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The bremsstrahlung spectra of medium-energy electrons (30...100 MeV) were calculated in GEANT4. Cross-
sections for photonuclear reactions were calculated in TALYS/.9. A convolution over the energy of the cross-
sections of one- and many-particle reactions with the bremsstrahlung flux density was performed. The numerical
values of the yield of Nb(y,xn)”*Nb reactions, the activity of irradiated **Nb targets, and the average reaction
cross-sections were obtained. The differences of the bremsstrahlung spectra from electrons with close initial ener-
gies were calculated. The shape of the difference spectra was analyzed. The contributions of the quanta of the low-
energy part of the difference spectrum and the quasi-monochromatic peak of the difference spectrum to the total
activity of the targets were compared. An approach for correction of the experimental cross-sections of photonuclear

reactions using the method of "bremsstrahlung spectra difference" was considered.

PACS: 07.85.Fv, 61.80.Cb

INTRODUCTION

The bremsstrahlung y-radiation of electrons from
converter-target is an important nuclear-physical in-
strument of modern nuclear physics and used in various
applications. It is necessary to correctly calculate the
spectral-angular characteristics of y-radiation, numeri-
cally evaluate the flux of radiation incident on the tar-
get. Such calculations are important in the production of
isotopes or activation of target atoms using photonucle-
ar reactions. The calculation of bremsstrahlung and the
yields of nuclear reaction products are important when
using power plants based on subcritical systems con-
trolled by an electronic accelerator.

The calculation method of bremsstrahlung spectra is
well known. In the case of thin targets, the spectrum is
described analytically by the Schiff formula [1], but in
the case of thick targets, this formula is not applicable.
For real experimental measurements, the certified open-
source code GEANT4 is widely used [2]. The GEANT4
program code, PhysListLowEnergy, allows one to calcu-
late the bremsstrahlung spectra with all physical pro-
cesses for the case of an amorphous target [3, 4]. Simi-
larly, PhysList QGSP BIC HP makes it possible to cal-
culate the neutron yield due to photo-nuclear reactions
from targets of various thicknesses and atomic charges
[4].

The objectives of this work are:

— simulation in GEANT4 of the spectral-angular dis-
tributions of the bremsstrahlung y-radiation of medium-
energy electrons from an amorphous Ta-converter tar-
get, taking into account the passage of radiation through
an Al-absorber;

— estimation of the yield of electrons and photoneu-
trons from converters and absorbers;

— calculation of cross-sections for “*Nb(y,xn)”**Nb
in TALYS1.9 [5];

— obtaining the numerical value of the reaction
yield, the activity of the irradiated **Nb targets, estimat-
ing the average value of the reaction cross-section;
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— calculate the bremsstrahlung difference spectra,
examine an approach for adjusting the experimental
cross-sections of photonuclear reactions, and obtain
numerical values of the cross-sections using the "differ-
ence of y-quanta" method.

1. CALCULATION BREMSSTRAHLUNG
RADIATION SPECTRA AND DIFFERENCES
OF GAMMA-QUANTA SPECTRA IN GEANT4

The bremsstrahlung spectra of medium-energy elec-
trons (30...100 MeV) were calculated in GEANT4. The
calculations used the real geometry of the experiment,
taking into account the spatial and energy spread of the
electron beam. The axis of the electron beam corre-
sponds to the 0 angles.

Typical conditions for calculations and experiment:
the thickness of the Ta-converter is /(Ta) = 1.05 mm,
the distance between the Ta-converter and the *’Nb tar-
get was D = 248 mm. Target radius Ry, =4 mm. The
radius of the electron beam is R, = 2.5 mm. The energy
spread of the electron beam is FWHM = 2.35% of E,. In
the Fig. 1,a,b shows the bremsstrahlung spectra for an
Al-absorber /(Al) =0 and 150 mm. Fig. 2,a,b shows the
corresponding spectra of the y-quanta difference for two
close energies of incident electrons.
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Fig. 1. -Spectra for various E,, I(Al) = 0 mm (a);
y-Spectra for various E,, [(A]) = 150 mm (b)

The number of quanta in the energy range
E,=30..100 MeV proportionally increases with in-
creasing electron energy. The peaks of the difference
spectra are distinguished, but there is also a low-energy
part of the difference spectrum. The number of quanta
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in the low-energy part of the spectrum in total exceeds
the sum of the quanta in the quasi-monochromatic peak
of the difference spectrum. Thus, to call such a differ-
ence spectrum quasi-monochromatic is incorrect.

