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In this work there are set experimental data of the reaction *He(y,pn )d at the energy of photonic beam of E, +30-100 MeV, received
by the streamer chamber method on the coherent beam of y-rays. The beam of photons was received in the result of coherent
bremsstrahlung radiation (CBR) of electrons from the accelerator LU-2000 on the diamond mono crystal. There are measured
energetic and angular correlations of the reaction products. It is shown, that the behavior of angular and energetic distributions,
received by the diffusion chamber method on the bremsstrahlung beam of y-rays with the help of streamer chamber on the coherent
beam are the same, that allows us make a conclusion about reliability of identification of events. The presence of the deuterons with
high kinetic energy and big angle recession with the proton can be explained by absorption of the y-rays by three or more correlated
nucleons.
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KOPEJIALI BTOPUHHUX YACTUHOK B PEAKIIII PO3UIEILTFOBAHHS ‘He(y, pn)d HA ITYUKY

KOI'EPEHTHOT'O I'AJIBMIBHOI'O BUITPOMIHIOBAHHS
L.B. Jorwct
Hayionanenuii naykosuii yenmp «Xapkiscokuil (izuxo-mexHiuHuil incmumymy
8yn. Akademiuna, 1, m. Xapxkis, 61108
V wiit poboTi mpuBeneHi excriepuMenTanbHi mani peakiii “He(y,pn)d mpu eneprii hoTOHHOrO mydka E, +30-100 MeB, orpumani
METO/IOM CTPUMEpHOI KaMepH Ha KOI€PEeHTHOMY IIydKy Y-KBaHTiB. ITydok ¢OTOHIB BHXOIAMB B pe3yJbTaTi KOTEpPEHTHOrO
ranpmiBHOTO BHUnpominioBaHHS (KI'B) enextponiB Bix npuckoproBada JIIT-2000 Ha MoHOKpHCTami anMa3y. BuMipsHi eHepreTHyHi i
KyTOBi Kopemswil mpoxykTiB peakiii. IToka3aHo, mo mOBeIiHKa KyTOBHUX 1 €HEPreTHYHHX PO3IOIUIIB, OTPUMAHHX METOIOM
mudy3iiHOT KaMepH Ha TaJbMIBHOMY ITyYKY Y- KBaHTIB i 32 JOIOMOTOI0 CTPUMEPHOI KaMepH Ha KOTEpPEHTHOMY ITy4YKy CITiBIaaf0Th,
110 /T03BOJISIE 3pOOUTH YKIIaJeHHS NTPO HAAIHHICTD ineHTH(ikanil noxaiil. HasBHICTS NEHTPOHIB 3 BHCOKOIO KIHCTUYHOIO EHEpTi€lo i
BEJIMKHM KYTOM PO3IIBOTY 3 HIPOTOHOM MO>Ke OyTH IOSICHEHa MOTIMHAHHSAM Y-KBaHTIB TPbOMa 1 OiIbIe KOpeITbOBAHUMH HYKIOHAMH.
KJIIOYOBI CJIOBA: ¢oToHn, HYKJIOHH, NPOTOHH, KOpPENSIii, SApo Telifo, CTpUMEpHa Kamepa, KOTepeHTHE TIalbMiBHE
BUIIPOMIHIOBaHHS

KOPPEJIAAIMA BTOPUYHBIX YACTHUI] B PEAKIIUU PACHIETIVIEHUA 4He('y, pn)d HA ITYYKE
KOI'EPEHTHOI'O TOPMO3HOI'O U3JIYYEHUSA
HN.B. Jorwocrt
Hayuonanvnoui Hayyneiii Llenmp “Xapvkoeckuti @uzuxo-mexnuyeckuii Mucmumym’
ya. Akademuyeckas 1, e. Xapvros, Yxpauna, 61108
B naHHO# paGoTe MpHBEIEHb! SKCIIEPHMEHTATbHBIE AaHHbe peakmun “He(y,pn)d npu sHEpriu GOTOHHOrO MmydKa E, +30-100 M>aB,
MOTyYeHHBIE METOAOM CTPUMEPHOH KaMepbl Ha KOTEPEHTHOM ITydKe Y-KBaHTOB. IIydok (OTOHOB moirydancs B pe3yibTaTe
korepeHTHOro TopMo3Horo uamydeHus (KTH) anextponoB ot yckopurens JIY-2000 Ha MOHOKpHcTayuie anmasa. M3MepeHs
JHEPreTHYECKUE M YIJIOBBIE KOpPpEIALUU IpOoAyKToB peakuuu. Iloka3aHo, 4YTO mNOBEIEHHE YITOBBIX U 3HEPreTUYECKHUX
pacmpeneneHuii, MOTydeHHBIX MeToqoM AuQQy3HOHHOI Kamepsl HA TOPMO3HOM IIydKe Y-KBAaHTOB M C MOMOINBIO CTPHMEPHOH
KaMepbl Ha KOTEPEHTHOM ITyYKe COBIAJAIOT, YTO MO3BOJISET CAENATh 3aKIIOUCHHE O HaJEeKHOCTH HICHTH(OUKAINH COOBITHH.
Hanmmume neHTpOHOB ¢ BBICOKONW KHHETHYECKOH SHepruedl M OONbIIMM YyIJIOM pasjieTa C IIPOTOHOM MOXET OBITh OOBSCHEHO
TIOTJIOIICHUEM Y-KBAaHTOB TpeMs B 00Jiee KOPPEIUPOBAaHHBIMH HYKJIOHAMH.
KJIIOUEBBIE CJIOBA: ¢oToHBI, HyKJIOHBI, IPOTOHBI, KOPPEJISILIUY, SAPO TENUs, CTPUMEpHasi KaMepa, KOrepeHTHOE TOPMO3HOE
U3IIydeHue

