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SCEFRE 60 MeV LA RREIX, MSZIGFEFfRE A, o i S I 8 T (1) 52 56 $c s
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JO A S S A T B FE R B BRI S 3R AR 7 L IR 28 SR 2
T % 2o T 917 7 S AU LA T2 IR S P o 3 A SR A T ) P S
BTB, EECR AR, L O NS S A B AR AR )
23 ALTHD 1A i e T 0 22 AT 0 5 SR P w1, 0 T A 0 ) 8
ORI SR e 5T 125 AT 0 [ o 1 2 B E R S

[ bR 7 REN UM JABAER (1 11 NME R TS5 RN th, P9
AP FEROR, B RN AR TR R IR T B I R X VB RN, 7E 7= FE L B
RE X L5 5206 Ji] = 2 [A)HfE DAt . o, FE P3O (™ Cu(p, x)*>%Zn.
7TAl(p, x)**Na, Tin < 1 d) i X a5 T R AR X, B H A RS X A T AU,
(HRZ AR R, S IR P AR B VG B, H 74 2T (1) 5 00 2 b ) 35 32 B, A
38 R 3 26 s K2 T 3 s S (A " Cu(p, x)*°Zn 2 Al(p, x)*2Na " Ti(p, x)**Sc.
"aCu(p, x)**¥Co)  HL AT ok A AW B B (R R AF AU (RGeS, (BAUE T K
JASEES . SR, 50 U4 v 0 -0 2 2 65 ) 30 UG T e e ) o 6 o S 30 S 2

(Tip NRZEFBER F1, "Tip, x)*™V. ™Ni(p, x)*’Ni. ™Mo(p, x)°™"¢Tc K
B X A4 A4 T 20MeV BUF. 30~40MeV K 35MeV LR, X LUFAE 2
W= NE R o BRI, FHRHEFOE T  0E 3E F R XORSE K s S AT £
SH RN, HA BB SRR K.

Ry R IAEA H TP RS BN EdE %, F. Tarkanyi %07 H
Padé¢ HHMBINE T THA C. Al. Ti. Fe. Ni. Cu. Nb. Mo K Au #1%%
18 MSE N BINESE (LUTFON TAEA &8s « Hrd, ™ Au(p, x)
A0 AY A R IE SRR A TN R . SRR RITCR (TAu RARE
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£ 100%) , A tEmiAa e, R R, 5 TH & mal S 51, WA
B PIRR LRI DL B, Y 4 5, ANERC 2 BUR TS50 (15
REN s LR AR R R A T 5, 2 R FHRRAE y S 203 SCLE RN Afl 7 2 340708
T 5%; HHE y FEREEAE T T 300 keV i, &b AlEE IR M 75 R0 Z B 1 42
VIR X, (ETRSEIN G . dhoh, HOEF BRI, AR g e R I
Mt RAfs WOR BRACEBIME LA R — 2 e X 4 s BTHads, ARF R
FERRRE X W T-P4E, AR T =R UEF I E o X PN N8 I8 7] 7E 7] —
Fr BRI BLH, S ORS8N RS 5 RS A I . 455 AERS 2L Y7 Au(p,
x)!4 190 A BT A ERAR 1 258 S

197 Au(p, x)!*% 10 Au A R E OV 22 20 S I 810, A A AR T
60 MeV DL FREX ;3 BAZEAE VTN 1 O 245 AR R I HERR(E 18 SR, A
(7] S o 20 76 2 5 B X I B 2 SRATAF AR — e 43 80, JEHR 7 Au(p, x)'Au 7£ 30
MeV DL E. Y7Au(p, x)"**Au 7E 45 MeV LL FREX, S50 EE 35 81 o A0 o ik
M SN S R EEIEETAEN R 2R, BS540 S BR /& B R E, X
BT S H A R B A VRN AR 2 R H R B 5 B R T SR A 4
FAH, G2 NSEIYEE A T RO B (7 B 1R S5t Rk, A7 0B M SEE
VOREF BEAS AT SRTEAME ISR, X AT B AT TR

BTk, RTAERGUEFN T 60MeV LLFEEX 7Au(p, x)1* 1%Au Jx
82 () S BT B, SR SPCC B SR AUL A 7 R A UR e B A (8, i3E— 28

N

REAR I T SESAT AR NI JRE AL AU 5 SE 98 B 2E AT BLB, PSS UE PP 45 R 17T
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2 HUREIEG R

