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Get your calculators ready

Today will be less talking and more
working through examples

Will focus on beta decay and IT decay, since alpha decay
has hopefully been well covered in A=218 evaluation work
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Go with the flow

What goes in must come out

100
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Relevant Quantities Needed to Deduce

NR - relative photon intensity to photons / 100 decays

N T — relative transition intensity to transitions / 100 decays

Above are through the particular decay branch

BR — Convert intensity / 100 decay through this decay
branch to intensity per 100 decays of the parent

NB - relative beta and ec intensities to intensities per 100
decays through this decay branch

NP — convert per 100 delayed transition intensities to per

100 decays of the precursor
iy gt
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Decay Scheme Normalization Quantities

BIBR B3SE B- DECAY (70.1 5) 1973FEQE,1976KR20 O1NDS 200105

EIRR N 0170 4 1.0 1.0 1.0

NR NT | | BR NB NP

Relative Intensity Normalization Factor Absolute Intensity

Iy X NR x BR =%ly

| (tot) X NT x BR =%l (tot)
I (or e or a) x NB x BR =% IP (or € or a)
IBn (or lep) x NP =% IBn (or lep)

Beta and ec are usually given as per 100 parent decays.
Since NBxBR, NB=1/BR BROGKT &
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The definitions

NR

BR

ND

NP

Multiplier for converting relative pholon
intensity { RI in the GAMMA record) to
photons per 100 decavs of the parent
through the decay branch or to photons per
100 neutron captures in an (n,7) reaction.
Reguired if the absclute photon intensity
can be calculated.

Branching ratio multiplier for converting
intensity per 100 decays through this decay
branch to intensity per 100 decays of the
parent nuclide,

Reguired of known,

Multiplier for cmwe;Ling relative 37 and ¢
intensities (IBD in the B- record; IB, IE,
TIin the EC record) to intensities per
100 decays through this decay branch.
Regquired of known,

Multiplier for converting per hundred delayved-
transition intensities to per hundred decays of
PIECUrsor
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My advice

 There is good documentation on how to normalize decay

schemes ... but information on how that translates in use of
NR, BR, NB, etc is lacking

« Particle decays are very tricky... take care and always check
processed output

 Read the policies and go back and read again

Beta and electron-capture intensities are per 100 decays of the
parent and are usually deduced from v intensity imbalance for the
levels fed. The separation of I(s+£%) into I(z) and I{(f*) iz based on
theoretical =/g* ratios. The log ft values for nonunique transitions are
calculated as for allowed transitions.

Particle transition intensities (other than [('s) are per 100 particle
decays. The total particle branching 1= given both in the drawings
and in the tables.

BRDOKHRHEN
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Times have changed

From earlier ENSDF talk on decay

1.Relative intensity is what is generally
measured

2. Multipolarity and mixing ratio (3).

3. Internal Conversion Coefficients
* Theoretical Values:

. From BRICC
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The Future

PHYSICAL REVIEW C 85, 014328 (2012)

Low-energy structure of g‘;Co” and gﬁCoﬂ populated through 8 decay

S. N. Liddick.!2 B. Abromeit,! A. 1"-";§,fras,3 AL ch,3 C. R. Bingham,g M. Bolla,' L. 'Carlv:gni,3 H. L. Crawford,* I. G. Da_rb),r,j
R. Grzywacz,-" S. Ilyu*shk_in,6 N. Larson, 2 M. Madurga,3 D. Miller.? S. Padg-::ttf S. Paulauskas,” M. M. Rajal:ia]i,S
K. Rykaczewski,’ and S. Suchyta'~
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Beta-decay apparatus allows the
correlation of exotic ion implants
with their subsequent decays on
an event-by-event basis




But a Careful Review is Still Required

NR: 1 BR: 1 E (keV) Absolute intensity (%) E (keV) Absolute intensity (%)
175.1(3) 6(2) B06.8(4) 32
470.7(3) 15(3) BE1.5(3) 2(3)
o+ 0 t,,, = 351(6) ms 510.5(5) 14(2)*
“Fe,, @y = 6540(390) keV For excited levels:
D IB=2I(y+ce)(out)-Zl(y+ce)(in)
S L)
logft 1,(%) L?'EE% For ground state :
(I _8%=__ 980 20(4)
4.4(2) 20(3) L—2 37 _ )
49(2) 8) 1) | 13 881 g(3) IB=100-ZI(y+ce)(gs)
N
=
(6) 642
53 <« & ©_510 14(2)-15(3) = -1(4) > <3
(47) &N 390
2
5202) 62) & 2175 6(2)-5(2)=1(3) > <4
42(2) 66(6) 1) i1l 0100-6(2)-14(2)-8(3)=72(5)
*Co BROOKHRVEN
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B- and B-N Example

