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The reaction of 4He(γ, p)3H in the range of giant resonance was studied by a streamer chamber method in a magnetic

field irradiated with polarized photons obtained by plane channeling of electrons by a diamond crystal. The angular

and energetic dependences of the asymmetry of the cross section have been measured. The results are explained by

the mechanism of direct knock out of nucleons.

PACS: 25.20.-x

1. INTRODUCTION

An experimental investigation of the 4He(γ, p)3H re-
action in the low-energy range is of interest both for
determining the structure of the wave function of the
ground state of the initial nucleus and for the contri-
bution of various reaction mechanisms. A small num-
ber of nucleons makes it possible to produce more de-
tailed theoretical calculations by including a smaller
number of model assumptions about the observables.
The reaction was extensively studied on beams of
bremsstrahlung and tagged unpolarized photons, us-
ing track chamber [1, 2] and spectrameter [3] meth-
ods of particles detection. Analysis of the differential
cross sections made it possible to estimate the cross
sections of the electric and magnetic transitions of
different spin states of finite particles.

Polarized experiments give information on reac-
tion observables, which are determined by interfer-
ence of the amplitudes. They are more sensitive to
the details absorption mechanism of the photon and
the structure of nucleus. In this reaction, the use
of polarized photons gives additional information of
transitions with spin S = 1 of the particles final state.

The detailed study of the 4He(γ, p)3H reaction
was carried out by means of the streamer chamber in
a magnetic field, which was after an electron accel-
erator at 2GeV in the KIPT [4]. The chamber was
irradiated by linearly polarized photons obtained by
coherent bremsstrahlung of high-energy electrons in
a thin diamond crystal. An analysis of the results
obtained in the energy range from 40 to 100MeV
was carried out in the model of direct knockout the
nucleon. But in the intermediate energy range the
contribution of the quasi-deuteron mechanism in ap-
preciable [5]. Therefore, it is of interest to investi-
gate the reaction at giant resonance energies, where
the mechanism of direct knockout of the nucleon pre-
dominates.

The experiment was performed with the help of
a streamer chamber irradiated with linearly polar-
ized photons obtained by plane channeling of elec-
trons with energy of 1200MeV in a diamond crystal
of 0.3mm thick. The photon beam had a maximum
intensity and almost 90% degree of polarization at
energies below 40MeV , which ensured effective in-
vestigation of the reaction in the region of its giant
resonance.

2. EXPERIMENTAL METHOD

The scheme of the experimental setup is shown in
Fig.1. Electrons 1 with an energy of 1200MeV fell
on a diamond crystal 2 of 0.3mm thick, forming po-
larized photons, and deflected by the magnet 4 into
the beam dump 5. The photon beam 3 was formed
by the system of collimators 6. The soft component
of the spectrum was extracted out of the beam by
an LiH filter of 3.7 rad. units thick. Low energy
photons would create in the chamber a significant
electronic background, making it difficult detecting
events. The polarization vector of the beam was di-
rected at an π/4 angle to the magnetic field strength
vector.

The spectral distribution of photons and the
degree of its polarization are measured with the
γ + d → p+ n reaction [6]. Polarization decreased
from 88% in the range of the reaction threshold to
58% at Eγ = 50MeV . The possible depolarization of
the beam due to Compton scattering into small an-
gles, when the scattered photon enters the chamber,
according to the estimate of [4], was negligibly small.
In the experiment, the alignment of the electron and
collimated photon beams was strictly controlled in
order to avoid additional uncontrolled polarization
arising from their misalignment.

A two-gap streamer chamber 8 with a working
volume of 60× 60× 24 cm3, was filled with pure he-
lium to a pressure of 101325Pa. The large working
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volume of the camera allowed the particles to leave
long tracks, according to which their kinematic pa-
rameters were determined with the necessary accu-
racy. The chamber was placed in an axially sym-
metric magnetic field 9 with intensity ∼ 1T , known
with an accuracy of 0.2%. The working volume of
the camera was photographed with a three-lens cam-
era and which made it possible to reconstruct events
with high accuracy. The coordinates of the tracks
were measured by means of semi-automat of the type
”PUOS”. The complex of programs made it possi-
ble to reconstruct the kinematic parameters of the
particles. The average error of pulse measurement is
5%, polar and azimuth angles, 2◦ and 3◦ respectively.

