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Abstract Thus far, buildup factors used in the point attenuation kernel method were
adopting fitting expressions (mainly, geometric progression (GP) formulae) to speed up calculations,
and the parameters for fitting expressions were determined based on the results of transport theory
codes, up to about 40 mean free path (mfp). The calculation method for the fitting parameters of GP
formulae was not established to convert the buildup factors calculated by some transport theory
codes, so that calculation accuracy depended on the individual technique of the fitting equations.
This study establishes a method for calculating the fitting parameters of GP formulae for buildup
factors including deep penetration that has heretofore been assumed to be too difficult, and
calculates the fitting parameters of exposure buildup factors up to 300 mfp, as provided by Shimizu,
et al. As a result, the calculated fitting parameters reveal a good estimate, with approximately 3.2%
as the average standard deviation.

Keywords gamma ray, buildup factor, geometric progression, point attenuation kernel
method, fitting parameter, deep penetration

EUL RT oy AREE, WIS K ONHRS R ETkf

1. #sS

Hr<wt (y#) OWESWEFEIZE, #E~VWHE
& B, twh7/7%ﬁ%%wt,ﬁﬁﬁﬁkm
BT T N iEEE W EEFREERH Y
— ) T~V R 1@#&“755‘4&*%@%%753‘%“
LTS, RBEEE, v BRAETRIED
ﬁmmiﬁ@L@%Eﬁgomﬁﬁémwfﬁﬁﬁ

RACHUELZ2 U CHEBERIET D v # (B y #) %3k
D, BV RTy TRE A BT CRAm LA O v R ER
ERDODLHEDTHS. E»P?yﬁ%ﬁiﬁ%%ﬁ
EBMEEI, S HRRIRIC R LRI i
DR S 04 y HR L EE Yy MR A F T, ﬁl?%f%@

ko (BR) R H2Ae s AT MMFGEET 5l S 2T AWFSEET

JSELTZb DR H Y, ERFREITRELREOE T
7z

MBEMETHW TS EL T » PR, §
BamEltd szoiEPtRicky 75— %V‘U’H%T
LDHERRHA I TS, TG EI T BRI
2, Taylor ® @ Berger O®, F&EED X OO 7 &
NIV, FEKEE DXL Geometric Progression Formula
(GPH) LIFHINTVD

INhET, 2ol XoO7 4 v T 0 T RT
A —X X, 40 mean free path (mfp ¥ H HITR) &
JE E TomREH R R E VTR S, GPRico
WCIE 40mp & #8 2 5 AT 60mfp E THMFRHE T



XD LoD, — I, R NKEDL K&
DTS PEE > B F S Dy SR AN - 7 %8 B i A
EYORE N7 ) — MESNNEHBRT S0, B
WV RT TR 60mip & 2 DAL, KR
FREVERHA 2 — FQADDE L ONG330 T, it B
723 60mfp &8 L7Z5A 0 eV 7w 70T 60mbp
DIET—ELENTWS. ZD®H, QADRG33T
K-y MERIT, M1LIRTEICarz7)—1h
WA CIBEEEEEA 60mfp 28 X 72545 13K 1/40F2
FEM /NN & T2 B ATREMEDS B 5
HABWMEREICB T AL RT v PR A kD 5
O OFRERHL, GPRTHELZGGLET T
Vo 3 RAHENEIC K0 NHREHR L e 6 & SR
ERHH o — FQADZMH LTI 2 &, GP XAt 2
TR . 7 ) ERFIZ IS W TR T S BT
WD y BEEREHEEOT 55678 ELEOMIEL LD
S AEET D & F 12T, EAVEREa— RO
WA RE RN ZRET D, LrLInETGP R
i, BEERIENORDIZEL T v TR EE T 4 v
T AT NRTA=RICERT HBRICER sz b
DR, TOREIZTZ7 4 v T 4 T E2ITIHDOD
FRITKFO LTz,
100

—_
o
T

T R R
(ZRJE it /60mfp il [R)

01 L L L L L L L L
0 20 40 60 80 100 120 140 160 180 200

S BT (mfp)

[@E@@ﬂ@f@ﬁ%thﬁ»f&ﬁ%ﬁwtﬁ%ﬁiz]
60mipHIFE : QAD = — R T NS FU7= GPA P - e B

B 1 EFESERE a7 U — M~ O
TR R L

BV KTy TR E RO Do, Witk
IRV FHESICB T Dy MEFE LT RS
2. L L, SniEREVT ANABIEICL D v RO
WS ET R, FHRREE ORIED D v # 0 F i FREE )
40~100mfp FRE F TIZRH AL TV e, JHAKRSIE, #r
LUy MR 2638 vE & U T Invariant Embedding #:
(IB¥%) ZBHFRE L, 2688 % LT 300mfp &£ Tk
FHAL A M L C IR AR B, WRIHR s L OVEE D A
DEIV RT » TR % KD 710,

FIT, KWETHE, ZThhETHREE SN T

291

ROWZIREEREE CHACTEL5GPRO7 4 v T 4 7
IRTA—=BERODFIEEMIL, BHKRKOBEFHREL
7z 300mfp F TOMGTHRE, W& L ORI &
OEN KT v TR EERNCCGPRO 7 4 v T 4 7
NI A=BERD, HBRZERE 2 — FTRHHT
X5 LoICTAZEHEME L.

2. GPXOHE

BV KT FHEREIE, v BB E %l O AR
Bl LGOSy B Ry BOLTHD 2 Lnb,
VP11 Lk REAKEEL D, S5, B—0@EEY
BOEIxICF—0OWE de BN LT & X, xITBIT
BEAKRT v FHEEBR), x+tdlZBIBELRT v
TEEEB (x+dx) L35 &, (DADBESLT 5.

B(x+dx) = B(x) (1)

DFED, EART v IMRBUITHE-EPICBNT
BRI LT EH D WVITHENT 550 TH Y,
HALEWEEEECI T D e KT v 7155 BA) &
5L, FREREx BT ENL RT y TR
53 AB(OFHELRR 2 DI Z /19~ Z &, (2RI
AR D Y A BB EEEE O BCELS Sy (B(D) —1)
EL, AHKOFERHIIOM TR ZENTED LK
ET 5.

Am¢y4mu—n§§ilKil (22)

AB(x) = (B(1)— )x k=1  (2b)

BB ICB TSN RT v TR B(X)IE, ©
WV RT  TAREDOHINN Gy A B(xX)IZIE T v RO 1 %
Mma7z@)XTERIND. QROALMEL, FFESIZ
LoTRENTNDHO,

BU)=H{MD—D§%%—K¢1 (3a)

B(x) =1+ (B(1)—1)x K=1 (3b)

GXx, BEEM X ICB T 8L T v 7R
B(x)# X OHNE R IC 1T D BV KT v 7R
B MBBEFTHNIE, AMKDTHETE D, kit
BAERNSERICY TXDOTHD L, K2R T &
A KITFEBEEEx IS L T—EE R LT, &
RO BISK K (x) TS 2 BN H 5.

GPIETIE, BIMK (x) MBS WK &2 7=
FTZENL@RITRT LI ICHBUA L i EE TREL



292

SNTND.
X
tanh 7—2 — tanh(-2)
K(x)=cx"+d 3 (4)
1—tanh(-2)
1.6
1.4
1.2
1
Ra2
= 0.8
0.6
s
04 r
02
0
0 50 100 150 200 250 300
x (mfp)

X2 B EDENL T v IRz LT
Koz ® U 7T DK

v BT L F—15keV~15MeV
B (1) #0.5mfp & L 7=

HIED GP AL 40mfp £ TOHEZFAE RIS X,
T4 T 4T EANOBNEE D RVFERBE LN
HIRNTA—=HINRO LN TWDH=D, 40mfp 2B 2 D
BV RT v ZRREICE L TiE, G aMERN
BEOINTNSD.

K(x)=1+(K(35) -4 0=A=1 (5a)
K(x)=K(35) @ o A<0,A>1 (5b)
K(35)
_K@#0)-1 (50)
K(35)-1

0.1

(5] -
E0 = Gd
5 -

L, EEAEDOLEA 3mp A D EK(x)D
BACNERC 725 Z &5, 35mp & 40mfp DOfEK(35)
BILOKA0O)Z AW BB DE 2 T HEANET
WAHLDEBZ LS.

bk, CPROT 4 v T 4 T RTFA—X4
%, a, BA), ¢, dEXiDB5HOTEI, HAEEE
BElCBITHDENRT v 77727 % B1) ZER< 450
NI A=HITEBKX) D7 4 v T 4 IR S
T3,

ZITHERLARTE RS Vv alE, FEST
FIENZKRF L TAIZE v L T Z & ZRife &

L7ZbDTHY, HIEEI VDL TN Z & EhiiE
ELTWRV. 2O B(1) X0/ S ik o
EV KT w RIS DWW TSNS & 72 B RIS EE N
VETHDH. EBIC, QAD B L NG33a— FIZHHK
SNTWDLGPRDOT 1 v T ¢ 74 8U%, B %
1mfp DEIV RT v 7R E LT 575, 0.5mip D
2179 72012, B() OEPFHE I TVD.

3. GPROT A vT A YT NRTA—5D
HEF®

GPRDOT7 4 v T 4 I NRTA=H52509h, H
PLBmEREEIC 31T A e KT v 7683k B(D 1ZBEM T
HDHEDT, VD ADDNRNTGRA—EET 4T 47
TAUENDD. 4ODNRTF A —FFTET@ORICE
FNTEY, x KO THD., 22T, N7
A—Ha, ¢, d, XeDKx)IZxHT 2MHEE % 6) X0
BEEF(x) EMIEHE GO T Tk 5.

K(x)=F(x)+G(x) (6a)
F(x)=cx" (6b)

tanh (LW —tanh(-2)

_ ‘ 6
G = d = D) (6

BMF(x)IE, x=0D& ZckebtatuhfiTh 5.
B GO)IE, x=00& X0, x=10XXiD & X4,
HBHNT x=—10XXi D & X —0.0183156d & 72 5 M
iR TH D, DFY, BEERFOX)ITaxr—c DIEEFF >
TR O MBIk A KRB TE, B G(x)IX0~d
F 721305 —0.0183156d DE % £ > 7= WA #REIE D
MR IR 2 RBLTE 5. WIHIME & SEIRE A R £ - T
WHHIRBIBIRE 7 ¢ v T 4 7T BT,
H O CHEERE DY, b~ HFOMETR—
2l (FFEH L 72 5% 252 508X H
5. R EAEDLES LI, DXk ZhEh
OEABOMOEEZ 7 4 v T 4> 7 DR X &R
XrDETHMET S Z L 2E%T 5. Zhicky,
RIS F(x)3B KNG E Y 5 2 R #RI R & K(x)
PN EREE S5 LTI L TV A EA B L OW L
TWAEEOMAIICHEHTE 5.

1 dK(x) _ 1 dF(x)

K(xf)—K(xS) dx F(xf)—F(xs) dx

+ 1 dG(x)
G(x,)—G(x,) dx

(7a)

= R(x)



Xr: T AT 47T D d RO R
Xs 0 T AT AT T HEEEREDR R
R(x) : FHxAO@E =
ZIT, BHMGX)TR—RAEEEZ D LT DL
dG(x)/dx =0 XV

1 dK(x) 1 dF (x) (71,
K(x;)-K(x,) dx  F(x,)-F(x,) dx

BIMF(x) TR—REZ 52 % &5 LRKIC

1 dK (x) _ 1 dG(x) (7c)
K(x,)-K(x,) dx G(x,)-G(x,) dx

s,

(To) UL F(x) THIMI IR A KBS D Z L ba
T4 T 47 EREY, (TR G(x) THERRIE
WaERATLIENDNT 4 v T 4 T LR &
L L7

FAXTHE & R(xX) 2 K(X)IZT D72 9DI21E, R(x) %4
53 LT B LB ~ D BB A RFE L, X—2R
Oy EMZ, QRICEVEHET S, MHZEL
ME~OEBLRENL, 74 v T 4 7T D FBEEEO
Hem D K(xy) &b m D K(x)fED 2= T@Eb)XUZ L v 51
bhad. X=X, 74 vT 47T 5 EEERE
OfERIZBW TRk Exons. 7ok, X—
AMETEER CTH XD Z L b ARETH DY, FHHF
IxDBRFETREINDIZD, REOEEZEHE LT
HROMxHEE —HEEbZ L & L.