JoT A% S B T ) 5 6 00 2 SR FH B S B A« i VR A AR S
BB 2 B, R FH R B 1 R 1T 5 2 AL 4 o T RB R, AT E SR A R 3R A
2N e R SO A EAED . BT R R N T TR, T ALl 2%
fF, DRI T e By RIS P e A K P 2 AN T

IS5 (End of Bombardment, EOB) I, F=##% 2 (15U 14 75 FE Aos
(Bq) A £ A:

Agw=N_-S-c-¢- (1 —el™1)y (1)

KA, Ny (em?) AT TAEEREL S (cm?) AHEIHEM, o (cm®) ARRK
AT, ¢ (em2s™) NRTHITERE, 1 (s) NWREETEH, 0 (D N
ER RN [A]

WG, HEELAENTE « (o FETRNSRSE ENE. ST vy 6
A, PRIERENER A m (s) WICRIRE v ST& S RIEF T C M.

A ,e(_’l"c) . (l—e(_l'fm))
c= =2 - Jel (2)

K, e ARMACE, L - PIRERRHE v S22 3. Bt (1D AN

X (), ATHE T C AHER B o (HZOS R FIRDUR 7RI R o, 1
S0 rpoE DU ST b DN B SERRIN ol R A AR S, EiE s e
22 [ DA R EE R 9.
FEMFRRBEEETS, SRR CR AR x) 52 &N CRARm) 73515
(D XPBCLEIE L ASH, 32060 S AT 5 (3):
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A, RS S5 RN EOB /% Aros, x M1 Apos, m H1 %5 H I E X2
(2) ALK

H DA 3 S ) 0, A 0 B 5 SR R AR T 52 AR I SCLE L PRI R
(F2& T D PURSHBI om, ST AR S 25800 5 v
EAFAERMZER, Fx RGBSR TN AZ 1L, 2 15 R onew 5 12 1L BT
ooa LU RIAE IER 7, BB IE A i R,

EEXRAFIZ R — L, W22, sk Q) Arafrillam 5 1 2L, Kk
FARDSCHABIER T A (4) #E:

C new _ Iy, old (4)
o

old ]y, new

N Ly ola J9SCHRSEEG T F I B2 AR 70 SCEL IR AR s Lymew 79 NuDat 3.0 K48 % (1
AT ER .

XS S BT om W2, X 3) AIAARIEIE S on 2IELL, B
ZEPIIEIER T H (5) hE:

Gnew,x anew,m (5)

%old,x  Cold,m
s coldm NSCHRSER P IS H AT onewm N TAEA 4RI PEAMEL,

A8 1 J Ak T R R AN 7 B2 X FH SR TE AR, PR A6 SCROK 22 R 4 H e
MZEMIATE R, Tok AT IR E LS. W Tz, Bk 2 ot
RIS S RS, A TBIE: X T2 RRHE v B2 ST e 2
HIfE oL, BRESOR I 2 & TSR IK %, A TREIE. BT EdiEIE
Jiig, SR Au(p, )" P Aw PIAN SOBE ) SRR HHE AT RS, B
TEREARIBIE . SRS I K 7 e 1B 5 T R .
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3 SEISENEDR
3.1 7 Au(p, x)'°Au [ M

AR TAEM EXFOR i EWEET 9 4 Au(p, x)"°Au KN (S BIEA(p,
d)y+(p, pn)) HISLIGE M BHES1 (K 1, K 1) , ATASLIY KA v fEikkit
IFEENE. 4 AFNEESE T YAup, x)"C™AL 5 P7Au(p,
x)PAu [, AR TR 1) (¢)e X XET Au AR =AM A SR
FRER (E12) : %Au (T12=6.1669d) « Y™ AU (Tip=8.1s) 15 Ym2Ay (Typ
=9.6 h) o T PMAu NG, RS S Ol F TR RERRE T 2
AR B 90 Au, SIS FANREIRIG —F 2 A oMb AY); 190m2 Ay (1) DT R U i
SENEE B . T 60 MeV LA FREX SEIEURBCAE R, A TAEMN %A

X F i 34T b 510 .
R 1197 Au(p, x)1% 190 Au Jz W S5 T £ 4 AH O SC kS EIC R

Table 1. Compilation of experimental cross-section data for 17 Au(p, x)!** 1°°Au reactions

