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I. INTRODUCTION

HIS supplcIQcQt ls intended to augmeDt thc com-
pilation, "Nuclear Disintegration Energies, " '

which included measurements of reaction energies
received up to May, 1954. The data contained in the
oI'lglnal coIDpllatlon, togcthcI' with. othcl data pcltRln-
ing to mass diGerences2 have been of use in the prepa-
ration of tables of masses ' ~ and mass links, 6 Rnd for
the comparison of masses or mass di6'erenccs obtained
from nuclear reaction energies and mass-spectroscopic
mcasUlcmcQts.

Since publication of the original compilation, there
has been a considerable number of new measurements
of nuclear I'cRctloQ cnclglcs, c.g.~ mcasux'cmcnts of soIDc
eighty previously undetermined reaction energies have
been xeported for A &50. The systematic program of
precise Q-value determinations by the group at Mas-
sachusetts Institute of Technology headed by %. %.
Buechncr has been extended up to the mass region
3=32—60. Together with data concerning beta-decay
energies, these measurements have made possible the
calculation of masses in the region from S"to Ti" from
nuclear reaction energies only. '

IQ his systematic cxanllQRtloQ of masses Rnd mass
di6erenccs for A &202, %apstra' pointed out several
instances of Q values listed in our original compilation'

~ The contribution of D. M. Van Patter was supported in part
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which shoUld bc Rsslgncd to tI'RT181tlons to cxcltcd
stRtcs, I'Rthcx' thRD gx'oUnd-stRtc transitions. He also
discovered discrepancies between nuclear reaction and
mass-spectroscopic data, particularly in the region of
thc Dlckcl lsotopcs. Oll thc basis of 'his Rnalysls, hc Rlso
reassigned some of the gamma rays observed from
neutron capture by Kinsey and Bartholomew to othex
isotopes. A similar detailed analysis of (s,y) and (y,s)
transitions has been made by %ay et d/. ' ' in order to
determine neutron binding energies in the region of
A =40—92. More recently, Quinsenberry, Scoiman, and
Nier, '0 on the basis of their new mass measurements in
the region Fe to Zn, have reassigned several neutron
cRptuI'c gamma I'Rys to ncw lsotopcsq pRI'tlculally foI'
the nickel and zinc isotopes. It can be seen from the
above brief summary that a considerable alteration of
the nuclear reaction energies contained in the original
coIQpllRtloI1 18 Dow necessary,

This supplement coIltRlns Dc% mcRsuI'cIQcDts of
nuclear reaction energies available to the authors up to
February 1, j.957. In addition, any measured values
listed in the original compilation which have been
revised or reassigned since its publication have been
included.

The arrangement of Table I of this supplement is
the same as in the original compilation. ' In Columns I
Rnd 2, thc x'cRctlons Rnd cDcI'gy dctermlnatlons RI'c
listed. In the case of a reaction shown as (s,y,y), the
ground-state transition was not observed, and the reac-
tion energy shown was determined from the summing
of two gamma-ray cncx'glcs. SOIQc of thc cxpcx'lmcDtRl
values dcslgDatcd by the superscript R do Qot
appear explicitly in the reference cited, @nd have been
calculated by the present authors from the pertinent
experimental data. If it was necessary to use masses in
such a calculation, those given by Wapstra' have been
used. When there is doubt that a reported Q value
represents the ground-state transition, it has been
enclosed in parentheses.

In Columns 3 and 4, the method and energy standards
used are listed, if stated by the authors. In Column 5,
the Inost Icccnt. xcfcl.cDcc fox each mcasuIed VRhlc ls

' The authors wish to acknowledge the valuable contributions
of the Nuclear Data Group under the leadership of K. Way.
Their compilation '"Nuclear Level Schemes, " for 40&2 &92, and
their tables of ground-state Q values in Endow' Sckecg Absir gals
have aldcd consldcI'ably thc pI'cpalatlon of this pI'cscnt supple-
ment.
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TABLE I. Nuclear reaction energies.

