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E2 Si(Li)
(6mm)

Dispositif d’identification
Faisceaulogie

"GALETTE"

Dispositif d’implantation et de détection

E1 E3

T1HFD6HF

Al
48 MeV/A

Ge cloverE422
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mµ500

1.38 cm
10 cm

E2 E3 E4 (Si)

Tube en aluminium (0.5 mm) Capot en aluminium (0.1 mm)

Clover (Ge)

8 cm

10 cm

6 mm

0.5 cm 0.8 cm 1.5 cm

(Si) (Si)
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[8\^` ] U r � [Dd u [4r U)� d bz�ÄZ WV��u ]¿[8\e`w] U r�Za]¿[8_ U ] W,U b WÏº'»DÇ ¾U r U [8dwbz_z\^Z WRuÏ¬ × ¹ i ¹'U ]@[Í],d _cbzZ xaU [e3ªK� maè<\9Za_ÕÞ � � � ¶µiT Z q#U b U �¿¾Za_cbzZ¿¡t� ê'× � d u ¡tn ê'× ��3BreZÉ_cZa� q [�Za]�_zbzZÌreZÏ[D\e` ] U r W ZÉr U þzd ] x _c\edw]GZa_yr U ê'× WRu
x � x redw_zbcd ]yZ�[D_ x d ]@[8_zb u \e_ q@U btreZj�,\ U \�[ W>�àu ]Ì¡ S'¬ i T Z > [D_ U bz_ > Z�[D_ W d ],] YZ q@U b4reZj[D\e` ] U r�b U�q \ W Z W Z
r U þzd ] x _z\^d ]ÃZo_Ír^Z > [D_zd qG>�q#U b'reZk[8\^` ] U r ê'× WRuÏx � x r^d _zbcd ]�i TVU {#` u bcZ »c» i��çbcZ q b YZ�[8Za]�_zZjr^Z)[ x��©YZa� U
YZar^Z x _zbcd ],\�§ u Z U [z[8d x \ YZµi

Ñ �^ÿ �s· Ð�+ ( � �����#��!�Ñ�� ( *,¯a¯a���µ! &(R( �*Ï+°*Ï�)&( � ( � ��!"�#�%� ( ¯�±�*,�a��!"�µ��+ ( ¯�� ( ��*,��!"�#*,� ��!���!Û��&(
T Z�[ q#U bc_z\ xOu reZ¨[ W Ztb U W \ed Uwx _z\^ËR\^_ YZ4[Dd ]�_ W Z�[ q#U bc_z\ x�u reZ�[Êr YZa`�¾ZabcZ�[Ê§ u \,],Z W�YZ q dÖ[8Za]�_ q#U [²��Z U�u#x d u,qW>�cYZa],Zabc` \eZ W�U ]#[²reZ�[,þzdw] x _c\ed ]@[Oi T���U � q re\ú{ xaU _z\edw] WRu [8\e`w] U r U [z[8d x \ YZj[DZab Ujq r u [ � dwbz_zZ � u ] �ÂUwx _zZ u bÍmoè



¬æT Z q bc\e] x \ q Z W Zjr U �yZ¨[ u bcZ nwn

C.F.D
retard=5ns
frac.=10%

T.A.C

mult.=1
ADC range=100ns

HF

Start

Stop

T2HF

non inv.
Diff.: out

integ.=20ns
cg= 10, fg=2:

TFA
T2

( T3 )
  ( T3HF )

 "!$#&% »z» i�� B�'�),+.-/�021 -/4=�/ ) :63BF<9�@$�~C�/21�747GF ) @ -/�y1I=
1Ë5�3�@m7�/.H;/.:�/�0&5�7.7GCN3r=�/87KÓGF<9 ) :�@$F<9k7 Â �Q/4: Â �

q#U bÍb U�q,q d bc_ U�u,v \edw]#[Bred u b W [��ªi TVU {#` u bzZ »c» i|�jbzZ q b YZ�[DZa]�_zZ'r^Zj[ xª�tYZa� UÏYZareZ x _zbcd ],\�§ u Z U [c[8d x \ YZµi

level adapter

E2HI

ADC

shaping time=0.5 us

E3HI

unipol.

SCA
TTL - NIM
norm.

NIM
FiFo

Fi
FoAmpli. spectro.

coarse gain=20

E4HI

LL:0.08
FiFo

FiFo

lev: 0.2

or 234
Trigger

bipol.

coarse gain=100
fine gain=6.5
cst temps:0.3us

TTL - NIM
level adapter

level adapter
TTL-NIMLL:0.26

SCA

SCAfine gain=8.0

Ampli. Spectro.
coarse gain=200
fine gain=7.0

Ampli. spectro.

