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Table 1. Compilation of experimental cross-section data for "Au(p, x)'**'%Au reactions.

Ve K ARy £ BRI MR 225 FUL RERYE /MeV
Ditroi, et al. (2016)8 CYCLO HPGe 196 A, 19m2 Ay 191 A 27A‘1(Tri(;)j)1§a 4.9—63.5
Naik, et al. (2023)%) LINAC HPGe 1968 Aqq, 196m2 Ay 19 A ntCu(p, x)%Zn 49.8—65.47
Cervendk and Lebeda (2019)10  ISOCY HPGe 1965 Ay 196m2 Ay 194 A ;Eggx?fl 12.66—35.29
S Yk
Nagame and Nakahara (1990)')  CYCLO Ge(Li) 1968 Ay, 196m2 Ay — 13.94—49.11
Szelecsenyi (1997)112 CYCLO Ge(Li) 196 Ay — 13.5—18.3
Szelecsenyi, et al. (2007)1 CYCLO HPGe 1965 Ay 191 Ay — 25.37—65.38
Kavanagh and Bell (1961)" SYNCY Nal(T1) 1962 Ay 194 Ay 2C(p, pn)!'C 18—86
Gusakow, et al. (1961)19 SYNCY Nal(T1) 1965 Ay Zi?é(é’) ’I?)tﬁl 40.2—155
Michel, et al. (1997)016] SYNCY  Ge(Li), HPGe 1968 Ay, YA FAl(p, x)*2Na 22.3—2600

1) CYCLOR RIBENERS, LINACH BN, ISOCY AR RIFEM A, SYNCY M nsds, HPGe k& 4l s 445,
Ge(Li) MR ERILY, Nal(T1) NBULEENIES; 2) 0560 MeV LA T REX £ #1101 S 1EM
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Fig. 1. Summary of ¥"Au(p, x)'%Au reaction cross sections,
including experimental data, ENDF values and reference
data derived from differential thick-target yields: (a)—(c) Cor-
respond to the Y"Au(p, x)¥Au, YEtm) Ay and 90"2Aq re-

action channels, respectively.
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Fig. 2. Simplified decay scheme of SAu.
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#2 VEAu AT S B TEIN TIL AL

Table 2.  Branching ratio correction factors for ¢Au decay.

Ve K ARy Fl /R FHIES LR BE R /keV RN /% BIER-F
333 22.9
Szelecsenyi, et al. (2007)13) 6.18 356 87 1.067#
426 7
Szelecsenyi (1997) 12 6.183 355.58 87 &
333.09 22.9
Michel, et al. (1997)19 6.2 355.7 87 1.0914#
426.1 7.2
Nagame and Nakahara (1990) ! 6.18 355.7 88 1.012
331 — —
Kavanagh and Bell (1961) [l 6.1 5 N N
426 — —
327 — —
Cervendk and Lebeda (2019)10) 6.1669 355.73 87 &
Gusakow, et al. (1961) [17) 5.6 — — —
333.03 22.9
Ditroi, et al. (2016) [ 6.1669 355.73 87 &
426.1 6.6
Naik, et al. (2023) ¥l 6.1669 355.73 87 &
TE: #Z22Ma P URSRREY ST R AT SR PR IR 225 & M RTIPIME, TERHELE; — RS W, TILEIE
B3 Ay R AR T
Table 3.  Branching ratio correction factors for m2Au decay.
VEH Be sy /b FHESTLRE /keV RN/ % EIER T
Nagame and Nakahara (1990) ['! 9.7 147.8 44.6 1.025
Cervensk and Lebeda (2019)1"! 9.6 147.81 43.5 &
137.69 1.3
147.81 43.5
Ditroi, et al. (2016) 9.6 1087 - &
188.27 30.0
285.49 4.4
316.19 3.0
Naik, et al. (2023) 9.6 147.81 4355 &

T &HRIPFNME, TRABIE.
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Fig. 3. Correction factors for the !2C(p, pn)!'C monitor
cross sections applied to Kavanagh and Bell (1961).