S/
" b= 62805 . B-N branch
SEoRTE
Ign(%) 2LEEL£4& —
Lo RSZZ25%
0.54(10) —o o @ & £ 2 3014.7(
AEISED _
1.00(10) i e 2883.3¢
— O oy 6 = oL
< S =5 =
1.88(15) = N2 936 o8 27134
1.39(25) < e e thin 2702.37
—ao=t=
1.01(16) = a D—2524.0¢ b I .
‘n r‘_“ -
Absolute Intensity
0.59(12) S &SI 233334
1.42(22) e = ¥ -2 2286.94
B- branch e 1348y = 28.4(10) %
i y = 28. 6
%
=
— S
= g
e =
L= )
a2 ]
-_— o
3= 3
Ig-(%) 5 g 19.6(8) > SN & & ¢ g 1348.17
191(12) ——'7% 1237.96(13)
9
=
0.65(13) 1045.50(19)
S5
l(‘:
=
<=
=~
o <l
0.42(10) 247.05(17) 1/2*
Tx , . . NATIONAL LABORATORY
<34(3) —X 0 sn* <32(3) —



~ The easy B- branch  'Absolute Intensity
B 1348y = 28.4(10) %

P, = 62.8(25)%

'\j

NR= 0.284 (10)

BR= 1.0

Beta feedings are
6.7%0.284 =1.9

s 2.3%0.284 = 0.65
1.5%0.284 = 0.42
1_]% _E‘_;’_ 1237.96(1. .
0.65(13) .é 1045.50(1¢ GS feedlng:
. Here you need to consider B-N branch
- 100-Pn-ZI(y+ce)(gs):
0.42(10) 3 247.05(17 100_62-8_1-9_0.65_0.42
BROOKHREVEN
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Absolute Intensity of

P, = 62.8(25)%

5 — %
iy 1348y = 28.4(10) %
SCREE
po(%) SZ2RISS
~ISZaSE —
vo 5325723 NR= 0.284 ?
885580 _ = V. :
1.00(10) LT 2883.35
188015) o | | 8= 25 S AT ~07134¢
1.39(25) - LaooNn C2702.37
=B
1.01(16) e N — T YR T: BR— O 628 P
s253 = U. -
0.59(12) SR <9 23333
14222) % ¥ af-m S T 2286.94
3.52(22) 2215.1¢

I, Normalization: From measured absolute intensit{=28 4% 10 fpr 1348y.

Branching Ratio: %pn=62 8 25 (2010Wi03).

E, Ejeva L2 E, Eeva  LE E, Ejevel L%

41573 270227 0.8 3] 938.83 1] 228B6.87 11.25]1354.0222 270227 418
59641 15 288328 353 9851224 233312 214136541 21 271350 494
72763 30145 193|1176.10 20 252419 3642214873 221491 T34
86722 221491 5.15|134822 13 1348.08 100.0& 271358 271350 1.70 21

#For absolute intensity per 100 decays, multiply b

247.05(17) 1727

r

NATIONAL LABORATORY

0ot

0 52t <32(3)



The details

BR Branching ratio multiplier for converting ..
intensity per 100 decays through this decay ThIS IS Pn
branch to intensity per 100 decays of the
parent nuclide. B R—O. 628

Required if known.

NR Multiplier for converting relative pholon 284 |S I'Y per 100 decays

intensity (RIin the GAMMA record) to
hotons per 100 decays of the parent

through the decay branch pr to photons per

100 neutron captures in an (n,y) reaction. Through the decay branCh,

Reguired il the absolute photon intensity

can be calculated. you need

0.284/0.628 = 0.425

NR=0.425

BHOOKHM\'EN
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How to define NP?

Example of B-N and B-2N Decay

=

Pi. = 33(3) % Pon = 12(3) %
?.6[]5!”}’6 13008 o,1.,2) “'l‘qz][q ﬁ] ,*
o 1674
6.6(1)% TR s R 2575 142202 De7412.2) 0 o
e 106647 <~ T 2 2370(6.6) _
131)% 'g70n  (0017.2) a2 5., = 3806
o o.1,2
12(3)% 2649 —| ) 1345% 179217.0] 1221 et
------------------------- ? 63(12) 0

211% &510 E = &A50

(1) acga_ 3312(2.0) 3

]?;;;' 310 _41386(7 et

a1 6% 3198(24) .
- 0 0

BROOKHRVEN
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Start with the “easy” beta-decay

< Intensities are again given
as Absolute Ig / 100 decays
NR =1
9.6(16)% | 2poq (0717, 2)
6.6(7)% [[‘_1_'___1:._:_:]__: BrR=1
15(1)% e EERNESY 1 Keeping in mind that
L200% 7649 2= pn=33% and P2n=12%
73)% 7) GS Beta Feeding is
15(3)%
<31.6% J,E”Q 100-Pn-P2n-Zly(to gs)
100-33-12-24
< 32