>

There is a set experimental fact that on the small distances between nucleons in the nucleus there emerge
correlations. The investigation of the nucleon — nucleonic correlations, two-nucleonic correlations in particular, is visual
in the reactions of photodisintegration with the exit of the nucleon pairs. For investigation of the mechanism of the
absorption of the photons by nuclei there is a reasonable investigation of the (y,pn) — processes on the few nucleon
nuclei, on the *He nucleus in particular.

Three-body photodisintegration reactions of the helium nucleus ‘“He (y,pn)d studied at intermediate energies range
from the reaction threshold up to 150 MeV by the diffusion chamber method on the y-ray bremsstrahlung beam from an
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electron accelerator with an energy of 300 MeV [1-3]. The study results were interpreted by the authors as an evidence
of a significant contribution to this process of the mechanism of photo absorption by pn-pair ‘He.

During the investigation of the mechanism of interaction of electromagnetic radiation with light nuclei, in
particular, the correlations of the nucleons in the nucleus “He it is interesting to study this reaction by qualitatively
different procedure, using the photon beam, which spectrum differs from the bremsstrahlung. This paper presents new
data about the reaction *He (y,pn)d, obtained by processing the experimental results on coherent photon beam electron
accelerator 2 GeV using the streamer chamber. These angular and energy correlations of secondary particles are
compared with those obtained by the method of diffusion chamber on the beam bremsstrahlung y-rays beam.

The aim of the present work is to conduct investigation by new method, i.e. method of streamer chamber on the
coherent bremsstralung beam of y-rays, received earlier with the help of diffusion chamber of products correlations of
photodisintegration reaction *He(y,pn), its comparison. The coincidence of the results justifies the reliability of
identification of experimental data. Later, more accurate information about the reaction mechanism “He( 7 ,pn)d , about

the relative contribution of one nucleon and mesonic exchange currents can be received from the asymmetry of the
products reaction on the polarized beam of y-rays, received by the same method. Nowadays there is no experimental
data about the investigation of the reaction mechanism “He(# ,pn)d on the polarized beam of y-rays at E, up to

150 MeV.

METHODOLOGY OF THE EXPERIMENT
Photon beam was obtained as a result of coherent bremsstrahlung (CB) of electrons from electron accelerator LU-
2000 with an energy of 600 MeV and 800 MeV on diamond mono crystal with thickness t,= 0.3 mm and t, = 0.14 mm
[4]. The position of the first maximum in the CBR spectrum was set at an energy Ey™= 60 MeV and 80 MeV. In the

coordinate system, in which the X-axis coincides with the direction of the photon impulse, and Z-axis — with the
direction of the magnetic field and with the axis of photographing, the polarization vector y-rays beam was placed at an
angle of +45° to Z. In Fig. 1, the solid line shows the spectra of the photon beam CBR, after passing through the
streamer chamber.

The events of this reaction were selected and visually identified by the following criteria: two-pronounced stars
events were considered throughout the whole chamber volume, the apex of which is within the y-rays beam, the
recession angle between the tracks that do not exceed 160°. The impulses of the particles, forming an angle with the
direction of the magnetic field less than 45° could not be measured with sufficient accuracy, so these events were not
considered. Coordinate measuring tracks was performed with semiautomatic microscopes. Kinematic parameters of the
particles were determined by program of geometrical reconstruction of events. Accuracy of determination of impulse of
the reaction products (AP/P) was 8%, the polar angle — 3°, azimuth angle — 8°.