Fig.1. The scheme of the experimental setup

With 4He photodisintegration, the formation of
four reactions with two tracks is possible:

p+ t , (1)

γ+4He −→ p+ n+ d , (2)

2p+ 2n , (3)

2d . (4)

The reaction (1) is separated from the background
(2) and (3), using the criterion of complanarity: the
final particles momenta and the photon must lie in
one plane. Error of noncomplanarity measurement
is 5◦. It follows from kinematics that the angle of
particles scattering should be more then 160◦. Pulses
of finite particles are close in magnitude. Therefore,
because of the large difference of the velocities, the
tracks density of the proton and the tritium differ a
lot. While in the reaction (4) the track densities prac-
tically the same because of the equality of the particle
masses. The photon energy Eγ is equal to the sum of
the kinetic energies of the proton and the tritium and
the threshold energy of the reaction. Using the con-
servation laws, the values of Eγ can be determined
independently by the kinematic parameters of the
photon and the tritium. The residual between them
δEγ is due to measurement errors and multiple par-
ticles scattering. The average measurement error is
δEγ = 1MeV . The 2420 events of this reaction were
measured. Their distribution in the energy of the γ-
quantum was constructed with a 2MeV step. After
dividing into the total reaction cross section taken
from the literature [2] due to energy, the spectrum
of photons that caused this reaction was obtained.

Fig.2. The spectrum of photons

It is presented in Fig.2 at the energies from the re-
action threshold to 50MeV . The solid line shows
the calculated spectrum for the planar channeling
method [6], taking into account the removal of the
soft component by the impeller. It is normalized to
the experiment at the maximum. The accordance
of the curves in form confirms that in this experi-
ment the beam was obtained with planar channeling.
The dashed curve shows the dependence of the po-
larization degree of the beam Pγ on the energy of
the γ-quantum, measured in [6], the scale of which
is shown on the right. The degree of polarization de-
creases from 88% at the reaction threshold energy to
58% at 50MeV . Data on the degree of polarization
will be used to determine the asymmetry of the cross
section.

3. ANGULAR DEPENDENCE OF THE
CROSS SECTION ASYMMETRY

The maximum yield of the reaction is in the energy
interval 20 < Eγ < 30MeV , which provides the nec-
essary accuracy of the cross section asymmetry mea-
surement at the polar angles from 20◦ to 160◦. Figure
3 shows the distribution of events along the azimuthal
angle of protons falling within the range of polar an-
gles from 60 to 80 degrees.

The azimuthal angle is measured beginning from
the polarization vector with a step of 10◦. The num-
ber of events at each step is indicated by the point,
set in the middle of the step.The error is statistical.

In the case of linearly polarized photons, the dis-
tribution of reaction products along the azimuthal
angle φ has the form [7]:

dσϕ/dΩ = dσ0/dΩ(1 + p · cos 2φ) , (5)

where dσ0/dΩ – cross section of the reaction
upon absorption of unpolarized photons. Pa-
rameter p = PγΣ. The asymmetry of the
cross-section, depending on the energy and
the polar angle, is determined by the relation
Σ(Θ, Eγ) = (σ∥ − σ⊥)/(σ∥ + σ⊥), σ∥ and σ⊥ – cross
sections when the polarization vector lies in the
plane of the reaction or is perpendicular to it.
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Fig.3. Protons distribution along the azimuthal
angle

In our experiment, the measurements were per-
formed at different angles of orientation of
the polarization vector to the reaction plane.

Fig.4. Dependence of Σ on the polar angle

Approximation the distribution function

F (ϕ) = a+ b · cos 2ϕ (6)

increases the accuracy of determining the parame-
ter p = a/b in comparison with the variant if only
the first and last points were used. The solid
line in Fig.3 shows the result of fitting by the
method of least squares function (6). The val-

ues a = 95.28± 2.86, b = 72± 3.64 and their ratio
p = 0.76± 0.04 were obtained. The cross section
asymmetry Σ = 0.89± 0.05. A similar procedure is
performed for seven intervals with a step of 20◦ polar
angle. In the intervals 0◦...20◦ and 160◦...180◦ the
statistical supply is insufficient to determine Σ.

Dependence of Σ on the proton polar angle is
shown in Fig.4,a by circles. Within the error limits,
the asymmetry does not depend on the polar angle.
For comparison, the squares exhibit the neutron cross
section asymmetry in the 4He(γ, n)3He reaction gen-
erated by coherent bremsstrahlung with a maximum
at 45MeV [7], and triangles - asymmetry for the re-
action γ + d → p+ n [8]. The results are conformed.

In Fig.4,b, the close circles represent the asymme-
try distribution for photon energy interval from 30 to
40MeV . It is measured at polar angles from 40◦ to
140◦ and compared with the data [4] represented by
open circles. There is some conformation. Within
the limits of errors, the asymmetry does not depend
on the polar angle.

In Fig.5, the angular dependence of Σ
is compared with theoretical predictions.

Fig.5. Comparison with the theory

The dashed curve is the calculation of [9] using the
gradient-invariant series of Feynman diagrams for
the process of two-particle photodisintegration of the
4He nucleus. It is possible to note a value close to
the experiment Σ in magnitude, but its variation
with increasing angle does not agree. The solid curve
shows the calculation of [10] in the plane wave pulse
approximation, taking into account the mechanism
of nucleons direct knock out and exchange diagrams.
The interaction in the final state was not taken into
account. The calculation is consistent with the ex-
periment.