BROOKHEAVEN
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The B-N Branch

P, = 33(3) % Por = 12(3) %
2O 1320 121220 1 102119.6)
2377 1 408(9] 1674 2
B e
6.6(N%. . . ... o b ag7p 0P Jlera22) .
13(1)% 199947 (" 37 o7 2370(6.6) . 5. — 3806
Ee o183 o 2) \1845(3) 1921 (/2] )
123)% 7649 g 12217, D] ;
R Pl o 763(12) 0 B2
2(1)% 6510 = &850
(1) acga_ 3312(2.0) 3
—n]?;g‘i 3198 ¥ 13887) v ,
a1 400 3198(24)
=2 5 0 0
BROOKHEVEN
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Pr = 33(3) % Branching ratio is given

BR=0.33 3

102196 .

“ 2579 Neutron and Gamma Intensities
__________________________ 4878 . : in absolut it

2370(6.6) given In absolute units
"1845(13) 12911 .

1221(7.0 ?
l;%ln 7.0 |, What is NR

E';r Elevel Ir.rE

12213 1221 7011

#For absolute intensity per 100 decays. multiply by 0.33 3. N R — 1 ] O

Brookhaven Science Associates NATIONAL LABORATORY



The details

BR Branching ratio multiplier for converting

intensity per 100 decays through this decay

branch to intensity per 100 decays of the

parent nuclide.
Required if known.

NR Multiplier for converting relative pholon
intensity (RIin the GAMMA record) to
hotons per 100 decays of the parent

through the decav branch

or Lo pholons per

100 neutron captures in an (n,y) reaction.

Reguired il the absolute photon intensity

can be calculated.

Brookhaven Science Associates

This iIs Pn
BR=0.33

Iy Is given per 100 decays
Through the decay branch,
you need .

NR = 1.0/0.33
NR=3.03

BHOOKHM\'EN
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Pin = 3303) % Branching ratio is given
BR=0.33 3

..1021(9.6) N
5‘?? Neutron and Gamma Intensities

__________________________ 4878 . : .
2370(6.6) given in absolute units

"1845(13 1221 .

e N SPTLTI What is NP?

n Radiations

Branching Ratio: %fn=33 3 (20105u03).

En Ele.-'rel I|:|E Edanghter Comments

763 1 00 123 7649
1021 2 3379 9616 13298 E,: assignment of 1021 and 1498 neutron groups

1845 4 00 1317 8783
23706 1221 6.6 7 10554

# For absolute intensity per 100 decays, multiply by 3.03. N P — 3 03

@Placement in the level scheme is uncertain
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The details

Relative Intensity Normalization Factor Absolute Intensity

Iy X NR x BR =%ly

| (tot) X NT x BR =%l (tot)
I3 (or e or a) x NB x BR =% If} (or € or a)
IBn (or lep) x NP =% IPn (or lep)

Particle decays are treated differently

NP=1

BROOKHRVEN
Brookhaven Science Associates
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Finally the B-2N Branch

Py, = 12(3) %

1674 27
1498(9.2) |1674(2.2) .
Al . D 0
12 ‘ \sn — 3806
NR =7
BR=7
NP = ?

BROOKHREVEN
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Use of Annihilation Radiation

|(y£) = relative annihilation radiation intensity
X, = Intensity imbalance at the ith level

80Rb & Decay (34 s) 1973Br32

We want to isolate
Intensities: Iy per 100 1+ 0.0 34 s the Bl_l_ feeding

parent decays Al
3 TRh4 3

He+%B+=100

g"}‘“*ﬁ@ Q*=57207 Xi = Si + ﬁi+
g a
@, "*; Ee Ip+ Ie Log ft
15 AN a
0+ nﬂ"’ﬁ.% 1321.1 / 1.8 0.068  5.88

SOFE &
n o 1956.5 2.0 0.071 5.87 +
g X =[B* (1+r)
Pt 616.8 4880 1.2 0.44 5.19 I I |
0+ 0.0 5630 73 1.01 4.93

=&/ B
(theoretical) BROOKHAVEN

Bi* = X/ (1+r)




Use of Annihilation Radiation | r=¢/p;
(theoretical)

How many y+ do we expect?

