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J#B402/V/8" 1#/1%*102!6(22H (Y2162 1#5#%04#) %0%6<! & @ | BH<I*221#(.%52/1%+'08$%*116.8/2!

7) '&52(%*116.210#/6! 104 %#0 ARPAGBBA(8525! BE&S20HITAIABI4(&5%$21*22102520/1&@!
H'B(#'<:14(2'%/%&*: 1#+$1$264#%019%6*16.21K*6, #0g;1'8(52/!72.2*' & BAH(2$168!16.214(25%&8/IK*6 #0b]!
2/6%BHEINCIAD=!,&*/2782*60<:16.2(21#(2!*2?1844&(68*%66%2/| @ S6BIMBSK16.21)2 #5%& (!
8@!)&6.16.2118*1#+$16. 2| A#(6.Q/I$<*#BE&:18*$2(6#C2!)2662(1#)/&0862I$#6%* L 1#+$I/<* (&*%3HEY6&*18
4028 0%BH#621(2'&($/:1#+$18) 6#Y%*1%22196+/% 161966816, 21 #()&*!'<'021#+$'0%B#62!/</62B=1!

8) D.2X1$%/'8//%*1Y ,:I'HO2*SH(1#12/1#(212G 4 (2// 28N 131K HO2*$H#(1<2#(/) 2 @ &(214(2/2*6!

+$2@%*2$1#/10jO;1 A-E1i52+8.62/16. 21+#12H &((2'63FH &, | (#6%&:19%6=2=1/.&?/1(20#6 %6521 #+12/!
06%16. 51| & 1(#6%&:'&BA#(2$6& ! /6H SAGE
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galactic O solar i
: ti rel. *C
cosmic er;er;igcelelsc content
rays P I 1.05
7/ T

<«~— "Be, ”a\ “C—> <«—"Be, *Cl ""C—>

0.95
0.90
OOTD
e = 035 |

5$6/'-*7 BA-*+Yo#/8ISY0)*")#* /(.-0/-) 9*#$.9'S(/9$%) *Ya3H#+%694-"*8%.;%6-)$E&*
"H806)/& 1 $H-.*94'%/64%/9%04-*<""94* = BBK&*(#09')3'683")*3'0:-&3#' >'%-)O#3) (#19*-.3
7) L.(#:3".371-3")*3 $81M3'##(&.3>"9)1;39)30:-3.0&"0". 7:-&-3")*3(77-&31":-&.3'630:-30&'7". 7:-&-3

+89,-)3=;30)#>9)%3%" 1"#OO#3# >O#3&";.23N:91-30:-3%" 1 "#09#3# >9#3&":361(03903"..(>-*3#).0
")*39.'0&'79#<3)(#19*-37&*(#09')3&"0-.3"&-3.7"09'P0->7'&"11;3>"*(1"0-*3=;3>"%)-09#3.:9-1*9)%3
9)61(-)#-*3=;3='0:30:-3Q()R.3"#09,90;3")*30:-3.0&-)%0:3'630:-3@"&0:R.3>"%)-09#369-1*23S(&0:-&3
)(H#19*-37&'*(#09")3#")3&-.(1036&'>30:-3&-1-".-3'63.'1"&3-)-&%-09#37"&09#1-. 3@ L)%%3-O0&->

68) 10'&>.23+60-&37&*(#09')<30:-3) (#19*-.3"&-3*9.7-&.-*30:&'(%:30:-3@"&0:3.;.0->237)383#".-3'63
0:9.3*0.7-&."13'##(&.3,9"30:-3#"&=")3#:#1-3&-.(109)%39)3*966-&")83840T B6B0'3.0"=1-3
£8<30)390.3,"89'(.3'#-")9#3")*30-8&-.0&9" 13#'>7"&0>-)0.3T30:-3=1(-3#'1'&3.#"1-3.:'5.30:-3
"778&'09>"0!38%83&"09'.3&-1"09,-30'30:-3)'&0:-&)30&'7".7:-&-23K".031-,-1.3'63&"*9") (#19*-.3"&-3
&-#8&*-+39)3"3&")%-3'63"&#:9,- 28 BB - -3"8#:9,-. 30)#1 (*EB.-P&9)%.<3.0"1"%>90-.<3#&"1.<3