; N NN AEERE
1% A4 BE O OAWE WEREE BHR oy
) ) '96gAu, ‘96‘“2Au, 27Al(p, x)22!24Na,
F Ditroi(2016) [¥ CYCLO  HPGe . wTi(p, XYY 4.9-63.5
I96gAu ]96m2Au
H.Naik(2023) [ LINAC  HPGe g mCy(p, x)2Zn  49.8-65.47
I96gAu l96m2Au natTi(p X)48V,
[10] , , )
J.Cervenak(2019) ISOCY  HPGe . yiodnt e 12663529
Y .Nagame(1990) [11] CYCLO Ge(Li) 196g Ay, 196m2 Ay - 13.94-49.11
F.Szelecsenyi(1997) (121 CYCLO Ge(Li) 196g Ay - 13.5-18.3
F.Szelecsenyi(2007) 31 CYCLO HPGe 1962 Ay, 1%4Au - 25.37-65.38
T.M.Kavanagh(1961) ' SYNCY  Nal(Tl 196g Ay, 194Au 2C(p, pn)!'C 18-86
27A1 24A1
M.Gusakow(1961) ') SYNCY  Nal(Tl) 1965y b C(é’)’ z))]ZN’ 40.2-155
Li
R.Michel(1997) [16 SYNCY %EE% 196eAy, 194 AY 27Al(p, x)Na 22.3-2600

7E: (1) CYCLO: [BIighni#ss; LINAC: BRI 2% I1SOCY: St Bl jig ik 5,
SYNCY: [FZhni#ss; HPGe: mZaisgRill2s; Ge(Li): HHEREERIIZS: Nal(TD: filtfth
BNERIES . (2) 1% 60 MeV LA fE X Bdg #E47 0 i S5 1-T .
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=
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m F.Ditroi(2016)

55} b H.Naik(2023) 197Au(p,x)196m2Au ©) |
@ J.Cervenak(2019)

50 [+ Y.Nagame(1990)

- TENDL2025
45} C.Birattari(1980)(DTY-derived)

Cross section / mb
W
[—)

25+
20+
151
L * * * * ﬁﬂ*

5t G o Vi = 3 s T B

0 e - - - - - - -

15 20 25 30 35 40 45 50 55 60

Proton energy / MeV

Bl 1 17Au(p, x)"CAu SR T SCER R DA R R B gy R S AR T
(a)~(c) 7 B 197 Au(p, X)'%Au. 17 Au(p, x)1%EmDAY Fl 197 Au(p, x)\9m2Au 2 VE .
Fig. 1 Summary of '7Au(p, x)!°°Au reaction cross sections, including experimental data, ENDF
values and reference data derived from differential thick-target yields. (a)~(c) correspond to the
97 Au(p, x)'%°Au, %9 mDAy and 1°™2Au reaction channels, respectively.

12 6595.664 9.6 h

&
5" QH84.66020 81s

2

196A B- 0
930% u 7.0% 196Hg

6.1669 d

_l’_

0
196
Pt P 2 19eAu BEAEHITE (i)

Fig. 2 Simplified decay scheme of '**Au

FEREARRARABIE T, X T &SI H PR % Au Al P02 Au 1 3E38 73 52

b A3 5 NuDat 3.0 4 ATVFUHMEP T O, AAE W Z R DUILE T3R8 2 A

# 3. WIERPIBIERT, X F. Szelecsenyi(2007)[1. R. Michel(1997)!' % Y.



Nagame(1990) M1 J5 46 480 17 # 4fs BEAT AHRAZ IE . 3R IAFAE B35 W 22 1) M.

Gusakow (1961) 'ISE6 B 14 & 5 HoRSEIGAHR I M -F 2 10 5 M AP (B 12

1Bl — 2.
2 2 1% Au TRy SCHB IE R LA
Table 2. Branching ratio correction factors for 1*®¢2Au decay
=2 JWR FHERZRREE keV EARG T/ % BIERTF
333 229
F. Szelecsenyi(2007)13] 6.18 356 87 1.067#
426 7
F.Szelecsenyi(1997) [12] 6.183 355.58 87 &
333.09 229
R. Michel(1997)11¢] 6.2 355.7 87 1.091#
426.1 7.2
Y. Nagame(1990) [11] 6.18 355.7 88 1.012
331 - -
354 ; ;
[14]
T. M. Kavanagh(1961) 6.1 426 i i
327 - -
J. Cervenak (2019)[101 6.1669 355.73 87 &
M. Gusakow (1961) ['3] 5.6 - - -
333.03 229
F.Ditroi(2016) 8! 6.1669 355.73 87 &
426.1 6.6
H.Naik(2023) [’ 6.1669 355.73 87 &