I(y£) = 2*[ B+ Z " |

() = 2% [ X/ (L+75) € X [(1+7))]

7.5/(1+0.068/1.8) = 7.23

S80Rb &€ Decay (34 s) 1973Br32

s |(yE) = 795 (80) 8.3/(1+0.071/2.0) = 8.02

1+ .0 34 s

en \ y
$ §@ X (1;)2-;5.0-7.5)/(1+o.44/21.2)

N 'O ) Ee I+ Ie Log ft
0+ 1?&"{?“ ™ s 1.8 0.068  5.88
2 \_"’“"“;‘? 1256.5 2.0 0.071 5.8
+ — B oA . s T Ak . T —J

W@ 7.2+8.0+84.7 = 99.9

ra]

24 616.8 / 4880 21.2 0.44 5.19
0+ ¥ i I 0.0 5630 73 1.01 4.93

BORy BROOKHEVEN
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Use of Annihilation Radiation

Solve for X,

I(y2) = 2 [ X /(L+1,) €2 X, /(1 @ 99.9

X /(1+1.) = (795/2) — 99.9 = 297.6
X = 297.6%(1+[1.01/73]) = 301.8

80Rb & Decay (34 s) 1973Br32

Decay Scheme

I(y+) = 795 (80)

ntensities: Iy per 100 14 0.0 34 g

rent decays a0
3 TRh4 3

Ge+BB4+=100
Qr=57207

&

i
&
FIF

Do, ~e Ee Ip Ie Log

0+ ;:%"% 1321-1/ 1.8 0.068  5.88
= oy

?\L. 1256.5 2.0 0.071 5.BT

s
&
24 616.8 /49,30 21.2 0.44 5.19
0+ ¥ i I 0.0 5630 T3 1.01 4.93
4

(X, + 2 I(y+ce)(to gs))*N = 100

(301.8+100)*N = 100

N =0.25

BROOKHEAVEN
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IT Decay Normalization

Usually easy, since whatever comes out of the
isomer has to reach the g.s.

Many options:
2l(y+ce)(to gs) =100

I(y+ce) values

Vo A .
11/2- DR g, O Vt\'/ 199 5 N=100/(34+047) =25.8
& oy

/5. Ly v »—Jisso_ Zl(y+ce)(out 199) = 100
512 $ ¢ 610 N=100/(2.7+1.8) = 22.2
3/2 - ¥ i .0

2l(y+ce)(out 148) = 100

What’s N? N=100/(4.2+0.47) = 21.4
Does it matter if not balanced? e

Brookhaven Science Associates




Energy released in beta decay

131
o3 8daysf‘
T2+
Q 636,99
B 11
52+
264,49
131 ?gifgi%kew
V 54Xe " ¥ 32+
Electromagnetic (EM) =2l E, + 21, ., E,
Light Particle (LP)=2I; E; + 2l Ece + ZlaygeEnuger

Total Energy=EM+LP+E, . ino= Q(B-)


//upload.wikimedia.org/wikipedia/commons/c/c0/Iodine-131-decay-scheme-simplified.svg
//upload.wikimedia.org/wikipedia/commons/c/c0/Iodine-131-decay-scheme-simplified.svg

RADLIST

Program to analyze decay radiation (radiation list)
Few options

* Calculate energy release for each radiation type
 Generate ENDF file

* Generate NuDat file

* Generate MIRD output

NATIONAL LABORATORY
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RADLIST

Output from the program directly

o "2 " CARD
ALFHL BETA CE+AU0GER PHOTON UHPL/GRAM RECOTL HEUTRINO ABSORBED TOTAL Q*BR
0.000 2aT.321 0.000 2.3598 0.000 0.002 491.6094 23,721 Tel.41l4 Ta9.000
0.000 6.4581 0.000 1.015 0.000 0.000 11.&27 6.56l1 13.350 4.000
IHNTEHNSITY S5UMS

0.000 49.5a8 0.000 1.11%8 0.000
0.000 1.153 0.000 0.500 0.000

BROOKHEVEN
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RADLIST

Output from t

ne EVP editor

e el | e 8 e | Bt b | e 00 | e it | Bt it ey R 2 i Wi 8 e Les et Ll I T i
5 v XR 1 0.57 0.26 9
5.5 - 100 % 7
>Mn 00 6+ |5591D3 | EC:-100% 47112 19 YR ka2 <105 13
+ XR kal 5415 1015
Energy Balance (keV) v XR kbl 5.947 1135
s
Gammas 3A46ETS ) ¥ XR kb3 5.947 0.58 3
X-Rays 0923
Y1 200.86 10 0.063 7
P muinus 0 )
2 346 02 10 0.865 20
p plus 84 14
¥ 3 398 14 10 0.164 19
Conversion Electrons| 05107
- Y4 399 61 10 0.160 10
Auger electrons 2625
R 17503 3 s 501.44 10 0.161 I8
——— o ¥ Annihil 511.0 63 5
Neomons 0 Y6 600.13 10 0.360 10
T 0 ¥ 7 64752 10 0.378 I3
Alphas 0 Ye T44.06 10 8T R 20
Sum 4.72E+3 6 Yo 848.08 10 343 8
Q-effective 47112 19 Y10 901.48 20 0.037 9
Missing Energy 0AP Y11 93552 10 04821
Ratio 0% AP Y 12 1246.27 10 417 10