500 ?59[ — T T T T

a 4
g 8

Difference spectra, counts
8

2

b
Fig. 2. Spectra of the y-quanta difference, I(Al) = 0.
1—-84.4..80.4 MeV; 2—-75.8...71.1 MeV;
3—-65.4...60.9 MeV (a), spectra of the y-quanta
difference, I(Al) = 150 mm. 1 — 84.4...80.4 MeV;
2-758..71.1 MeV; 3 —65.4...60.9 MeV (b)

The number of quanta in the energy range
E,=30...100 MeV proportionally increases with in-
creasing electron energy. The peaks of the difference
spectra are distinguished, but there is also a low-energy
part of the difference spectrum. The number of quanta
in the low-energy part of the spectrum in total exceeds
the sum of the quanta in the quasi-monochromatic peak
of the difference spectrum. Thus, to call such a differ-
ence spectrum quasi-monochromatic is incorrect.

The total number of quanta in the calculated spectra
(Ey,=38.9...84.5 MeV) when using a /(Al) =150 mm
Al-absorber is 0.59...0.64, and for 100 mm is 0.44...0.48
of the total quanta in the absorber absence. The shape of
the spectrum of the y-quanta difference deteriorates in
the presence of an absorber. This refers to a decrease in
the ratio of the peak area to the total area of the differ-
ence spectrum by about 25...30%.

2. CALCULATION OF THE CROSS-
SECTION OF PHOTONUCLEAR
REACTIONS **Nb(y,xn)***Nb IN TALYS 1.9

Calculations of the cross-section of photonuclear re-
actions *Nb(y,xn)”> *Nb were performed in TALYS1.9 [8].
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Fig. 3. Nb(y,xn)’>*Nb total cross-sections (a);
“Nb(y,n)”’Nb cross-sections (b); *’Nb(y,3n)"’Nb

cross-sections (c); *’Nb(y,4n)*’Nb cross-sections (d)
Fig. 3,a,b,c,d shows some calculated cross sections in
the energy range up to 100 MeV, where g — for the ground
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state, m — for the metastable state, and ¢ = (m+g) — total
cross section. These cross-sections were used in the calcu-
lation of the convolution of cross-sections with a brems-
strahlung flux to obtain the reaction yield, averaged cross-
sections, as well as for comparison with experimental
data.

3. BREMSSTRAHLUNG AND ELECTRONS
SPECTRA PASSING THROUGH A TARGET.
THE ROLE OF THE ABSORBER

The calculation of the bremsstrahlung spectra in
GEANT4 for E, = 84.5 MeV are presented in Fig. 4. Also
shown the electrons spectra and the total reaction cross-
sections for “’Nb(y,xn)”>*Nb. Convolutions with all cross-
sections with the y-quanta and electrons flux corrected for
the fine structure constant 1/137 were performed. The
yields of the reactions Y, and Y./137 were determined.
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Fig. 4. The calculated y-quanta and electron spectra
without an absorber. E, = 84.5 MeV, Ta = 1.05 mm,
D = 248 mm. Cross-section of photonuclear reactions
S Nb(y,xn)’**Nb

The ratio of the reaction yields for y-quanta to the
reaction yields for electrons Y,/(Y¢/137) was 12536 for
“Nb(y,n)”?Nb, 328 for *Nb(y,3n)’Nb, 153 for
“Nb(y,4n)*’Nb, 67 for >Nb(y,5n)"Nb. E, = 84.5 MeV.
For E, = 38.9 MeV the ratio Y,/(Y./137) was 1887 for
Nb(y,n)”*Nb, 32 for *Nb(y,3n) °Nb.