Reaction

D'(d, p)&'
D~(d,w}He'

He'(d, p)He'
Li'(N, y)Li'
Li'(p, d)Li~

Li'(p, y)Be'
Li'(d, He') He'

Li'(t,e)He'
Li'{t,d)Li'
Li'(f,p)Li'
Lio(He', e)B'
Li'(p, e)Be'

Li'(d, e)He'

Li'(d, p)Li'
Li'(e, n)B"

Li'(Li', p)B»
Bes—+2He4

Be'(y,e)Be'
Be'(N, y}Be"
Be'{p,pe)Be'
Beo(p,e)B'
Be'(d p)Be"
Be'(d,e)8"

Be'(Li',p) C"
B10(e,~)Be
8"(n,y)8"
B10(p,w) C10

8"(p,v)C"
B»(d,e)Be'
8"(d 1)8'
8"(d p)8"
8"(HP, N)N"
8"(n,d) C"

B10(ep) C»

8"(p,w)C"

B"(d,e)Be'

. B», (d p}Bls

B»(d,m}C»

B»(e p}C14

8"(n,e)N"
C»(p e)B9
C»(d e)B"
C»(d p) C13

Measured
Q value (Mev)

4.044&0.005
3,276~0.024
3.271~0.011

—33&0.1
7.26%0.05

—3.0a0.15

5.66+0.03
0.91+0.09

15.15~0.04
0.986m 0.007

0.790+0.011
—1.976m 0.o06
—1,645g+0.001—1.643,ao,ooi
13.719
14.26a0,09

—0.183
—2.82~0,10

5.97a0.05
0.090&0.005
0.0939~0.ooos

—1.664m 0.004
6.80

—1.664+0.005
—1.853~0.003

4.586+0,009
4.43~0.08
4.28~0.10
4.54a0.06
9.05&0.05

(0.35~0.20)
11.43&0.04

—4.37&0.05
8.81&0.10

17.829&0.010
-2.187~0.010

9.227a0.006
1.46a0.06
1.36~0.09
1.341+0.002

4.064a0.012
4.08a0.03
4.10&0.03

—2,83+0.08—0.05
8.029a0.005
8.015w0.010
1,110

13.81
0.788~0.017
0.0~0.3

—7.58wo. '10

-1.39&0.02
2.717&0.010
2.720&0.003

el spec

ph pl
el spec

ph pl
pI' spec
sclxlt spec
scint spec

mag spec

pulse ht

mag SPec

mRg spec

threshold

threshold
threshold

mag Spec
mag Spec

mag SpeC

pulse ht
threshold

range

RXlg COrr

xnag spec
threshold

coIQpt spec

Illag spec
threshold

Diag Spec

ph pl
ph pl
ph pl

range

pulse ht

pr spec
threshoki

scint spec

Inag spec

lTlag SpeC

IQRg spec

ph pl
SClnt SpeC
el spec

mag spec
scint spec
ph pl

ph pl

mag spec
mag spec

spec

ph pl
mag Spec

pulse ht

range
I'Rnge

InRg spec
mag spec

Callbraf ion
Energy standard

Li'(p, w) Bev

Ro 51C
Li'(p, e)Be'

F19(p e~}olo
Po e
Th C'e
Li'(p, n)He'

Li'(p, e), Li'(f,d) Liv*

MS"(p P') N&"v Ae"'v
Mg (p p') Nag Au''y
Lis(d, p}LV
Poe
Li'(d, p)Li'
D~(d,w}, B»(e,p)

B10(d p)B11+

Poe
Li'(p, n) Bev

Po e
La 47

Li'(Li', p)8"
D'(d, e), W'(e,a)Li'*
absolute

F"(p~v) C"(p~)
absolute

Poe
absolute

AP'(n, p) Siw

Ll (p, 'N)Be

Poe
AP7(e,p) Siso

Ro 51c
Ro 51c

absolute
Poe

Poe
D~(d,w)Hes, B»(e,p) C»

Be 50d, Bi 54a
Kl 5ic
Po e
absolute

Reference

Do 56a

Su 55
Do 56a

Fr 54a
Ba 56
Li 55

%R 56
Le 55

Cr 56a

Du 56

Jo 54
Jo 54
Kh 55
Le 55
Kh 55

Ro 56

Re 54
Gr 55

No 57

Ja 55
Ba 56
Co 55
Ch 56
Kl 54
Bo 56
El 54

Aj 57

Pi 56
Do 56a
Fa 55
Pi 56
Pa 56

Aj 56

Average
Q value (Mev)

4.038~0,005
3.267~0.007

—3.3~0.1

0.986+0.007+

—1.6449~0.ooog

—0.192+0.001

0.0941ao.OOO,

-1.665+0.001,
6.816+0.006

—1.852a0.002

4.587~0.005
4.35~0.02

—4.37&0.05
8.81&0.10

17.829~0.010

9,229+0.005
preliminary

1.341+0.002

4.064&0.012

-2.762+0.003

8,024+0.004

13.8a0.1

0.788+0.01/
0.27~0.06+

2.721+0.002+



NUCLEAR D ISI NTEGRAT ION ENERGIES

TABLE I.—Cont&sued.