By visual selection of events to identify the proton and deuteron were taken into account the following: the
ionization track, its characteristic change along the track, the angle to the median plane and calculated after processing,
the kinematic parameters of the particles. Track method did not allow to determine the amount of emitted neutral
particles, and consequently, to reliably calculate the reaction *He (y,2p2n) [5]. Dubious events in which the proton and
deuteron were difficult to distinguish, were -5% of the events.

Background reactions were excluded in the process of visual selection and analysis of kinematics of the events
after the measurement. Two-pronounced stars events processes ‘He(y, p)T, “He (y, 2d) were separated from the reaction
of interest on the balance of the cross-impulse.

Energy of the incident y-rays and neutron parameters were calculated by the measured kinematic data of charged
particles - the proton and deuteron [6].

If P,, Py, P, - total projections of the proton and deuteron impulses per axis X, Y, Z and E - their total energy, then
the energy of the gamma- is determined by the formula:

2 2 2
g oMt Plo(M, B O
‘ 2(M, -E+P,)

where P = ( sz + Py2 + P_f )% , M, — mass of the target nucleus, m, — mass of the neutron. Impulse P, and energy E, of

the neutron were determined by correlations: P,y =E, - Py, Py, =- Py, P, = -P,.
Hence:

1
P, = (P2 +P2+P2)"
n ( nx ny nz ) . (2)
1
E, = (P} +m2)"
Thus, in the process of treatment the kinematics of the process was completely restored. In Fig.1 points represent
the experimental data of spectrum, obtained using the streamer chamber for the reaction of photodisintegration
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“He(y,pn)d at the photon energies, in mark E;‘“‘" = 60 MeV (a) and 80 MeV (b) with AE,=5 MeV. The errors are

statistical. Solid curve — is a calculated spectrum CBR, dashed - calculated bremsstrahlung spectrum [4].

(@)

arbitr. units
o
»
y arbitr.units

b
Y o
IS
I

N

o
=)

TS 20 40 60 80 100 120 140
40 60 _ 80 100 120 140 E., MeV

Fig.1 The CBR spectrum of photons
(a) — E;"ax = 60 MeV, (b) — 80 MeV. Experimental points obtained using the streamer chamber for the reaction of

photodisintegration *He (y,pn)d. Solid curve — is a calculated spectrum CBR, dashed - calculated bremsstrahlung spectrum [4].

ANGULAR AND ENERGETIC CORRELATIONS
One of the most "sensitive" distributions, allowing to evaluate the role of nucleon correlations in the nucleus, is the
distribution of the relative energy of pairs of the reaction products, defined by expression [7]:

D D 2
Y R € DR B 3)
2(m,; + m,)

where T;, Tk, P;, P, m;, my — kinetic energies, impulses and mass of the secondary particles, Ey — the sum of kinetic
energies of all reaction products.

Fig. 2 shows the distribution of relative energy pairs of products “He(y, pn)d reaction. Statistical distributions are
plotted by the curve, in the calculation of which it was assumed that the correlations are determined by the phase space,
the matrix elements of transition from the initial to the final state are constants and interaction in the final state does not
affect on the result [7]. Upon receiving of distributions in the energy range (30-60) MeV were used events obtained for

the photon beam E;‘ax =60 MeV, and for distributions in the energy range (60-100) MeV events received for

tik

E;"ax =80 MeV.
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Fig. 2 Distributions on the relative energy of pairs of the reaction products of *He (y, pn)d
(a)— E;mx = 60 MeV, (b) — 80 MeV, resulting in a beam of coherent bremsstrahlung of photons. Dark circles - pn pairs, sprockets -
pd pairs, light circles - nd pairs, curve - statistical distributions [7].

Since experimental data were obtained by summation of events throughout the chamber volume, i.e. summed over
all angles, they do not depend on the polarization of the photon beam.

These distributions indicate that the proton-neutron pair takes a significant part of energy, i.e. in the reaction
*He(y,pn)d absorption of y-rays, that mainly occurs in the correlated proton-neutron pair. Distribution obtained by the
diffusion chamber method on a beam of bremsstrahlung photons also indicate a strong correlation of pn-pairs having the
maximum possible relative energy, and with increasing E, this correlation becomes more clear [3].
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When interacting y-rays with a correlated proton-neutron pair can be expected that the proton and neutron will fly
in opposite directions.