67) ")*31"#(.0&9)-3")*3>"&9)-3.-*9>-)0.3#)0"9)9)%36'&">9)96-&"V43:91B $"813"&-3&-#&*-*3
9)P#3#'&-.3")*3.-+0>-)0.23Q9>(10")-'(.3#'>7"&9.)3'6B31-,-1.39)30:-3*066-&-)03#"&=")3#:#1-3
#>7"80>-)0.<3(.-*3"1)%.9*-3'0:-&3#' .>'%-) 9#3) (#19*-.<39)6'&>.3(.3"='(030:-3#19>"0-3.;.0->3
"V*3#"&=") 3¢ #1-37&'#-..-.3',-&309>-<3")*37&',9*-.39).9%:039)0'30:-3Q()3")*30:-3%-*;)">'23333

98) 1-&-)/+<7="%>-7-)/1+3)+%2'+?2)#-'1/")#$) 3+%0+ @ "L A+

P(22H(%*1/T!FEI'25&086%&*!#*$!#**8#0!(2/&086%&*!

P.2!11&0$H/6#*$#($! @& (16.2!(2'&*/6(8'6%&*|& @!4#/6!#OBQRE2(MH(2!B2#/8(2B2*6/!1&@!
6(22H(%*1!/2782*2/'6.#6!.#52!)22*1%*$242*$2*60<!$#62$!8/%*11$2*$(&'.(&*&0&1<=!P.21#5#%0#) %
&@!*2?2#('.%52/:1#/1?2001#/16.21.%1.2("'#4#' %6<!1&@!*2?!112*2(#6%&*IF"202(#6 & (|E#/(H42'6(&B26

97 +FEI-I+ AEIAG:L#5212*#)02$!#! (#4%$! 2G4#*/%&*1%*16. 2 1#5#%0#)%0%6<!&@!/8'.|$#6#=ID2!'#*1*&?!
4(&5%$2!#14(2'%/2!2/6%B#62!&@!L>#6B&I@ZEBbC:;;; p!; '#0!OW!8/%*11/&020<!6(22H(%*1/=!
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P.%/12/6%B#62!$(#2/184&*jaB2#/8(2B2*6/1&*16(22H(%*1/1&@C*&2*1#1 21$#623$1)<1 2966, 2(!
(%*1H?%$6.1&(1%/868421$2*$(&.(&*&0&1<12G62*$%*1!@ (&B!bg:[;alp!;'#0IOW: #+$Ibcjal
B2#/8(2B2*6/1&*1&0$2(16(22H(%* 1/ @&(17.%" I'HO2*$H(1#12/1#(212/6% BH62$!)#/2$1848*!
B#6'.%*1IAHBJI=!!

FEIL#/1#0/8124)02$14(2'%/2|B2#/8(2B2*6!&@'B8".//B#002(1/#B402/=11252(#0!1(#B/|&@! ?8&$)!
#(21%22$281 @& (1#).% 1. HA(2 S0/ BRHIS(2B2*612%6.180$2(1$2'#<!'&8+6%*11B26.&$/:16<4%'#00<!
0%BY%6%*1!(2/&086%&*16&!b; H<2#(1)0& C/=IFE|1%/1*&?1#) 02 B MEBYH2E.* ) 383 & *0<!
#@27!B%00%1(#B/!&@ ' BHEIRAEOHO08.2/12@ @ %'%2*61#+$14#" 8(#62| B2#/8(2BBIE ED2!
1(&26.H(%*1/11%5%*119%6*/%1.61%*6&!/.&(6H62(B: 1#+*84#0:! @ 18 BHBEHERMBAE!!

FOB&/6! #0@'+Cj9g-16.216(221(YBA#/8(2B2*6/18/2$!6&!'&*/6(8'6!6.2IK*6,#0g; IL>12/6%BH#62:!
'&52(%*11g\[01%*$%65%$8H#0V H#02*$H(1<2#(/:)(20#62!6&1$262(BY%*#6%&*/|&@!/%*102!1(&?6.H(%*1/=
WH(6% 'S0#(12G#BA02/12.2(214#++8#01(2/&0BBHGEH 521 4(8&5%$2$!/%1*% @ % #+61%*/%1.61%* 08$2!
6.2/ #(41/8$$2*1/4%C2/161(8$8'6%&+1+N% 18(2!gO-19%6*12=1=\cHBBIAS!jj[Hjic! Al
1BCI'#8/2$!)<12G6(2B2!/&0#(14(&68*1252*6/!1+ \BRI*$16.212G 62*/%&*1%*6&16.21G88*12(!
A(<H#/1+N%18(21g,-: 1! (%6%'H#0! 42 (BBREB Y6#0! 0% BH6 2! H LIS =!