Reaction

C~(Hes, e)0"

C13(p d)C19

p

C"(d n)N"

C14(p g)¹4
C14(d e)B12

C14(d p) C15

C"(e,e)0»
N14(e p) C14

N" (d N)0"
N" (e p)0»
N'4(e, ) F»

N15(p g)015

N 6(d,p)X 6

Q16(d p)033
Q16(d ~)P17

0»(d e}N'6

Qll(d p)Q19

01s(P e)N16

Q18(p @)Fls

0»(d e)N16

018(d p)019

P19(33 ~}PSI

F»(p e)016

F»(p N)Ne»

P19(d p) F20

P39(d $)P19

F»(~ p}P21

P"(e,p)Ne
F"(43,33)Na99

Ne(~,e)0»
Ne~(d e)F18

Ne99(d, p)Ne93

Na~(m, y,y)Na~

Na~(p, e)¹
Na93(p, 36) Mg93

NR28(, ~}AP6

Mg" (p,y) AP'

Mg24(d&e}Na22

Mg~(d, p) Mg»

Measured
0 value (Mev)

—1.147a0.0024~—1.1585~0.003

5.942+0.011
5.953~0.010
5.40&0.10
5.41~0.06
5.325a0.04

—0.6264%0.0006

0.362+0.0015
—1.007&0.001
—1.820~0.002

0.609m 0.005
5.21&0.07

—1.16
—4.76~0.07

—3.539+0.008—3.5432&0.0015

1.915+0.010
—1.622~0.004—1.626~0.004

9,807m 0.012
5.821+0.010
3.967+0.009

—2.447&0.010
4.237a0.009
1.730+0.008
1.732+0.008
1.735+0.008
6.599m 0.011
8.110~0.010

—4.029+0.008—4.027~0.008—4.022~0.005
4.38~0.03

—4.17~0.02

6.200+0.025
6.03a0.1~

1.673&0.011
—2.0&0.2
-0.70+0.02

2.810+0.009
2.968+0.008

6.96&0.03
2.370'0.008

—4.849+0.010—4.841~0.010
—2.9~0.2

& —2.970m 0.004

2.26~0.03*
2.29a0.02
2 29~0 02

1.953~0.012

5.02+0.02'

Method

threshold
threshold

mag spec

mag spec
mag spec

ph pl
ph pl
ph pl
threshold

el spec

el spec
threshold

pulse ht

ph pl

ph pl
threshold,
pulse ht

threshold
threshold

mag spec

Inag spec
threshold
threshold

mag spec

mag spec

mag spec
threshold

mag spec

Diag spec
mag spec
IHRg spec

pr spec

InRg spec
threshold
threshold
threshold

range

range

IIlRg sPec
ph pl
Inag spec

pulse ht

pulse ht
Inag spec

mag spec

compt spec

Inag spec

threshold
threshold

pulse ht
threshold

scint spec
scint spec
scint spec

mag spec

Calibration
energy standard

Liz(p, +)Bez, Liz(e,~)B11

Poe
Poe
ThC e
Ri 51

Liz('P s)Bez
Liz(p, g)Be'
Liz(P,~)Bez

Liz(P,e)Be'

Be 49

(p,n) threshs, (p,y) resonances
Liz(P,e)Bez, E,=1.8811

Poe
Liz(p, N) Be'
(p,n) thresholds

F39(d,43)0", N'4(d, 43)C"

ThC e
p'9(p ey)0'6 ¹6(pe)C'2

Li'(p, 33)Be'
C19(d p)C13 N14(d p}N169
B10(d p) Bllli3 p19{pe+)Q16

absolute

Poe
F"(p ~v) o"
(p,e)threshs, (p,y) resonances
Liz(p, n) Be'
El 51c
El 51C

0"(5 a)N"

Poe
D9(d,33)He3, B'o(43,p) C»

p19(p e~)Q16 Q16(d p)Q17

C"(d p) C"