TE: #Z A ETOURRRE v D AR 2 &ARTVHIME, EHREBIE; -RE
W, TiLEIE

R 3 190m2 Ay FEAR 7 S HAB IR T

Table 3. Branching ratio correction factors for '°™?Au decay

1E# LEHONET O FRERT R EE R keV BRI/ % BIERT
Y. Nagame(1990) [11] 9.7 147.8 44.6 1.025

J. Cervenak (2019)[10] 9.6 147.81 435 &
137.69 1.3
147.81 435
. 168.37 7.8

F.Ditroi(2016) [# 9.6 18827 30.0 &
285.49 4.4
316.19 3.0

H.Naik(2023) 91 9.6 147.81 43.5 &

VE: &AHTPFME, EHBIE.
FRHE DN B3 7 X 225 [ AT REAT 1B 1« S 3e 41R I 225 S v 24

F& TAEA HEFEHT 27Al(p, x)*%%*Na. "'Ti(p, x)*®V Fl "'Cu(p, x)2Zn, #5 - HASLI
9



fEH 2Clp, pn)''C RIV. XFFBIAA4E Hh 22 B E B 5 BOVEIME A (i 22 1 3¢
Wk, ATARERADSLRAE R L, RIEXG) B ER T, Bzt it
TAEA 41T HER 112 5 0 E 5 SR SOk AT 2 25 (2 LUV B IE R, %l
BEMET TIESBIE. W& 3 Fiw, T. M. Kavanagh(196 423 [z NS IE
RIFE N 0.900~1.050; BT [A—3L3GHTE 3.2 47 " Au(p, x)"Au MR H K
AR Z% N, FIRMEIERFFAEEH . X T J. Cervenak (2019) MO s,
RAEH RS HEEME S BHPIME AR R, (R 1% 5250 R F 40 &
5 Ti(p, x)®V S EFIR B K IERGR E, Bl 58, ATEAR#ITHIME
1E, 3.2 7 A — SEAG 2H i E i SR AR [F] AL 2R )

fE 30MeV LA EREIX, #kimHE BB A B A FK > fas. K, /T
A E AN F. Ditroi (2016)PHRIE T 4.9-63.5 MeV REIX K] "7 Au(p, x)'*°Au
. 200, ZABIREIELL T, ATEASTRH:

D)y AEIEMIEH0™E: KRR BUIRE Au i EE GaNi &4&45, 4
REUG A KB U PEAZ R PRI 4 B RS IAS I i o SRR ™ Ni(p, x)**Fe
PP 168.688 keV AL L5 v KNI 7] 32 R 25 T I °™Au 168.37 keV HIHFE
WS, FEE T RO SR O A (TR, RETIA T
P R G R ZE

2) BFHREREA B 15K 4 P, OO R 7 3 AR
ATAEFIF SRIM F2 738 2 BT 178 - 0 h i R s A 2%, K3 B R B
JREEE (grem?) , LASFEIA FIIAL I BB & SR RE N REARAR « X R ¥ fE =
RNHPAAER, 192 =HIM R FRERefZe (B 4) , FHFRHSCERE Au fERE AL
HEXT L . ¥ Bethe-Bloch Big, Bifi i+ fe EFFAK, Homi & FH kA% (—dE/d(px))