Therefore, the contribution of y-quanta to the reac-
tion yield dominates for all reactions and all experi-
mental energies in the absence of an absorber. Thus, the
use of an aluminum absorber is advisable mainly to re-
lieve heat and radiation load on the target and structural
elements.

In [6], W with a thickness of 100 um was used to
generate bremsstrahlung. Absorber and electron turning
were not used. We calculated the contribution of elec-
trons to photonuclear reactions for £, =70 MeV. The
ratio of the reaction yields Y,/(Y./137) was 1815 for
“Nb(y,n)””Nb, 9.8 for *Nb(y,n)’’Nb, 3.9 for
Nb(y,4n)¥’Nb, 0.67 for **Nb(y,5n)**Nb. The contribu-
tion of y-quanta to the reaction yield dominates for all
reactions, except *°Nb(y,5n)**Nb, where the contribution
of electrons is greater than the contribution of y-quanta.

In experiments, it is necessary to find a balance be-
tween the good shape of the bremsstrahlung spectra and
the removal of the electronic component responsible for
heating the target. Calculations showing changes in
bremsstrahlung and electronic spectra with an Al -
absorber of /(Al) = 0 and 100 mm were performed.

For bremsstrahlung, in the presence of an absorber,
the spectrum retains its shape, while the number of
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quanta decreases to ~ 2 times. The electrons spectrum in
the presence of an absorber completely changes. Almost
complete electrons absorption was observed. The total
electrons number is less than the y-quanta number by
20...30 times for various initial energies of E,. Also, the
electron energy is greatly reduced. The radiation load on
the target decreases strongly.

In the experiment with an absorber, there are signifi-
cant minuses: deterioration in the shape of the brems-
strahlung spectra difference and an additional genera-
tion of neutrons. In GEANT4 the calculations the neu-
tron flux in a full solid angle of 4 were performed. The
ratio of the neutrons yields Y,
Y, ((Ta) = 1 mm)/Y ,(l(Al) = 100 mm)/Y ,(/(Ta) = 1 mm +
+ I(Al) = 100 mm) was (0.02/0.24/0.33) n/s/kW/10'%.
Most neutrons are generated in an Al-absorber. The
number of emitted neutrons Y, (I(Ta) =
1 mm + /(Al)= 100 mm) was 4x10'...1.3x10"'n/s, for
E,=40...100 MeV and /. = 4 pA.

4. DEPENDENCE OF THE
BREMSSTRAHLUNG FLUX ON THE
TARGETS POSITION AND THE SIZE

4.1. DEPENDENCE OF THE BREMSSTRAH-
LUNG FLUX ON THE TARGET SIZE

In activation experiments, the target area should be
completely covered by high-energy bremsstrahlung
quanta. This is necessary to accurately assess the num-
ber of atoms in the target that are involved in activation.
It is necessary to estimate the maximum radius of the
target where such a requirement is reliably fulfilled.

In GEANT4 the bremsstrahlung spectra were calcu-
lated as a function of the target radius R. Dependency
estimates were performed in two ways. In the first ap-
proach, the dependence of the total bremsstrahlung flux
of different energy ranges on the target radius N,(R) was
studied. This dependence has an increasing character
and it is convenient to normalize it to a target of infinite
radius. The dependences of the bremsstrahlung yield
N,(R) on the target radius are shown in Fig.5,a
(E, =100 MeV, [(Ta) = 1 mm, /(Al)=0, D =250 mm).
In this geometry, a saturation of the yield does not occur
for all energy ranges up to R ~ 20 mm.
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Fig. 5. Dependence of the bremsstrahlung flux N,(R)
on R (a); dependence of densities of bremsstrahlung flux
AN,(R) /AS(R) on R (b)

In the second approach, the densities of bremsstrah-
lung radiation yield were calculated: AN(R) divided by
AS(R). AS(R) is the area of the ring formed by the differ-
ence of two target circles. AN(R) — number of quanta
falling in AS(R). This dependence decreases with an in-
creasing radius of the target R (Fig. 5,b). Maximum limits
on the size of the target appear at £, ~ 100 MeV. In our
case, at size up to R = 10 mm, the bremsstrahlung flux
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reliably completely covers the target. The value
R =10 mm is the ultimate target size due to the diameter
of the pneumatic line.