Since Σ does not depend on the polar angle, we
can integrate from it and construct the azimuthal
distribution of all events that falling within the
energy interval. In this assumption, the asym-
metry is determined with better statistical secu-
rity. The value of Σ is found in five energy in-
tervals. The result is shown in Fig.6 by solid cir-
cles. Points are placed in the middle of intervals.
Open circles show the cross section asymmetry for
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the deuteron photodisintegration [11], when the pro-
ton emits at a polar angle 90◦ in the c.m. system.
Within the limits of errors, the results are consistent.

Fig.6. Σ dependence on the photon energy

But the data for the deuteron are systematically
lower and noticeably decrease with increasing en-
ergy. In our experiment, the asymmetry does not
vary much. The squares show the asymmetry of the
proton photoproduction cross section at an angle of
90◦ in the 12C(γ, p)11B reaction, when the residual
nucleus is in the ground state [12]. The result agrees
with our data on both the magnitude of the asymme-
try and the absence of a noticeable change in it with
energy increasing. The line shows the calculation of
the asymmetry of the cross section for a deuteron
at the proton escape at a polar angle of 90◦ in the
c.m. system [13]. Within the limits of errors, the
calculation is consistent with the experiment.

4. SUMMARY

The reaction 4He(γ, p)3H was studied with the help
of a streamer chamber in the magnetic field irra-
diated with linearly polarized photons obtained by
plane channeling of electrons by a diamond.The cross
section asymmetry dependence on polar angle was
measured in the energy intervals of 20...30MeV and
30...40MeV . An asymmetry value is close to the one
and within errors limits does not depend on polar an-
gle. The dependence of asymmetry on energy in in-
terval of 20...45MeV has no energy increasing which
exceeds errors limits. It is shown that the energetic
and angular dependences of Σ are consistent with the
analogous data in the 4He(γ, n)3He, 2H(γ, p)n and
12C(γ, p)11B reactions, where the residual nucleus is
in the ground state, in the range of close energies.
The results can be explained within the framework
of the mechanism of direct knock out of nucleons.
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ÐÅÀÊÖÈß 4He(γ, p)3H, ÂÛÇÂÀÍÍÀß ÏÎËßÐÈÇÎÂÀÍÍÛÌÈ ÔÎÒÎÍÀÌÈ

Â ÎÁËÀÑÒÈ ÃÈÃÀÍÒÑÊÎÃÎ ÐÅÇÎÍÀÍÑÀ

À.À.Ïåðåòÿòüêî, Ð.Ò.Ìóðòàçèí, À.Ô.Õîäÿ÷èõ

Ìåòîäîì ñòðèìåðíîé êàìåðû â ìàãíèòíîì ïîëå, îáëó÷åííîé ïîëÿðèçîâàííûìè ôîòîíàìè, ïîëó÷åííû-

ìè ïðè ïëîñêîñòíîì êàíàëèðîâàíèè ýëåêòðîíîâ â êðèñòàëëå àëìàçà, èññëåäîâàíà ðåàêöèÿ 4He(γ, p)3H
â îáëàñòè åå ãèãàíòñêîãî ðåçîíàíñà. Èçìåðåíû óãëîâàÿ è ýíåðãåòè÷åñêàÿ çàâèñèìîñòè àñèììåòðèè ñå-

÷åíèÿ. Ðåçóëüòàòû îáúÿñíÿþòñÿ ìåõàíèçìîì ïðÿìîãî âûáèâàíèÿ íóêëîíîâ.

ÐÅÀÊÖIß 4He(γ, p)3H, ÂÈÇÂÀÍÀ ÏÎËßÐÈÇÎÂÀÍÈÌÈ ÔÎÒÎÍÀÌÈ Â ÎÁËÀÑÒI

ÃIÃÀÍÒÑÜÊÎÃÎ ÐÅÇÎÍÀÍÑÓ

Î.Î.Ïåðåòÿòüêî, Ð.Ò.Ìóðòàçií, Î.Ô.Õîäÿ÷èõ

Ìåòîäîì ñòðèìåðíî¨ êàìåðè â ìàãíèòíîìó ïîëi, ÿêà îïðîìiíþâàëàñü ïîëÿðèçîâàíèìè ôîòîíàìè, îòðè-

ìàíèìè ïðè ïëîùèííîìó êàíàëþâàííi åëåêòðîíiâ â êðèñòàëi äiàìàíòà, äîñëiäæåíî ðåàêöiþ 4He(γ, p)3H
â îáëàñòi ¨¨ ãiãàíòñüêîãî ðåçîíàíñó. Âèìiðÿíî êóòîâó òà åíåðãåòè÷íó çàëåæíîñòi àñèìåòði¨ ïåðåðiçó. Ðå-

çóëüòàòè ïîÿñíþþòüñÿ ìåõàíiçìîì ïðÿìîãî âèáèâàííÿ íóêëîíiâ.
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