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EGAF Publication in NDS creeend]

BERKELEY LaAB

Richard B. Firestone

Isotopes Project, Lawrence Berkeley National Laboratory,
Berkeley CA 94720

The Evaluated Gamma-ray Activation File (EGAF) was published with
the IAEA* in 2007. We propose that future, more detailed updates of
EGF be published in Nuclear Data Sheets.

* Database of Prompt Gamma Rays from Slow Neutron Capture for

Elemental Analysis, R.B. Firestone, et al, IAEA STI/PUB/1263, 251
pp(2007)
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EGAF Publication ceeers i

EGAF Publication Considerations

1. Publication of Budapest ¢, data in refereed journals

2. Detailed EGAF evaluation publication in NDS
a. Adopted EGAF dataset-E,, ., kg, 5y, S, RIPL levels
b. Supporting datasets — E,, |,
c. Activation decay datasets —E,, P,, ¢, k

3. Database update provided to IAEA

Why Nuclear Data Sheets?

1. Existing NDS production procedures are satisfactory
2. Only journal suitable for nuclear data publication
3. Detailed information on EGAF evaluation considerations

e — Nuclear Data Week 2010



Comments ‘;;r
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EGAF Comments Dataset for Na

R.B. Firestone! and Zs. Revay?

'l awrence Berkeley National Laboratory, Berkeley CA
94530
2institute of Isotopes, Hungarian Academy of Sciences,
P.0O. Box 77, H-1525 Budapest, Hungary

Abstract: Evaluated thermal capture prompt and delayed y-ray energies, gy cross sections and k; valueswere
determined for the 2¥NA(n,y) reaction. A revised version of the RIPL library for 24 Na was generated and a new,
more precise value for 5 was determined.

General Policies and Organization of Material: See the January issue of the Nuclear Data Sheets or
http:/fwww.nnde.bnl.gov/nds/ND5Policies. pdf.

Acknowledgments: This work was supported by the Director, Office of Science, Office of Basic Energy Sclences,
of the U.5. Department of Energy under Contract No. DE-AC02-05CH11231.

General Comments: Neutron capture y-ray gy data from the cold neutron beam at the Budapest Reactor were

combined with capture y-ray data from ENS5DF to determine an evaluated set of energies, g, cross sections, and

ky values for the 2*Na(n,y)?'Na E=thermal reaction. The decay scheme is nearly u:u:ump?iete with 0.540 3 b
observed populating the ground state and 0.537 3 b deexciting the capture state. The activation cross section
for 24Na p- decay (14.997 h) was determined as 0.542 3 b and the activation cross section for 2MNa IT decay was
determined as 0.501 2 b. A new Reaction Input Parameter Library was prepared with definite spins and parities
determined for the first 30 levels. The neutron separation energy was determined as 5 =6959.527 8 keV in good

agreement with 5 =6959.58(8) (2003Au03) adopted by Audi et al.
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General comments ‘;;r

- s

33N:1{n_.'|"} E=thermal

ECGAF thermal neutron capture adopted E_, ;. and k; data.

oy=0.60 5 (Coltman, PR 69, 411, 1948). Dlriglnal value g;=0.47 4 b corrected for monitor o, (B)=600 b,

op=0.63 13 b (Seren, 19475e33). Activation method.

0y=0.490 25 b (Pomerance PR83,641,1951), Pile oscilator method. Corrected from original value g,=0.470 24 b
calibrated assuming ag('*TAu)=95 b.

o;=0.560 32 b (Bartholomew. Can J. Chem 31, 204, 1953). Measured value G=0.530 32 corrected for monitor value
gl "TAu)=93 b.

oy=0.511 5 b (Harris, ANL-5031 Report, p 68, 1953). Pile oscillator method. Corrected from original value g,=0.503 5
b assuming oy(B)=755 b.

o3=0.50 5 b (Brooksbank, ANS Transactions, 203, 1955). Activation cross section, monitor 5055MI:|=13.3 b.

oy=0.5132 30 b (Crimeland, J. Nucl. En. 1, 231, 1855). Thermal column method. Corrected from original value gp=0.51
3 b calibrated assuming Gg(B)=750 b.