K(x) =G [R(x)dx+C, (8a)

C =K(x,)-K(x,)
d tanh(x, /X, —2)—tanh(x,/ X, —2) (8b)
1—tanh(-2)

+e(x, " —x")
C, =K(x,)—c1j ’ZOR(x)dx (8¢)
IHIT, T4y T 7T HEMEREOKRIE, (9)
Kk koo s.

tanh(x /X, —2)—tanh(-2)

9
1—tanh(-2) ©)

K(x,)=cx,"+d

lEXDY, GXEQOX0S, a7 4 v T 47D
BT 4 v T 4 VT RT A=K TR AL IR~
DEBSEE 52, Xk 74 v T 4 7 DEEITdTE
ZHZEIZED, T4y T 4T NTA—=HeBIW

293

diX7 4T 4 v T RTA—=HaB XU OB E L
CTRHEAREE 72 5.

ORI TEEDOXITH LTI 4 T 4T IRT A —
HaBLUOXiBROOENDZEND, T4 T 407
DGR X DB AR x £ TORPHIT KR L TUHRGEHE %
ITWHBIE T 2R EZ RO L. SAEER/NNIT D
BaiE, EVRT v SREOEME & EFHRED D KN
TREEZHONTAORIZL Y, BV RT v SR OE
WRENRNERDT 4 T 4 TNT A —=H &R
W5, BEEEONN (7 AEIE~A T AM)
X VAT, B RT y TREOEM &R
EOENDH D —EBENICADH OO R THEAERFZEN
WINETRDT 4T AT IRT A= ERONITE
Y

a,c,d,Xk=min(o(a,c,d,Xk)) (10a)

o(a,c,d,X,)= J%i(BT(xi) —B.(x,))" (10b)

Br(x): EVRT v FREOEE

Be(x): BV RT » RO A

m o ENVRT y AMREOEEOK
EWMEO XN —HIIROONTZaTZ 4 v T 4V
TRIOCXNT 4T 4 T ORERENS, INHE RS
HIZBL =BT DHDOT 4 v T 4 T RT A= %
HEIRT D

3 a7 49T« VIFE

a7 4 vT 47, Kx)DEEIZKR LT
F(x)TZOM#HIBRERBT 5. 5F0, Bh)HAL©O)
LickV, delETLEcFUDNTEZLND. ¢
RO LA L vdBikESL. 22T, B
BCXONFIR—RAEE G ZDEER DD LD, X
OFHEE B() O EERE L » o/ E i (F 2
XX =0.0) #52%.

H4-6

C:
c—c,

k

¢ =K(x,) [tanh [ )x( - 2] - tanh(—Z)]

x (11)
c, =K(x,) [tanh [?f -2 J— tanh(-2) ]

k

cy=x," [tanh (% - 2] - tanh(—Z)j
k

a x/
¢, =x, |tanh 7—2 —tanh(-2)

k



294

(K(x,)—ex,)( - tanh(~2))

X,
tanh [/ - ZJ —tanh(-2)
X

k

d:

(12)

IR, ERRELRNT 4T 4 TNT
A—=HIXaDHh LB LD, ThaEbsEd
ZEIZED BN RT y TR OBREER AN &N & e
B aZ Y. SHEINE X AN E W & X T HBGT
ERESTHLEN KT v TR OEREFEICE 2 5
WIS D, T4 v T 4 7T 5B
BEDOIG R X, R FMICT LT &Ik -T, BV
RT - TR OB ERAEZ RN TEDLGERH 5.

ZDOXEIRGE, E6IIXNEVLRELTE (G=2
BE) Z2i2i x L vEVEBEEEoREE /NS
{TED. a7 4T 4725 LTIk DA A —
TEKBICAT. ZORRUIMIEER AEN K E <
ROT 4T 4 T ORENMETT 5.

K(x)

o

[e=]
o T T P R
(4] W
o

0.4
0.2
0
100 150 200 250 300
x(mfp)

X3 a7 4 vT 427\ LU Higgk

KoT, a7 4747 TlE, a, xsBXUOXe %
LS D Z LI KV INHGHESEMICEBT 5 (B
2T, ENRT y PREROBERRAEP RN 2 D) a,
¢, d BEXOXiZRDD.

32 Xk 74T 4T FE

Xi 7 4 v T 470, KX)OEEIZH L TG(X)T
Z ORIk E£H TS, oF 0, XL OXick
D, cEHEETDEAIANXNTEZOLND. d3RD
bAZ)RIC L VenkES. 22T, BEF(x)
ER—REE G2 5&EIN DD &b, a@@@
BTG O o FTITK L CHo/h S22l (B2
a=0.0) 5 z25.

dl
dz _ds

d, =[[jf JK(xf)—K(xs)](l—tanh(—Z)) (13)
d, = tanh(x, / X, —2)— tanh(x, / X, —2)

dy= [ xsz ](tanh(xf / X, —2)—tanh(-2))
x/-

tanh(x /X, —2)—tanh(-2)

K(x,)—d
. (x/) 1= tanh(-2) »

a

Xr

ZHED, ERRELRNT 4T 4 T RT
A—BI X DB ERDIEND, TEE{LEES
ZEIZE VBN RT y TR O ER N o & 72
DX EHET. B G(x) IR E RS Z LD, B
it BEE x 16 L CK(x) 23 BEINE 72 138 B ) & ok L
TWAEAE, a%—02~0.1FEF TELSESLZ
LIZE T, BART » PRI OIEER 2 % /NS
TEXLLEAENRDDH. 72k, PR TIZT + v T«
VT DR XxsERBEBISE S L BT v TRED
R EIRELS RDBMERT. i 74 v T 4
TN LT EIR DA A — V24T, ZoR
WESMIAEERZN KR EL 2V 7 4 v T 4 VT DN
BEMETT 5.

£of,n74y%4yﬁf&,a£iwméﬁ
(L2 2 LI XV IPRHBESRMIZEET D a, ¢
BILOXZRD 5.

1.6
1.4 |
1.2

N E— :

—_~ I e "7
Mo.s/
0.6 &

04 -
02 r
0
0 50 100 150 200 250 300
x(mfp)

M4 Xe 7 4 T 4 2 7\ U=t Tk

4. GPXZRWNET 4y T4 VT INTA—
TDFHE

41 FEERH

ARRFFETIE, U FOFHESHTT 4 v T 4 T8



TA—HERHE L.
(1) {BL LA N7 v 1R
WK S 2EE L7 300mp F TORSBRED L
WV RT y TRREL
(2) 74T 4> 7 O
0.5mfp 75 300mfp F T48
@ xs HME  1mfp
@ xrPIHIE 300mfp
72720, I BT SR X 1038 % 18
ATHEE, LA OZ i hEE 2 Brok
(3) WITEHDZER
T4 T 4 TR O R/ MENZ0.5mfp TH D
728, FIEIZ0.5mfp DN FT v R E L
7.
WL 1 % ORZEZFTRTHHD L L, 0.5mb
DENRT v 7B LT EF 1 %DET
EHh X7,
(4) IR
O ERT y IREOEE L FREORK
A FE DN 20% A it 7> D A5 HE AR 72 703 10% A i T
RhE7Bb L.
@ LiEO#METERY (EAVRT v 715
BofeEmc L5352 K9 7%) BEIE,
T 4T 4T D EEEEREO R R %100
mfp &L, 100mfp LTFDT7 4 v T 427
FEE 2B LT A — 2 ZiINT 5.
(5) a7 4 w7 4 v 7 OYREHH
O affi —20 ~ 2
@ xfE 1Imfp ~ (xy—10)
® XifE 0.01, 0.1~6
(6) Xe 7 4 7 1 v 7 OPRIZHIH
@ affi —0.2 ~ 0.1
@ Xifli —500 ~ 300

4.2 FEER

(1) Kf&

WAt REICL VRO eV T v 7REN D KE
W LR REZ K5 ITRT. 26FEOME O K E
PHBEMHECTELEDELOEK 67T, B() %#0.5
mfp D EIL RT7 v TR T D L 26FEOME 72 &
NZ 15keV 235 15MeV DT R/ F—{ZHB W T, KfH
IF0~2ADFIPHIZAD Z &, BLO 10mfp #H 2 5 &
KEIX16LLF & 725 2 Edbmoiz.

295

100 150 200 250 300

x (mfp)
BRI T 1L —(MeV)
—15 —10 8 6 —35
—4 —3 —2 — 1.5 1
0.8 0.6 0.5 0.4 —03
0.2 —0.15 —0.1 0.08 0.06
—005 —004 —003 —002 —0.015

K5 =27 VU — b OKMEW RS

(2) T4 9T 4 TRTA—H

BIRTTIOSFEFOME & =3 X — DA G HOED
9 BL54TFEH (F976%) Na 74w T4V, EOD
167TFEFH (F924%) DX 74 v T 4 Y 72X > TENL
KT TRE DO EAE & GHAME DR EZ Foh & T
DT AT A ITNTRA=BEG X2, T4 yT 4
VIRTGRA=EDIBa,c,d XX Oxs DA E
X 7~1UCRT. afllld, Xk 74 v T 47 TlE0%
P LThT Rl L5250 THY —0.2~
0.020ME T o7=. a7 4 VT 427 TIE—20~1D
HHHICHY, #I80%MRN—0.8~—04DfETH 7. ¢
B, Xk 7 4 v 7 4 7 TCER—RlE 52572
0~20D#AE o1~ a7 4 vT 47 TiE, dhig
R EEDLEDLIZD—20~6 ETOEEZLEY, ZD
) BRITS% N —1~1ORPHTH -7, dfElE, a7 4 v

1.E+G M 1= Omipl 3,534
1.E+04 g % MO0~ 3 Kmip 27,612
E 1 M
& ki ;1 i

1.E+02 : 1

i F
1 E+H g :;| I-i B

] i H O om
1,E+D0 | .|.. H

Tl o ol M % W %% bt
L R = e T L Pl

i
L3 1= 10evfp & 10~ 30Hmin
(6 KAl o HHAE



296

T AT DOEGEN—AEE D T E D HKI81%A30.9 300
~LIOFPIZH Y, —30~10DEE -T2, X 7 4 > 250 N=708
T4 TR % N —30~0.4DHPHIZH VD, —30 200 r
~100DfE & 7otz XidEIE, a7 4 v T 14 v 7 D% = 150

52~5mip FREE E COMBLRETET 20 THY T 100
B8N 0 ~ 1 DHEIPHIZH Y, —fICXe 7 4 v T 4 50

TR THE — 5 U & 55T DEZ LD & D03

bole. X7 4T 4T TIE, FI88%NA LR,
—500~300F TOJRWVFHIPHZ R L7z, (BT Xe 7 1 »
T4 TOBFEIE LED, a7 4 v T 427 TG

Vg B RE O MR TR SRR AR IR E R B

25T LMD, 1~200F TOILWEHIZIED DW=,

MEMEE L RY v TREOT7 4 v T 4 I RT M9  diED A
A =B EAERITR T RIRRE L OV E S &

WIEENRT v T RHB I RT v T 4 T RT A —

ZIIRIEE LD THET A TETHD.