10



oL IR, BIFR AR 2R R R LA SHE | AB/A (0 x)| BRI R FFEEI R, A
TAE SRIM THE 45 RAF G
SEIG 1 S)ZH 18 41 Al (151.1 nm) - Hf (10.54 nm)— Al (56.5 nm)—
Al (269 um)—GaNi (17.7 8 15.9 um)—Au(25 b m)KIXHFIRIER, WIEE 5
TIHAEE N 65MeV, HRETH Au fH4EFT T RER B R PEILE 25 MeV, H
REA5 SRIM THEZRRTE RIT.
SZHG 2 (S ZE 0 ONRTEL (5256 2a) 1241 W (213 nm) — Al (250 nm) —
GaNi (13.35 wm) — Cu (13.35 um)Ek Al 250 wm) ((EBFREER) SR
(SZ56 2b) 17 44 Au (23.1 um)— Al (125 pm)—W (21.3 nm)— Al (250 u
m)-GaNi (13.2 um)-Cu(12.5 um)sk Al (125 um) (& Au ¥ , WIHER
A 65 MeV ZHTEE R 2] 47 MeV Ja NGB, SCERE H Au THRERE &5 47-
23.1 MeV. 2810, HAKRER (CRBTEJEE O K fE s AW 2 SRIM 115 i 48,
HIAE/A (o x)|BE )5 & 5 L0 s i/, 5P mEsie .
SZI 3 S ZR AT B (5256 3a) 741 A1 (11 um)—1In (116 um)—Al (50
um)-Ti(10.9 wm) (FFEREBD /G B (525 3b) 11 4 Au(23.1 wm)-Al(11 1
m) —In (116 pm) —-Al (50 pm) -Ti (10.9 pm) GIERE) M, WIHEKARE33.7
MeV ZHIBIEEZ) 252 MeV Ja AITEE, R4t Au fAReREE & 25.2-7.2
MeV. ZHME R AN R RE: — AR R EEEZAL, SCEkEe S 5
28 SRIM 58 ; — R 1.3 - 1.6 g-em® [X 7], FEAE h £ B 308 T 742,

|AE/A(p x)[HBLEAEFRIRARAL, 5P HEEAATE.
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LRGN R R IUE AN 1225 R SUE i N, B A s e ik
L5 VERA BEBEARNT N, - S0 KA e 2 SRS DL £ A X T TR AR SR ]
B, AR TAERZ A A TR

2 BTk 5B IL)E, K st fEiRZuENET 8, B 5@@)~(c)

ﬁj\%lj@ﬂ—? T 197Au(p, X)I%Au\ 197Au(p, X)196(g+m1)Au *ﬂ 197Au(p, X)196m2Au }i&é__;é,ﬂ%

I 55 77308 S PR S5 06 K

T T T T T T T T T T T T T T T
C(p, pn)''C
100 - P ol 11.05
\w\
M
i .
= 80 S S z
= S
= 11.00 &
S 60} =
B - 2
3 =
o _./'/"'/ S
& 40 % =
S - (=]
S \\ / 10.95 O
I
20 | '.\ _/ —v— T. M. Kavanagh(1961) cold,m
Ul IAEA onew,m
—=— gnew,m / ¢old,m
0 . . 1 . 1 . 1 . 1 . 1 . 1 090
10 40 50 60 70 80 90

Proton energy / MeV

K] 3 T. M. Kavanagh(196 )" FH ] 12C(p, pn)!'C I #k i 2 1E K+
Fig. 3 Correction factors for the >C(p, pn)!!C monitor cross sections applied to T. M.
Kavanagh(1961)['4]

R 4 F. Ditroi (2016)SISLIG KM S T RER . #LL AR RSS2
Table 4 The parameters used in the experiment by F. Ditroi (2016) 1], such as the incident proton
energy, stacked-foil targets, and material.

‘ HIUGRE R . WS
W H B B 25 g % 5 (um) -
(MeV) L
S Al(151.1)-Hf(10.54)-Al(56.5)-Al(26.9)-GaNi(17.7
Cyclonel10, LLN 65 .
1 g% 15.9)-Au(25)
B4 Cyclonel10, LLN 65 W(21.3)-Al(250)-GaNi(13.35)-Cu(13.35) 8% 12
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2a Al(250)

S Au(23.1)-A1(125)-W(21.3)-Al(250)-GaNi(13.2)-
Cyclonel10, LLN 47 . 17
2b Cu(12.5)8% Al(125)
. VIMERE /= i S
W& He SRS H S B (um) N
(MeV) 514
S .
) CGR560, VUB 337 Al(11)-In(116)-Al(50)-Ti(10.9) 7
a
S _
W CGR560, VUB 252 Au(23.1)-Al(11)-In(116)-Al(50)-Ti(10.9) 11
70 T T T T T T
S8 1 SRIM cal
iy, —o— 52361 F.Ditroi(2016)
60 = 52532 SRIM cal .
< —o— 52362 F.Ditroi(2016) ]
> 52363 SRIM cal
> 50 | —4— 52863 F Ditroi(2016) e
N |
840 | N .
= A
@ S
g Y
© 30 F B _
= O~
S ) PN
Eol ™
& 20 N _
Ny
\\
W
10 r N\ T
N
0 N 1 N lasasa 1 1 N 1 L | 5 —1
0 1 2 3 4 5 6