0y=0.536 6 b (Cocking, J. Nucl. En. 4, 33, 1957). Measured by 4nfy coincidence counting. Monitor GD[JWAu]=98.E b.

ay=0.536 8 b (Jowitt, Prog. Nucl. En. 3, 242, 1959). Method dimple oscillator reactivity modulation. Monitor
ay(B)=T66.6 b.

o=0.536 8 b. (Rose, Prog. Nucl. En. 3, 242, 1958). Pile oscillator method assuming o,(B)=771 b.

0,=0.531 8 b (Wolf. 1960Wo07). Measured by 4npy coincidence counting. Monitor o,(!?7Au)=98.70 35 b.

0,=0.47 6 b (Meadows, 1961Me02) Pulse die away method. Monitor !"TAu.

oy=0.50 2 b (Koehler, Zeit. Nat. A18, 1339,1963). Activation cross section with 197Au monitor.

0y=0.50 3 b (Yamamuro, Mucl. 5ci. Eng. 41, 445 {1870). Measured neutron flux, natural Cd monitor.

0,=0.526 5 b (Ryves, 19T0Ry05). Measured by 4nfy coincidence counting. Monitor og('®TAu)=98.8 3 b.

oy=0.54 2 b (Cleason, 18975C108). Activation method. Monitor :TD[JQ?Am:EIE.ES b.

g,=0.523 5 b (Heft, Conf. MAYAG. 1978). Activation with natural Sc flux monitor.

oy=0.577 8 b (Kaminishi, Jap. J. Appl. Phys. 21, 366 (1982). Activation method.

0y=0.512 6 b (De Corte, 20030e34). k; method.

gy=0.515 21 (Kennedy, J. Rad. Nucl. Chem. 257, 475, 2003). k0 method.

0,=0.527 8 b (Szentmillosi, 20065z05). Activation with neutron beam. Summary Of G() Values from
gD=D.f4D 3 b (Budapest prompt y-ray data to ground state). the Ilterature (CSISRS) and
0,=0.534 3 b (Budapest prompt y-ray data primaries). . .

0,=0.542 3 b (Budapest activation y-ray data). th|S evaluat|0n

gy=0.517 4 b (Mughabghab, 2006MuZX), Evaluation.
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24N a Levels

F(reeeree ‘m
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E(level)d Jnf Tl_,-z@ men:lT {winutjt Comments
0.0 4+ 14.9590 h !2 0.540_3

472 .2082 & 1+ 20.20 ms 7 0.508_4 0.501 3

563.1974 15 2+ 36 ps & 0.257_1 0.260 3

1341.457 5 2+ 60 fs 20 0.120_1 o.118 2

1344 .644 7 (3)+ 26 fs & 0.0388_3 0.0386 22

1346.623 5 1+ 4.4 ps 3 0.0828_7 0.0805 13

1515.70 22 S+ 0.00013_3 o.o00010 2 E{level): Level energy 3-keV higher than Adopted
Level {2007F114) but consistent with energy
shift in 2562.37 adopted level.

1846.021 5 24 180 fs 25

1885.581 4 3+ 26 fs 5 0.0087_3 0.00879 &

2513 .413 10 3+ 10 fs 3 0.0103_1 o.0102 f

2564.90 I8 4+ G.4E-5_10 2.zx10°t 4 E{level): Level energy 3-keV higher than adopted
level (2007F114) but consistent with energy
shift in 1514.7 4 adopted level.

2004 .025 13 3+ 35 fs 8 0.0054_2 0.0055 f

2977 .807 12 (2+) =17 fs 0.0760_8 0.07T75 4 Jr: Adopted Jr is (2+.34+). Strong popuation by
(n.v) favors 2+.