X)l%Au, 197Au(p, X)196(g+m1)Au %ﬂ 197Au(p7 X)196m2
Au S RZAE IE-5 0 e A0 S0 .

3.2 YAu(p, x)"Au K5z

ATAHEN EXFOR EHE U T 6 41 7Au(p,
x)"MAu (KBEEN (p, nt)+(p, d2n)+(p, p3n)) K
SEEG I AR (32 1, K 6). 75 R B 15 1E 5 i,
X S5 v T AR 4 3 sk 2 1S NuDat
3.0 MATTFMEFAE IR Z SO, CILRT£ 5, JF
K U5 2= v B 5118 1E A 7 XJCervendk I Lebeda
(2019) 10 ) 194 A BF T FH R 3248 43 32 LUitEA T T 18
1E. Szelecsenyi %5 (2007)11%), Michel 55 (1997)116) J&
Kavanagh £ Bell (1961)1"4 SR 14 Au 32 5
MHTPEME R 228N, R TAERIEBIE. %8
(g Ak B E 5 3.1 5 — 3 : Cervendk Al Lebeda
(2019)19 AMEHIIMEIE, Kavanagh F1 Bell(1961)1
L Y RTIEM 58 B TF. Ditroi 28 (2016) A%t
WS 3.1 WAHREM 2 eI B R HA
L, AR TAEARTRA. & B SBIER, &
SCH AR AR IR VO B T — 3K, B IE SibE

J S B A T S A 7 T

LA VL EArHT, A TTAEIRIREE T 9 4H ¥TAu(p,
x) M6Au FI 6 41 TAu(p, x)" A S50 R
Hirr ) Ditroi 4 (2016)1®) Ay GB35 I & 4™ & H.
FZMEE R A AT, Gusakow %5 (1961)17)
JIT 2 2 05 Y PP A R R 22 50 K (29 9%) B
PABIE, LB YT DAHERR . 760 B 5
A1 AT SZRIAEIE; £FXF 199Au, 190240 ]
WAAU A3 3L, 43%F 34 14 1 S8
BARIEATARN L BB IE. BIES, 45 SCn 5 7E
HHARX Y —FEV P EGE, 60 MeV LTk
PRI PR T ] 55 () B SRl

4 R BTN

A TAELS 31 Tk iy 8l i it 5 18 E )5,
P A S B S B R s fE Rk s T — 2, HAE
60 MeV LI AERX B mi BN £ 5 . AR
E @R O &) SPCC 2% (spline fitting for
multi-sets of correlative data) X A& pRELH 1740
G R EET B AR SR E, " RIGIRE
FEAIVECS T M SAL, JHIRIERTZAE T bSOt
. S BERRGTE R R P 2R N B R )R
waE v, BEREVERR AR BLEUL PRECT AR AR Ly ) 3
F120, SCREAT A5 B HOR I A0 4 SR UL 5 B 4 )
TR, 35T 2R AEE— R B M A S e 4
BARUE. FT I, 3615 T 60 MeV LI T REX 97Au
(p, %) Au FI7Au(p, x)*Au R HRECK pREGEHY
WA, TR TR RAES T Au(p, x) 190 m2Ay
W RN ATHAE A S % . A TR R S 2B 1E
G e B SRS LSRN A 5(a)—(c) M7
Fi7s.

FEXF IR A N IE, A 3 TPEA FidE -

F 4 Ditroi %5 (2016)!8) SE5R M AR BLF-AESE | S0ZHG A EHESH
Table 4. The parameters used in the experiment by Ditroi et al. (2016)F, such as the incident proton energy, stacked-foil

targets, and material.

