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The efficiency of photofission of 222Th and 23U for the measurement of the polarization degree of photon beam has

been compared with the conventional reaction of the deuterium photodisintegration.
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1. INTRODUCTION

The experimental investigations of the photofission of
even-even nuclei showed that its cross section value
is sensitive to the direction of the polarization vector
for photon energies E, < 20 MeV [1, 2, 3, 4]. Such
result opens up possibility to use the photofission re-
action for the measurement of the beam polarization
degree [5].

In this work the comparison of the efficiency of pho-
todisintegration of deuterium, which is usually used
in this energy region, with photofission of 232Th and
238U was made.

2. PRECISION OF THE
DETERMINATION OF THE
POLARIZATION DEGREE

To evaluate the efficiency of one or other nuclear reac-
tion in determination of the polarization degree (P) of
the photon beam it is necessary to find the formula in
which the precision the of the determination of P de-
pends from the reaction characteristics - cross section
(o) and asymmetry (X) (in the case of photofission
this quantity is called ”analyzing power”).

The polarization degree is usually defined as:

_ N =N
N”-l-Nl’

where N (N 1) - the number of photons with electric
field vector parallel (perpendicular) to the reaction
plane. At the same time the total number of photons
passed through the target is N, = N, + N_. In this
case such formulas are true:
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The cross section asymmetry (analyzing power) asso-
ciated with the change of the polarization direction
is defined as:
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T doy g\, doi (g
T (0) + G4 (0)

where doy  /dQ(0) - differential cross section of the
reaction induced by photons with polarization paral-
lel and perpendicular to the reaction plane. In this
case the cross section with unpolarized photons is:
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For such definitions the given formulas are true:

do) _do
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In the analysis of the experimental data the value of
3(0) is determined by the formulae:
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where Y(0)|, . - the reaction yield in the plane par-
allel and perpendicular to the polarization plane. In
this case:
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uantity represent the sum of the reaction
Quantit YH 0 t th f th ti
yields for photons with polarization parallel and per-
pendicular to the reaction plane:
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where N,, - the number of nuclei in the target, AQ -
the solid angle of the detector, ¢ - detector efficiency.

Using (1) and (2) it is easy to obtain

In the case of Y, (0) we have the similar formt}lae gnly Y (6) = N,AQeN fle (0)(1 + PX(6)),
N and N change their places. For the reaction yield
in the plane perpendicular to the polarization plane 3
N, photons are parallel and N - perpendicular.
YL(0) = NnAQaNWZ—g(H)(l — PY(0)).
do do | The relative error of the determination of the polar-
Y1 (0) = NyAQe(NyL—=(0) + NH (0)). ization value is:

ds) ds)
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Using the obtained expressions for Y ; (¢), and considering the error of Y ; (f) as a square root of its

value we have:
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Thus the relative error of measured polarization degree can be presented as:
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where information about the nuclear reaction is in the second factor only.

3. RESULTS AND DISCUSSION

It was shown in the experimental investigations [1, 2,
3, 4] of the fission of even-even nuclei with polarized
photons that in the energy region E, < 20 MeV this
process is described completely by the electric dipole
excitation. In this case according to the equations
of [6] the analyzing power of the photofission can be
presented as:

b

2(9 = 900) = m,

where a and b may be obtained from the analysis of
the cross section angular distribution for unpolarized
photons:

W(0) = a + bsin?(0).

To obtain the values of do/d(90°) and ¥(90°) the
results of following works were used: [7, 8] - 232Th,
[8, 9] - 23¥U, [10, 11] - ?H. Numerical values were
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taken from the data base EXFOR (http://www-
nds.iaea.org/exfor/exfor00.htm). To eliminate the
fluctuations produced by the statistical dispersion of
the data the approximation of the energy dependence
of each experimental value with smooth curve was
done. The example of such approximation for 232Th
is given in Fig.1.