Poe
p19(p 43~)Q16

(p,e)threshs, (p,y) resonances

Be 49
Liz(P,e)Se'
F36 (P,43y) 0", (P,y) reactions
Pr144 CS187~

Zn66&, Co~&, ThCPP&

Po e

Reference

Bu 56a
Br 56a

Sp 56a

Sp 54
Ah 54d

Be 52
Gr 55
Bi 55
Sa 56
Do 56a
Do 56a
Sa 56
Is 50
No 56

Hj 53, Hj 53a
Do 56

Ki 55
Li 57
Wh 55

Sp 54
Bo 51, Ma 55a*
Ma 55a
Pa 54a
Ah 54c, Ah 54d

Mi 54, Ah 54d~

Ma 56a
Pa 55a
Ah 54b, Ml 54b
Th 54
Ho 55

Ca 56

Sq 56
%'i 52, Ki 55~
Ki 55
Ma 55b
El 56
El 57

Ja 56
Si 55a
Fa 55

Qu 56
Fl 53
Mi 54a, Mi 56*

Ah 54a

Gr 55b

Su 56C

Ki 52a, Ki 55~
Ki 55

Do 56
Bu 56b

Gr 55a
Cr 56
Ag 56
Sr 55, Br 55a*

Kh 53

Average
0 value (Mev)

—1.152~0.005

—2.721+0.002+

5.943+0.003

5.35~0.03

—0.6264+0.0006+

0,6264a0.000&+

5.14+0.03
—1.16~0.04
—4.76+0.07

—3.5432~0.0015
preliminary

1.918+0.004
—1.623a0.003

3.967&0.009
—2.452~0.004

1.732+0.005

6.599+0.011
8.114+0.007

—4.025+0.004

4.373+0.007

6.200&0.025
preliminary

1.673~0.011
—2.0+0.2
-0.71+0.02

2.810+0.009
2.966a0.005

2.377&0.003
—4.845+0.007

preliminary

2.28+0,016

preliminary

5.097w0.007
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YAaxE I.—Cowtiemed.

Reaction

Mg" (y,p)Nass

Mg»(& +)Mg~

Mg's(i&y) Mg"
Mg»(p, ~)xa~
Mg2'(p, n}Al»

Mg-(p, 'v)A1-

Mg»(a, p) AP'

Mg26(&,p)XR»

Mg '(y e)Mg"
Mg" (p ss)A1"

Mg" (n,p) Al"

AP'(p, e}AP'
AP'(p, n) Mgss

AI2'(p, e)Si27

AP'(d, p}Al2'

AI27(~ p) Si3&

AP7(~ I)P~
Si'8(m, y) SP
Si"(d,o,)AP'

Si~(& p}AP'
Si"(y,ss) Si"
Si~(e,&}SP
Spa(p )PI)

Siss (y,p) Al~

Siss (y,ss) Si~

P»(y, e)P~
P»(p, a.}Si28

P31(p +)S»
P»(d', ~)S»

pss(~ p) Sss

P»(~ ~)CP4

Se(+ +}Sa3

S"(p v) Cl"
S3'(d,n) PI)

S
Sss(ss P) Ciss

Ss'(p, w) Cl~
S34(d',~)P»
CI3'(&,m) CP4

Cp~(w, y)CPS

CPS(p ~)SSR

CP~(d,n)S33

Cp~(d, p}CPG

CI37(p,a.)S34

Measured
Q value (Mev)

12%1
—7.2
11.086'0.025

—3.15
—5.084&0.024

6.35+0.08
—1.29~0.04

—14.3
—11.1
—4.83w0. 1'
—4.778~0.015.
—2.90&0.04

—13.4+0.2
1.61~0.04
1.596~0.006

—5.581~0.010—5.584+0.010—5.607+O.008
5.475
5.502~0.010
2.38~0.03

& —2.662+0.004

8.482~0.015
1.416~0.008

1213
—8.5

5.55w0.06
—12.9
—10.6
—12.33~0.05

1.911+0.005
1.909a0.010

—6.06a0.2
6.63&0.08
0,7+0.1

—5.7+0.2
8.63w0.04
2.285~0.012
4.831a0.013
6,408a0.020

—2.3

5.04'0.02
—12.35+0.035

8.55w0.04
1.865a0.015
1.863~0.008
1.860~0.005

8.277~0.010
6.354~0.008
3.015w0.015
3.026+0.008
3.028m 0.006

threshold

threshold

pr spec

Diag spec
threshold

scint spec

pulse ht
threshold

threshold

threshold
threshold

pulse ht
threshold

ph pl
mag spec
threshold
threshold
threshold

spec
IQRg spec

sclnt spec
pulse ht
ph pl
threshold

mag SpeC

threshold

threshold

sclnt spec

threshold

threshold

threshold

mag spec
mag spec

ph pl

ph pl
scint spec

threshold

compt spec

scint spec

mag spec

mag spec
scint spec

ph pl
IIlRg sPec
threshoId

compt spec

mag spec
mag spec
mag spec

mag spec

Inag SPeC

mag spec
mag spec
mag spec

Calibration
energy standard

absolute

Po A

(p,n) threshs, {p,y) resonances

F»(p,ap), mes(a, mv) C»(p p)
AP7(p)n) Mg2'

(p,n}threshs, (p,y) resonances

AP'(p, n) Mg"
Cu63(y, e)Cu"

Li'(p, ss)Be' Po n

F19(p ~~)O16

(p,e)threshs, (p,y) resonances
Li7(p,w)Be7, 'Z, ='1.88»

Po o.