B HlaRE R/ MeV HES HOL Y B R RE /um S ZEL
1 Cyclonell0, LLN 65 Al(151.1)-Hf(10.54)-A1(56.5)-A1(26.9)-GaNi(17.78(15.9)-Au(25) 18
SLH2a Cyclonell0, LLN 65 W (21.3)-A1(250)-GaNi(13.35)-Cu(13.35) 8L A1(250) 12
S%2b  Cyclonell0, LLN 47 Au(23.1)-A1(125)-W(21.3)-A1(250)-GaNi(13.2)-Cu(12.5) 5k A1(125) 17

& WIRHER (MeV) B L4 SR JE (um) e R
FHi3a  CGR560, VUB 33.7 Al(11)-In(116)-A1(50)-Ti(10.9) 7
43 CGR560, VUB 25.2 Au(23.1)-A1(11)-In(116)-A1(50)-Ti(10.9) 11
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=
~
% 40t
& I3, SRIM cal
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4 Ditroi et al. (2016) =215 2 i FRERERN & 1Y
SRIM T 57458

Fig. 4. SRIM-calculated proton energy degradation curves
in the three stacked-foil targets reported by Ditroi et al.
(2016)8L.
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q&%T 7 %?( [8,11 14,16722] %ﬂ 5 %QQ%L\@% [8,10,13,14,16]7
e [X ) 78 35 85T 150 MeV. iZ M R A Padéefy
PR BB AL, DLy 3 B 2 000 X 2 bl X S5 56 2504l
AT AR NI A TR AR T N B
AT W] AR HE R 4 )R e i e, (B0 58 2
FRCRE A oA UK, X S 6 SR O 4 5 4 T R B K
. JENDL-5.007, TENDL-202508, TAEA {14
B (& H AR TAEA fit) = % 5 56 90308
s e BT Al VR R 7 1 s A %) 2 Iy ARG T 2 () g e
b, R T 1(a) (8% 97Au(p, x)0Au L) Fil
6 (5FXF 197 Au(p, x)19*Au R ); 545316 IE b
T J 118 S 56 A e S S AR TAE PR HEFEE A X L,
UL 5(a) (T Au(p, x)'CAu KAL) FEL 7(1TAu(p,
x)9Au 7 i), Hid TENDL-2025 i 424t 7 [ 5t
SEREA 9T Au(p, x)Wemlm2 Ay [ J N T, SR E T
55 5256 B 06 L, AR SORE 9TAu(p, x) W% Au
BN Au(p, x)196Em) Au( LK 1(b) FIE 5(b)),
197 Au(p, x)9m2Au FEEEXT A 1(c) AIA 5(c).
552808 A L, TSR EAE 97 Au(p, x)
196 Au 2 vy AT fE X 3] R G MK ; TENDL-2025
FE T Au(p, x) 192 Au S Y = RE X A 2 B A I fh
FaH IAEA MIULEEUE 7 A SC o B IEAS
SEAAIRE, HAE T Ge it 75 i 3 4 K ) 52 56
BRI R RGIR, R IR IE S 5 51
B, ELEEA A Pade A 532 R A B 22 T3,

(a) 240 197 196
220 Au(p,x)1%6Au
[ e Szelecsenyi F (2007) 0T
200 | a Szelecsenyi F (1997) L7

[ v Kavanagh T M (1961)
o 180T | Naik H (2023) pi g T
E 160 | e Cervenak J (2019) s
g 140l * Nagame Y (1990) g 1
2 e Michel R (1997) )
S 120 --JENDL5 3.7
3 - -TENDL2025 il
z 1001 1ARA ty
2 it )
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55 ’
50 |+
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Bl 5 YTAu(p, x)9Au S L T2 0E 1E 5 0 IS Y S g R
TR PP R AR B LAETPM HEREEIC B (a)—(c) 43
R A (p,x) 196 A, 19TA W () 900 Aw AT Au(p,x) 199" Au
S i

Fig. 5. Summary of Y"Au(p, x)'SAu reaction cross sections,
including evaluated experimental data, ENDF values, and
recommended data obtained by fitting: (a)-(c) Correspond
to the TAu(p, x)9Au, 96EmDAy and 9"2Au reaction

channels, respectively.

