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Abstract

In the current work, the mixing ratios ( 6 ) of gamma transitions were calculated from energy levels
in the isotopes neodymium*#2-13na populated in the 2~ 13Nd (n,n'y)**?~ 1g5Nd using the a, ratio
method. We used the experimental coefficient (a,) for two y-transitions from the initial state itself,
the statistical tensor p,(J;), associated with factor a,, would be the same for the two transitions.
The results obtained are in good agreement or within the experimental error with -those previously
published. And existing contradictions resulting from inaccuracies in the empirical results of
previous work. The current results confirm that the , a, — method is used to calculate the values of
mixing ratios and the feasibility of this method in predicting errors in experimental results.
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1. Introduction

The mixing ratios are defined as the ratio between the matrix elements for electric Quadra pole E,
and the magnetic dipole M, for the transition of gamma from the elementary to final level. The
angular distribution measurements of gamma radiation are sensitive to interference between matrix
elements for E, and M,.There are different terms in the literature because of the different formulas
proposed for the interpretation of angular distribution [1].Therefore, the definition used for the
mixing ratio should be determined in the angular distribution measurements. The definition of the
user in the current research is the definition of Steffen and Alder [2]:
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Gamma rays are known to be electromagnetic radiation, for transmission of gamma radiation from
the initial level of spin J; and parity 7r; to a final level of spin ], and parity 7z, , the transition

by emission of single 2L pole quantum is possible if the following condition is met:

Ui =Jr S LS Ui+ Jf) e )

Where L represents the angular momentum of the gamma rays. It is known that L for gamma
irradiation is not equal to L # 0 . In such transitions, the change in the parity of the electrical
radiation ( EL ) is as follows:

m.me = (=1)k 3

And for magnetic radiation (ML)
T[i'nf = (—1)L+1 (4)

If both the primary and the final levels are identical, the possible transitions areE2, M1, E4, M3,
etc., but if the two levels are different, the transitions M2, E1, M4, E3, etc. are possible.

The wavelength of emitted radiation () is usually much greater than that of the emitted radiated
nucleus radius (R). The radiation intensity is reduced by increasing L by (A/R)2 [3], and
therefore:

E, > E, > E; > etc.and M; > M, > M5 > etc. Therefore, large values of L values can be
ignored and the smallest values taken into account. If the parity of the two levels is similar,
mixing is only (ML + E(L + 1)), if the parity of the two levels is different, mixing is only (
EL + M(L + 1)).

However, the magnetic transitions are usually slower than the electric transitions at about ( v/c)?
time at L value itself. Where (v) represents the speed of the charges and (c) the speed of light in
the vacuum [3]. If we assume that:

R=124Y3F ... (5)
Where R is the radius of the nucleus excited with Fermi units (F) and (A) the mass number of the
excited nucleus. The relationship between the wavelength of the magnetic radiation and the
wavelength of the electrical radiation of the value of (L) itself is as follows [4]:

AML) = 034723 L (EL) v e e . .. (6)

Thus, E1 > M1 and E2 > M2 , thus, the first mixing [ML + E (L + 1)] is more likely than
the second mixing [EL + M (L + 1)].

If & is the mixing ratio, [3]

62 =r(L+1)/r(L)....... (7
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Where  r(L) +r(L+1) =r, ... (8)

And r, represents the total gamma width and is linked to the average age of the primary level (1)
and the following relationship [3]:

r,.t=h= % ....... 9)
Where h represents Plank constant, (h) is Dirac constant.
Transitions where one of the spins (J; or/f) is zero, are pure transitions (6 = 0)

If both J; and J are zero, the transition from the primary to the final level does not emit gamma
rays because (L = 0) but is usually done by Internal conversion or by Pair Production (e* — e™)
when the difference between the two energies of the two levels is greater than twice rest mass
energy of electron ( E; — Ef > 2 myc?).

