Diala, Jour , Volume, 27,2008

MULTIPOLE MIXING RATIOS OF GAMMA
TRANSITIONS FROM LEVELS IN 22Na
POPULATED IN THE 2*Mg(t,ay)2>Na REACTION

FATIMA A. JASSIM FIRAS M. HADY

Physics Dept., Education College, Ibn Al-Haitham,
Baghdad University.

ABSTRACT:

In the present study, the constant statistical tensor (CST)method
has been used to calculate the multipole mixing ratios, 6-values of y-transitions
from excited levels in 2*Mg(t,ay)*Na reaction.

The results obtained confirm the validity of this method in calculating the o-
values , CST-method also has been successfully used to calculate the 8-values of
gamma transitions from excited levels of 2Na with undefined parities.

INTRODUCTION:

The multipole mixing ratio (8) is physical quantity which can be
extracted from angular distribution measurements , in phase convention (6) is
defined as "'the ratio of emission matrix elements **'Steffan and Alder [1,2].
Multipole mixing ratio (6) value can be used to help discern nuclear structure
and transition properties, constant statistical tensor method one of important
method can be used to calculate the 6-values for y-transitions from excited
levels, this method depend on that; the statistical tensor coefficient is the same
for all levels with the same spin value depend neither upon energy level nor
upon its parity, by using this fact in present work many transitions from excited
levels with undefined parities were calculated.

The main aim of the present work was to confirm the validity of
CST-method for calculating the 8-values for y-transitions .
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DATA REDUCTION AND ANALYSIS:

2Mg(t,ay)*Na reaction for all possible y-transitions, the
multipole mixing ratios (d) values can be calculated by using the following
relationship;

F(J,LLJ)+25F,(J,LLJI)+5°F,(J,L,L,J.
az(Ji—Jf)zpz(Ji) 2( f lLl I) 2(1f+1522 I) 2( f=2=2 I) ________ (1)

az — coefficient determined experimentally .

Ji = Spine of initial state. Jr = Spine of final state.

p2(Ji) = Statistical tensor coefficient depends only on the Ji —value.
L = Angular momentum of the y-transition. L:=1 , Lo=Li+1, L#0
F» coefficients have been taken from [3,4].

For pure transition 6=0 then equation (1) becomes;

8, -J¢)=p,I)RI L)) ——— (2)

The statistical tensor can then calculated from the following equation:
a, (‘Ji —J f )
pr(d) = 3)
F (3L LJ;)
9" 57

In the present work the y-transitions , (E 5 ) can be considered pure E:

3" 3 37 57 . ]
(- == ), (z =2 ) are considered pure Ei , while 2702 KeV

2 2 2 2

7+ 7+

(E -3 ) transition from the 4780 KeV level can be considered pure M as
ref.[5] suggested.
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For pure transitions from levels in 2Na equation (2) becomes;

9 b 9 b
9. G —) =)
P () =———= T T e (4)
2" B (2229 0.43252
2t277 2
VA 4 VA 4
a,(-—— a,(-——
7y _ (5 z)z_u ________________ 5
2" Edf11 % 0.43644
2t277 2
3 3 3 3
a,(=——— a,(=———
3y _ Ay Z)Z_M ________________ 6
2" g 0.40000
2t277 2
3 5 3 5
a,(=——— a,(=———
3y _ (5 z)z_M ________________ y
2" B 0.10000
2t277 2

The experimental a.- coefficient reported in ref.[6] are using.

3 :
Since there is two values for 0 (E) then the weighted average value is taken
into consideration.

5
For initial state with spin J; = > there is no pure transition

. ) .
Fig.(1) ref.[6] , so o, (E) value was calculated in present work as follow ;

multipole mixing ratios of the values , -0.08(3) ref.[6] , -0.08(2) ref.[7] , 0.05(6)
ref.[7] , -0.045(15) ref.[8] ,-0.06(4) ref.[9] , for 440 KeV (g—g)transition from

. )
the 440 KeV level were used by equation (1) to calculate o, (E) values , then the

. 5 . . .
weighted average value of o, (E) values is taken in calculation.
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The statistical tensors p2(Ji) thus calculated are considered to be
constant for all levels with the same Ji — values , the values obtained for p2(Ji)
can then be used in equation (1) to calculate the 6 — mixing ratios for all y-
transitions whose a, — coefficients were reported in ref.[6].

For such transitions from levels in 2Na equation(1) becomes;

. (g _g) _ (g) 0.37417—1.8?1358?—0.1909052 _______________ ®)
2

., (g _g) _ (g) 0.32733—1.8?385425 -o00779%* ©)

. (g _g) _ (g) —0.43252—1.(1?2235— 0.41287* 10)

. (g _g) _ (g) 0.30277—1.81385425 -0.019665> a1
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o dop LS 00 "
2

az(g_g) zpz(g)0.10000+l.1i2522§+0.357145 _________________ 13)
2

3, (g—%) =P, (g) 0'50000_1'7i’i05625_0'500005 ————————————————— (14)
2

NN e e L — .
2

a, (g —%) =p, (g) 0'13363_1'32i754f+ 03245%° _ ___ _________ (16)
2

a, (g—g) =p, (g) 0'10000+1'1$i2522§+0'357145 _________________ (17)
2

3, (g—%) =P, (g) _0'14286_0'3355825+0'500005 ————————————————— (18)
2

a, (g—g) =p, (g) 0'10000+1'1?i25225+0'357145 __________________ (19)
2

a, (g —%) =p, (g) —0.14286- 03555825 +0.500000°% (20)