FEOLHEHE R G B BB e, 5ATAE
LIRS IRT 30 MeV REIX Y 17 Au(p, x)1Au 52
R, LLRKT 45 MeV 97 Au(p, x)9*Au SZ50
Bt A LA

HIUE AT L, AT 3 TP (B R AR 256 2R A
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1801 4 Ditroi F (2016)
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e Michel R (1997)
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g

"é 140 F v Kavanagh T M (1961)
£ » Naik H (2023)
g 120 e Cervenak J (2019)
b= --JENDL5
g 100 - - TENDL2025
@ TAEA fit d
2 80T o Birattari C (1980) 2
6 60 F (DTY-derived) !
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20 ’—gjj *
M
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Fig. 6. Summary of *"Au(p, x)'**Au reaction cross sections,

including experimental data, ENDF values and reference

data derived from differential thick-target yields.

JEE X SRR T I T S B IE, SR xT
M AR RERABR, S8R 255 2 5w
ZERER, H A5 SR 0 SR AR AT A 3 ol N HRLAE
FHEZ N, A TAES N LR & % 8 T 250
SEEGY PR 2, ISR FH R AT A | G B R 2
JEE P SPCC AT TG, SBIERER
Bl AT SRR R W A TR TR 45 L. ELARSREL
s AMUAEARRERX. (<30 MeV) ARk TITHESL
Wi R GEEIR A AL, AR T 78 97 Au(p, x)'%Au
JCRE Y 30—60 MeV GEIX DA K Y7Au(p, x)'9*Au =
I 45—60 MeV fitg DX AR 1 {EL %) ] .

5 BEFHITHE

Rk — DR UE RPN A A AT S, ATy
T TR PO S S T B AT e, MR
Sy BRI R EE A TR 40 TR A A
B UR RBCTAN A (B A AT S 1) B 22 4 3 o
TR JRERE =85 Y(Ey) (B MBq/C) a2 Sk
B[] 8 T JC 55 B, BRSSO T 78 1 v A S R
B B WO BN A Ey, iR R A
RIGIE, HAU gk 202324
Ap-Na [P0 (B) o 1 1
M Jg, S(E) 1.602x107' 105’
(6)
A, o(B) MV (cm?); M AEF& (g/mol);
p HALERE (g/cm?); S(E) )51 7E 480 i B 1k
A5 (stopping power), M4 MeV /em. A8 TAE
FRRH AR STEREL F SRIM-201012%) () 31-53(H.
A TAEHEEA IR R, THE T 196D Ay,
196m2 Ay Fl14 A 1JREHE 60, I 3 4S5 I AL
i 2628 AT e, 25 R ANEL 8 R (bR iE R
fit cal). XJF196(+tmh) Au, AR TAEHEZEHYS Dmitriev
T Molin (1983126 fy B st JEL 5 P 45 K0 H5 V) & B4
H1 T Abe 45 (1984) 27 Xif ZFp LA [ (W1 Cu(p,
x)62657n, mtNi(p, x)57Ni, "Ti(p, x)¥V, "tMo(p,
x)%0me ) JEL R 7™ 5 ) ) e 25 SR ol g 25 4 i 1

Y (Ey) =

5 AU AT B IE R TR

Table 5.  Branching ratio correction factors for *Au decay.

(=3 el /e FHESTZRRE L /keV AL/ % BIERT
_ 204 10.4
Szelecsenyi, et al. (2007)13] 38.4 *
328 61
293.5 11
) 328.40 63
Michel, et al. (1997)16) 38.0 *
1104.1 2.14
1468.9 6.68
291 — —
Kavanagh and Bell (1961)1 39
327 — —
Cervendk and Lebeda (2019)110 38.02 328.464 60.4 0.962
293.548 10.9
Ditroi et al. (2016)F! 38.02 328.464 62.8 &
1468.882 6.8
293.55 10.9
Naik, et al. (2023)0" 38.02 &
328.74 62.8