X TASTAT DaT T4

350
250 N=708 —
. e
200 ' =
3150
100 +
50
0 . B
v ™
2N TS
NN
X, 74T Dad T4
10 X fE D 45T
X TAT4T BadAvT 42
X7  afED55H
180
i
350 N=708 o 120
300 : £ 100
i Fl
§§ 250 : E g0
& 200 f 60
150 % 40
100 ? 20
50 ; 0
0 5 X ; ; 5 b
% NS 0 s
D0 P
A,QH f"/ ,b‘/ » NYom 5

X TAT4T Qad AT 4T

B X TATALT DaTAT A4

M8 iy P11 xs LD A7



297

#1 a7V —FOBHEBBECN T v TRERT 4 v T 4 L T RTA—H

E (MeV) B c a Xy d X, Max.Dev. X St.Dev.
8 1268 -0.707 -1.028 0.01 1.0008 15 3.48% 300 1.43%
1 1.436 0.587 -0.655 0.66 0.9983 60 7.85% 3 3.93%
0.6] 1.518 0.688 -0.612 0.72 0.9965 85  11.44% 4 6.04%
0.4 1.597 0.712  -0.575 0.74 0.9946 85 13.91% 4 7.09%
0.2| 1.758 0.562  -0.499 0.68 0.9912 90  12.66% 5 6.71%
0.08] 1.818 0.889 0.000 -22.38  -6.2578 0 5.62% 25 2.25%
0.04 1.288 -0.652  -0.393 0.01 1.0202 75 1.41% 300 0.81%
0.03] 1.138 -0.803  -0.503 0.01 0.9550 45 2.70% 180  1.48%
K2 WEHORKHGE & RSO T . .
Material Max. Dev. X E(MeV) Avg. St. Dev. LE+03 R _"TP:.:- *
Beryllium 1987% 2 04 3.80% s T roaes
Boron 19.89% 4 02  3.42% g T el e
Carbon 19.45% 4 02 3.06% £ | Em R I
Nitrogen 17.13% 4 03 2.96% | b
Oxygen 15.67% 4 03 3.10% S LE+0 s s it
Sodium 14.65% 4 03  3.13%
Magnesium 14.72% 4 03  321% el
Alminum 13.65% 20 15 323% i e
Silicon 1597% 10 15 333% a o A 10 AN e
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Argon 17.76% 30 0.3 3.52% IE IE1 + Eoh = IE04
Potasium 17.32% 10 15 3.15% FE 0.2 vORLEE xR T S0
Iron 16.55% 8 15 2.58% Gl = OF 0.5 R 0
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Rubidium 17.95% 30 15 333% e TN . =
Molybdenium 18.80% 1 0.03 3.23% [IF: WEHETESTEELET » 'Hef:ﬁt]
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Lanthunam 19.85% 30 8 3.03% GP:GP D7 4 37 4 2 F MM
Gadrini 19.75% 25 6  3.13% .
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Air 16.59% 4 0.3 3.13% ANK—HROBKEE, BRBESRELCEBE
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8% - BEHREEIL T v TRBD 7 4 VT 4 VOIS A—F

fHk £—A1 BERECART YT RECPAT 1T 4L T RTA—H

Be Beryllium Medium, Air Response
E(MeV) B c a Xy d Max. Dev.  x.,.c St.Dev. Application
0.015( 1.749 -0.650 -1.211 0.01 1.0031 4.96% 20 2.63%
0.02| 2.231 0.537  -0.540 0.71 0.9970 9.64% 3 3.67%
0.03| 3.012 1.508  -0.597 1.38 0.9955  14.56% 3 5.20%
0.04| 3.497 2.038  -0.600 1.39 0.9961  12.96% 3 4.11%
0.05| 3.670 2421  -0.611 1.42 0.9961  13.12% 3 4.11%
0.06| 3.602 2.661 -0.618 1.45 0.9950  12.99% 3 431%
0.08| 3.184 2965 -0.632 1.60 0.9929  16.23% 4 521%
0.1 2792 3.122  -0.645 1.80 0.9915  19.39% 4 6.74%
0.15| 2.266 2.834  -0.623 1.71 09779  15.38% 4 6.50% ~100mfp
0.2| 2.036 2713 -0.634 1.75 09773  14.75% 4 6.93% ~100mfp
03] 1.821 2,610 -0.675 1.81 0.9840  15.40% 4 6.41% ~100mfp
04 1.714 2872 -0.763 2.02 09971  19.87% 2 8.97%
0.5| 1.648 2723  -0.785 1.97 0.9982  19.61% 2 7.14%
0.6 1.601 2.503  -0.796 1.80 0.9987 16.87% 4 5.93%
0.8 1.538 2.070  -0.805 1.49 0.9993  11.01% 3 3.93%
1| 1.498 1.793  -0.819 1.34 0.9998 8.17% 3 2.96%
1.5 1.447 1.188  -0.818 0.76 0.9991 4.47% 2 1.06%
2 1415 0.909  -0.864 0.65 1.0005 1.47% 35 0.81%
31 1.372 0.740  -1.095 0.57 1.0017 2.20% 30 1.13%
4] 1367 1.457 0.001 -3.86  25.4068 2.16% 7 1.17%
5 1337 -0.073 -0413 0.01 1.0047 3.14% 2 1.11%
6] 1318 -0.158 -0.524 0.01 1.0042 2.60% 2 1.06%
8 1291 -0.315 -0.612 0.01 1.0036 2.12% 1 1.15%
10| 1.269 -0431 -0.650 0.01 1.0031 2.39% 300 1.24%
15] 1.231  -0.641 -0.707 0.01 1.0016 2.87% 300 1.59%
fHek £—A2 BEBEEART RGP T 1T 4 T RTA—H
B Boron Medium, Air Response
E(MeV) B c a Xy d Max. Dev.  Xx..c St.Dev. Application
0.015( 1.405 -0.543 -0.521 0.01 1.0079 1.77% 2 0.75%
0.02| 1.808 -0.630 -1.217 0.10 1.0037 4.66% 20 2.25%
0.03| 2.523 0.721  -0.582 0.72 0.9979 8.66% 2 3.57%
0.04| 3.063 1311  -0.586 0.79 0.9956  10.27% 2 2.76%
0.05| 3.295 1.697  -0.596 0.83 0.9957  10.51% 2 2.49%
0.06| 3.291 1.967  -0.606 1.23 0.9956 11.11% 1 2.69%
0.08] 2.972 2253  -0.616 1.37 0.9938  11.21% 3 3.16%
0.1 2.644 2393  -0.626 1.50 0.9926  13.67% 3 4.26%
0.15 2.188 2483  -0.648 1.79 0.9915  19.86% 4 7.28%
02| 1.983 2430  -0.668 1.88 0.9924  19.89% 4 9.53%
03| 1.787 2285 -0.701 1.87 0.9950  19.86% 4 9.35%
04| 1.688 2.109  -0.724 1.75 0.9966  18.18% 4 8.16%
05| 1.624 1.973  -0.743 1.66 0.9977  17.19% 4 6.81%
0.6/ 1.580 1.783  -0.751 1.51 0.9982  13.39% 4 5.79%
0.8 1.520 1492  -0.761 1.34 0.9989 9.84% 3 4.15%
1| 1.481 1.280  -0.773 1.16 0.9994 8.43% 1 3.33%
1.5] 1431 0.828  -0.768 0.65 0.9988 2.32% 2 1.12%
2| 1.401 0.602  -0.799 0.56 0.9999 1.50% 35 0.83%
3] 1.360 0399  -0.991 0.01 1.0011 1.62% 30 0.81%
4] 1.344 1.109 0.001 1.56  -0.1156 1.66% 300 0.80%
5 1322 -0.098 -0.510 0.01 1.0033 1.68% 2 0.79%
6| 1304 -0.177 -0.575 0.01 1.0033 2.28% 300 0.84%
8 1277 -0.328  -0.649 0.01 1.0028 2.19% 300 1.02%
10| 1.255 -0436 -0.683 0.01 1.0023 221% 200 1.22%
15[ 1222 -0.679 -0.755 0.01 1.0010 3.13% 300 1.76%
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fFk £—A3 BEHREEEAVRT Y IRECPAT 1T 4L T RTA—H

C Carbon Medium, Air Response
E(MeV) B c a Xy d Max. Dev.  x.,.c St.Dev. Application
0.015( 1.232 -0.636  -0.486 0.01 0.9886 1.97% 190 1.13%
0.02| 1.501 -0.519 -0.546 0.01 1.0099 2.23% 2 0.96%
0.03| 2.115 0.122  -0.413 0.49 0.9988 3.35% 300 1.80%
0.04| 2.669 0.775  -0.572 0.69 0.9968 7.30% 2 3.16%
0.05| 2.958 1.145  -0.576 0.72 0.9952 7.09% 2 2.10%
0.06| 3.014 1.410  -0.585 0.76 0.9949 7.92% 2 1.84%
0.08| 2.794 1.702  -0.595 0.84 0.9936  10.20% 2 2.46%
0.1 2.526 1.853  -0.605 1.33 0.9928 11.23% 1 3.38%
0.15|  2.129 1.939  -0.621 1.53 0.9914  16.30% 4 5.95%
02| 1.944 1.940  -0.644 1.65 0.9926  19.45% 4 8.10%
03| 1.763 1.810  -0.672 1.65 0.9947  19.17% 4 8.45%
04| 1.684 1.737  -0.705 -4.79 -54.4301 11.53% 6 6.90%
0.5 1.609 1.545  -0.710 1.48 0.9973  14.96% 4 6.68%
0.6 1.566 1.409  -0.719 1.39 0.9979  12.20% 3 5.78%
0.8 1.508 1.187  -0.728 1.24 0.9985 9.94% 1 4.34%
1| 1.470 1.019  -0.740 0.75 0.9991 7.06% 2 3.43%
1.5 1417 0.723  -0.765 0.62 0.9998 3.15% 35 1.92%
2| 1.389 0.505  -0.779 0.53 1.0002 2.25% 35 1.21%
3| 1.353 0.268 -0.916 0.01 1.0010 1.59% 30 0.85%
4] 1335 -0.016 -0.134 0.01 1.0055 1.44% 300 0.63%
5/ 1313 -0.095 -0.530 0.01 1.0029 1.74% 300 0.67%
6] 1297 -0200 -0.632 0.01 1.0025 1.76% 300 0.76%
8 1270 -0.348  -0.692 0.01 1.0021 2.11% 300 0.99%
10 1.251 -0477 -0.733 0.01 1.0016 2.57% 300 1.28%
151 1218 -0.731  -0.802 0.01 1.0006 3.41% 300 1.88%
ik £—A4 BHEHBECARTY Yy RGP T 4T 4L T /RFA—F
N Nitrogen Medium, Air Response
EMeV) B c a X d Max. Dev.  x ., St.Dev. Application
0.015( 1.143  -0.779  -0.565 0.01 0.9502 2.44% 170 1.40%
0.02( 1318 -0.567 -0.432 0.01 1.0135 1.34% 300 0.58%
0.03| 1.840 -0.462 -0.789 0.01 1.0048 4.09% 2 1.42%
0.04f 2322 0.309  -0.509 0.57 0.9981 3.89% 190 2.71%
0.05( 2.647 0.721  -0.554 0.66 0.9958 5.52% 2 3.02%
0.06| 2.754 0978 -0.562 0.68 0.9946 5.57% 2 2.30%
0.08[ 2.635 1.285  -0.575 0.74 0.9934 7.70% 2 2.42%
0.1 2422 1.427  -0.581 0.81 0.9926  10.17% 2 3.23%
0.15[ 2.080 1.533  -0.594 1.37 0.9910  12.98% 3 5.37%
02 1914 1.628  -0.628 -5.03  -54.2221  10.76% 7 5.85%
03[ 1.744 1.488  -0.648 1.50 0.9946  17.13% 4 7.94%
0.4 1.655 1.397  -0.671 1.46 0.9961 16.08% 4 7.44%
05| 1.598 1.297  -0.686 1.40 0.9970 14.41% 4 6.64%
0.6 1.556 1.211  -0.699 1.35 09977  12.87% 4 5.79%
0.8 1.500 0.989 -0.700 0.76 0.9982 8.57% 3 4.43%
1 1.463 0.854 -0.712 0.70 0.9988 6.03% 3 3.57%
1L.5| 1412 0.585 -0.714 0.58 0.9984 2.80% 30 1.50%
2| 1.383 0.417  -0.736 0.48 0.9996 2.27% 30 1.14%
3 1.347 0.236  -0.891 0.01 1.0010 1.69% 30 0.88%
4] 1328 -0.013 -0.213 0.01 1.0040 1.28% 300 0.60%
5 1310 -0.114  -0.604 0.01 1.0022 1.43% 300 0.63%
6 1292 -0201 -0.662 0.01 1.0021 1.90% 300 0.70%
8 1266 -0370 -0.736 0.01 1.0016 2.24% 300 0.98%
10 1.245 -0.524 -0.786 0.01 1.0011 2.46% 300 1.26%
15] 1.213  -0.809 -0.861 0.01 1.0005 3.67% 300 2.10%