3216.7 5 (4+) 1.0E-4_1 T.5x10°% 1} Jr: Adopted Jn is (4+.2+). Weak population by (n.y)

Cross section balance through the
(n,y) level scheme.
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GammaS frrrrrr ‘I;}

BERKELEY LaAB

*f[“NaJ

Iy normalization: Normalization to per 100 neutron captures assuming o,;=0.540 b,

ETT Eilevel) {T'\,’t@ Mult. o Comments
a0 .9921 i4 563.1974 0.250 3 M1 0.00213 kp=0.02328 4.
242 .30 9 3655.967 0.o000110 i1F RD=1.45Y10'5 14,
340.8 3 4527 .3 0.000033 9 kn=4_3wlﬂ's 12,
373.24 & 3589.390 0.000075 7 l~:D=!EI.Eh-ClI:I'B 9.
3745.079 0.000075 & l~:D=!EI.Eh-ClI:I'B 8.
387 .98 [& 3977.342 0.000028 & RD=3.?wlD'E 8.
4722027 11 472.2082 0.501 3 M3 0.00047 ky=0.0660 4.
499 383 5 1846.021 0.01474 22 ky=0.00194 3.
501.30 3 1846.021 0.00308 [2 ky=0.000406 I&.
504 .57 4 1846.021 0.00140 & RD=1.85&C1CI"1II.
511.20 2 GOS0, 527 0.0032 2 ky=0.00042 3.

Ey.ay: Expected primary y-ray. Iy from the intensity
balance. Observed transition with E=510.94 9 kel
oy=0.00552 23 b includes annihilation radiation from
pair production.

543 .94 13 4751.024 0.000042 7 kD=5.5xlD'E g,
551.21% 4 4207.152 0.000348 13 RD=4.59wlD'51?.
563.1974 Is5 563.1974 0.00925 8 ky=0.001219 i1,
605.515% 3 3977.342 0.000159 148 RU=2.1DY1CI'5 13.
6G17.84 5 4207.152 0.000143 10 RD=1.SEYID'5 13.
GG62.06 25 4527 .3 0.00006 4 l{D=8x1EI'B 5.
G6ES .14 12 519227 0.00042 5 l~:,3=5.55-cllil'5 7.
696 .570 20 4441.655 0.000215 7 RD=2.835{1CI'° 22,

Gamma ray cross sections and k, values
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| 4441 685 295 e
i 4207.152 23 fs
4106440 <10 fs
| 404334 <20 fs
3977.342 214 fs
I, 2042 63
| 1865.32
.27 25 070 17 e
288100 214 f=
-,ll i\ 3855 967 <18 fs
l.‘l 28 4 14 fs
i 2889 200 <6 f=
2413 260 14 fs
02371842 13 s
2977807 LT fs
Wi 2o04.025 95 fs
N ETTEWTE] 10 fs
i Leas 581 26 fs
‘\'n LE46.0EL 180 f=
N NETEREE] 4.4 ps
W 1241457 B0 Fs
TR I pe
\ 4722082 20.20 ms
L8 14,9580 h
24
11Ma)3
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Budapest Data .
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T[Z“Na]

Iy normalization: Mormalization to per 100 neutron captures assuming o0=0.540 b.

Eyt E(level) o te Mult. " Comments

al.004 I5 563,200 n.250 3 Bl 0.00213

242,308 @ 1655 . 880 00001108 5

140.8% 3 1527.3 n.o00033% @

173.24% & 1580200 0.000075% 7

3744 .924 0.000075 &

187.98% ig 3077.202 0.0000285% &

472.205 14 472187 n.501 3 13 0.00047

100,363 22 1845 .076 0.01474 22

s01.35 4 1845 .676 0.00308 12

s04.55 5 1845 .676 n.o0ld4n &

sll.z2o 2 GO58.315 o.oo03z 2 Ev.o,. Expected primary y-ray, Iy from the intensity
balance. Observed transitlon with E=510.94 9 keV,
ay=0.00552 23 b includes annihilation radiation from
pair production.

