Triangular diagrams [15] for the *He(y,pn)?H reaction

In [14] one discovered, but did not explained,
the effect of two ”"peaks” appearance in dN/dEy for
E'=1.25 and 2.5 MeV at E,= 28..45 MeV and

28...50 MeV the contributions of which to the reac-
tion cross-section was varying depending on E,,.

Table 1.
E, 28...30 30...35 35...40 40...50
E7(I), MeV | 0.66+£0.20 | 1.25+£0.35 | 1.81£0.26 | 2.39+0.29
ET(1I), MeV 2.22 2.22 2.22

In the present paper this effect was obtained tak-
ing into account the pole 2H-diagram (Fig.1) with
the distribution dA/dEq in equation (3) and with
taking into account the triangular > He(® H )-diagrams
(Fig.3) (being qualitative different from the triangu-
lar diagram of Fig.2) with a root singularity in the
p4+n —2 H vertex on the mass shell at a deuteron
kinetic energy E, according to the theory [17], equal
to

dE7(II) =mp +my —may = 2.22 MeV .

(5)

This values of EY(II), owing to proper singular-
ity’s triangular diagram independence on E., [17], de-
termines the position of the stable second ”peak” (5)
at £, >30 MeV. At the same time, the first "peak”,
unlike the interpretation in [14], moving with E,
changing, is related with the motion of a maximum
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of E%(I) in the distribution dA/dEy (3), the position
of which is determined by the standard procedure of
extremum calculation (3)

3Ey + 48 — [9E2 + 96 Ey + (48)2]1/2

8

(6)
In Table 1 given are the calculation results for
ET(I) by formula (6) and for E7'(II) by formula
(5) with taken into account the divergances from
the average values of Ey for the intervals of en-
ergy I,=28...30, 30...35, 35...40 and 40...50 MeV.
In whole, a noncontradictory agreement between the

model estimates and the experiment takes place.

dEF(I) =

It is interesting to compare for the diagrams of
Fig.1 and Fig.3 the estimated values of ¢, in the
distributions of maxima dA/dt,, in the different en-



ergy intervals E., where t,, = E,,/Ey. For the pole
2H-diagram formula (1) takes place and for the tri-
angular 3 He(® H)-diagrams we use a general equation
for the *He(vy, pn)?H reaction [1,14].

E,. E
R (7
Ey Eres
where L
Ejor = Byt (®)

mq + mp + my

Taking into consideration (5) we obtain
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Fig.3. Triangular *He(*H) diagrams for the
“He(vy,pn)?H reaction

In Table 2 given are the estimated val-
ues of t77 (1) for the distributions dA/dty;, (1),
normalized to all the events, and the esti-
mates of ¢,,(9) by (9) with taking into ac-
count the divergences from the average values

of Ey for E,=30..45, 45..75 and 75...150 MeV.

Table 2.
E, 30...45 45...75 75...150
t;’;(l) 0.654+0.10 | 0.82+0.05 | 0.92+0.02
t;’;(Q) 0.61£0.23 | 0.87+0.07 | 0.9540.03

As is obvious from Table 2 the estimates of ¢, (1)
and t77 (9) are coinciding for £,=45...150 MeV. For
phase distributions (2) ¢,,=0.5. From the experimen-
tal analysis of pn-correlations it is practically impos-
sible to single out the mechanisms of *He(vy,pn)?H
reactions presented in Figs.1 and 3.

3. DISCUSSION

In the present paper, taking into account the exper-
imental appearance of two ”peaks” in the deuteron
energy distribution un the range of £,=28...50 MeV,
for the first time a conclusion (Table 1) was made
about the contribution to the *He(y,pn)?H reac-
tion not only from the mechanism of a pole quasi-
deuteron diagram (see Fig.1) with the first ”"peak”

E7(I) moving at an energy E, according to Equa-
tion (6), but, also, from the mechanism of triangu-
lar  He(3 H)-diagrams presented in Fig.3 with a fixed
root singularity E7*(II)=2.22 MeV in the p+n —2? H
vertex. It has been shown that the positions of max-
ima ¢, (1) in the distributions dA/t,, (1) for the pole
?H-diagram and t7,(9) with E7*(II), practically, are
coinciding in the range of E,=45...150 MeV (Tabl.2).
And, therefore, from the experimental analysis of
(pn)-correlations one had not succeeded previously
to single out the contribution of triangular > He(* H)-
diagram.

Taking into consideration the results obtained
upon the mechanisms of *He(vy,pn)?H reaction, of
particular interest is the experimental and theoret-
ical analysis of residual nuclei (1°B, 12C and !4N)
energy distributions in the reactions 2C(v,pn)°B,
YN (y,pn)12C and 0(vy,pn)*N.
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O MEXAHU3ME PEAKIINWA *He(y,pn)?H
B.H. I'ypves

Iana uarepuperanys 3d@eKkTa BOSHUKHOBEHUSI ABYX "IUKOB"B 3KCIIEPUMEHTAJbHBIX SHEPIeTHYECKUX PAC-
npejiesenusx geiirponos B peaxiun 4 He(vy, pn)? H npu sueprusx $hoTOHOB E.,=30...50 MaB ¢ yueTom mexa-
HU3Ma TOJIIOCHOH 2 H-uarpaMMbl, OIIpeIesIsIoNuM ABUYKeHNe epBoro "mmka", I MeXaHU3Ma TPeyroJIbHbIX
3He(®*H) muarpamm ¢ (bUKCHPOBAHHBIM TIPOSIBJICHHEM BTODOTO IHKa ¢ SHeprueil jefiTpona E3,=2.22 MaB
13-3a KOPHEBOII ocobenHocTH B BepmmHe p+n —2H. IToo:keHe MaKCHMYMOB B PACUETHLIX PACIIPEICTCHIIAX
10 OTHOCHUTEILHOM SHEPIUU PN-IIAphl, BBIXOIANNX 13 (POTOHHON BEPIIMHBI, COBIAIAET IJjIs PACCMOTPEHHBIX
nuarpamm npn F,=45...150 MsB.

ITPO MEXAHI3M PEAKIIII *He(vy, pn)?H
B.M. I'yp’es

Hapano inrepuperariio edexry nosiBu ABox "mikiB"B e€KCIIEPUMEHTAJIBHIX €HEPIeTUYHUX PO3IOLIaX Jei-

. e 4 2 . . _ . .
Tpouis B peakuil “He(vy, pn)*H upu exeprisax doronis £,=30...50 MeB 3 YPaxXyBaHHsAM MEXaHi3My MOJIOCHOT
2 H-niarpamm, BusHagaoumM pyx meprmoro 'miky", i mexamismy TpukyTrux °He(®H)-miarpam 3 dikcopa-
HUM IPOABOM JpYTOro ImiKy 3 eHeprieio neiirpona Ef,—=2.22 MeB depes xopHeBy 0COO/UBICTD y BepIINHI
p+n —2 H. TTosoxKeHHsT MAKCUMYMiB ¥ PO3PaxXyHKOBUX PO3IOJIIAX 10 BijHOCHIH eHeprii pn-napu, mo Bu-
XOZATEL 3 (DOTOHHOI BEPIIMHH, CIIBIAJAE JJIS PO3IVIAHYTHX jaiarpaM npu F,=45...150 MeB.
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