Similar dependences of the output of the brems-
strahlung radiation Ny(R) were calculated for electrons
with E,=40...90 MeV. These dependencies are some-
what wider than for electrons with £, = 100 MeV.

A similar calculation was performed for /(Al) =100
and 150 mm. Estimates show a slight decrease in the
flux in value and a widening of the dependences of the
bremsstrahlung yield on the radius of the target in the
presence of an absorber. Thus, with a target size of up to
R =10 mm, the quantum flux completely cover the tar-
get for all experimental conditions.

4.2. DEPENDENCE OF THE
BREMSSTRAHLUNG FLUX ON THE
DISPLACEMENT OF THE TARGET CENTER

The displacement of the center of the target relative
to the axis of the electron beam is one of the possible
experimental errors. It is necessary to evaluate the pos-
sible error in the value of the bremsstrahlung flux and,
accordingly, the target’s activity.

Bremsstrahlung flux was calculated for different
displacements of the target center were calculated. It is
more convenient to present the results in a normalized
form, where the flow for an unbiased target is taken as 1.
In Fig. 6,a,b normalized values of bremsstrahlung flux
in the energy range AE=28...100MeV and
AE =80...100 MeV are presented for E, = 100 MeV,
[(Ta)=1mm, R, =5mm, R, =5mm, D =100 and
250 mm, /(Al) = 0.
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—e— B0...100 MeV

—=—8...100 MeV
—=—80...100 MeV

Sum of quanta in AE, normalized

Sum of quanta in AE, normalized

AR, mm AR, mm

a b
Fig. 6. Normalized bremsstrahlung flux as a function
of displacement AR. D = 100 mm (a); normalized
bremsstrahlung flux as a function of displacement AR.
D =250 mm (b)

As the distance between the converter and the target
increases, as in the case of a target with a larger radius,
the effect of the center displacement somewhat decreas-
es. The Table 1 shows the results of the normalized
bremsstrahlung flux for real experiment geometry

E,=84.5MeV, /(Ta) = 1.05 mm, Riyrg = 4 mm,
D =248 mm, /(Al) = 150 mm.
Table 1
Normalized bremsstrahlung flux, AR displacement
AR, mm | AE =8...84.5 MeV |AE = 76...84.5 MeV

0 1 1

1 0.991 0.975

2 0.957 0.921

3 0.905 0.836

Thus, the experimental error becomes significant
even for the displacements of the center of the target of
comparable or greater than 2 mm.

ISSN 1562-6016. BAHT. 2019. Ne6(124)



4.3. DEPENDENCE THE BREMSSTRAHLUNG
FLUX ON DISTANCE CONVERTER-TARGET

The dependence of the bremsstrahlung flux on the
distance between the target and the converter was esti-
mated. The calculation of the bremsstrahlung spectra
was performed for E, =100MeV, [(Ta)=1 mm,
R.=5mm, R,,, =5 mm. Distance D changed. If the
bremsstrahlung flux at D =100 mm is taken as 1, then
at D=500 mm the attenuation of the flux is about
9 times, at D= 1000 mm, attenuation is 30 times, at
D =2000 mm, attenuation is 100 times. The calculation
showed a strong attenuation of the flux of quanta with
increasing distance. The dependence of flow on distance
does not correspond to a simple dependence as the
square of the distance.

5. YIELD AND CROSS-SECTIONS
OF **Nb(g,xn)”**Nb REACTIONS

5.1. ESTIMATED YIELD OF ONE- AND MULTI-
PARTICLE REACTIONS IN GEANT4, TALYS1.9

The convolution over the cross-section energy of the
reaction “Nb(y,n)’’Nb and *Nb(y,3n)’’Nb (TALYS1.9)
with bremsstrahlung spectra was performed. This corre-
sponds to the yield of the reaction. The calculation re-
sults for the experimental conditions /(Ta) = 1.05 mm,
Rirg =4 mm, D =248 mm are shown in Fig. 7,a,b. For
comparison, the results for /(Al) =0, 100, 150 mm are
shown.