fFk £—AS BEHREEART Y IRECPAT 1T 4 T RTA—H

6] Oxygen Medium, Air Response
E(MeV) B c a Xy d Max. Dev.  x.,.c St.Dev. Application
0.015] 1.092 -0.847 -0.609 0.01 0.9250 1.99% 150 1.04%
0.02| 1212 -0.674 -0.465 0.01 0.9885 1.90% 200 1.20%
0.03| 1.603 -0.546 -0.562 0.01 1.0111 3.10% 2 1.31%
0.04| 2.071 0958 -0.001 -24.07 -2.9037 3.78% 85 2.20%
0.05| 2.366 0.353  -0.500 0.57 0.9966 4.81% 190 3.28%
0.06| 2.517 0.644  -0.538 0.63 0.9952 5.19% 3 3.36%
0.08| 2.486 0.967  -0.558 0.69 0.9936 6.76% 2 3.26%
0.1] 2326 1.103  -0.558 0.73 0.9924 7.95% 2 3.46%
0.15| 2.037 1.250  -0.573 1.26 0.9910  12.66% 1 5.42%
02| 1.887 1.275  -0.591 1.35 0.9918  14.07% 4 6.96%
03| 1.729 1.251 -0.624 1.40 0.9942  15.48% 4 7.74%
04| 1.644 1.207  -0.651 1.39 0.9958  15.67% 4 7.30%
0.5 1.589 1.102  -0.661 1.31 0.9966  12.57% 4 6.57%
0.6 1.548 1.019  -0.670 1.23 09972  11.02% 1 5.88%
0.8 1.493 0.892  -0.686 0.74 0.9981 8.88% 3 4.51%
1| 1.457 0.775  -0.696 0.69 0.9986 6.67% 3 3.66%
1.5]  1.406 0.535  -0.699 0.56 0.9983 3.02% 4 1.61%
2( 1.379 0378  -0.719 0.49 0.9995 2.26% 30 1.22%
3 1.345 0.186  -0.827 0.01 1.0009 1.68% 30 0.91%
4] 1323  -0.009 -0.187 0.01 1.0035 0.97% 300 0.63%
5/ 1304 -0.110 -0.641 0.01 1.0018 1.26% 300 0.63%
6] 1290 -0.231 -0.726 0.01 1.0016 1.59% 300 0.68%
8 1263 -0.400 -0.786 0.01 1.0012 1.96% 200 1.01%
10 1.245 -0.583 -0.841 0.01 1.0008 2.59% 300 1.36%
15[ 1215  -0.957 -0.929 0.01 1.0005 4.08% 300  2.36%
fhik F£—A6 BREREEARNT Y RGP T (T 4 T RFG A=
Na Sodium Medium, Air Response
E(MeV) B c a Xy d Max. Dev. X ..c St.Dev. Application
0.015| 1.032 -0.994 -0.715 0.01 0.8877 0.91% 120 0.45%
0.02| 1.077 -0.852 -0.588 0.01 0.9191 1.81% 150 0.94%
0.03| 1.243 -0.672 -0.411 0.01 1.0075 1.81% 300 1.03%
0.04| 1.496 -0.588  -0.474 0.01 1.0187 1.97% 2 0.83%
0.05| 1.769 -0.541 -0.696 0.01 1.0059 3.88% 2 1.20%
0.06| 1.927 0916  -0.001 -2243  -5.1399 4.67% 25 1.92%
0.08| 2.077 0261  -0.454 0.56 0.9952 7.35% 6  430%
0.1 2.057 0473  -0.487 0.62 0.9928 8.98% 6 521%
0.15| 1919 0.703  -0.514 0.69 0.9904  10.78% 5 5.93%
02| 1.816 0.792  -0.535 0.73 09913  12.49% 4 6.82%
0.3| 1.691 0.864 -0.574 0.78 0.9934  14.65% 4 7.49%
04| 1.618 0.853  -0.599 0.77 0.9949  13.52% 4 7.29%
0.5| 1.567 0815 -0.614 0.75 0.9958  11.68% 3 6.65%
0.6 1.531 0.790  -0.632 0.74 0.9967  11.12% 3 6.01%
0.8 1.479 0.718  -0.652 0.70 0.9977 9.23% 3 4.71%
1| 1.445 0.641  -0.668 0.67 0.9984 7.32% 3 3.88%
1.5 1397 0.440  -0.662 0.55 0.9979 3.42% 3 1.80%
2| 1.371 0316 -0.678 0.49 0.9992 2.57% 30 1.42%
3] 1.340 0.127  -0.696 0.01 1.0005 1.89% 30 1.04%
4] 1.321 0.989 0.000 6.43 0.0121 1.16% 300 0.58%
5| 1306 -0222 -0.922 0.01 1.0010 1.09% 300 0.60%
6 1291 -0374 -0.944 0.01 1.0009 1.70% 1 0.69%
8 1270 -0.629 -0.980 0.01 1.0008 3.19% 300 1.33%
10 1255 -0.903 -1.030 0.01 1.0009 4.70% 300 2.11%
15] 1.234  -1.720  -1.160 0.01 1.0017 7.69% 2 4.16%
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fek £—AT7 BERECAVRT Y I RECPAT 1T 4L T RTA—H
Mg Magnesium Medium, Air Response
E(MeV) B c a Xy d Max. Dev.  x.,.c St.Dev. Application
0.015( 1.024 -1.015 -0.744 0.01 0.8786 0.58% 110 0.32%
0.02| 1.057 -0.968  -0.690 0.01 0.8927 1.18% 130 0.66%
0.03| 1.185 -0.890 -0.609 0.01 0.9409 2.65% 160 1.56%
0.04| 1389 -0.748 -0.554 0.01 0.9906 2.91% 2 1.37%
0.05| 1.622 -0.629 -0.620 0.01 1.0041 3.64% 2 1.08%
0.06| 1811 -0.633 -0.894 0.01 1.0019 5.06% 2 1.59%
0.08| 1.954 0.097  -0.289 0.50 0.9908 7.12% 6 3.64%
0.1 1970 0309  -0.433 0.58 0.9914 8.59% 6 5.05%
0.15| 1.879 0.580  -0.499 0.67 0.9908  10.76% 5 6.03%
02| 1.793 0.669  -0.512 0.69 0.9907  11.38% 4 6.78%
03| 1.679 0.783  -0.562 0.76 0.9933  14.72% 4 7.49%
0.4 1.609 0.775  -0.584 0.74 0.9946  12.80% 4 7.27%
0.5| 1.561 0.779  -0.610 0.75 0.9959  12.90% 4 6.69%
0.6 1.525 0.749  -0.623 0.73 0.9965  11.68% 4 5.99%
08| 1.475 0.682  -0.644 0.70 0.9976 9.41% 4 477%
1| 1.441 0.634  -0.669 0.68 0.9985 8.28% 4 3.92%
1.5 1.39%4 0.421  -0.653 0.55 0.9978 3.48% 3 1.85%
2 1.369 0301  -0.667 0.49 0.9991 2.63% 30 1.46%
3 1.339 0.120  -0.672 0.01 1.0004 2.12% 4 1.10%
4] 1328 0.980 0.000 -23.68 -1.1546 1.84% 3 0.65%
5/ 1307 -0.324  -1.065 0.01 1.0009 1.46% 1 0.60%
6] 1292 -0454 -1.029 0.01 1.0009 2.41% 300 0.80%
8 1271 -0.838  -1.087 0.01 1.0008 3.80% 2 1.63%
10| 1259 -1.136 -1.118 0.01 1.0011 5.96% 300 2.60%
151 1.237  -2.132 -1.270 0.01 1.0023 9.68% 1 5.42%
fHek £—A8 HEHEEART vy REGPR T 1T (L T RTA—H
Al Alminum Medium, Air Response
E(MeV) B c a Xy d Max. Dev. X ..c St.Dev. Application
0.015( 1.019 -0.890 -0.674 0.01 0.8818 0.54% 300 0.27%
0.02| 1.044 -0985 -0.701 0.01 0.8871 1.10% 130 0.56%
0.03| 1.144 -0912 -0.622 0.01 0.9254 2.30% 150 1.32%
0.04| 1312 -0.732 -0.516 0.01 0.9825 2.71% 300 1.36%
0.05| 1.502 -0.655 -0.551 0.01 1.0045 2.94% 2 0.84%
0.06| 1.675 -0.601 -0.697 0.01 1.0033 3.83% 2 1.08%
0.08| 1.850 0916  -0.002 -19.53  -5.4167 3.77% 20 1.51%
0.1 1.925 1.049  -0.002 -285.92 1.5101 8.42% 210 4.82%
0.15 1.839 0.477  -0.483 0.65 09910 11.21% 5 5.90%
02| 1.770 0.599  -0.506 0.69 09913  12.76% 5 6.78%
03| 1.667 0.698  -0.545 0.73 0.9929  13.65% 4 7.47%
04| 1.601 0.728  -0.576 0.74 0.9945  13.56% 4 7.21%
0.5 1.555 0.725  -0.599 0.74 0.9957  12.63% 4 6.63%
0.6/ 1.520 0.708  -0.617 0.72 0.9966  11.45% 4 6.05%
0.8 1.471 0.648  -0.636 0.69 0.9975 9.27% 4 4.78%
1| 1438 0.585  -0.652 0.66 0.9982 7.50% 3 3.94%
1.5 1.391 0411  -0.650 0.55 0.9978 3.62% 3 1.88%
2| 1.367 0291  -0.656 0.50 0.9990 2.69% 4 1.52%
3] 1.337 0.113  -0.638 0.01 1.0002 2.08% 35 1.15%
4] 1.335 0.973 0.000 -23.68 -1.5414 2.74% 3 0.99%
5 1309 -0458 -1.205 0.01 1.0009 2.08% 1 0.70%
6] 1294 -0.643 -1.166 0.01 1.0009 3.05% 1 1.08%
8 1277 -1.031 -1.168 0.01 1.0010 4.71% 300 2.09%
10| 1.264 -1.552 -1.231 0.01 1.0014 7.08% 1 3.35%
15] 1.242  -2.406  -1.368 0.01 1.0032  12.03% 20 7.44%