TE: *ZERIETE 22, RIBIE; &YFRTHE, THBIE; —REW], TBIE
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Fig. 7. Summary of ¥"Au(p, x)'**Au reaction cross sections,
including evaluated experimental data, ENDF values, and

recommended data obtained by fitting.
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Fig. 8. Comparison of calculated and experimental physical

yields of 196(etmD) Ay 19m2Ay and “‘Au from proton activa-

tion of Au.
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Abstract

The ¥7Au(p, x)*!%Au reactions are promising candidate reactions for proton beam monitoring. The two

channels share the same target foil, allowing cross-checked beam monitoring with a wide energy coverage. The

two product nuclei have half-lives on the order of days, which matches most proton irradiation schedules. Their

decay data are reliable, with uncertainties below 5% in both the half-lives and the main Y-ray branching ratios.
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However, inconsistencies are present among the published experimental data for these reactions, and significant
discrepancies are observed between the evaluated data library values and experimental data.

In this work, the experimental data below 60 MeV were collected and analyzed from an experimental
nuclear physics standpoint. The data include nine datasets for *"Au(p, x)'"Au and six datasets for "Au(p, x)!*
Au. The analysis followed three steps. First, the decay parameters (half-life and ¥ branching ratio F) used in
each original measurement were compared with the current evaluated values from NuDat 3.0, and a correction
factor was applied where a clear bias was found. Second, for relative measurements, the reference cross sections
used in the original work were compared with the current TAEA recommendations, and a point-by-point energy
correction was applied. Third, datasets with identifiable systematic problems were excluded: for example, one
experimental group used half-life values differing by nearly 10% from those given in NuDat 3.0 when calculating
cross sections; measurements of Y™2Au activity via Y-ray spectroscopy sometimes utilized overlapping
characteristic peaks, which led to inaccurate activity determination; and some experiments employed stacked-
foil targets with incorrect energy calculations.

The processed experimental data are in good agreement within the uncertainties. The corrected data were
fitted using the SPCC spline fitting program developed at the China Nuclear Data Center. Recommended
excitation functions were obtained for 7Au(p, x)'%Au, ¥7Au(p, x)90Erm) Au, 9T Au(p, x)¥2Au, and YTAu(p, x)'
Au below 60 MeV. Compared with JENDL-5.0 and TENDL-2025, the existing evaluations are systematically
low at low energies for SAu, whereas JENDL-5.0, TENDL-2025, and the IAEA Padé fit of Tarkédnyi et al. are
systematically high above 30 MeV for 'Au and above 45 MeV for "Au.

Integral yield curves over the studied energy range were derived and compared with experimentally
measured yields at specific energy points. Similarly, experimental thick-target yields were collected and analyzed
from an experimental nuclear physics standpoint. One experimental group reported thick-target yields for
several common reactions, including "*Cu(p, x)%Zn, "Ni(p, x)*Ni, "'Ti(p, x)*V and "*Mo(p, x)*m+eTc,
whose results deviated from IAEA recommended values by a factor of about two; thus, these data were
excluded from comparison in this work. For some experimental data reported as differential thick-target yields,
this work utilized SRIM-calculated stopping power data to derive reaction cross sections from yields. These
cross sections were notably higher than all existing experimental data above 30 MeV, indicating a systematic
overestimation that led to elevated thick-target yield values. After rejecting these significantly outlying
datasets, the obtained results were in good agreement with the experimental data.

The recommended data obtained by fitting showed noticeably better agreement with the corrected cross-
section data than existing evaluated results. The experimental data within the 30-60 MeV range fall into two
distinct groups, and the evaluated libraries also disagree with each other in this range. This study therefore
provides valuable data support for proton beam monitoring and contributes to the extension of the database.
These results should be further checked by direct measurements in the future because the available
experimental data are very scarce. Additionally, the cross-ection ratios of 7Au(p,x)""*19%Au exhibit significant
energy dependence over a wide proton energy range, indicating that these reaction cross sections can be

employed for proton energy determination, which may guide subsequent research.
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