Mass thickness / g-cm™

] 4 F. Ditroi (2016) B1=2H & b i 1 PR M 261 SRIM 115 45 3
Fig. 4. SRIM-calculated proton energy degradation curves in the three stacked-foil targets
reported by F. Ditroi (2016) 181,
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551 > H.Naik2023) 197 Au(p,x)196m2 Ay © 1
@ J.Cervenak(2019) C)
50} * Y.Nagame(1990) - T

. TENDL2025

45} —fit

Cross section / mb
(7%)
—}

45 50 55 60
Proton energy / MeV

K 517 Au(p, x)"CAu S SR 2842 11 5 016 )5 B Sk i B . PP O S AR AR PR HE
FHHIC . (@)~(c) 7714 197 Au(p, x)!%Au. 17Au(p, x)!%6EmDAY F1 197 Au(p, X)'*m2Au J ViE
Fig. 5 Summary of '°’Au(p, x)!°°Au reaction cross sections, including evaluated experimental data,
ENDF values, and recommended data obtained by fitting. (a)~(c) correspond to the '""7Au(p,
x)1% Ay, 1°6emDAY and '%°™2Au reaction channels, respectively.

3.2 Y7 Au(p, x)*Au KN

AT AEM EXFOR BUHEFEWE T 6 4 7 Au(p, x)'™*Au (S MIE N(p, nt)+(p,
d2n)+(p, p3n)) FISLEGEEAGE (R 1, W6 o fEEBHIMEIE) T, X515k
oh B P AR 2 S LK BT S NuDat 3.0 Y RTIEMEFE7E MM Z IS0, T A
TS, HKIERFFIUEIER TR J. Cervenak (2019)1 N 4 Au i Fir FH 3%
AN HEAT THB IE . F. Szelecsenyi(2007)131. R. Michel(1997)!'91 & T. M.
Kavanagh(196 D)/MER A 4 Au 228 1 5 G RTVFME R ZEUDN, A TEREBIE.
SEFEMACFEEN S 3.1 95—%: J. Cervenak Q019! VUR/EFISMEIE, T. M.
Kavanagh(196 ML % Y JT PEANE 58 BUE IE - F. Ditroi(2016) B £ s R A7 7E 55 3.1
TARFE B AR B A BRI, ATEATRAH. & ERHES5BIESE,
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Fig. 6 Summary of '7Au(p, x)!°*Au reaction cross sections, including experimental data, ENDF
values and reference data derived from differential thick-target yields.

R 5 194 AY AR B TE R I A

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

e PN RIS ZRRE R keV BT A % BIEHT
294 104
: [13] #
F. Szelecsenyi(2007) 38.4 128 61
293.5 11
328.40 63
; [16] *
R. Michel(1997) 38.0 1104.1 )14
1468.9 6.68
T. M. Kavanagh (1961) [14 39 . ) )
T 327 - -
J. Cervenak (2019)'%] 38.02 328.464 60.4 0.962
293.548 10.9
F.Ditroi(2016)!®! 38.02 328.464 62.8 &
1468.882 6.8
293.55 10.9
i [9]
H.Naik(2023) 38.02 32874 28 &

e *BRMMFEME, RMEIE; &AHITHNE, ER/EBIE: -REY, TEBIE
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Fig. 7 Summary of '7Au(p, x)!°*Au reaction cross sections, including evaluated experimental
data, ENDF values, and recommended data obtained by fitting.

2B UL BT, ATARSLE T 9 4H 7 Au(p, x) °Au A1 6 ZH 7 Au(p, x)**Au
[ SEIR A AR . Hor, F.Ditroi(2016)™IK y fe il &-40™ = H 8= e E i
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HIGEBIE, FAEIES T DR TR IEIE T, A 1 HitT 7 58
1E: BRXf PtAu, POM2Au F1 AU HIEEAR S SCEL, il 3 4HL 1AL 1 SIS
BT AN ELEIEIE ABIE G, & SEie B /£ B me X — S W] BB,
N 60 MeV LR UK BB 4R AL T 7T S 1 A B
4 HEREETM)