fFk £—A9 BEHRECART YT RECPAT 1T 4 T RTA—H

Si Silicon Medium, Air Response
E(MeV) B c a Xy d Max. Dev.  x.,.c St.Dev. Application
0.015| 1.015 -0.924 -0.691 0.01 0.8786 0.41% 300 0.22%
0.02| 1.035 -0.962 -0.689 0.01 0.8826 0.82% 120 0.43%
0.03| 1.114 -0.943 -0.639 0.01 0.9124 1.95% 140 1.10%
0.04| 1251 -0.765 -0.527 0.01 0.9665 2.93% 300 1.58%
0.05| 1.410 -0.676 -0.511 0.01 1.0018 2.17% 2 0.74%
0.06| 1.565 -0.619 -0.600 0.01 1.0054 2.88% 2 0.80%
0.08 1.773  -0.695 -1.043 0.09 1.0021 5.11% 1 1.54%
0.1 1.808  0.091 -0.252 0.56 0.9880 9.39% 6  451%
0.15| 1.800  0.373  -0.459 0.63 09911  10.44% 5 5.70%
02| 1.746  0.514 -0.489 0.68 09912  12.25% 5 6.75%
03| 1.655 0.648  -0.540 0.72 0.9932  14.18% 4 135%
04| 1.593 0.680  -0.567 0.73 0.9944  13.68% 4 7.14%
05| 1.549  0.689 -0.593 0.73 0.9957  12.97% 4 6.63%
0.6 1515 0.689  -0.613 0.73 0.9965  12.69% 4 6.03%
0.8| 1.467  0.627 -0.632 0.69 0.9975 9.58% 4 4.82%
1| 1.435 0.570  -0.649 0.66 0.9982 7.82% 3 3.96%
1.5 1.389 0398 -0.642 0.56 0.9977 3.81% 3 1.92%
2 1366  0.289 -0.655 0.52 0.9990 3.15% 4 1.56%
3( 1336 0.111  -0.622 0.01 1.0001 2.28% 4 1.21%
4] 1312 0.014  -0.095 -1.18  -54.2636 2.16% 5 1.16%
5/ 1312 -0.712  -1.376 0.01 1.0010 3.18% 1 1.02%
6] 1299 -0.825 -1.259 0.01 1.0010 3.63% 1 1.44%
8 1282 -1.220 -1.239 0.01 1.0013 6.37% 300 2.77%
10 1266 -1.928 -1.342 0.01 1.0018 8.91% 1 4.48%
15[ 1.242  0.765 0.000 -34.80 -13.0572  15.97% 10 8.49%
fHg #F—A10 BEBREEART v T REGCPRT 4T 4L 7T A4
P Phosphorus Medium, Air Response
E(MeV) B c a Xy d Max. Dev. X ..c St.Dev. Application
0.015| 1.012 -1.014 -0.743 0.01 0.8711 0.28% 100 0.16%
0.02| 1.028 -0.982 -0.709 0.01 0.8762 0.60% 110 0.34%
0.03| 1.092 -0.936 -0.642 0.01 0.9025 1.64% 300 0.92%
0.04| 1.203 -0.858 -0.578 0.01 0.9458 2.70% 300 1.57%
0.05| 1340 -0.714 -0.512 0.01 0.9902 2.33% 300 1.14%
0.06| 1.473 -0.666 -0.566 0.01 1.0028 2.62% 2 0.82%
0.08 1.674 -0.597 -0.803 0.01 1.0019 3.70% 2 0.98%
0.1 1.762 0900 -0.003 -18.05 -6.6018 3.57% 300 1.57%
0.15 1.795 1.086  -0.007 -164.00 1.6040 4.54% 300 2.11%
02| 1.721 0462 -0.485 0.68 09918  13.75% 5 6.63%
03| 1.642 0.585 -0.526 0.71 0.9929  13.60% 4 727%
0.4| 1.585 0.635  -0.560 0.72 0.9945  13.53% 4 7.09%
0.5| 1.542  0.652 -0.584 0.73 0.9955  13.09% 4 6.58%
0.6/ 1.510 0.644 -0.602 0.72 0.9963  12.04% 4 6.00%
0.8] 1.464  0.601 -0.625 0.69 0.9974 9.81% 4 4.86%
1| 1432  0.557 -0.648 0.67 0.9983 8.10% 3 4.01%
1.5 1387 0390 -0.639 0.57 0.9977 4.11% 3 1.96%
2| 1364 0276 -0.644 0.52 0.9989 3.02% 4 1.61%
3] 1.334 0102  -0.583 0.01 0.9998 2.53% 35 1.30%
4] 1317 0954 -0.001 -12.32  -2.9278 1.75% 130 0.97%
5| 1.303 0.905 0.000 -17.42  -5.2540 3.58% 300 1.49%
6 1302 -1.023 -1.349 0.01 1.0012 5.08% 300 2.00%
8| 1282 -1.622 -1.372 0.01 1.0016 7.28% 1 3.84%
10 1.267 -2.409 -l1.461 0.01 1.0023  11.01% 1 6.17%
15/ 1249 0.772  -0.001  -36.05 -13.0101  16.48% 10 8.44%
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ik £—A11 BEBREEART YT REGCPAT 40T 4L I NTA—H
S Sulfer Medium, Air Response
E(MeV) B c a Xy d Max. Dev.  x.,.c St.Dev. Application
0.015| 1.010 -0.828 -0.671 0.01 0.8726 0.34% 300 0.17%
0.02| 1.023 -0.947 -0.697 0.01 0.8740 0.56% 300 0.30%
0.03| 1.074 -0987 -0.679 0.01 0.8926 1.55% 130 0.82%
0.04| 1.166 -0918 -0.605 0.01 0.9316 2.46% 160 1.40%
0.05| 1.283 -0.757 -0.524 0.01 0.9774 2.47% 190 1.42%
0.06| 1.400 -0.678  -0.529 0.01 1.0004 1.96% 1 0.79%
0.08] 1.589 -0.588  -0.685 0.01 1.0031 2.88% 1 0.75%
0.1] 1.669 0840  0.000 -18.68  -8.8538 7.42% 25 3.12%
0.15] 1.719  0.208 -0.405 0.60 0.9920 9.59% 5 4.83%
02| 1.697 1.120  -0.009 -131.86 2.5032 7.14% 110 427%
03| 1.630 0.542 -0.522 0.71 0.9933  13.82% 4 7.19%
04| 1576  0.600 -0.553 0.72 0.9944  13.83% 4 6.93%
0.5 1.536  0.600 -0.571 0.71 0.9953  11.90% 4 657%
0.6 1.505 0.629  -0.602 0.73 0.9965  12.74% 4 6.00%
0.8| 1.460 0.566 -0.614 0.68 0.9972 9.13% 3 4.87%
1| 1428 0.531 -0.638 0.66 0.9981 7.69% 3 4.00%
1.5 1.385 0370  -0.627 0.56 0.9975 3.87% 3 2.00%
2( 1.363 0269  -0.635 0.53 0.9988 3.28% 4 1.66%
3( 1334 0.103 -0.574 0.01 0.9997 2.61% 4 1.35%
4] 1324 0951 -0.001 -15.12  -3.0959 1.30% 45 0.69%
5/ 1316 0904  0.000 -22.04 -53141 4.11% 300 1.79%
6] 1292  0.861 0.000 -19.97  -7.6701 6.09% 25 2.94%
8 1269  0.807 0.000 -22.04 -10.6465 9.91% 30 4.98%
10 1.244  0.777 -0.001 -22.72 -12.6154 12.80% 30 6.20%
15 1.251 0.776 _ -0.002  -35.37 -13.1376  16.60% 10 8.43%
fHg F—A12 BEBEEART v T REGPR T 1T 4L I TA—H
Ar Argon Medium, Air Response
E(MeV) B c a Xy d Max. Dev. X ..c St.Dev. Application
0.015| 1.005 0.699  0.007 -51.25 -8.9313 0.17% 10 0.08%
0.02| 1.013 -0.931 -0.771 0.01 0.8884 0.38% 2 0.21%
0.03| 1.051 -0.997 -0.683 0.01 0.8822 0.98% 120 0.56%
0.04| 1.114 -0.958 -0.636 0.01 0.9095 1.95% 140 1.08%
0.05| 1.200 -0.888  -0.590 0.01 0.9459 2.67% 170 1.56%
0.06| 1.291 -0.749 -0.539 0.01 0.9801 2.89% 300 1.54%
0.08] 1.450 -0.627 -0.580 0.01 1.0034 2.17% 1 0.63%
0.1 1558 -0.586 -0.798 0.01 1.0014 2.88% 1 0.69%
0.15 1.673 0928  -0.005 -12.40  -5.7479 8.33% 300 3.57%
02| 1.645 0259  -0.410 0.63 0.9899  10.90% 4 548%
0.3| 1.603 1.131  -0.007 -120.12 3.6345  17.76% 30 8.04%
04| 1559 0.588 -0.604 0.75 1.0027  15.11% 4 8.34%
0.5| 1.523 0.648  -0.641 1.30 1.0037  15.46% 4 7.98%
0.6] 1.494  0.634 -0.641 0.75 1.0016  13.92% 4 722%
0.8] 1.452 0547 -0.613 0.69 0.9973  10.24% 4 4.83%
1| 1422 0478 -0.612 0.65 0.9970 7.24% 3 3.72%
1.5 1379 0461 -0.738 0.64 1.0029 6.39% 3 3.47%
2| 1.356 0403 -0.836 0.62 1.0062 5.31% 3 2.82%
31 1.327 0150 -0.713 0.38 1.0025 3.80% 35 2.15%
4] 1309  0.026 -0.470 0.01 1.0023 3.83% 5 1.98%
5| 1315 0.893 0.000 -19.09 -6.0145 3.09% 25 1.09%
6| 1298  0.855 0.000  -20.19  -8.0882 5.60% 25 2.40%
8 1267 0805 -0.001 -21.22 -11.1339 9.19% 25 4.42%
10 1254  0.783 -0.002 -24.64 -12.6622 11.67% 30 6.01%
15[ 1.252  0.790 -0.004 -34.45 -13.1161  16.56% 10 8.11%




&k £—A13 BHBEBE AR v T RECPRT AT AL T NTA—H

K Potasium Medium, Air Response
E(MeV) B c a Xy d Max. Dev.  x.,.c St.Dev. Application
0.015( 1.004 0.748 0.000 -65.86  -8.1045 0.17% 15 0.08%
0.02| 1.011 -0.961 -0.794 0.01 0.8863 0.33% 2 0.18%
0.03| 1.043 -1.002 -0.691 0.01 0.8777 0.85% 120 0.48%
0.04] 1.096 -0.968 -0.649 0.01 0.9010 1.79% 140 0.95%
0.05 1.170 -0.892  -0.595 0.01 0.9354 2.53% 300 1.43%
0.06| 1249 -0.827 -0.572 0.01 0.9673 2.74% 300 1.66%
0.08] 1395 -0.640 -0.548 0.01 1.0023 1.78% 1 0.66%
0.1 1502 -0.564 -0.697 0.01 1.0022 2.18% 1 0.54%
0.15| 1.634 0.891  -0.003 -15.66  -7.0277 2.82% 300 1.31%
02| 1.620 0215  -0.395 0.64 0.9904  11.18% 5 5.15%
03| 1.598 1.107  -0.006 -138.92 2.7725 8.59% 120 5.01%
04| 1.550 0.569  -0.608 0.76 1.0031  15.68% 4 8.08%
05| 1.516 0.639  -0.646 1.33 1.0040  16.27% 4 7.86%
0.6 1.544 1.099  -0.007 -139.84 21912 11.27% 10 4.67%
0.8 1.448 0.510  -0.599 0.68 0.9970 9.29% 4 47%
1| 1418 0472  -0.611 0.65 0.9970 7.48% 3 3.70%
1.5 1377 0.457  -0.737 0.65 1.0029 6.63% 3 3.47%
21 1.355 0379  -0.819 0.62 1.0061 5.16% 3 2.85%
3 1.328 0.148  -0.699 0.47 1.0024 3.88% 4 220%
4] 1.323 0.929 -0.001 -12.92  -4.3907 4.44% 300 1.85%
5| 1.293 0.870  -0.001 -12.23  -7.5857 2.90% 15 1.28%
6| 1.284 0.838 -0.001 -15.64  -9.3266 5.92% 20 2.05%
8 1.262 0.793  -0.002 -18.63 -12.0864 10.38% 25 4.27%
10| 1.251 0.777  -0.003  -22.68 -13.2970  12.48% 30 6.02%
15 1.251 0.793  -0.005 -32.91 -13.3321 17.32% 10 8.18%
fHg #F—A14 BEBREEART v T REGPRT 4T 4L T TA—H
Fe Iron Medium, Air Response
E(MeV) B c a Xy d Max. Dev. X ..c St.Dev. Application
0.015( 1.002 0.590 -0.020 -47.57 -18.8033 0.21% 300 0.14%
0.02| 1.005 -1.429 -0.960 0.01 0.8622 0.26% 100 0.16%
0.03| 1.017 -0.928  -0.640 0.01 0.8772 0.45% 300 0.25%
0.04| 1.037 -0.956 -0.611 0.01 0.8917 1.11% 130 0.52%
0.05| 1.066 -0.906 -0.557 0.01 0.9167 1.61% 300 0.91%
0.06| 1.098 -0.854 -0.518 0.01 0.9451 2.86% 180 1.34%
0.08 1.175 -0.633 -0.373 0.53 1.0137 3.01% 300 1.09%
0.1 1244 -0.567 -0.404 0.39 1.0220 1.34% 25 0.76%
0.15] 1388 -0.439 -0.561 0.01 1.0082 0.99% 300 0.56%
02| 1470 -0.623 -1.171 0.01 1.0019 2.39% 1 0.75%
03| 1.490 0.150 -0.411 0.63 0.9947 8.24% 4 3.87%
0.4 1.483 0.280 -0.473 0.66 0.9939  10.34% 4 477%
0.5 1.466 0.338  -0.501 0.67 0.9941  10.00% 4 485%
0.6/ 1.449 0365 -0.518 0.67 0.9943 9.48% 4 4.63%
0.8 1.419 0384  -0.550 0.66 0.9953 8.28% 4 3.99%
1| 1.395 0380 -0.578 0.64 0.9963 7.07% 3 3.31%
1.5 1.363 0291  -0.583 0.58 0.9971 4.33% 3 2.11%
2| 1.346 0209  -0.559 0.52 0.9978 3.66% 4  201%
3] 1.325 0.091  -0.420 0.48 0.9969 4.59% 4 226%
4] 1.336 0.896 -0.003 -15.89  -6.7744 3.52% 55 1.75%
5[ 1.310 0.843  -0.004 -15.60  -9.9406 5.16% 20 1.76%
6] 1.290 0.805  -0.005 -15.65 -12.3021 8.24% 20 2.73%
8 1.275 0.778  -0.007  -20.26 -14.4430 13.36% 25 5.16%
10|  1.269 0.777  -0.008 -24.31 -15.0371 14.36% 30 6.80%
15]  1.271 0.820  -0.008 -28.57 -13.7690  16.55% 8 7.96%