2. Theory

Angular distribution is defined as the distribution in angles relative to an experimentally specified
direction, of the density of photons or particles resulting from nuclear reactions [5]. The angular
expression of the transmission of gamma rays from the primary state of spin J; (the magnetic
Quantitative number m;) can be expressed to the final state of spin ] (the magnetic Quantitative
number my) by the following relationship [6].

w(B) =Y A PCosO ..ot (10)
w(B) = X px (i) Fk(iJ8) P CosO ... ... ... (11)
Where

Ay ==is the angular distribution coefficient

0 = is the angle between the direction of the y- rays and the axis of alignment (beam direction).
P,CosB = is the Legendre polynomial.

px(Jx) =is statistical tensor which describe the alignment of the initial state

Fr(J;J¢6) =Coefficients which contain the information on angular momentum changes and the
multipole mixing

Fr(¢L1L1J;)+28 Fi(JsLqLoJ)+8%Fr (JfLo Lo J;
Fi(J);) = “Oir 2 A a0 Idnadl .. [7] (12)
Where Ly, =Ly + 1o v e e (13)
Fr(Jslq LoJ)= (=D)L, + DL, + D) + DIY2(L, 1L, -

11K0)*"W(JiJiL1Lz, KJp) ... (14)
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Where
(L;1L, — 1|K0) = are Calabash —Gordon Coefficients and W(J;J;L;L,,KJf) are Racah

Coefficients
The triangular condition on the Racah Coefficients limit k to [ 6]:

0 < K < min(2Ly, 2Ly, 2J; ) o oo . (15)
Fork = 0,

1ifL, = L
FoUtLiLoJi) = 81,1, = {0 L L (16)

The statistical tensor, py(J; ) are given by a weighted sum over the population parameter, P(m; )
of the (2]; + 1) magnetic substrates associated with (J; )[6]:

pe0i) = 2 2o P Ui ) (i mpP(my) ... e (17)

_1
mi—E

With the normalization

Sh— Pm)=1... (18)

For an aligned and un polarized initial a state,
P(m;) = P(—m;)
So that P(m;) values are in the range

0 < P(m) <5 (1+6m0) v om oo (19)

Where

S = {1 whenm =0

Owhenm # 0
And hence

(Jim;J;_m;|KO0)
(Jim;J;_m;|00)

pk(]i,mi) = (2 - 8m,0 ) ........... (20)

The Clesch —Gordan coefficients(J;m;J;_m;|K0), are zero for odd values of k and hence eq.(11)
contains only even values of k ,(k=0,2,4,.....)

When k=0, the equation (20) becomes

pk(]i: mi) = (2 - 6m,0 ) ....... (21)
Therefore
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Al-Zuhairi calculated the coefficients F,, F, for the correct integer of spin from halves of multiples
odd numbers from J; = g to Jf= %ﬁndji =1 to Jf= 40_As outlined in the Appendix (A).

From eq.(22) its clear that py(J;) = Fo(J¢J;6) =1 and aq;, = % then

0

Fe(JpL1L1Ji)+28 Fr(pL1LlaJ)+82Fx(J fLoLJ;)

ap = pk(]l) (1462 A T (23)

a, — ratio Method depends only on the experimental a,-coefficients obtained for at least two y-
transitions from the same level one of which is pure transition or may be considered as a pure
transition.For gamma transition from level J; to level J,

Fy(Jf,L1L1]i)+281F2(J £, L1LaJi)+ 85F,(Jp LaL2J;) (24)

aZ(]i _]f1):p2(ll) (1+67)

For gamma transition from level J; to level J,

Fy(Jp,L1L1]i)+282F(J f,L1LaJi)+ 85F,(Jf,L2L2J;) (25)

aZ(]i _]fz):ngl) (1+62)

This method has been applied in previous studies [8, 9, 10, 11] if the second transition pure or can
be considered its transition a pure, in which case §, = zero, SO

az(Ji=Jg,)  E(g,L1laJi)+281F(Jp, LalaJi)+ 83F(Jp, LaLai) 06
az(Ji=Jr,) (1+62)F(Jf,L1L1];)
Where

p2(J; ) = is the same for both transitions
3. Results and Discussions

The tables (1, 2, 3, 4) show the energy levels in isotopes of neodymium
(1*2Na, **Na, 16Na, 1°°Na) , respectively, which have two transitions, one of which is pure
(2% — 0) and the other is mixed (2* — 2%). For isotope 1*8Na, there is no level such as these
transitions within the energy levels published in reference [12]. In these tables, pure E2 transitions
represent transitions (2* — 0) , due to the following:

Ui—=Jf|<L<(i+J) » 12-01<L<(2+0)> 2<L<2-L=2only

T T = (=Dt (The change in the parity of the electrical radiation ( EL))

m; = the parity of initial level= (+)

my==the parity of final level= (+)

(+) x (+) = (-1 > L = even numbers = 2,4,6, .....,k — EL = E2 because L
= 2 only

;. = (—1)"*1 ( The change in the parity of the magnetice radiation (ML ))
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(+) x (+) = (=D 5 L = odd numbers = 1,2,3,5, ... ... ,k —» ML= M1,M3, M5, ...
— ML is not found because L = 2 only

Therefore pure E2 transitions represent transitions (2 — 0)
While the transition (2t — 27%) is a mixed transition due to the following:

Vi=Jfl<sL<(i+Jf) » 12-2]<L<(2+42)» 0<L<4-L1=01234

For the electrical radiation

(+)x (+) = (-1t > L = evennumbers - EL = E2,E4 but EL # EO because L # 0

EL = E2 only because E2 > E3 > E4 - E2 >> E4

For the magnetice radiation

(+) x (+) = (D! - L = odd numbers, ML = M1, M3
ML = M1 because M1 > M2 > M3 - M1 >> M3

Table 1: mixing ratios of y — transitions of excited energy levels (2t — 2*) for 4Nd —
isotop using a,-ratio method

E;(KeV) | E,(KeV) a[13] 8 —values
Reference [13] | Reference [14] a,-ratio
(Present work)
2384.3 | 2384 0.297(17) E, E, E,
—0.063(24)
808.5 0.329(37) 0.16(6) 0.20(5) (0.23+9133
0.078(50) N 1.3(2) 1.3(3)
2583.1 | 2583.1 | 0.214(19) E, E, E,
—0.080(30)
1007.3 | 0.030(22) —0.28(3) —0.28(2) —0.26(5)
0.020(30) | ... (6.5%33) (61%3)
2845.8 | 28458 | 0.325(25) E, E, E,
—0.090(30)
1270 | —0.220(90) —0.60(30) —0.82(8) —(0.83%7,.)
—0.160(130) —(612%) —3.7(7) —(3.6172
3045.1 | 3045.1 0.250(9) E, E, E,
—0.096(25)
1469.5 | 0.290(60) | 0.1<8<1.5 0.20(9) (0.28%,.)
—0.030(80) 1.4(3) (1.2195)
3128 3128 0.210(40) E, E, E,
0.030(50)
1552.2 | —0.120(24) —0.69(9) —0.61(4) —(0.71%%13
—0.020(30) —(5.122 —5.8(14) —(5%%7
3358.6 | 0.210(80) E, E, E,
3358.7 —0.080(100)
1782.9 | —0.200(40) | —=5< 8 < —0.7 | —(0.84%330) | Imaginary roost
0.020(50) —(3.4%49)
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It is clear from the table (1) that the values of mixing ratios ( 8) obtained by the a,_ ratio method,
in good agreement or within the experimental error with the results published in the reference [13],
and adopted d- values in reference [14]. The contradiction appears in y —transition(1782.9 KeV)
from level (3358.7KeV).The imaginary roots obtained in the calculation of values ( 8) for this
transition refer to the a,_coefficient of y —transition(3358.6 keV) or a,_coefficient of
y —transition (1782.9KeV) incorrect. If the value of a,_coefficient = 0.210 for the transition of
(3358.6 keV) is incorrect, the a,_coefficient for transition (2583.1 keV) (a, = 0.214) and
the a,_coefficient for transition (3128.0 keV) (a, = 0.210) is also incorrect, although the
values ¢ calculated for the two transitions (1007.3KeV) and (1552.2 keV') of the same levels are
agreement with the values & of references[13 and 14].The reason for this agreement is that the
value of a,_ coefficient for each of these transfers is relatively small and therefore not sensitive
to a value o calculation in this way.