RTAEZE 3 FTATIR B IR 1% 5B 1E IS, WA BB S0 20 784k 1
T—%, HAE 60 MeV LAFREX U iy £ 5 o AW IR A b B A o
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TRAE 27T mUALIE S G o 43 BURE AU ATE 4R P 20 3R 4% R A I Jo
R, BERE AR A IO SR BT R AR A RO ERAT SRS S ) 25 O ikt
LR A BT, EHT 2 RIE FE—E R HE SR SR A . B
Tt KT 60 MeV LLRAEX 7Au(p, x)!°Au F1 7 Au(p, x)'**Au S M &
BB HEREE, R T R AERS 17 Au(p, x)!20E™D: m2 Ay (1) i B4R T F A
5% . AR TAEVNHERAE 5 218 1IERGRIE 5 1 SE 30 250 0] L 25 B an B S(a)~(c) 1
K7 B

BEXT BIRAN SE, A =0 #E: JENDL-5.01'715 TENDL-2025!1]
PIAFRBR T HN F: TAEA I90G B A TS0 Bl &, Hok " Au(p,
x)"%Au Al 7 Au(p, x)*Au N RIGE T 7 ZK BIFAI6ET 5 o57 Sk K e
[810.13.14.16] - g6 2 [X [A) 7 35 3 150 MeVo ZIFAN R Pade G BBRBURA, LUy
T3 B2 TR LS S8 B BT 42 Ry e/ ARG ST IR AR R AT A R Ok
P S AR R T LRI R I 4 R i o, AEDG B B HUE BB  BIURR, xS a0 i ik
S5 R ERE . JENDL-5.007), TENDL-2025"8), TAEA (3l & 557 (&
PRI TAEA fit) =3 55 J5 0 S50 s Kk T4 o BB A0S P e 2 A T 2 )
X, R T 1(a) CiEXE 17 Au(p, x)' 2 Au ) AR 6 CBEXT 197 Au(p, x)'**Au
SRR 52 A IEANGEL FE S g0 E A KA TAEEN e E X L, W
5(a) ("7 Au(p, x)'°Au KD FE 7 (7Au(p, x)'**Au o) . Hd' TENDL-2025
PR T RIS AEAS 7 Au(p, x)'00e mbm2 Ay ) S AT, AE T 5 S R
LG, A ST 17 Au(p, x)% ™ Au A 3N 17 Au(p, x)'0€ ™D Au 1L 1(b)F1E 5(b)),
7 Au(p, x)! "™ Au FIEHE R 1(c)FIE 5(c).
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(A0 B VI 7 SL 30 BRSO AS S AT 100 R, HLCEE T Ge v 520 i 25 50K 1
SEIBAR VAT T B GIBR, R REBURIZIE S 7% 5B . EHAEH Pade )
B 5 Z IR EER R 2 T, SBOUETE RS 25 B, 54 TIEL
HEMRT 30 MeV BEX ) "Au(p, x)'°Au SLERddE, LAEKT 45 MeV 1)
7 Au(p, x)"* Au SE58 ZHE A L o

FH R L, I = TP A 250 A DA S0 DB A JEE 0T S0 0 1E AT 78 49 1 43 #
SBIE, SCBHHE PN A RIMLRIER A IR, SECSPRMEE R E R 2K,
L5 5236 MOm i B AR 4 B i A AR . AHEEZ R, A TR N et i
HHE T 2 TSI LR 2, R R AT U i S A A& 1 SPCC
FREFHATING, GBI SERBHR M S B AR T I WP 45 R . Bksk
W AMUAEARREIX (<30 MeV) A REE VP PR R Ge I I A A0 1r) @,
P THE Y Au(p, x)'%°Au [ M 30~60 MeV BEIX PA K 17 Au(p, x)'**Au N 45~60

MeV i X A HE 17T FEVE

5 BREFEmitR

NIRRTV AR A AT SENE, AR IE R T 5SRO 5 S
RAEHATECRL, WA B B PP A (B AT R 08 o TR B2 A 0 R
HOPN AR BRSSP B & WA ERE 8 Y(Ey) (FAfIy MBq/C)
JE SCONARIRIN R T 55, SR NGPRL T AEAE T M BE B Bl 22 [ i )
{6 En RE P AR VER R TG L, HAR 73 RBP4,

19



AepNy [Eos(E I 1
Y(E,) = A_/ o(E) dE- . (6)
M S(E) 1.602% 10-19 106

“ th

XH, o(E) (em?) AMNAET; M (g/mol) NET&E; p (gem®) NILEE;
S(EYNJFR T e R PHLIE A4 (stopping power) , BLALA MeV/em. 7 T A
BE1E AR5 B L SRIM-201025 ) 15204