307



308

&k £—A15 BHBEBEARNT v T RECPRT AT AL T INTA—H

Cu Copper Medium, Air Response

E(MeV) B c a Xy d Max. Dev.  x.,.c St.Dev. Application

0.015( 1.001 1.636 0.038 1.63  -1.1219 1.64% 300 0.54%

0.02| 1.002 -0.628 -0.876 0.01 0.9230 0.13% 20 0.07%

0.03| 1.010 -1.126 -0.874 0.01 0.8741 0.38% 110 0.22%

0.04| 1.025 -1.005 -0.713 0.01 0.8713 0.54% 110 0.31%

0.05| 1.046 -1.057 -0.704 0.01 0.8775 0.97% 120 0.52%

0.06] 1.070 -0.994 -0.668 0.01 0.8974 1.36% 130 0.76%

0.08| 1.127 -0.903  -0.626 0.01 0.9358 2.39% 300 1.31%

0.1 1.18 -0.800 -0.594 0.01 0.9690 2.81% 190 1.61%

0.15| 1314 -0.552 -0.571 0.01 1.0014 1.20% 210 0.69%

02| 139 -0.394 -0.756 0.01 1.0008 0.86% 300 0.34%

03| 1.446 0.060  -0.266 0.59 0.9920 6.24% 4 261%

04| 1452 0.193  -0.423 0.63 0.9929 8.26% 4 3.84%

0.5 1.443 0306  -0.534 0.68 0.9982  10.41% 4 498%

0.6/ 1.430 0.349  -0.566 0.68 0.9996 9.82% 4 5.20%

0.8 1.404 0374  -0.576 0.67 0.9978 8.77% 4 42%

1| 1.409 1.072  -0.005 -116.18 1.7418 5.72% 210 3.01%

1.5 1354 0355  -0.697 0.63 1.0027 6.15% 3 3.34%

2 1.340 0.284  -0.736 0.61 1.0055 5.46% 3 3.02%

3] 1.322 0.104  -0.481 0.54 0.9998 5.92% 4 3.05%

4] 1334 0.879  -0.003 -14.83  -7.7708 6.45% 55 3.26%

5[ 1.303 0.823  -0.005 -13.84 -11.3698 6.06% 300 2.54%

6| 1.300 0.800 -0.006 -17.42 -12.9364 8.59% 20 3.08%

8 1.294 0.781  -0.008 -23.07 -14.7112 12.72% 30 5.40%

10| 1.289 0.783  -0.009 -26.08 -152711 14.80% 35 6.85%

15  1.299 0.838  -0.008 -28.97 -13.4279 15.81% 10 7.35%

& F—A16 BREBELART v TGP T 10T 4L T NTA—H
Rb Rubidium Medium, Air Response

E(MeV) B c a X d Max. Dev. X, St.Dev. Application

0.015( 1.007 -1.096 -0.814 0.01 0.8675 0.20% 95 0.11%

0.016[ 1.846 0.926 0.026  -12.40 -23.4727 8.27% 15 3.82%

0.017[ 1.924 -0.601 -0.488 0.45 1.5160  10.07% 15 4.43%

0.018( 2.044 -0.700  -0.515 0.01 1.4931 8.72% 15 3.75%

0.019| 2.174 -0.838  -0.561 0.01 1.4648 7.07% 35 3.95%

0.02| 2281 -0.958 -0.594 0.01 1.4363 9.07% 30 477%
0.025( 2.769 0.660 0.039 -33.46 -22.7829 15.71% 10 9.75%  ~100mfp
0.03| 3.150 0.473 0.077 29.19 03099  14.75% 30 7.82%  ~100mfp

0.04| 3.168 0.683  -5.000 -1.51 -5.9812 0.00% 3 0.00%

0.05| 2.604 0.005 0.257 55.66 0.0990 0.84% 40 0.43%

0.06| 2.052 -0.008 -0.100 -164.92 -17.3113 2.23% 15 0.94%

0.08| 1.481 -1.138 -0.211 0.01 0.9835 3.80% 170 1.84%

0.1 1.095 -0.886 -0.633 0.01 0.9350 2.02% 300 1.14%

0.15| 1.185  -0.605 -0.396 0.41 1.0339 3.33% 300 1.76%

02| 1265 -049 -0.479 0.36 1.0186 3.66% 300 1.95%

03| 1349 -0.243 -0.618 0.45 1.0035 1.04% 3 0.54%

0.4 1.400 0.862 -0.001 -11.88  -8.0245 2.46% 300 1.25%

0.5 1.380 0.119  -0.428 0.60 0.9968 6.00% 4 2.84%

0.6/ 1379 0.176  -0.464 0.61 0.9960 6.29% 4 3.04%

0.8 1.368 0238 -0.518 0.62 0.9965 6.18% 4 3.04%

1| 1.354 0.288  -0.594 0.63 0.9992 6.36% 4 3.17%

1.5 1337 0.205  -0.525 0.55 0.9966 3.81% 3 2.00%

2 1.329 0.146  -0.449 0.54 0.9952 4.38% 4 222%

31 1315 0.088  -0.294 0.58 0.9903 7.81% 5 3.45%

4] 1316 0.820 -0.007  -12.10 -12.0593 8.20% 300 3.28%

5[ 1.320 0.796  -0.008 -17.63 -13.7106 7.42% 20 3.07%

6| 1.297 0.768 -0.010 -17.79 -15.8601 10.61% 20 4.10%

8 1.282 0.751  -0.012 -20.39 -17.7810  16.69% 25 6.35%

10| 1.284 0.771  -0.011  -23.96 -17.2813 16.49% 30 7.42%

15 1.285 0.852  -0.009 -24.40 -14.4985 17.95% 30 7.79%




Tk K—AL7 RERECARY T RIECPRT 4T 4 7 /T A=

Mo Molybdenium Medium, Air Response

E(MeV) B c a Xy d Max. Dev.  x .. St.Dev. Application

0.015| 1.005 0.503 0.027  -31.72 -14.2686 0.26% 300 0.11%

0.019] 1.009 -1.125 -0.812 0.01 0.8639 0.26% 100 0.14%

0.02| 1.898 0.935 0.026 -12.36 -23.2256 8.24% 95 3.59%

0.021] 1938 -0.596 -0.496 0.46 1.5264  10.40% 15 4.50%

0.022( 2.020 -0.638 -0.503 0.01 1.5089 9.49% 15 3.97%

0.024f 2231 -0.831 -0.560 0.01 1.4688 6.39% 10 3.45%

0.026] 2.404 -1.045 -0.618 0.01 1.4232 9.33% 30 4.57%

0.028| 2.576 -1.314 -0.673 0.01 1.3748  11.27% 1 5.82%

0.03| 2744 -1.591 -0.714 0.01 1.3245  17.65% 1 7.02%
0.035| 3.019 0.565 0.047  -40.64 -22.8369 7.65% 25 331% ~100mfp

0.04| 3.190 0.437 0.034 157.46 0.4477 4.74% 4 2.56%

0.05| 2.965 0.202 0.000 0.84  -0.0660 0.01% 0.5 0.00%

0.06| 2.412 0.001  -0.099 -226.36  -8.5928 1.28% 10 0.51%

0.08 1.610 -1.348 -0.091 0.31 1.2658 2.99% 150 1.48%

0.1 1.066 -0.922 -0.662 0.01 0.9199 1.58% 300 0.86%

0.15| 1.139 -1.002  -0.541 0.01 1.0201 6.08% 300 3.10%

02| 1209 -0.756 -0.527 0.01 1.0211 6.67% 300 3.86%

03] 1298 -0.359 -0.514 0.48 1.0117 3.36% 300 1.40%

0.4 1331 -0.133 -0.638 0.51 1.0038 2.09% 3 1.03%

0.5| 1354 0.853  -0.002 -8.21  -8.7580 4.62% 300 1.85%

0.6| 1.348 0.091 -0.411 0.57 0.9970 4.46% 4 222%

0.8 1.344 0.176 ~ -0.509 0.59 0.9974 5.06% 4 242%

1| 1.336 0222 -0.581 0.60 0.9996 5.16% 4 271%

1.5] 1326 0.157  -0.472 0.54 0.9956 3.46% 4 1.79%

2 1.319 0.129  -0.420 0.55 0.9947 4.95% 4 233%

3 1.337 0.861 -0.006 -11.41  -9.5678 9.88% 300 3.87%

4] 1.326 0.803 -0.008 -14.70 -13.2735 8.29% 300 3.20%

5[ 1318 0.767 -0.010 -17.38 -15.8386 9.52% 20 3.69%

6| 1.298 0.742  -0.012 -17.73 -17.8691 12.85% 20 4.83%

8| 1315 0.745  -0.012 2425 -18.4864 15.62% 30 6.99%

10{ 1.307 0.765 -0.011  -25.06 -18.1830  17.12% 35 8.05%

15[ 1.310 0.858 -0.009 -23.80 -15.0986  18.80% 30 8.02%

Tk £—A18 MHFHMBEART TGP T 4o T4 7 T A=
Sn Tin Medium, Air Response

E(MeV) B c a Xy d Max. Dev.  x,.x St.Dev. Application

0.015( 1.003 0.541 0.092 127.10  -0.1118 0.28% 300 0.09%

0.02| 1.006 -1.091 -0.801 0.01 0.8605 0.17% 100 0.09%

0.029] 1.017 -0.958 -0.694 0.01 0.8635 0.42% 300 0.22%

0.03| 2.002 -0.631 -0.512 0.01 1.5256 9.01% 15 3.81%

0.035| 2302 -0.973  -0.603 0.01 1.4568 8.14% 30 3.75%

0.04| 2549 -1.394 -0.687 0.01 1.3741  12.87% 20 5.96%
0.045| 2.656 0.665 0.042  -32.03 -22.6262 13.73% 10 8.30% ~100mfp
0.05| 2.669 0.550 0.049 -39.46 -23.3781 8.75% 10 4.04% ~100mfp
0.055| 2.644 0.458 0.078 30.86 0.3320  16.43% 30 7.51% ~100mfp

0.06| 2514 3294  -4.165 1.01 0.3917 0.05% 3 0.01%

0.07| 2.112 0.185  -0.045 68.41 0.1032 0.85% 2 0.32%

0.08| 1.816 0.057 -0.100 -209.58 -15.5253 1.04% 6 0.44%

0.09| 1.558 0.003  -0.100 171.23 -24.6943 2.62% 15 1.05%

0.1] 1.402 -1.309 -0.123 0.29 1.2021 3.28% 150 1.69%

0.15| 1.085 -0.819 -0.629 0.01 0.9441 2.15% 300 1.18%

02| 1.135 -0.680 -0.575 0.01 0.9742 2.83% 190 1.58%

03| 1218 -0478 -0.530 0.01 1.0002 1.72% 200 0.98%

04| 1269 -0275 -0.516 0.48 1.0066 1.10% 300 0.50%

05| 1293 -0.168 -0.640 0.45 1.0024 1.16% 4 0.61%

0.6/ 1315 -0477 -1.345 0.01 1.0010 1.28% 1 0.43%

0.8 1.311 0.051  -0.392 0.54 0.9981 3.02% 4 1.53%

1 1308 0.119  -0.579 0.56 1.0008 3.62% 4 1.93%

1.5 1.309 0.093  -0.385 0.54 0.9947 3.42% 4 1.63%

2( 1.306 0.089  -0.325 0.55 0.9922 5.35% 4 2.58%

3 1.327 0.813  -0.007 -12.05 -12.3984 9.93% 300 3.74%

4] 1.321 0.757  -0.010 -1530 -16.2728 8.57% 20 3.56%

5| 1.298 0.719  -0.013  -16.05 -19.2282  12.75% 20 4.60%

6| 1.298 0.706  -0.014 -18.839 -20.5102  15.23% 25 5.97%

8| 1.297 0.720  -0.013  -22.30 -20.6613  18.24% 30 7.85%

10 1.319 0.745  -0.011  -24.94 -20.1000 19.61% 35 9.30%

15  1.331 0.851  -0.009 -22.60 -16.7296  19.89% 30 8.69%
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ik #£—A19 BEHRBEARNT RGP T 1T 42 T /TA—H