Li'(p, m) Be'

Poe

Bee(,~&)C», F19(p, ~}016

(y,e)thresholds

Li'(p, e},AI2'(p, o.},Po 0,
Pon
Gi 54
El 51d
AP'(ss, p)Si"
0'(d, e}He', B"(n,p) C"

A12'(e,p}Si~

C", N'4, 0"(y,e)threshs

Po 0.
Li7(p,~)Be', Po
Po tx

Poa

Pon
Li'(p, e)Be', Po a

Ka 54
Ka 54
Ca 56
Br 55a
Ki 55

Kl 54
Gr 57

Ka 54
Ka 54
Sc 54 En 54, Ka
Ki 55 55

Gr 57

Ha 54

Gr 54
Va 57
Ki 53d, Ki 55*
Ki 55
Ma 55b

Kh$4
Bu 56
Ha 56

Bu 56b

Ad 56a
Br 54c
Ka 54

Ka 54
Ad 56a
Kn 54a
Ka 54

Ka 54
Ba 55a

Va 56
Kn 57

Ru 56
Kl 52, El 55*

St 56

Qu 56
Gr 55b

Va 56a

Le 56
Le 56
Pi 55

Aj 55
Le 56
De 55
Gr 55b

Al 55
En 56
Va 56, Va 57*

Pa 55
Pa 55
Al 55
Kn 56
Va 56, Va 57*

Average
Q value (Mev)

pl ehmlnary

—4.778+0.015

13.1+0.3
1.595+0.002+

—5.593+0.009

5.498&0.007

2.38~0.03

preliminary

8.471%0.007

10.600+0.010

—12.32~0.05
1.910m 0.004

6.63~0.08
0.7~0.1

—5.7~0.2
8.64+0.02

6.419+0.010
—1.861+0.004+

preliminary

8.56+0.02

1.861&0.004+

8.277%0.010
6.354m 0.008
3.026~0.005
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TAar.E I.—Coefinled.

Reaction
Measured

Q value (Mev) Method
Calibration

energy standard Reference
Average

Q value (Mev)

CP'(d, n)Ss5

CP'(d, p) CP'
A36(n, p) K»

A~(y, N)A"

A~{&, )S»
A9{a,p) K43

K39(~ ~)K38

K 9(~ ~ ~)K
K»(~,a) CP6

K» (p n) +36

K»(n, p) Ca4'

K41(p n) A38

K4'(n, p) Ca44

Ca9(n, y,y) Ca4'

Ca~(d, )K."
Ca4o(d, p) Cs4'

Ca~(d, ) Sc"
Ca~(p,n}K»
Ca~(d, p)Ca"
Ca43(p, )K~
Ca~ {d,p) Ca44

Ca44(p, n) K4'

Ca (d,p)Ca"
Ca" (d,p) Ca"
Sc &(p,~)Ti«
T1"(n,y)y) T1"

Tx". (d,p y)Ti"
Ti4 {e,y,y) Ti49

Ti49{e,y,y) Ti+
V&1(p n) Ti48

V (p,~}cr

Cr (~,&,&)Cr"

Cr" (d p)Cr"
Cr»(d, P) Cr"
Cr~(p, n) Mn6

Mn" (p,a)Fe"
Fe+(y,e)Fe~

Fe~ (~,&)Fe&

Fe~(d,p) Fe'~

Fe56(~,&)Fe~~

Feb6(d p)Fesv

Fe"(d,p) Fe~8

Poa
Pon
N"(,p)o»
C" Mn~t', Bi9|)9{y,e) threShS

Poa
N"{e,p)O"
C" N", 0"(y,n)threshs

7.783~0.012
3.877~0.008

—1.28~0.03
—9.85+0.15
—2.5+0.1
—3.36~0.03

—13.00
7.795~0.010
1.25&0.20

1.267&0.020
1.286+0.008

—0.19&0.07
4.002~0.015
0.98+0.10
8.37+0.03
8.350m 0.017
4.650~0.010
6.140~0.009

—0.60&0.05
0.118+0.007
5.711&0.010

—0.014~0.008
9.07+0.07
8.913~0.014

—1.057+0.010
5.188~0.010
2.916~0.006

—2.844+0.004
(11.609~0.02)
$10.619 y transi
(11.51+0.05)