s43.04% 13 AT50.870 n.oo00428% 7

551.21 4 1207.020 0.000348 13

S63.1TL A4 563,200 n.00925 &

G05.51 3 077,202 n.o00158 i@

G17.845 5 4207.020 n.oo00143% jo

Ge2.06% 25 4527.3 00000688 4

GES. 145 12 5192 .13 n.on0d4zs 5

Go6.570% 20 4441.525 n.on021s¥ 17

Typically this is the only source of ¢, data.
Reference to the published form of this data
will be included.
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Second data set - levels

ENafn,y) E=thermal

1983Hul 1. 1983Ti02

Thermal neutron capture y-ray Intensity per 100 nedtron captures.
Target Ta=3/2%
1983Hu 1l 1: Measured Ey and Iy with curved crystal (GAMS). GeiLi). and palr spectrometers. Deduced neutron separation

energy 5,-6950.73 keV 14.

rreerrer

BERKELEY LaAB

1983T102: Measured Ey and Iy with CeiLii-NaliTlj AND Geili) palr spectrometer. Deduced neutron separation energy
5,=6050.42 keV &
188TZh12: Measured Ey and Iy with Ge(L1)-MaliTl} spectrometer. Deduced neutron separation energy 5,,=6958.51 keV 21.

2Ma Levels

E(level)t It T,st Eilevel)t Ixt Tyt
0.0 i+ 14,9580 h 12 1186.8 7 2+ =14 fs
472, 2069 & L+ 20,20 ms 1196.54 & (1+.2. 3+~ =10 fs
563.107T4 & 2+ 16 ps & 1207.205 i@ 2+ 23 fs
1341 . 441 4 2+ 60 fs 20 1441 .68 3 2- =35 fs
1344 GdE & (3)+ 26 fs & 1562.056 24 1- =10 fs
1346 62T & L+ 1.4 ps 3 1621 .60 i@ (1+.2.3+) =10 fs
1846 020 & 2+ 180 fs 25 1601.7 4 <25 fs
1885 506 & i+ 26 fs & 1751.086 21 2-
1960 .89 & 1891 .267 &
1a77.05 & s031.17T 4 (2+.3.4+)
2513 . 414 23 I+ 1o fs 3 s0dE.07 3 [ <30 fs
2562.37 24 (d+,2+) =17 fs 5050647 24 3- =50 fs
2004 .10 & A+ 35 fs & S117.36 F 1-
2077 808 §& (2+,3+) =17 fs slaz. 41 F 3- =T fs
3371 .85 23 2- 13 s 3 5252.28 I4 3-
3413.208 25 L+ =14 fs 5330.00 4 2- =ld fs
3580 .42 4 L+ <6 fs 5387.08 3 (1.3~
3628 .35 & A+ =14 fs 5470.07 & 1- =50 fs
A655.01 & {2+, 1+]) =14 fs SR00.570 §9 l+.2
3681.93 J2 0+ =14 fs 58E2.093 [F
ATds. 14 3 3- =17 fs 5O018.357 24 1-. 2.3+
3865.58 & 5853.367 5
A035 . BTY IR <14 fs SOET.ATY I9 O+ <=7 fs
3943 .48 12 =14 fs EOT2.837 1§ 1+
3977 .40 3 (1-,2+) =1d fs GZ22.35 @
d0d48. 34§14 0- T fs 50 GZAT. 644 §7 2+ =14 fs
1143 .17 3 (4=} =20 fs GO50.623 14 l+. 2+
t from least squares fit to ¥ energias.
¥

From adopted levels.
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Second data set - gammas

']"[24N51J

Iy normalization: Normalized to the intensity of the 2!Na decay lines at 1369- and 2754—keV. Systematic errors of

15%. 10% and 5 % were added to the GAMS, Ge(Li) and pair errors, respectively by 1983Hull. Unplaced gamma

intensity is 1.85 5.