210’
Al =150 mm
110’

35 40 45 50 S5 60 65 70 75 80 85 90
E, MeV E. MeV

“ b
Fig. 7. The reaction yield > Nb(y,n)*'Nb. I(Al) = 0, 100,
150 mm (a), the reaction yield Nb(y,3n)"" Nb.
I(A1) = 0, 150 mm (b)

We note an approximately twofold decrease in the
reaction yield when using an /(Al) = 150 mm absorber.
Similar dependences of the reaction yield on the energy
of incident electrons are calculated for various reactions
Nb(y,xn)”*Nb. Dependencies have a smooth growth
with increasing energy.

5.2. NORMALIZED VALUES
OF EXPERIMENTAL AND CALCULATED
REACTION YIELDS

Fig. 8,a,b compares the normalized experimental
yields of the “*Nb(y,n)’*"Nb and **Nb(y,3n)’"Nb reac-
tions and the calculated yields obtained using GEANT4
and TALYSI1.9. In both cases, the yields were normal-
ized to the yield at the maximum experimental energy
of 84.5 MeV.

In Fig. 8,a the first three points were measured and
counted using the /(Al)=100 mm converter, the rest
with /(Al) =150 mm. A characteristic change in the
reaction yield tendency is connected with this fact. We
note some discrepancies between the calculation and the
experiment for the Nb(y,n)”*Nb reaction, which is
within the experimental error. Similarly, the yields of
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the **Nb(y,4n)*Nb total, m, g reactions were compared.
The agreement of calculations and measurements is
satisfactory.
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Fig. 8. Normalized values of experimental and calculat-
ed yields of Nb(y,n)”""Nb (a); normalized values of
experimental and calculated yields of *Nb(y,3n)°’Nb (b)

5.3. CALCULATION OF ENERGY-AVERAGED
CROSS-SECTIONS

The calculation of the average energy cross-section
<0(E )> in a given energy interval was performed ac-

cording to the formula:

(a(E) = (a(E)<W (E)/XW(E), (1)

where o(E) — reaction cross-section, Y W(E) — brems-
strahlung flux density incident on the target. The sum-
mation is performedt in the energy interval of averaging
the cross-section from the reaction threshold to the max-
imum energy value E..

The average values of the cross-sections obtained
using TALYSI1.9 cross-sections and the -calculated
bremsstrahlung spectra from GEANT4 are shown in
Figs. 9-12.
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The cross-sections are compared with the experi-
mental and calculated results in TALYS1.4 [6, 7]. Lines
— calculations of the present work using TALYSI.9.
Points — data [6]. Blue lines on Figs. 9-12 — calculations
of the present work, points — data [6].

Table 2 shows our calculations (/(Al) = 0) of the rel-
ative average reaction cross-sections Nb(y,n)"*"Nb,
“Nb(y,3n)"""Nb, **Nb(y,4n)*'Nb for E, = 65.4, 71.1 and
80.4 MeV. The results are compared with data [6].
Normalized to the cross-section **Nb(y,n)**"Nb.
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Table 2
Relative average reaction cross-sections
Reactions <G> exp[ 6] <G>,y
Eymaxs MeV | 70 654 | 71.1 | 80.4
Nb(y,n)”*"Nb 1 1 1 1
Nb(y,3n)’"Nb| 0.129 | 0.124 | 0.122 | 0.119
Nb(y,4n)*'Nb| 0.047 | 0.047 | 0.047 | 0.046

Note that there is a 1...2% difference in the mean
cross-sections at /(Al) = 0 and 150 mm. This is due to
some distortion of the bremsstrahlung spectra during the
passage of the absorber.