9.13+0.05
8.141~0.008

L6.756&0.006 y
8.14&0.02
8.153~0.010

10.97&0.07
1.161+0.010

—1.535+0.001—1.536
9.25+0.01

L8.499+0.007 q
5.74

7.55
—2.162~0.005
—'1.015~0.003

{—13.7+0.2)
(—13.65+0.05)

mag spec

mag spec

ph pl
threshold

pulse ht

ph pl
threshold

compt spec
scint spec

mag spec
mag spec

range

mag spec

range

pr spec
compt spec

mag spec

mag spec

range

mag spec

mag spec

mag spec

range
mag spec

mag spec

mag spec

mag spec

threshold

P... K39(~,p)A»

Po a

mag spec

absolute

Pon
Poa

Poa
Pon
Poe

Pon
Po a
Poe
Pon
Li7(P, )BNer, Er= 1.8811

tion (Ba 56a) to 0.990+0.015 state (He 55)j

Poe
Li'(p, e)Be'
Li'(p, e)Be', Ep ——1.8811

mag spec
threshold
threshold

transition (Ki 53) to 0.750+0.011 state (He 55)j
range Al

range Al

threshold

threshold

threshold
threshold

Li'(p, g)Be'

19 O16 Cu63 Ag109 (~ ~}
threshold s

C~, N' 0 {&7%)thresholdsthreshold—11.90~0.07
9.295&0.015
7.073
7.636&0.010
5.418
5.53
7.808
7.89

compt spec
mag spec
compt spec

mag spec
range

mag spec
range

Poa

Poe

Pon

transition (Ki 53) to 1.385&0.005 state (Mo 54)j

Pa 55

Pa 55
Sc 56a
Ha 54a

Be SS

Sc 56a
De 55

Ad 56, Bu 53
Sc 56
Al SS
Sp 55, Sp 56a*

Sc 55
Al 55

Sc 55
Ki 52, Br 56b
Ad 56
Br 56
Br 54, Br 56b*

Pl 55
Br 56
Br 54b, Br 56*

Br 56
Sc 55
Br 56
Br 56
Br 54b, Br 56*

Br 56
Br 55b
Ba 56a

Ki 53, Wa 55
Pi 52a, Wa 55
Ba 56a

Ki 53, Wa 55
Ad 56a
Ki 53, Wa 55
Bu 55
Gi 55
Ma 56
Ki 53, Wa 55

El 56a
El 56a
Lo 52

Jo 56
Ka 51
Ba 55

De 55
Ad 56a

Sp 56
Ad 56a

Sp 56
Mc 55

Sp 56
Mc 55

3.877+0.008
—1.283+0.008+

preliminary

7.791+0.006

1.283+0.008+

—0.118~0.007+

1.057~0.010+

8.355~0.014

6.140+0.009
preliminary

0.118~0.007+

8.913&0.014

—1.057~0.010+

2.916+0.006

9.13&0.05
8.145~0.006

—1.535&0.001

preliminary

preliminary

—1.014&0.003

9.297+0.006

7.638m 0.004

preliminary

preliminary
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TABLE L—CoeAeled.

Reaction
Measured

Q value (Mev} Method
Calibration

energy standard Reference
Average

Q value (Mev}

Fo"(d,p) Fe"
Cose(P,e)Ni"

Co"(d,p) Coe
Niss(y)e) Ni'7

Niss(e, y)Nis9¹"(p,y) Cu"
¹i+(d,p)¹i"
Nie(e, y)Ni"

Nie(P, y) Cu"¹e(P,e)Cue

¹60 (d,p)¹"
Niu(P, ~)cu"
Ni~(p, y) Cu"
¹ie4 (p,7)Cu"
Cue(y, e)Cue

Cu's(&, 2e)Cu"
Cu" (p,y)Zn'4

Cue(p)e)Zne

Cu" (y,e)Cu"
Cuss (e,y) Cu"

Cu" (p,y)Zn"
Cu'~(p, e)Zn"

Zn84(y, 2e)Zn"
Zn" (y,e)Zne

Zne~(e, y y)Zn67

Znsv (e,y,y) Znss

Zn" (p,e)Ga"
Znss(e, y) Zne

Zn's{p, e)Ga"