2

a, (g—g) =P, (g) _0'42762_1'0114;285 HOI809®T L (21)
2

a, (g—g) =P, (g) _0'40000_1?19522&0'000005 —————————————————— (22)

RESULTS AND DISCUSSION:

3 5 7 9
The statistical tensors , 2, (E),,Oz (E),pz (E) and p, (E) calculated

as mentioned in subsection using the experimental a, — coefficients reported in
ref.[6] were as follows ;
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0, (g) = -1.08245+0.07261
5 9
p2(3)=-0.80791+0.11017 , p2(3) =-1.01770+0.071003
7

P2 () = ~0.96233+ 0.11456

These values were used to calculate the 6-values of y-transitions
from excited levels of ®Na isotope , by solving the equations that is related to
gamma transitions , i.e. equations (8) to (22) .

The results thus obtained are presented and compared with those of ref.[5] ,
ref.[6]. in Table (1), it is clear from Table(1) that there is two -values for each
y-transition.

Small o-values calculated for all y-transitions are in good
agreement with those reported in ref.[5] and ref. [6].

This indicates that a>— coefficients reported for these transitions are accurate.
5 + 7 +
The o-value of 3302 KeV (E ) ) transition from the level
5380 KeV is in good agreement with thus of ref.[6] ,where there is discrepancy
with the é-value of ref.[5] , however the associated error of 8-value in ref.[5] is

higher than the value it self , no further discussion can be made large o-values
calculated for y-transitions have not been reported in ref.[5] , ref.[6].

Also d-values for gamma transitions from excited levels with

underline parities and not reported in ref.[6] have been calculated as in Table(1)
(these transitions are not considered in ref.[5] ) by using CST —method.

CONCLUSION:

The 8- mixing ratios of gamma transitions from ZNa levels
populated in the nuclear reaction *Mg(t,ay)*Na have been calculated in the
present work using CST —method.

178



Diala, Jour , Volume, 27,2008

The results obtained have confirmed not the validities of this method as a tool
for calculating the 6-values of such transitions only but its capability to
calculate the 6-values for y-transitions from excited level whose parities
undefined , by using the fact that , the statistical tensor coefficient is the same for
all levels with the same spin value depend neither upon energy level nor upon its
parity.
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Fig.(1) : “Na levels populated in the nuclear reaction **Mg(t,ay)”Na . ref.[6]
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Table(1):Multipole mixing ratios of gamma transitions from 2°Na levels

calculated by constant statistical

tensor (CST)

method.
o —values
E.(KeV) | E, (KeV) | J"-J." CST
|( ) 7( ) f a, Ref.[6] | Ref.[5]
method
440 440 3+ | —(0.22+0.03) | 0.053(3) | —0.08(3) | —0.058(3)
2
2078 1638 s+ | 001+003 | 0.18(1) | -0.18(4) | 0.19(2)
2
—(28.2)7% | ——————| == ———-
2705 2265 | 9+ 5+ | 043£008 | E2 0.01(3) | E2
627 | ;. .. |-(030+006) 0.00(4) | —0.043) | 0.08(2)
2 2
2982 2982 3+ _3- | 044+003 | 0.00(3) —0.03(6) | -0.012)
2 2
2542 3+ 5+
2 2 | -(0.03+0.07) | —0.06(6) | 0.07(21) | 0.090)
(B85 | | _____
3678 3238 | 3~ _s+ | -(008£0.03)] -0.02() | 0.015) | -002(3)
1038 | .. | | -(0652006)| —0.07(5) | 0.12(6) | —0.13(5)
22 -152 | | __
3913 3913 s+ 3+ | 0.07+£0.02 -0.25(3) | -0.22(3) | 0.22(3)
2 2 +7
1835 o g -(17.9)%3,
2 72 | _(0.32+0,08) | 0.199) -0.12(12) | 0.12(12)
192100 | _____ | _____
4780 4340 3% ~(0.05£009) | —0.053) |7 7C
-38(2) |~ -
5_3 ~0.44(4) |7~ —-
832 |-
1t _s 0.14(2) -0.15(4) 0.17(2)
~ang |t | T
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Table(1): Continued.

E. (KeV)

E, (KeV)

a,

o —values

CST
method

Ref.[6]

Ref.[5]

4780

2702

0.42+0.05

M1

0.06(12)

—0.04(10)

5380

4940

0.24+0.03

~0.32(5)
~1.7(2)
~0.12(5)
2.2(3)
0.31(2)
(10.7)75;

~0.16(6)

3302

0.05£0.07

~0.10(6)
~1.8(3)
—0.15(7)

- (3.4);

~0.43(3)
2.9(3)

0.04(9)

5740

5740

0.20£0.09

~0.14(5)
85)7:
0.33(7)
33.2(230)

+0.17(3)
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5300

o oo

o o

|
oo

|
ro o

0.21+0.04

~0.29(5)
~1.9(2)
~0.15(5)
2 4(4)

0.19(12)
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niln oo T s ool

1o M|

il giasall (o Apalsl) CHEEN () Jaldd) o Gluaa Eial) 134 B & a8
¢ Cnlll) Alaay) pedil) 48y jh Jleaiady 24Mg(t ay)®Na s Jelddll & dagial)
uﬁ‘ué;.m.d\ addl) g 43, Jhall a.:q.: 4y gunall (6) ad e aad) LY cufl S g
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