F(reeeree ‘m

BERKELEY LaAB

ETT E{level) Iy per 100 nTh Mult. ¥ g+ Comments
B0.0921 4 563.1974 1.8 &3
¥417.08 21 0.049 20
¥440.10 11 0.092 §7
472.2023 & 472 . 2069 3.9 74 M3
499,383 5 1846.020 2.4 7
501.30 3 1846.020 0.66 6 | per 100 neutron
504.57 4 1846.020 D.27 3 Y
552.44 8 2513.414 0.127 I8 Captures
563.186 & 563.1974 1.7 3
Gl4.26 5 1960.89 D.134 I8
711.968 140 GO59.623 D.o0 &8
737.55 13 GO59.623 D.019 &
773.9 3 47T51.086 D.073 3
778.22 23 1341.441 1.09 10
781.402 15 1344 .646 3.4 3
793 .84 & 4207.205 0D.39 5

Continued on next page (footnotes at end of table)
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Activation decay data cecreed] i
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BNa B Decay (14.997 h)

2N B Decay (14.997 h) (continued)

Parent #Mg: E=i: Ja=d+: T =14.887 h f2 Qig.5.)=5515.45 & %A~ decay=-100.

g Levels Decay Scheme
G 00 14907 h Intensities: For o, multiply by
Eilevel)t Iat T \ 0.00541
—_— _— —_ 24, :
12Mg); \
”Sg.g_o i 21- stable %B-=100
.bis o + — e =8
{g.5.)=5515.4 o
1122.889 12 A+ O(g.s)=5515.45 g ¥
4238.24 3 N N m;‘%,
5235.12 4 3+ -ﬁ%k?ﬁiggﬂ
_ VS
T From adopted lavals. Ip Log ft "\ ey Q’«?A"’fb
0.076 5.60 W3+ rg‘,f‘h@“‘ I8 JEEEERE:
B~ radiations 24+ 4 ”3@,:-:? * | 4238.24
VT Y
99.855 6.11 e LY - o /4122889
\ &
! &
Ep- Eilevel) ]fi‘+ Log f Comments \ K]
0.064 11.34 2y \ 1368.672
(280.33 &) 5235.12 0.07e 3 6.60 2 av Ep=-80.24 22 0+ 1 0.0 ctable
(13082 .56 &) 4122 . 889 99 855 5 6.11 ¥ av Ep=554.1 3
(4146, 78 &) L2368 . 672 0.064 & 11.34 & av Ep=1865.5 5. %%Mgm

t Absolute intensity per 100 decays.

Mg P_on table
'Y ]
Erf Eflevel) l-"'.'.H Mult. ] i ][r-rce]t Comments ConverSIOn
906.82 & 5235.12 o.ool4 2
1368 .626 5 TBE;.BTZ 99 9035 15 EzZ 1. 3x10-5 3 kg=0.04082 4. faCtor to G,y On

kg=0.0468 3 (IUPAC. Z002De2d).

PT: gyiBudapestj=0.54008 25 b. d raWi ng

2754007 &1 4122 BEOD 99 855 § EZ P oy(Budapest)=0.5433 35 b.
2860 .50 & 4238.24 0.00024 3 MI+EZ -23 &4 kg=0.0481 4.

ky=0.0462 4 (ITUPAC, 2002De2d).
AB6E. 14 FO 5235.12 o.056 F M1+EZ -17 4 P oyiBudapest)=0.00042 & b.
4237 96 & 4238 .24 O.00084 §0 EZ

t From DDEP evaluation (2004BeZr).
t Absolute intensity per 100 decays.
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Other considerations eecend]

Theory
* DICEBOX level density and y-ray strength function parameters
 Calculated continuum (Z>20)
« Calculation population below E_;
* Nuclear model J™ calculations for RIPL
Experiment
 Average resonance data
e Surrogate reaction data

» Granddaughter decay data
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Conclusions cecered] B

BERKELEY LaAB ‘

e Publication of EGAF data in NDS is straightforward
e Data would be published by elemental sets

« EGAF evaluation in collaboration with LLNL, Budapest,
Prague, and the IAEA will continue to be the major effort
of the Isotopes Project in the future.

» Others are welcome to participate.
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