P.21*8B)2(18.@!0#)& (#6&(%2/14(&5%$%* 1| (PRUHFU2B 2*6/! #/1#0/&1% (2#/2$:17%6.1g;!
0#)&(#6&(%2/1/8)B%66%* 1I$#6#! @&(16.2!K*6,#09;!'8(52/:1(2$8'%6*116.214(25%&8/! (20%6#+ 21 &I $H6H/
@ (&B!/%*10210#) &(H6&(Y02/ S/ &' Vo623 1$#* 12 (/& @!/</62BH#6%') %o#/=IP.2!8/2!8@!B806%402!
OH) &(H6&(%2/1 #/12*#)02$1%6*62 (HOH) & (#68(<!"&BAH(%/&*/1681%BA(&52!6. 14" 8 (#'<1&@!
B2#/8(2B2*6// BEIBF=!

N8(6.2(1)# Cl%*1696B2:1)2<&*$Ihc::::I'#0IOW:1%*/8@ @%'%2*6!6(22H (% 11B2#/8(2B2*6/12G%/616&!2
6.2102520/1& @1(2'%/20<18/%+116.2/2! [#BA02/1#08&*2=IK*/62#$:1221#(2! (20%#+6184&*!'&B)%*%6* 1 1$#67
@(&B1#12%$2(1(#+121&@#( . %52/=1P.21}#C)&*218@!6.2 KIBEIOB#621%*16.%/1&0$2(16%B2!
42(%&$!%/14(8&5%$2$!)<!16.(22/6#0#1B%62/! @ (&B!>808! ABBGPR/2! /6404 PB62/!

A(&5%$21H!' & 6%+ SR &($:1'&1%/6%*11&@B2#/8(2B2*6/1#61&52(IC;;18*% 7821 H#02*$H#(1#12/!

HOIOW:196*14#(6%'S0#(1#(88*$16. 2! R#/ #BA/12&B#1*26%'12G'8(/%&*!1+Mch:::;I'#0IOW:IN%18(2!gF--
P.2/21$#6H#I1#(21#81B2*62$!)<1#$$%EVIGRBR(BY*#6%E&*/| @ (&B!62((2/6(%H#0!BH# (& @&//%0/1#+$!
@&(HBY%*%@2(# @&8*$1%6*I0HC21#+$1& 2441/ 2$% B 2*6/:I' & (HO/: 1#*$!/6#0#1B%62/| @QFEBI&6.2(108'#6

D21 #521#0/&1)218*16&! @64*09)%(22H (%*11/2782*2/1@(&B)2@&(2!bc::;:'#010W! @&(1?.%'.!
(20#6%521%6*62(*#OIH12/1#(21C*&2*)<! (%*1H'&8*6%*11)86#)/& 086 BHCHHHEO R () &.*!
B2#/8(2B2*6/!@(&B!6.2/2!'#*1)21/6%6'. 2SHY%*1#08&*1/%$216.21&6. 2(1#(.%52/16&I#$$! (2/&086 %6 & *I#+$!
$26#06016&16.21L>12/6%B#62:14#/1220014#/12*#)021#//2//B2*61& @ B&S20%*1 KA SRUEBHEH ;!

6.(22! @0&H6%*116(22H(%*11/2782%2/1*&21'&52(16.210#/61$2 104 %#6%&*1) 26222*Ibc:j:: Iplbe:b;:I'#0!
OW!(252#0%*114(25%&8/0<IBHRR(Y6#6%8*/'$8(%6*116.%/IC2<! 2#(B%* IBIREYR S! +

F00!6.2/21&0$2(1$#6#I#(2!B&(2!'&BA0% H#62$!/%*'216.2%(I'HO2*S#(H12/1#(21*&6!C*&?*14(2'%/20<1)86
06*/62H#S1#(212/6%BH62$=1K*16.2!'#/218@!'&(#0/1#*$!/6#0#1B%62/:16 QRIEEWBEE DA
Z(#*%8BHP.&(%8B!+ZHP.-1$#6%*1=11&B2!&@'6. 2!/ 28V BB BN #41)214(85%$2$1 29%6. I#!
(204#6%521'#02*$H#(H#12!' (8&*808& 1<!)<I0#<2(H'&8*6%*116.2% (1# CRIOGHER 2H/2$%B2*6!
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H( Y52/ WF-1#(214(85%$2$12%66. I HO2*SH#(1#1212/6%BH#62/1)<168*%6*11#) (846! 0%BH62!/. % @6/!/22*1%6*
5H#(%&8/14(8&G%2/16&.!.%1.H(2/S0OBBIMRAR'&($2$!1%*16.21>808! #52!/64#0#1 BUBB2DH/2$!