5.4. CORRECTION OF EXPERIMENTAL CROSS-
SECTIONS FOR PHOTONUCLEAR REACTIONS

The quasimonochromatic peak of the difference
spectrum can be experimentally shifted in energy from
the reaction threshold to the region of high energies
(Fig. 13).
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Fig. 13. Bremsstrahlung spectra difference.
The lines show E2, El, Eryggs

Under ideal conditions, the low-energy part of the
difference spectrum is completely absent. In this case,
the difference between the two activities A4 = (42 - A1)
was measured at electron energies £2 and E1 that make
up the difference spectrum (AE = E2 - E1). The peak of
the difference spectrum is in the range (E1-AE,
E1+AF). Next, we calculated Y W(F) under the peak of
the difference spectrum. Then use the formula:

(o(B))=

AM /N, /1, /e/ Y W(E) )

(l —exp(-AT, )) xexp (—AT,)x (1 —exp(-AT, )) ’
where N, is the number of target atoms, ) W(E) —
bremsstraung flux, 7, the branching intensity of the ana-
lyzed y-rays, ¢ — the detection efficiency of the activated
product, 4 is the decay constant (/n2/Ty,), T, T, and T,
are the irradiation time, cooling time, measurement
time, respectively [6]. In this case, we get the reaction
cross-section at a specific point E1 of the energy scale,
with averaging over the interval (E1-AE, E1+AE). Ad-
vancing the peak in energy, we similarly obtain cross-
sections at various energies. As a result, we have the
dependence of the reaction cross-section on energy.

Unfortunately, this simple procedure is not applica-
ble in the presence of the low-energy part of the differ-
ence spectrum. At each point, a significant contribution
of the low-energy part of the difference spectrum to the
difference of activities occurs (see Fig. 13). This must
be taken into account step by step.
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To estimate the average cross-section in the middle
of the peak of the difference spectrum, we use the fol-
lowing procedure. It is necessary to estimate the fraction
(K) of the peak in the total difference in activities. This
value K was obtained by dividing the two yields of the
reaction: the yield at the peak of the difference spectrum
(E1-AE, E1+AE) was divided by the yield in the energy
range (Eryres-E2). The yield for (Erypgs-E2) is calculat-
ed either step by step with the experimental cross-
section points or with the cross-section from TALYS/.9.
Then we calculated the average cross-section at the peak
of the difference spectrum. And, respectively, we set the
density of the bremsstrahlung flux in the formula (2) in
the range of the peak of the difference spectrum —
Y W(EL - AE, E1+AE). After multiplying the obtained
average cross-section by the coefficient K, we obtain an
estimate of the cross-section in the interval (E1-AE,
E1+AF) with the average energy in E1, which corre-
sponds to the energy difference AE = E2 - E1 (see
Fig. 13).

This approach was tested by the difference in target
witness activity from Mo [8]. The evaluation of the
cross-section according to the described procedure was
satisfactory. So, for £, = 70 MeV, the calculation gave
0.13 mb, the cross-section in TALYS1.9 gives 0.115 mb.

CONCLUSIONS

In this paper, the tasks are set and fulfilled:

— calculation in GEANT4 was performed of the
spectral-angular distributions of the bremsstrahlung y-
radiation of medium-energy electrons from an amor-
phous Ta-converter target, taking into account the pas-
sage of radiation through an Al-absorber;

— cross-sections  for  photonuclear
“Nb(y,xn)”**Nb in TALYS1.9 were calculated;

— estimation of the yield of electrons and photoneu-
trons from converters and absorbers were performed;

— the ratio of the reaction **Nb(y,xn)”**Nb yields
Y,/(Y./137) for y-quanta to the reaction yields for elec-
trons was obtained;

— numerical values of the yield of Nb(y,xn)”*Nb
reactions, the activity of irradiated “Nb targets, and
estimates of the average value of the reaction cross-
section were obtained;

— the method of “bremsstrahlung spectra difference”
was considered, the shape of the spectra difference was
shown, the approach for correcting the measured exper-
imental cross-sections was proposed, the numerical val-
ues of the cross-sections by this method were obtained.