FIFA TAEHEIE RO AL, T T 196EmDAY, 19m2Ay F1 19 Au (¥ 47
B, 5 =S B RARCOSHAT TR, SR E 8 B (EIHAREA fit
cal) o XfF 196€ MDAy, AR TAEHEEE S P.P.Dmitriev(1983)2611 B pii JE 4 = £Ti 4k
PV RAF: BT K.Abe(1984)2700 £ Fh AL [ N (1 ™ Cu(p, x)**Zn. ™Ni(p,
x)*"Ni. "'Ti(p, x)*®V. "Mo(p, x)*°™eTc) JF#E =% ) I & 45 SR 3H7 38 Ot 25 24 77 YA
ELFIfG, FIERGERMZRITTRE, MUK TAEARK HAGE A L 7E 30 MeV
DL EREX, C.Birattari(1984)2 1) 4 B {2 Ak /5 . C.Birattari(1984)12817E 18 MeV LA
EAER SRR TR (BIA R FERE D) Bl Al-Au-Al B2/, SRAVE
P A S i, Hgh R ARAR 43 B0 P00 2 o SRR =0 X T 19m2 A,
HHl{X#A C.Birattari(1984)28—4 52504, HAE 30 MeV LA LREX [FIFE @ T4
TARRAFE. AP izin 2z, ASCHET HA A 454G SRIMIPI
SHIPEIEAS,  RHESE] 1 Au(p, )"0 Au S BLEH R AE SO (L 1 AE
6), 255 7 Au(p, x)'0EmDm2 Ay 7 N ATH [ AE I RGP s R BT
197 Au(p, x)'*°€ DAy 1 197 Au(p, x)'°°Au, C.Birattari(1984)28 7y JE#E =45 s HE1S
FIALIITEL) 30 MeV Ab H LI (8 /5 Bl R 7 el R R, 5 OR BRBUE A IX
S AR P AR AARTTE . 3T 12 Au, A TAEHEFEE S C Birattari(1984) 2¥)
(S IHUE BAATF & R AT o ESEF= AT 45 RS 2 B Rl /& R AP, RTF

TR AR WO R BRI TSR, VP S B T DR o A% ML ) 25 25 48k T
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Evaluation of Excitation Functions for "Au(p,
x) """ Au Reactions and Calculation of Thick
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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. However, inconsistencies are present among the published

experimental data for these reactions, and significant discrepancies are

observed between the evaluated data libraries 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 '"7Au(p, x)'°°Au and six datasets for °’Au(p,

x)!”*Au. The analysis followed three steps. First, the decay parameters

(half-life and y branching ratio I,) used in each original measurement were
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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 IAEA recommendations, and an

energy-point-by-energy-point 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 PM2 Ay 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 '“Au(p, x)'”°Au, 7Au(p,

x)PoembAu, Y Au(p, x)"*™Au, and ’Au(p, x)"**Au below 60 MeV.

Compared with JENDL-5.0 and TENDIL-2025, the existing evaluations are

systematically low at low energies for !'°Au, whereas JENDL-5.0,

TENDL-2025, and the IAEA Padé fit of Tarkanyi et al. are systematically

high above 30 MeV for °Au and above 45 MeV for '**Au.
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Integral vield curves over the studied energy range were derived and

compared with experimentally measured vields at specific energy points.

Similarly, experimental thick-target vields were collected and analyzed

from an experimental nuclear physics standpoint. One experimental group

reported thick-target vields for several common reactions, including

"Cu(p, x)** ©Zn, ™Ni(p, x)’Ni, ™Ti(p, x)*V_and "“Mo(p, x)*™**Tc,

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 vields, this

work utilized SRIM-calculated stopping power data to derive reaction

cross sections from vields. These cross sections were notably higher than

all existing experimental data above 30 MeV, indicating a systematic

overestimation that led to elevated thick-target vield values. After rejecting

these significantly deviated 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
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results should be further checked by measurements directly in the future

because the available experimental data are very scarce. Additionally, the

cross section ratios of '""7Au(p, x)'°*!%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 serve as a direction for subsequent research.

Keywords: proton excitation functions; nuclear data evaluation; thick target yields; beam

monitoring
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