&*125%$2* 21 @&(1108)#00<H/<* (&*&8/16%BY%*11&@!6.21/202'62$! (#4%$!4#02 &DBHBHEY'! #+12/1+
6.9%/1#00& 216 (#*/ @2 (#0'& @ '"#02*$#(1#121%* @ &(B#6%&* @ (&B!>808! #52Q/IZHP.16%B2/#02=!

P.21%2'2//%6<!&@'%* 08$%*1!/64#0#1BY621#*$!BH(%*21#('.%52/1%*6(8$8'2/! @8(6. Z!'&B402GY%6<!/C
8*0%6C2!178&$!&(162((2/6(%#0!BH# (& @&//%0/1%*I0#C21/2$%B2*6/:16. 2/21#('. %52/1$&*&6! (2'&($!
#6B&/4.2(981,1$%(2'60<=16#0#1BY62/'&*6HIH #()&* @ (&BH#! (#1218 @/&8('2/1%* 08$%* 1 I# m$2#3
HO)&* @ (#'6%8&*N! @ (&BWH+%2*610%B2/6&*21#+$1/&%60! #()&*17.%".1%/1$25&%$1&£1$24026 231 & @!
E#(%*2) 1(2'&($/1#(21#0/&1$240262%$:'&BA#(2$!6&16.21'&*62BA&(#*288/1#6B&/4.2(2:1$8216&!16.2)!
6%B21%6!64#C2/16&12G" 812#616.21& 2#*/8(@# 21#*$IBY%G%*112G' #*121 2% GANE0$N!
@(&B16.21&'2#*196*62(%&(=!P&!8/216.2/21#('.%52/16&8'&*/6(8'6 1+ 116 BEIRILUS! Yo !
$24026%8&*1B8/6!)21#$58/62$! @&(=IP.2!$2#3!'#() & @ (#'6%8&*17%6.%*1#1/420286.2B1%/12/6%B#62%
'&BAH#(%*11986/1$24026%8&*#1#364E) (&B!$2*$(&'.&*&0& 1% HOO<HS#62$!6(22H(%*1/:12.9602!
B#(%*21$24026%&*'#*1)212/6%B#62$!)<16. 21 /#B21HAM(&# . 1#*$!' & BAS62 (| BEEE20Y* 11+

K*16&6#0:16.2!'8((2*6!K*6,#0g;!2/6%R#6218@(&B!99::;;Ip!bc:;;; '#0IOW!42(%&S$!$(#72/184&*!
B2#/8(2B2*6/!@(&B!&52(!bj;;!8*%6782!'#02*$#(1#12/=!

,&B)%*%*116.2!1$%52(/2#('.%52/!6&!2/6%B#62!6.2!4#/6!L>1#6B&/4.2(%'02520/!

P.215#(%2811#('. %52/ 1#(2!'"#(2@800</<*6.2/%32%:1(2'&1*%3%*116.2%(1%*$%5%$8H#0! #(#'62(%/6%
4862*6%H#00<18* 2(6#%*'#02*$#(1#12/:16&14(8&5%$21#1(&)8/614#*$1 (20%#)02].2B%/4.2(% H#52(#12!
2/6%B#62=IFIO#<2/%#*/40%*21(21(2//% & HAA(&H 1%/ IGHC2*:1%* & (A& (H6%* 112G 42 (614(%&(1%* @
2.2(21#5#%0#) ORN=P . %6/14(8&5%$2/1#1/261& @ !'& B4026 214 GURROWBRH6 Y68/ 1 24|

(24(2/2*6%* 11 A0#8/36)0Z/6&(<=IP.2/21(2#0%3H6%&*H00& 214" 2/ 6 &!'&5H#(Yo#H* 21%6* @ & (BHE Y& *16
" 102520/1%*1#Ss# 2+61<2#(/! @&(18/21%*1/8)/2782*6!B&$20%*11/68$%2/:1&(16.2<I'#*1)21/8BB#(%32$!¢
A(&5%$2148%6*62%/212/6%BHE2/1#*$14(&)#)%0%6<1%6*62(5H#O0/ 106+ 1#*<1 19652 *1<2#(1+N%18(2!g-=!!