Data on the cross-sections for photonuclear reactions
and the yields of neutron multiplicity in the energy re-
gion of incident y-quanta from 30 to 100 MeV can be
used to create power plants based on subcritical systems
controlled by an electron accelerator.
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AKTHUBAIIMSA SITEP **Nb HA JIY3-40 HUK «YCKOPHUTEIb»
N ONPEAEJEHUE CEYEHUSA ®OTOAAEPHBIX PEAKIIUHU

A.H. Booun, A.C. /lees, C.H. Oneitnux

CrexTpsl TOPMO3HOT'O M3JIyYeHHUs AIEKTPOHOB cpennux sHepruit (30...100 MaB) paccunteiBanucs B GEANTH.
Ceuenust GpoTosIEpHBIX peakinii paccuutbiBaianck B TALYSI.9. IIpoBeeHa cBepTKa 10 SHEPIHU CEUEHHUH OIHO- U
MHOT'OYAaCTUYHBIX PEAKIUil C MIOTHOCTHIO OTOKA TOPMO3HOTO M3IydeHus. [lonydeHsl YiCIeHHbIE 3HAUSHHS BBIXO-
na peakuit °Nb(y,xn)”**Nb, aktuBHOCTH 06/1yueHHbIX MumIeHeH ~Nb, cpeiHee 3HaUeHHe ceueHui peakiuu. Pac-
CUMTaHBl PA3HOCTH TOPMO3HBIX CIIEKTPOB OT IEKTPOHOB C OJM3KMMHU HadalIbHBIMH 3HEprusMu. IIpoBeneH aHamm3
(hOpMBI CIIEKTPOB PAa3HOCTH, BBHIIIOJIHEHO CPAaBHEHHE BKJIAJ0B B TOJIHYIO AKTUBHOCTH MHIIIEHEH, OTJEIPHO KBAaHTOB
HU3KOPHEPTeTHYECKON YaCTH Pa3HOCTHOTO CIEKTPa M KBa3HMOHOXPOMATHIECKOTO IIMKA Pa3HOCTHOTO cHekTpa. Pac-
CMOTPEH HOAXOJ Il KOPPEKTHPOBKU IKCIEPHUMEHTAIbHBIX CCUCHUH (POTOSAEPHBIX PEAKIUH MPU HCIOIb30BAHUU
METO/1a «Pa3HOCTH TOPMO3HBIX CIIEKTPOBY.

AKTHUBALIS SIZIEP **Nb HA JIYE-40 HIK «[TIPHCKOPIOBAY»
I BUBHAYEHHSI ITEPEPI3Y ®OTOSIIEPHAX PEAKIINA

O.M. Booin, O.C. /lecs, C.M. Oneiinix

CrHexTpy TalbMIBHOTO BHIIPOMIHIOBaHHS €JEKTpOHIB cepenHix enepriid (30..100 MeB) pospaxoByBaiumcs B
GEANTA4. Ilepepizu dotosinepHux peakiiii pospaxoByBanucs B TALYSI.9. [IpoBenena 3ropTka 1o eHeprii nepepisis
OITHO- 1 0araTOYacCTWHKOBHX peakIliii 3 MIINBHICTIO MOTOKY TaJIbMiBHOIO BHUIPOMiHIOBaHHSA. OTpHMaHO YHCENbHI
3HAYCHHS BUXOIY peaKIliit Nb(y,xn)”**Nb, akruBHOCTI OnpoOMiHEHHX MimreHeil *°Nb, cepe/iHe 3HAYCHHS Mepepisis
peaxii. Po3paxoBaHo pi3HHUIl TATBMIBHUX CIEKTPIB Bijl €IEKTPOHIB 3 OJU3bKUMH TOYATKOBUMH eHepTrismu. [Ipo-
BEZICHO aHaJi3 (OPMHU CHEKTPIB Pi3HMII, BUKOHAHO TOPIBHSHHS BKJIAIIB y MOBHY aKTHBHICTh MIIIEHEH, OKPEMO
KBaHTIB HU3bKOCHEPTETHIHOI YACTHHH Pi3HUIIEBOTO CIIEKTPa i KBa3IMOHOXPOMATHYHOTO TIKY Pi3HHUIIEBOTO CIEKTPA.
PosrnsiHyTO MiAXin AN KOPWUTYBaHHS EKCIIEPUMEHTATBHHUX Mepepi3iB (OTOSIEPHUX Peaxiiii mpu BUKOPHCTAHHI
METOJy «Pi3HHUI I'aJIbMiBHUX CIIEKTPIiB».
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