As it is seen from formula (3) the precision of the
determination of the polarization degree depends on
¥(0) and product do/dQ(0)%2(6). For polarization
P<1 term P2X2(0) in the numerator of the second
factor became significantly smaller than 1. In this

case the only value the relative error of P depends on
is product do/d2(0)%2(0):
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Fig.1. Approximation of the cross section and
analyzing power of 232 Th with smooth curves

Fig.2  shows the energy dependence  of
do /d2(90°)%2(90°) for 232Th and 238U photofission
and photodisintegration of deuterium. Since the error
is inversely as square root of this quantity it is evi-
dent that in the energy region F, ~ 5.9...6.4 MeV
for 28U and E, ~ 6.0..7.3MeV for ?3*Th the
photofission reaction is preferable against the pho-
todisintegration of deuterium. The usage of the
photofission of 232Th should give stronger positive
effect and in broader energy region in comparison
with 238U.

To evaluate how the relative error depends on the
value of the polarization itself in the case when it
isn’t possible to ignore the second term in the nu-
merator of the formula (3) the calculations were
carried out for polarization degree 10% and 100%.
The result is present in Fig.3.

As it is seen from Fig.3 the usage of photofission of
232Th is preferable for the measurements of polar-
ization as compared with the photodisintegration of
deuterium. But this advantage isn’t big. The relative
error can be reduced up to ~25% for P = 10% and
up to ~30% for P = 100%. With the decrease of the
polarization degree the energy region of the positive
effect also became smaller from E, ~ 6.0...7.6 MeV
for P = 100% to E, ~ 6.0...7.3 MeV for P = 10%.
The photofission of 238U gives smaller effect
not only in absolute value but in more nar-
row energy region also. But for the polar-
ization close to 100% the new energy region
of positive effect, that is absent in photofis-
sion of 232Th, is opened - E, ~ 76..83MeV.

0,6
mb .
0,5 N
d \0
0.4 / \

03}

LN
O\
oL,
oo,
0,2 | f o-o- ‘\'&gq -e-0-o_ .—o—. Q\ﬁ .y ._._._._._.1 oo
x>?5 XXX
0/ T0~0.03

070 L L Il Il L 1
60 65 70 75 80 85
EY 5 MeV

Fig.2. Energy dependence of the product of cross
section and square of asymmetry (analyzing power)
for 0 = 90°.

Solid circles - photodisintegration of deuterium.
Open circles - photofission of 232 Th.

Stars - photofission of 238U
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Fig.3. Relative error of the polarization degree of
photon beam.

Solid circles - photodisintegration of deuterium.
Open circles - photofission of 232 Th.

Stars - photofission of 238U
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NCIIOJIBBOBAHUVE PEAKIINN JAEJIEHNA OJIdd NSMEPEHUN S CTEITEHN
JIMHEMHOW IIOJIAPU3AIINN ®OTOHHOI'O ITYUYKA

B.B. Jensax, B.M. Xeacmynos, C.A. Hawyx, Y.P. Cueaun

B pab6ore mposemeHa oneHKa 3G OEKTHBHOCTH HCIOIL30BAHNAS Peakuy dhoTomeaeHns n30Tonos 252Th u
2381 11 m3Mepenus CTeNeHN IO IAPH3aIy (DOTOHHOTO IMyYKa, 110 CPABHEHHIO C TPAUIMOHHO TIPUMEHSAEMOM
peakineii hoTOpACIIEIIEHNST TeATEPHSI.

BUKOPUCTAHHS PEAKIIIT IIOOIJIY AJIsI BUMIPIOBAHHS CTYIIEHS JITHIMHOT
TTOJISIPU3IIIII ®OTOHHOTO ITYYKA

B.B. Jlenax, B.M. Xeacmynos, C.A. Iawyx, Y.P. Cueain
VY pobori mposesieHo omminKy eheKTHBHOCTI BUKOPUCTaHHA peakiil doromnomiay izoromis 232Th u 238U

JI7IsT BUMIPIOBaHHS CTYIIE€HsT TOJIAPU3aliil (POTOHHOTO IMydKa y MOPIBHSHHI 3 TPAJUIIIHO BUKOPUCTOBYEMOIO
peaxiriero hOTOPO3IIENIeHHs JefiTepis.
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