The following figures show the experimental data obtained on the coherent bremsstrahlung photon beam by the
method of streamer chamber by the number of events depending on the angle recession with a proton and neutron
(Fig. 3a,b) and proton and deuteron (Fig. 3c,d) and applied to the data obtained on the bremsstrahlung beam of y -rays
with the help of diffusion chamber. Results are normalized to the same area. Within experimental error data from
diffusion and streamer chambers coincide. The curve shows normalized onto the experimental data, theoretical
calculations from the streamer chamber [1] in quasideuteron approximation.

For proton - neutron pair there is a noticeable deviation of the experimental data from the theoretical curve, and for
proton - deuteron pair the consent of experimental data with the theoretical curve is satisfactory. Such disagreement
does not allow to draw conclusions about justice of quasideuteron mechanism for description of the experimentally
obtained angular correlations.
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Fig.3 Dependence of the number of events from the angle recession ¢,,, of proton and neutron and ¢,4 for proton and deuteron

(a,c) — energy y-rays (30-60) MeV, (b,d) — (60-100) MeV. Dark circles - data from the streamer chamber, light circles — data from the
diffusion chamber [3], curve - theoretical calculations in the pole approximation of the quasideuteron type [1].

Fig.4 shows the dependence of number of events on the kinetic energy of the deuteron for two intervals of energy
photon beam (30-60) MeV and (60-100) MeV obtained by coherent bremsstrahlung and bremsstrahlung beams y-rays.
There is providing a comparison with theoretical calculations. Results are normalized to the same area. Within
experimental error data from diffusion and streamer chambers agree qualitatively. Theoretical calculations carried out
under the assumption that the polar diagrams [1] are most similar to the description of experimental data for the two
energy intervals.
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Fig. 4. Dependence of number of events from kinetic energy of the deuteron at the energy of y-rays
(a) - in the range (30-60) MeV, (b) — (60-100) MeV. Dark circles - streamer chamber, light circles - diffusion. Curves - theoretical
calculations: solid curve - theoretical calculations for the pole diagram [1]. Dotted and dash-dotted curves — triangle diagrams [2].
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It should be expected that during the absorption of y-rays by the nucleon pair, deuteron is a spectator and should
have a much lower kinetic energies than the proton.

In the analysis of experimental data of three-particle photodisintegration of “He nucleus at energies y-rays up to
100 MeV [8], obtained on the basis of the diffusion chamber located on the bremsstrahlung beam of y-rays, there was
observed yield of deuterons with high kinetic energies.

Fig. 5 shows the number of events from the kinetic energy of protons and deuterons. The errors are statistical.

As shown in Fig.5 the significant part of the deuterons has a much lower energy than protons. With increasing
energy, at the kinetic energies of 7 MeV the number of protons and deuterons coincides. This also coincides with the
results obtained in the [8].

During the study of the reaction *He(y,pn)d on the

140- bremsstrahlung beam of vy-rays, there was made a
120- % conclusion [3], that the main mechanism of the reaction at
100 photon energies above 50 MeV is the absorption of
n + electromagnetic radiation by the nucleon pair of the
€ 80 ‘+ + nucleus, i.e. quasideuteron mechanism. However, the
°>’ 60- § presence of deuterons with high energy and large angle
o 40 recession with a proton contradicts this conclusion and may
4 q)@{; @g @@@Q be explained by the absorption of y-rays by three or more
20 g Q QQQQQ ele correlated nucleons.
CD
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T, MeV Streamer chamber method on the coherent

bremsstrahlung beam of y-rays there was investigated
photodisintegration reaction *He with yield of nucleon pairs
*He(y,pn)d in the energy photons range from 30 MeV to
100 MeV. Identified as the reaction “He(y,pn)d ~ 1000 two-pronounced stars events at energy y-rays at peak

Fig. 5. Dependence of the number of events from the kinetic
energy: light circles - protons, dark circles — deuterons

ET™ =60 MeV and £ =80 MeV. Energy and angular correlations of reaction products are measured. It is shown

that the behavior of the angular and energetic distributions of the experimental data on the bremsstrahlung and coherent
beams coincide, that allows us to do a conclusion about reliability of identification of events. Comparison with
theoretical predictions does not allow to make a definite conclusion about the reaction mechanism. Availability of
deuterons with high kinetic energy and large angle recession with a proton can be explained by the absorption of y-rays
by three or more correlated nucleons.

Currently there is no experimental data on the investigation of the reaction *He( 7 ,pn)d polarized beam of y-rays at

energies up to 150 MeV. For more information about the mechanism of the reaction type (7 ,pn), the relative

contribution of one-nucleon and meson exchange currents, one can hope to get during he investigation of asymmetry of
the reaction products.

In the conclusion author expresses her gratitude to prof. Sorokin P.V. for constant attention to this work and for
discussion of the received results.
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