P.%/'\#44(&#'.16&!'8(52!"'&*/6(8'6%&*!(26#%*/16.2!"(%6% '#0!$26#%0!#*$!.%1. H@ (2782* <I5#(%#6%0&
*22$2$!6&!8*0&'C!6.2!@800!%*62((&1#6%52! 446D (R BIBREE(12!5&08B2!&@! @%*20<H(2/&052%!
6(22H(%*1!$#6#!)26722*bc:;;;Ip!;'"#0I0OW=1>&?252(:!@(&B!99:;;;!p!bc:;;; I'#0!OW! &*O< #!'&#(/2(H
['#0212/6%B#62!%/14&//%)02!$82!6&!6.2!/4# (/2 (1#*$!02//'$%(2'6*#68(2!&@!6.2!$%52 (/2!1#('.%52/18/2¢
6&126.2(17%6.16.2%(18*'2(6#%*'#02*$#(1#12/=1"#$% & #() &*| @ 2#68(2/!/22*1?%6.%*'B806%402!#(".%
#(21%$2*6% @%2$#*$!B#%*6#%*2$!?.%02!2*/8(%*1!%*$%5%$8#0!&860<%*1!B2#/8(2B2*6/:1?.%".!
4(&5%$21#*1#"'8(#62!#6B&/4.2(%"(2'&*/6(8'6%&*:1$&!*&6!&52(0<!%*BERBHEB2!
,&*[2782*60<:!1@(&B!99:;;;!p'bc:;;;'#OIOW:1#142(%&S$!" &*6#%*%* 11 C2<!" #*12/16&!)&6.16.2!"#() &*!
#*$!'0%B#62!/</62B/:1&*0<!6.2!10&?2(!@(2782*'<!'& B4&*2* 6/ QBB 20! #(2!%$2*6 % @ %o#)02=!
>0%01.2('@(2782*'<!/%1*#0/:1?.%".1'&80%$!)2!C2<!6&! @800<!8*$2(/6#*$%*1!6.2!4(&'2//2/')<!?.%'".!
6.2/21" #*12/1&"8((2%:!'#**&6!'8((2*60<!)2!(2/&052$!#*$!#?2#%6!(2'&52(<1&@*2?'#('.%52/16.(&81.!
&*1&%*11#*$!'@868(2! @%20%$?&(C=!"!

S)6#%* %3 #6B&/4.2(%'1#*$!10&)#0!/8(@#2HE& ' 22/6%B#62/!

giic! | 1$262(BY*#6%6&*1#(21#0/&I#5#Y%0#) 0218 1>16(22H(%*1/12.%'.12#)0216.21/68$<18.@!6.2!
S5#(%#)021L&(6.H1&86.196*62(.2B%/4 HUHS$%2+616.#61%6/10%C20<1#(2/806!1&@'6.211(2#62(12G 4#+/2
8@!6.21& 24#*1#+$).%1.2(H%(H/2H@B8G%+16.211>=1>82252(:102//16 #+IhOtI#(2!$26 2(BY%*#6%&*/!
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&@"/%*102!1(&?6.H(%*1/10%B%6%* 11 &8(1#) % OB4BDIHESDLSIBEBHAPLY oM 1 (#$%62+6!

"#*12/=IN8(6.2(:!6.2% ("'#02*$#(1#12!'&52(#12!%/!18*252*1#*$!%*$242*$2*6!2/6%B#62/' & @!
#6B&/4.2(%'I>1",102520/1#(2!&*0<!#5#%0#)02!%*! @ &8(!$%/6%*'6!42(%&$/' @ (&B!gbc;p;:![9g;p[cI:!
[i:ap[9j:#*$!b[:bc;pbb:\9I'#0IOW!+ BJ=1S86/%$2!6.2/2142(%&$/!6.21%*62(.2B%M.2(%'!
1(#3$%2*6!%/!/6#6%/6%'#00<!B&$2002$!6&!'&*/6(8'6!#!1>12/6%B#62!12G62*$%*1! @ (&B!99:;;;!p!;I'#0!(
1G=!

FI'&B4862(HB&$20H)#/2$12/6%B#6 2@BAD/1%*16. 2! 10&)H#OH#52(#12!/8(@+# & BH1HOR!
)22*1'&*/6(8'62$=IP.%/1%/)#/2$!&*#IE&*62H #(0&12*/2B)02!&@'B&$20! (8*/1$(%652*1)<1%*$%5%$8#0
HEB&/A.2(%'IK*6,#04; 1 (2#0%3#6%8&*/ IR &*/6(8'6%&*/' @ (&B!%'2!'& (2!(2' &($/1#*$14(%6&(!
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