Table 2: mixing ratios of y — transitions of excited energy levels (2% — 2*) for 1ttNd —
isotop using a,-ratio method

E;(KeV) | E,(KeV) a[15] 8 — values
Reference [15] | Reference [14] a,-ratio
(Present work)
1560.5 | 1560.5 | 0.363(67) E, E, E,
—0.011(81)
864.2 | —0.165(30)| —0.73(8) —0.70(6) —0.61(10)
—0.088(43) R (4.6%33 —(7.8%52
2072.2 | 2072.1 | 0.417(52) E, E, E,
0.029(56)
1375.9 | 0.309(38) 0.13(7) 0.12(4) 0.02(6)
—0.005(56) 1.7(3) 1.5(2) 2.1(4)
2526.7 | 2526.5 | 0.466(52) E, E, E,
0.012(74)
1830.5 | 0.393(59) 0.50(25) Imaginary roost 0.07(7)
—0.048(84) | . 1.9(4)
It is clear from the table (2) that the wvalues of mixing ratios (d) from two

levels(1560.5,2072.2)KeV, which have been calculated by a,-ratio method in the current work
are agreement with published values-6 in the exporters [14,15].For the
y —transition(1830.5 KeV), none of the & values calculated in the current search agree with the 6
values published in the report [15]. This indicates that the a, —coefficient of transition
(2526.5 KeV)or a, —coefficient of transmission (1830.5KeV) is incorrect. This confirms what
is stated in the reference [14] regarding the inaccuracy of the experimental results of the transitions
(2526.5,1830.5)KeV from the level (2526.7KeV).

Http://www.granthaalayah.com ©lnternational Journal of Research - GRANTHAALAYAH [203]


http://www.granthaalayah.com/

[Younis *, Vol.7 (Iss.8): August 2019] ISSN- 2350-0530(0), ISSN- 2394-3629(P)

DOI: 10.5281/zen0d0.3381274
Table 3: mixing ratios of y — transitions of excited energy levels (2% — 2*%) for M$Nd —

isotop using a,-ratio method

E;(KeV) | E, (KeV) a[16] 8 —values
Reference [16] | Reference [14] a,-ratio
(Present work)
1470.4 | 1470.4 | 0.312(34) E, E, E,
—0.092(67)
1016.5 | 0.050(25) —0.24(5) —0.24(2) —0.25(4)
—0.020(31) (5.41392 5.7(7) (5.7418
1787.2 | 1787.2 | 0.281(35) E, E, E,
—0.013(44)
1333.2 | —0.111(37) | —0.64(11) —0.58(7) —(0.56%333
0.000(47) —(10179 —(1111% —(1112%
1977.8 | 1977.4 | 0.322(50) E, E, E,
—0.036(61)
1523.7 | 0.177(29) —0.07(4) —0.05(2) —0.07(6)
—0.000(38) 2.8(4) 2.6(2) (2.7
2286.0 | 1831.7 | 0.083(14) —-0.19(3) —0.19(2) —0.16(4)
—0.003(17) 4.4(5) 4.2(3) (3.7151y
1243.2* | 0.066(12) E, E, E,
—0.047(15)

Where (*) represents a pure transition.

From the table (3), we observe that the (8) values calculated in a,-ratio method in the current
search are agreement with (8) values published in the two references[14,16] within the
experimental error.

Table 4: mixing ratios of y — transitions of excited energy levels (2% — 2%) for %9Nd —

isotop using a,-ratio method

E;(KeV) | E,(KeV) a[17] 8 —values
Reference Reference a,-ratio
[17] [18] (Present work)
1061.6 | 1061.7 | 0.277(12) E, E, E,
—0.005(14)
931.6 | —0.144(29) | —0.75(10) | —(0.68%332) | —(0.68%942
0.006(35) | ... —(5.5%32 —(5.5432
2260.4 | 1584.0 | 0.305(79) E, E, E,
—0.010(86)
11985 | —0.228(38) | —(1.6),) | —(1.3%,) | —(1.3%).)
—0.051(46) | ... —(1.871% —(1.811%)

From the table (4), we can see that the (3) values calculated in a,-ratio methods in the current

search are agreement with (8) values published in the two references [17, 18].
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4. Conclusions

The empirical results published in the references[13,14,15,16,17,18]are correct and the results of
the current study are agreement with them, Contradictions exist in the two transitions
(808.6 and 1270KeV) in the two levels (2384.3and 2845.9KeV) in 1#2Nd isotop due to the
inaccuracy of the a,, a,_coefficients measured in the reference [13] of these two transitions.