La Lanthunam Medium, Air Response
EMeV) B c a Xy d Max. Dev. Xmax  St. Dev. Application

0.015 1.002 0.619 0.063 113.02  -0.0630 0.21% 300 0.07%

0.02( 1.004 0.548 0.018 -38.23 -13.1680 0.13% 300 0.07%

0.03 1.012 -1.016 -0.724 0.01 0.8596 0.26% 100 0.15%

0.038 1.022  -1.099 -0.753 0.01 0.8612 0.54% 1 0.28%

0.039] 1973 -0.669 -0.531 0.01 1.5233 7.21% 15 3.29%

0.04] 2028 -0.725 -0.545 0.01 1.5137 6.70% 15 3.05%

0.042| 2.093 -0.820 -0.567 0.01 1.4946 5.70% 10 2.75%

0.044| 2.139  -0.898  -0.585 0.01 1.4734 5.37% 30 2.74%

0.046| 2.183 -1.031 -0.621 0.01 1.4489 6.93% 25 3.57%

0.048| 2.226  -1.158  -0.650 0.01 1.4242 9.27% 25 4.17%

0.05] 2265 -1.281 -0.671 0.01 1.3993 9.65% 1 4.90%

0.055| 2.268 -1.772  -0.747 0.01 1.3297  19.07% 1 7.05%

0.06] 2.250 0.634 0.043  -33.03 -23.3036 11.78% 100 6.45%  ~100mfp
0.07| 2.005 0.475 0.034 -66.67 -26.5741 17.78% 15 7.62%  ~100mfp
0.08] 1.841 0.340 0.037  -59.98 2.6740 0.71% 140 0.32%

0.09] 1.622 0216  -0.100 -229.49 -13.7517 0.64% 140 0.23%

0.1 1.465 0.102 0.013 -191.24 -19.6545 0.95% 20 0.48%
0.15 1.155 -1.242  -0.402 0.01 0.9906 3.82% 300 2.01%
02| 1.128 -0.778 -0.386 0.46 1.0327 3.09% 300 1.72%
0.3 1.168  -0.547 -0.526 0.01 0.9929 2.23% 200 1.26%
0.4 1219 -0.339 -0.445 0.46 1.0119 1.28% 300 0.60%
0.5 1.251  -0.255  -0.517 0.46 1.0059 1.17% 300 0.46%
0.6 1269 -0.198 -0.625 0.43 1.0021 0.78% 30 0.41%
0.8 1.284 -0.107 -0.874 0.45 1.0007 1.20% 30 0.61%
1 1.304 0.918 0.000 -12.56  -4.6026 1.45% 1 0.67%
1.5 1.291 0.047  -0.226 0.52 0.9908 3.09% 4 1.52%
2| 1318 0.875 -0.004 -12.43  -8.1830 4.21% 45 2.25%
3 1.316 0.781  -0.007 -13.85 -14.1008 6.85% 60 3.69%
4] 1295 0.711  -0.012  -14.05 -19.1885 10.52% 20 4.05%
5 1.278 0.673  -0.015 -1521 -22.1802  14.92% 20 5.35%
6| 1.287 0.668 -0.015 -18.51 -22.9608 17.74% 25 6.91%
8| 1.285 0.688 -0.013 -21.52 -22.8300 19.85% 30 8.87%
10|  1.330 0.711  -0.003  -19.99 -20.9850  12.58% 25 7.11%  ~100mfp
15 1.369 0.841  -0.007  -23.09 -17.6627  18.50% 30 8.22%
fHek R—A20 BHBBENAVRT A REGPAT 40T 40 /3T 2=
Gd Gadrinium Medium, Air Response
E(MeV) B c a Xy d Max. Dev. Xmax  St. Dev. Application

0.015 1.001 0.637 0.066 201.48 -0.1216 0.15% 300 0.08%
0.02| 1.003 0.520 0.030 -34.41 -12.2000 0.19% 300 0.08%

0.03 1.008 -1.254 -0.868 0.01 0.8518 0.29% 100 0.16%
0.04| 1.017 -1.173 -0.806 0.01 0.8557 0.50% 110 0.27%

0.05 1.030  -1.031  -0.696 0.01 0.8694 0.61% 110 0.35%

0.051 1.938 -0.778 -0.572 0.01 1.5076 5.39% 10 2.62%

0.052] 1.949 -0.800 -0.571 0.01 1.5012 5.24% 10 2.49%

0.054| 1.965 -0.881 -0.591 0.01 1.4846 4.45% 10 2.35%

0.056| 1974 -0978 -0.619 0.01 1.4658 5.70% 25 2.83%

0.058| 1.982 -1.061 -0.636 0.01 1.4478 6.63% 25 3.17%

0.06 1988 -1.155 -0.654 0.01 1.4290 6.71% 25 3.59%

0.065 1.933  -1.471 -0.712 0.07 1.3774  12.20% 2 4.98%

0.07] 1.877 -1.863 -0.764 0.01 1.3227  18.37% 2 6.65%

0.075 1.824 0.644 0.042 -31.89 -23.4229 11.79% 35 6.84%  ~100mfp
0.08] 1.761 0.577 0.046  -35.84 -23.8154 9.87% 100 4.77%  ~100mfp
0.09] 1.591 0.469 0.008  -80.80 -29.9959  14.48% 25 6.73%  ~100mfp
0.1 1.492 0.363 0.023 75.90 0.0614 1.00% 3 0.36%

0.15 1.171  -1.188  -0.345 0.01 0.9378 2.81% 170 1.46%
02| 1.116 -0.807 -0.356 0.32 1.0212 4.72% 300 1.68%

0.3 1.132  -0.636  -0.572 0.01 0.9775 2.98% 300 1.66%
04| 1.179 -0479 -0.536 0.01 0.9962 2.16% 300 1.29%
0.5 1.214  -0353  -0.459 0.46 1.0152 2.92% 300 1.52%
0.6 1238 -0.303 -0.513 0.49 1.0113 4.08% 300 1.83%
0.8 1.255  -0.138  -0.490 0.50 1.0057 1.05% 300 0.58%

1 1.262  -0.064 -0.484 0.50 1.0039 1.60% 4 0.75%

1.5 1.269 0.829  -0.002 -5.95  -9.9807 2.22% 8 1.10%

2| 1.303 0.838  -0.003 -13.66 -9.8514 3.19% 60 1.79%

3 1.295 0.730  -0.008 -12.88 -17.0184 7.34% 15 3.27%

4] 1.281 0.667 -0.013  -1428 -21.7150 12.98% 20 4.56%

5 1.271 0.633  -0.016 -15.56 -24.5422  19.26% 20 6.39%

6| 1.281 0.638  -0.015 -19.29 -24.7363 19.75% 25 8.07%

8 1314 0.649 -0.004 -1936 -23.6367 14.21% 20 7.63%  ~100mfp
10| 1.333 0.689  -0.002 -19.64 -22.4741 14.51% 25 7.70%  ~100mfp
15 1.384 0.809  -0.002  -18.48 -18.9143 13.82% 20 6.71% ~100mfp




ek R—A21 BEREBELRT Y I IGECP T 4T (L T RTA—H

\W Tungsten Medium, Air Response

E(MeV) B c a Xy d Max. Dev. X, St.Dev. Application
0.015| 1.001 0.595 0.070 101.29  -0.0674 0.14% 300 0.05%
0.02| 1.002 0.554 0.086 116.19  -0.1027 0.20% 300 0.06%
0.03| 1.005 -1.421 -0.948 0.01 0.8502 0.21% 1 0.12%
0.04| 1.011 -1.060 -0.740 0.01 0.8545 0.25% 1 0.14%
0.05| 1.019 -0.899 -0.656 0.01 0.8650 0.54% 300 0.26%
0.06| 1.027 -1.110 -0.749 0.01 0.8726 0.69% 120 0.35%
0.069( 1.035 -1.072 -0.736 0.01 0.8849 0.85% 120 0.45%
0.07 1778 -0.871 -0.620 0.01 1.4919 4.27% 10 1.95%
0.075| 1.755 -1.044  -0.657 0.01 1.4598 4.71% 25 2.30%
0.08] 1.727 -1.165 -0.674 0.01 1.4262 5.72% 1 2.52%
0.09] 1.620 -1.606 -0.745 0.01 1.3509  12.25% 2 4.48%
0.1 1.532 2206  -0.807 0.01 1.2680  19.11% 2 6.60%

0.11| 1.435 0.565 0.047 -37.50 -23.0899 11.67% 100 4.60% ~100mfp

0.12| 1.344 0.432 0.039  -64.01 -24.9484 9.11% 20 3.68% ~100mfp
0.13| 1307 -29.415 -0.001 0.38 29.8372 1.26% 140 0.64%
0.14| 1.259 0.337 0.039 -176.21  -9.7728 0.81% 150 0.41%
0.15| 1.222 0.267 0.070 -135.17 -13.2285 1.10% 160 0.62%
02| 1.123 -1.162  -0.448 0.01 0.9389 2.67% 180 1.39%
03] 1.093 -0.709 -0.604 0.01 0.9623 2.62% 170 1.44%
04| 1.133 -0.585 -0.562 0.01 0.9843 2.84% 190 1.61%
0.5] 1.165 -0415 -0.401 0.40 1.0239 2.70% 300 1.49%
0.6/ 1.191 -0.405 -0.465 0.01 1.0175 4.51% 300 2.29%
0.8 1217 -0251 -0.456 0.49 1.0103 1.69% 300 0.78%
1] 1229 -0.184 -0.434 0.43 1.0070 1.22% 300 0.58%
1.5 1.261 -0.653 -1.207 0.01 0.9994 3.26% 300 1.30%
2| 1.264 0.766  -0.002  -12.03 -13.3887 6.68% 15 2.20%
3] 1.260 0.668 -0.008 -12.26 -20.2256 9.42% 15 3.38%
4] 1.262 0.615 -0.013 -15.27 -243985 16.10% 20 5.88%
51 1.261 0.592 -0.015 -17.83 -26.5372  19.87% 25 8.08%
6| 1.263 0.596 -0.014 -20.32 -26.8863 19.97% 30 9.95%

8 1.310 0.610 -0.001 -19.56 -25.5152 15.73% 25 8.46% ~100mfp

10| 1.336 0.656 0.001  -19.44 -24.1073 15.11% 20 8.43% ~100mfp

15| 1.399 0.784 0.000  -18.20 -20.3514  14.64% 20 7.35%  ~100mfp
ik R—A22 BAERECART Y TRIMGPAT 4T 4 7 8T A4

Pb Lead Medium, Air Response

E(MeV) B c a Xy d Max. Dev.  x .. St.Dev. Application
0.03| 1.004 0.505 0.027 -36.26 -13.5503 0.18% 300 0.08%
0.04| 1.008 -1.014 -0.716 0.01 0.8548 0.18% 300 0.11%
0.05| 1.013 -1.209 -0.819 0.01 0.8546 0.40% 1 0.21%
0.06| 1.020 -0.853 -0.637 0.01 0.8733 0.62% 300 0.30%
0.08| 1.034 -1.075 -0.731 0.01 0.8896 0.87% 120 0.45%
0.088( 1.040 -1.075 -0.742 0.01 0.8959 1.03% 120 0.54%
0.089( 1.711 -0.960 -0.650 0.01 1.4738 3.10% 30 1.74%
0.09] 1.702 -1.005 -0.661 0.01 1.4686 3.73% 25 1.91%
0.1 1.619 -1.307 -0.719 0.01 1.4124 7.33% 2 3.16%
0.11] 1.530 -1.640 -0.764 0.01 1.3521  11.86% 2 4.44%
0.12| 1.457 -2.085 -0.808 0.01 1.2866  16.46% 2 5.65%