Ga"(e,y) Ga"
Ge"(y e)Ge"
Go76(y,e)Germ

Kr~s(d, P)Kr~e

Kro(d, P)Krs'
Rb' (y e)Rbs4

Rb"(y e)Rbss

Sr"(y,e)Sr's

Sr"(e,v,v) Sr"
Sr"(e,v,v)Sr"

ss(g p)y'0

Zre(y, e)Zrs9

4.350
—1.84—1.858~0.004—1.862a0.005'

5.283&0.008
—12.0

8.996&0.010
3.42~0.02
6.70&0.1

(7.817~0.008)
(7.825+0.020)
4.81~0.03

—6.6a0.4
(5.55~0.1)
6.03~0.06
6.13~0.03
7.42~0.03

—10.78a0.05—10.73a0.05—10.54m 0.04
—20.0&0.5

7.69&0.04
—4.147~0.008—4.149&0.004
—9.94+0.08

(7.01+0.02}

Inag spec

range ph pl
threshoM
threshold

mag spec

threshold

coInpt spec
scint spec

range ph pl

pr spec
compt spec

scint spec
threshold

range ph pl
scint spec
scint spec
scint spec
threshold
threshold
threshold

threshold

scint spec
threshold
threshold

threshold

pr spec

Li'(p, e)Be', Ep = 1.8811
Pon

absolute

O', F",0"(y,e)thresholds
N", F"(y,e)thresholds
C» NI4 0"(y,e)thresholds

Li'(p, e)Be'
Liv(p, e)Be~, Ep =1.8811
D', 0",Fe(y,e)thresholds

absolute

Sp 56
St 52
Bu 56d
Ch 57

Fo 54
Ka 51
Ad 56
Go 57a
Pr 54
Ki 53, Qu 56a
Ad 56, Qu 56a

Go 57a

Co 54a
Pr 54

Go 57a
Go 57a
Go 57a
Be 56
Ro 55
De 55
Be 54

Go 57

Ki 55
Br 55b

Be 56
Ba 55, Qu 56a

8.85&0.04
—2.137+0.005
—2.136&0.004—2.131+0.005
—2.132s~0.0015

—20.35~0.35
—11.6—11.58~0.06

(7.928&0.007)
(7.990m 0.008)
(7.03m 0.02)

(10.22a0.01)
—1.777+0.005b

(6.49&0.02)
—3.694~0.006—3.704a0.005b

7.733+0,020
—12.1~0.2
—9.3

5.98m 0.05
5.63W0.10

—9.26a0.15
—10.14a0.15
—11.5

8.417&0.018
11.14+0.05

4.41&0.05
—11.78a0.09

The Q values for this
0.588 level in Zr" {Ax

sclnt spec

threshold
threshold

threshold

threshold

threshold
threshold

threshold
threshold

Li'(p, e)Be', Ep= 1.8811
Liv(p, e)Bev, E&——1.8811
absolute

C», N', Qis(y, e)thresholds

C», N'4 O"(y,e)thresholds

NI4(v, p)N&s

NM(d, p}N"
0" F"(y,e)thresholds
0" F' (y,e)thresholds

pr spec

threshold

threshold

range ph pl
range ph pl
threshold

threshold

threshold

scirlt spec

reaction

Go 57

Li'(p, e)Be' Ki 55
Liv(p, e)Bev, Ep= 1.8811 Br 55b
Li'(p, e)Be' Ma 56
Li'(p, e)Be', Ez =1.8811 Ma 56b
C» N", 0"(y)e) thresholds De 55

Ka 51
C», N'4, 0's(y, e)thresholds De 55

Ki 53, Wa 55
Ki 53, Qu 56a

Ki 53, Qu 56a
Ka 55, Qu 56a

ld Li'(p, e)Be', Fr = 1.8811 Ch 57

Ki 53, Qu 56a

Br 55b
Ch 57

Ba 56a
De 55

De 55
Bl 56
Bl 56
To 56
To 56
Ye 55
%'a 55
Wa 55
%'a 54

Cu~(y, e)Cu" Ep=10.73 Ax 56
in reference (1) are noir attributed to excitation of the

—1.858~0.002
preliminary

5.283+0.008

6.74+0.07
tgt isotope uncertain
tgt isotope uncertain

preliminary
—6.6&0.4

preliminary

prcllmlnarg
—4.149&0.004

—9.95+0.08

(7.01+0.02)
tgt isotope uncertain

2.1327+0,001s

—11.60+0.06

tgt isotope
uncertain

tgt isotope uncertain

tgt isotope uncertain
—1.781~0.003

tgt isotope uncertain
—3.700+0.005

8.417&0.018+
11.14w0,05+

—11.78+0.09
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TABLz I.—Continued.