The possibility of a, -ratio method not only at the expense of () values but also in predicting the
existence of any error of empirical results was confirmed

The a, -ratio method was not used in the case of '¢3Nd isotope because there were no two
transition from level has spin 2%, one of which is pure transition.

Appendix (A)

~

Ji F, F4
0.70711
-0.35355
-1.06067
-0.35355
0.07071
0.47434
0.35355
-0.10101
0.37796
0.53034
-0.17678
-0.59761 | -1.06904
0.41833 | 0
-0.93542 | 0
-0.29881 | 0.71269
-0.41833 | 0
-0.61238 | 0
0.12806 | -0.30544
0.11952 |0
0.65466 |0
0.34149 | 0.07636
-0.17075 | -0.00848
0.50507 | -0.06274
0.44822 | -0.02970
-0.29881 | 0.00405
-0.86603 | 0.21320
-0.49487 | -0.44670
-0.46290 | 1.04463
-0.64953 | 0.03553
0.34641 | 0
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3 1 |2 |2 [-0.94869 |0

3 2 |2 |2 |-0.12372 | 0.67006
3 1 |1 |3 ]-043301|0

3 1 |2 |3 ]-043301|0

3 2 |2 |3 ]0.22682 | -0.44670
3 1 |1 |4 ]0.14434 |0

3 1 |2 |4 1072169 |0

3 2 |2 |4 1030929 | 0.14890
3 2 |2 |5 |-0.20620 | -0.02030
3 2 |3 |5 | 054554 |-0.13430
3 3 |3 |5 ]0.36085 | -0.05492
3 3 |3 |6 |-0.36085 | 0.00969
4 3 |3 |1 |-0.78349 | 0.14527
4 2 |2 |2 |-0.44770 | -0.30438
4 2 |3 |2 |-0.52972 | 0.90036
4 3 |3 |2 |-0.47009 | -0.04842
4 1 |1 |3 ]0.31339 |0

4 1 |2 |3 ]-0.94018 |0

4 2 |2 |3 |-0.04477 | 0.60876
4 1 |1 |4 ]-0.43875|0

4 1 |2 |4 ]-033541 |0

4 2 |2 |4 ]0.26455 | -0.49807
4 1 |1 |5 ]0.15955 |0

4 1 |2 |5 ]0.75679 |0

4 2 |2 |5 10.28490 | 0.19370
4 2 |2 |6 |-0.22792 | -0.02980
4 2 |3 |6 |0.56407 | -0.184337
4 3 |3 |6 |0.29915 | -0.06874
4 3 |3 |7 |-0.39887 | 0.01422
5 3 |3 |2 |-0.73599 | 0.11589
5 2 |2 |3 |-0.42056 | -0.24281
5 2 |3 |3 |-0.55634 | 0.80301
5 3 |3 |3 |-0.36799 | -0.07726
5 1 |1 [4 1029439 |0

5 1 12 [4 ]-0.93095 |0

5 2 |2 |4 10 0.56556
5 1 |1 |5 ]-044159 |0

5 1 |2 |5 ]-0.27386 |0

5 2 |2 |5 ]0.28307 | -0.52297
5 1 |1 |6 ]0.16984 |0

5 1 |2 |6 077832 |0

5 2 |2 |6 ]|0.26689 | 0.22413
5 2 |2 |7 |-0.24263 | -0.03736
5 2 |3 |7 1057416 | -0.22100
5 3 |3 |7 ]0.25476 | -0.07726
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-0.42461 | 0.01783
-0.70510 | 0.09967
-0.40291 | -0.20883
-0.56980 | 0.73833
-0.30219 | -0.09018
0.28204 |0
-0.92319 | 0
0.02878 | 0.53699
-0.44320 | 0
-0.23146 | 0
0.29355 | -0.53699
0.17728 |0
0.79283 |0
0.25326 | 0.24613
-0.25326 | -0.04343
0.58028 | 0.24879
0.22160 | -0.08292
-0.44321 | 0.02073
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