0.13| 1.396 0.608 0.043  -33.53 -23.1821 12.78% 100 5.63% ~100mfp

0.14| 1.327 0.539 0.046  -41.78 -23.2044 8.36% 100 3.60% ~100mfp

0.15| 1.276 0.438 0.018 -79.56 -27.1506 8.67% 30 4.19% ~100mfp
0.16| 1256 -0.408 -0.154 0.54 0.8149 1.25% 140 0.58%
02| 1.162 -1.039 -0.375 0.01 0.8705 2.24% 160 1.12%
03| 1.071 -0.759 -0.632 0.01 0.9527 2.32% 160 1.22%
04| 1.105 -0.664 -0.593 0.01 0.9736 3.18% 180 1.65%
0.5 1.134 -0452 -0.376 0.43 1.0283 2.52% 300 1.40%
0.6 1.158 -0.447 -0425 0.01 1.0234 3.88% 300 2.14%
0.8 1.186 -0.312 -0.423 0.38 1.0148 1.65% 300 0.88%
1| 1203 -0.255 -0.454 0.32 1.0105 1.55% 300 0.76%
1.5 1.235 -0.446 -0.880 0.01 0.9991 1.75% 300 0.85%
2| 1.261  -1.687 -1.476 0.01 1.0004 6.85% 300 2.87%
3| 1.237 0.628 -0.007  -12.13 -22.0560 11.85% 15 3.81%
41 1.237 0.589  -0.012 -15.44 254874 17.45% 20 6.70%
5[ 1.250 0.578 -0.013  -1991 -26.8618  19.99% 25 9.44%

6| 1.280 0.554  -0.002 -18.73 -27.1775 15.41% 25 8.23% ~100mfp

8 1.305 0.583 0.002 -20.10 -26.5018  16.56% 25 8.94% ~100mfp

10| 1.334 0.629 0.004 -1936 -25.1157 16.33% 20 8.90% ~100mfp

15]  1.402 0.763 0.002  -18.25 -21.1999  15.30% 20 7.77%  ~100mfp
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U Uranium Medium, Air Response
EMeV) B c a X d Max. Dev. X, St. Dev. Application
0.03 1.002 0.639  -0.019 -51.55 -16.3833 0.21% 300 0.13%
0.04 1.005 0.493  -0.001 -36.69 -19.4185 0.26% 7 0.17%
0.05 1.009 -1.213 -0.814 0.01 0.8543 0.28% 1 0.13%

0.06] 1.013 -1.241 -0.835 0.01 0.8609 0.42% 110 0.22%
0.08] 1.023 -1.100 -0.754 0.01 0.8827 0.63% 110 0.32%
0.1f 1.034 -1.050 -0.734 0.01 0.9015 0.96% 120 0.49%
0.115] 1.043 -0.990 -0.714 0.01 0.9139 1.24% 130 0.63%

0.116[ 1.640 -1.070  -0.686 0.01 1.4532 3.83% 1 1.68%
0.12| 1.609 -1.153  -0.703 0.01 1.4361 4.84% 1 2.05%
0.13] 1.539 -1.319 -0.719 0.01 1.3929 7.19% 2 2.62%
0.14] 1.479 -1.614 -0.764 0.01 1.3442  11.04% 2 3.91%
0.15| 1.428 -2.030 -0.815 0.01 1.2921 15.46% 2 5.23%

0.16] 1362 -2.209 -0.836 0.01 1.2384  19.69% 10 8.00%
0.17) 1.343 0.591 0.042  -36.10 -22.8005  10.25% 100 4.93%  ~100mfp
0.18] 1.295 0.540 0.043  -43.38 -22.9682 5.56% 100 2.97%  ~100mfp
0.19] 1.258 0.501 0.029  -71.17 -24.7883 6.74% 25 3.24%  ~100mfp
02| 1.248 0.452 0.096 19523  -0.0385 1.81% 10 0.93%
0.25] L.164 -0979 -0.391 0.01 0.8790 2.08% 160 1.16%
03] 1.125 -1.084 -0.467 0.01 0.9438 2.66% 180 1.39%
0.4 1.080 -0.666 -0.572 0.01 0.9690 2.71% 180 1.43%
0.5 1.103 -0473  -0.357 0.36 1.0293 2.56% 200 1.35%
0.6] 1.124 -0486 -0.393 0.01 1.0289 3.26% 300 1.82%
0.8 1.152  -0.360 -0.385 0.39 1.0204 1.75% 300 0.91%
1 1.170  -0314 -0.414 0.01 1.0156 1.75% 300 0.87%

1.5 1208 -0.492 -0.759 0.01 0.9982 2.19% 200 1.26%

2| 1226  -0.799  -1.050 0.01 0.9992 2.93% 300 1.06%

3] 1.220 0.591  -0.003  -13.62 -23.0979 14.25% 20 5.55%

4] 1215 0.567  -0.009 -16.96 -25.9222  19.46% 25 8.26%
51 1.247 0.537 0.001  -17.64 -26.6469  14.99% 20 7.52%  ~100mfp
6] 1.262 0.527 0.003  -19.41 -27.6151 15.45% 25 8.57%  ~100mfp
8 1.292 0.554 0.007  -20.20 -27.0344  16.60% 25 9.34%  ~100mfp
10| 1.326 0.606 0.007 2025 -25.6320 17.15% 25 9.30% ~100mfp
15] 1.400 0.742 0.004 -18.69 -21.7731  16.44% 20 8.23%  ~100mfp

18 R—A24 BAREBEART v I RECPRT (0T 4 VT A—H
Water Water Medium, Air Response

EMeV) B c a Xy d Max. Dev.  x,. St.Dev. Application

0.015( 1.114 -0.813  -0.588 0.01 0.9364 2.16% 160 1.22%
0.02| 1257 -0.591 -0.422 0.01 1.0060 1.58% 300 0.83%
0.03| 1.708 -0.519  -0.647 0.01 1.0073 3.84% 2 1.46%
0.04] 2.161 0.113  -0.388 0.45 0.9978 3.85% 300 2.17%

0.05| 2.495 0.531  -0.539 0.62 0.9966 5.09% 3 3.34%
0.06| 2.626 0.794  -0.550 0.65 0.9948 5.24% 2 2.87%
0.08| 2.554 1.100  -0.564 0.71 0.9933 6.72% 2 2.80%
0.1 2370 1.245  -0.569 0.76 0.9925 8.82% 2 3.26%
0.15| 2.057 1.361  -0.581 1.29 09910  12.28% 1 5.40%
02| 1.899 1.416  -0.607 1.43 0.9925  15.98% 4 7.23%
03| 1.736 1.347  -0.634 1.43 0.9945  15.96% 4 7.98%
0.4 1.649 1.300  -0.664 1.43 0.9964  16.13% 4 7.55%
0.5 1.593 1.174  -0.671 1.34 0.9970  12.69% 4 6.80%
0.6] 1.552 1.097  -0.683 1.28 0.9977  11.38% 4 6.04%
0.8 1.496 0.948  -0.698 0.76 0.9986 9.12% 3 4.67%
1 1.460 0.819  -0.710 0.70 0.9992 6.55% 3 3.82%
1.5 1.407 0.624  -0.750 0.61 1.0003 4.10% 4 2.44%

2 1.379 0.407  -0.743 0.51 1.0000 2.49% 30 1.37%
3] 1.342 0271  -0.963 0.44 1.0016 2.26% 30 1.20%
4] 1323  -0.022 -0.084 0.01 1.0140 1.36% 300 0.64%
5[ 1.304 -0.089 -0.503 0.01 1.0039 1.51% 300 0.66%
6| 1288 -0.175 -0.598 0.01 1.0035 1.66% 300 0.66%
8 1262 -0321 -0.678 0.01 1.0029 1.84% 300 0.78%
0 1.242 -0.458 -0.734 0.01 1.0022 2.15% 300 1.01%
5/ 1210 -0.736 _ -0.822 0.01 1.0010 2.93% 2 1.76%




& £K—A25 BHBEBEARNT T RECPRT AT AL T INTA—H

Concrete Concrete Medium, Air Response
E(MeV) B c a Xy d Max. Dev.  x.,.c St.Dev. Application
0.015( 1.019 -0.850  -0.659 0.01 0.8822 0.60% 300 0.30%
0.02| 1.043 -0.929 -0.648 0.01 0.8966 1.21% 130 0.58%
0.03| 1.138 -0.803  -0.503 0.01 0.9550 2.70% 180 1.48%
0.04| 1288 -0.652 -0.393 0.01 1.0202 1.41% 300 0.81%
0.05| 1.469 -0.596 -0.465 0.01 1.0195 1.54% 1 0.70%
0.06| 1.632 -0.573 -0.625 0.01 1.0078 3.12% 2 0.93%
0.08| 1.818 0.889 0.000 -22.38  -6.2578 5.62% 25 2.25%
0.1 1.853 0.146  -0.352 0.56 0.9925 9.17% 6  4.82%
0.15| 1.821 0.440  -0.485 0.65 09925  11.12% 5 6.14%
02| 1.758 0.562  -0.499 0.68 09912 12.66% 5 6.71%
03| 1.661 0.688  -0.548 0.73 0.9933  14.74% 4 7.38%
04| 1597 0.712  -0.575 0.74 0.9946  13.91% 4 7.09%
0.5 1.552 0.694  -0.590 0.72 0.9954  12.13% 4 6.64%
0.6/ 1518 0.688 -0.612 0.72 0.9965  11.44% 4 6.04%
0.8 1.469 0.637 -0.634 0.69 0.9975 9.36% 4 4.80%
1| 1.436 0.587  -0.655 0.66 0.9983 7.85% 3 3.93%
1.5 1.390 0.405  -0.648 0.56 0.9978 3.72% 3 1.90%
21 1.365 0291  -0.663 0.50 0.9991 2.73% 30 1.49%
3] 1.334 0.116  -0.667 0.01 1.0004 2.22% 30 1.11%
4] 1319 0.972 0.000 -17.69  -1.5884 0.81% 110 0.45%
5/ 1305 -0.303 -1.014 0.01 1.0009 1.16% 1 0.61%
6] 1.288 -0397 -0.978 0.01 1.0009 2.03% 300 0.71%
8 1268 -0.707 -1.028 0.01 1.0008 3.48% 300 1.43%
10| 1255 -0999 -1.071 0.01 1.0009 5.18% 300 2.25%
15] 1.234 -1.814 -1.200 0.01 1.0020 7.91% 1 4.70%
ik £—A26 BREBREC AT Y TREGCPRT 4T 4L T TA—H
Air Air Medium, Air Response
E(MeV) B c a Xy d Max. Dev.  x.,.x St.Dev. Application
0.015( 1.105 -0.837 -0.601 0.01 0.9317 2.28% 160 1.17%
0.02] 1238 -0.601 -0.425 0.01 1.0012 1.78% 300 0.97%
0.03] 1.660 -0.533  -0.608 0.01 1.0087 3.48% 2 1.41%
0.04| 2.096 0.055  -0.249 0.01 0.9950 3.83% 300 2.06%
0.05| 2.428 0436 -0.518 0.59 0.9964 4.81% 190 3.32%
0.06] 2.568 0.718  -0.544 0.64 0.9949 5.06% 2 3.10%
0.08] 2.517 1.044  -0.564 0.71 0.9936 7.25% 2 3.05%
0.1] 2.346 1.156  -0.560 0.73 0.9921 7.86% 2 3.37%
0.15| 2.046 1.302  -0.577 1.27 09910  12.41% 1 5.34%
02| 1.892 1.336  -0.599 1.38 0.9923  14.48% 4 7.14%
03] 1.732 1.309  -0.631 1.43 0.9945  16.59% 4 7.94%
04| 1.646 1.241  -0.656 1.40 09962  15.33% 4 7.49%
0.5] 1.590 1.173  -0.674 1.36 09972  14.36% 4 6.75%
0.6] 1.550 1.098  -0.687 1.31 0.9979  12.86% 4 6.04%
0.8] 1.495 0913  -0.691 0.75 0.9985 8.88% 3 4.71%
1| 1.458 0.815 -0.710 0.70 0.9992 7.16% 3 3.82%
1.5 1.407 0.540  -0.704 0.57 0.9985 3.09% 4 1.71%
2 1.379 0.401  -0.740 0.52 1.0000 2.47% 4 1.39%
3( 1342 0229 -0.910 0.01 1.0015 2.21% 30 1.21%
4] 1323  -0.020 -0.076 0.01 1.0135 1.06% 300 0.64%
5 1303 -0.088 -0.530 0.01 1.0034 1.23% 300 0.66%
6 1.289 -0.189 -0.636 0.01 1.0030 1.43% 300 0.65%
8 1262 -0349 -0.719 0.01 1.0024 1.86% 300 0.76%
10 1.242 -0.511 -0.793 0.01 1.0010 2.43% 200 1.29%
15[ 1212  -0.849 -0.885 0.01 1.0005 3.94% 300 2.19%
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