,Reaction

Nb9 (p,n) Mo9

Mo99(y, n) Mo91

Mo~(n, 2n) Mo91

Rh'0'(p, n) Pd'"
Ag"'(y, N) Ag"'

Ag109 (py n) Aglos

Cd111(p n) In ill

Cd1»(n, &)Cd»4

Ba»s(d, P)Ba»9

Ba»s(n, &)Ba»9

Pr141(d P)Pr142

Sm'44 (p,m) Sm'4'

Sm149(n, &,&)Sm1«

Gd1&&(n y) Gd1&6

Gdisr(N &) Gdrss

Hf17'(y, n) Hf"6
Hf'79(y, n) Hf'"
Pt194(n y) Pt19S

Hgl99 (n ~)Hg200

Bi209(P,2n) Po+s

Measured
Q value (Mev) Method

Calibration
energy standard

—1.27&0.04
Value quoted in

(—13.5a0.4)
(—13.28a0.15)—13.1+0.1
—12.34

(—1.s3)
—9.45+0.05—9.57&0.06

D F' 0's (y e) thresholds
C 9', 01', Cu63, 'Ag1o9(, ,n)-

thresholds
D' F" 0"(y,n)thresholds—9.17~0.06—8.78w0.04

—2.37~0.20

9.04&0.03
2.493+0.010

(4.70+0.03)
3.42~0.30

—9.60+0.05—9.6
8.00&0.03

(7.78~0.05)

(7.36+o.os)
—6.70+0.09
—6.52&0.12

(6.07&0.04)
8.03&0.03

—9.65&0.08

threshold
threshold

threshold

compt spec

absolutepr spec
scint spec

threshold
threshold

C" N'4 0"(y,n)thresholds

absolute

absolute

0", F19(y,n) thresholds

0
p
F (&sn) threshold s

absolute

pr spec

pr spec
threshold

threshold

pr spec

threshold range Al Sm 47

ph pl
reference 1 is not ground-state transition.

threshold
threshold
threshold

threshold

ph pl
threshold
threshold

Reference

Pa 54

Ba 45
Ha 49a
Ka 53, Ka 53a
Br 53
Pa 54
Be 56

Ba 55

Be 56
De 55

Mc 51c
Ad 55

Pa 55
Ki 53c, Pa 55

Wa 54

De 55
Si 56
Ad 55

Ki 53c
Kr 53c
To 56
To 56
Ki 53c
Ad 55
An 56

Average
Q value (Mev)

—1.27+0.04

—13.1~0.1

—9.50+0.06

—8.90~0.18

9.046+0.008
2.493&0.010

tgt isotope uncertain

8.00~0.03

tgt isotope uncertain

tgt isotope uncertain

tgt isotope uncertain

8.03+0.03

& This Q value has been calculated specifically for this compilation from the experimental data, using
b This Q value has been corrected for the L17(P,e)Be7 threshold energy of 1.8811 Mev.
e This Q value has been omitted from the weighted average,
+ This average contains a later correction to the value originally reported.
+ This average value was calculated by including the measured Q value for the inverse reaction.

List of abbreviations used for experimental methods.

accurate masses.

ang corr
compt spec
el spec
Ez
mag spec

angular correlation
Compton electron spectrometer
electrostatic spectrometer
threshold energy
magnetic spectrometer

ph pl
pr spec
pulse ht
range Al
scint spec

range in photographic plates
pair spectrometer
pulse height
range in aluminum
scintillation spectrometer

given. When a correction to the original value has been
reported by another author, a second reference with an
asterisk has been added. For some measurements, such
as a (e,y,p)' reaction, two references are given. The erst
reference contains the measurements of the neutron
capture gamma rays, while the second contains the
assignment of the gamma rays to transitions for specihc
isotopes, and, also, other determinations of level ener-
gies if necessary for the calculation of the energy of the
ground-state transition (e.g., see references 6 and 10).

In Column 6 are listed the weighted average values,
calculated in the same manner as before. Measured
values listed in the original compilation are included
in the calculations of the weighted average values given
in this supplement. Following the bibliography, a
few additional corrections to the original compilation
are listed, if not already included in this supplement.
No attempt has been made to list revised references
for those given previously if no alteration in the
Q values reported were made in the later reference.

Ad 55

Ad 56

Ad 56a

Ag 56

Ag 54a
Ah 54b

Ah 54c
Ah 54d
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