Echelle

Echelle

Echelle

   ADC

ADC

 "!$#&% »c» i|� B�'�),+.-/�021 -/4=�/ ) :63BF<9�@$�~C�/21�747GF ) @ -/�y1j=
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TVU �Ä\s[8ZhZa] � d bz�ÄZ WRu [8\^` ] U rµZ�[8_�ZOùVZ x _ utYZaZ q#U b u ] U � q r^\|{ xaU _zZ u b>[ q Z x _zbcdµ[ x d q \�§ u ZB§ u \ q Zabc�yZa_W>��U Ëµdw\eb W Z u�v [Dd bz_c\eZ�[�i T���u ],Z W Z�[B[Dd bc_z\eZ¨[ q#U [z[8Z q#U b u ] S'¹l¬ § u \ x d W Zab U r ��U � q r^\e_ u@W Z WRu [D\e` ] U rôiT���U�u _zbcZj[8dwbz_c\eZ q#U [c[8Z q#U b u ] À,¬�S § u \V` YZa] ¾ZobzZ u ]È[8\e`w] U r�_cbz\^` ` ZobBZa]y]�d bz�ÄZ'¡t¡ T [8\Vr ��U � q r^\e_ u@W ZWRu [8\e`w] U r W�YZ q@U [z[DZ�reZk[8Z u \er�§ u \ U;YZa_ YZ x�� dw\s[D\ôi ¬ Z x \ q Zabc�yZa_ W Z x dw]#[8_cb u \^bzZ u ]É[D\e` ] U r²§ u \�[8ZobzË�\eb UW ZX_zbc\e` `wZab > b UwW \ed U x _c\eË�\e_ YZ > ¾U ],d _cbzZ Uwx § u \s[D\e_z\^d ] W Z W d ],] YZaZ�[Oi T Z1[8Z u \er W Z WBYZa_cZ x _z\^d ] W d \^_y�Za_zbcZ
reZ q r u ['� U [ q dÖ[z[D\e�,r^Z q d u b�],Z q@U [ q Zab W bzZ W Z�[ YZaË YZa],Zo�yZa]�_ª[ W Z�b U W \^d Uwx _z\^ËR\^_ YZµi T ZX_zbc\e`w` Zab'{#] U ru _c\ere\�[ YZkZ�[8_ u ] > d uG> Za]R_cbzZ�r^Z�[ W \úù YZobzZa]�_ª[t_zbc\e` `wZabª[ W Z�b U W \^d Uwx _z\^ËR\^_ YZ q bcd�ËµZo] U ]�_ W Z Á � ê » 3 Á n ê »
Za_ Á � ê » i



n�� ¹ \s[ q dÖ[8\e_c\ � Z vRq©YZobz\e�ÄZa]R_ U r

Ñ �^ÿ �^Q Ð�+ ( � �����#��!�Ñ�� ( *,¯a¯a���µ! &(R( *,�G�)&( � ( � � ( ��� ú1(
TVU {#` u bzZ »z» i��ÍbcZ q b YZ�[8Za]�_zZtr^Z4[ xª�tYZa� UÌYZareZ x _zbzdw],\s§ u Z U [z[Dd x \ YZç¾U r U �yZ¨[ u bcZ W Z4r �cYZa],Zabc` \eZ WBYZ q dµ[ YZaZW,U ]#[ x��#U § u Z x bz\�[8_ U r WRuÄx red�ËµZaboi TVU �y\�[8Z�Za] � d bc�yZ WRu [8\e`w] U r�Z�[8_²ZOùVZ x _ utYZaZ q#U b u ] U � q re\|{ xaU _cZ u bq,u \�[Br ��U � q r^\e_ u#W Z WRu [8\e`w] U r�Z�[D_ x d WBYZaZ q#U b u ] S'¹j¬ i

ADC 

ADC

ADC

ADC 

EGe3

EGe1

quad
Ampl.

gain=20
neg.

EGe2
quad

Ampl.
  gain=20

neg.

quad
Ampl.

  gain=20
neg. neg.

EGe4

quad
Ampl.

  gain=20
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T Zj[ xª�©YZa� UÃYZareZ x _zbcd ],\�§ u Z U [z[Dd x \ YZ U�u,v [8\^` ] U�u,v b U�q \ W Z�[ W Z xª�#U § u Z x bc\s[D_ U r#Z�[D_BbcZ q b YZ¨[8Za]�_ YZ4[ u b
r U {#` u bzZ »z» i�¦�i TVU �y\s[DZ'Za] � d bz�ÄZ WRu [D\e`w] U r�Z�[8_4ZOùVZ x _ utYZaZ q#U b u ] U � q r^\|{ xaU _zZ u b W Zj_D� q Z�¡ × S iTVU b YZ ��YZobzZa] x ZlZo]É_zZa� q [BZ�[8_ W d ],] YZoZ U�q bo¾Z�[Í_zb U \^_zZa�yZo]R_ WRu [D\e`w] U r q@U b u ] ¬ × ¹�U ËµZ x'u ]ÉbcZa_ U b WW Zk��·�� � ¶µi? ] > d uG> Za]�_zbcZtreZ�[h[8\e`w] U�u�v � d u ¡Í�4Ze��Z�[D_ x d ]#[D_zb u \e_�¾U'q#U bc_z\^b WV��u ] × \ × dXi T Z�[8\^` ] U r�b U�q \ W Z�§ u \
Za]1b YZ¨[ u r^_zZk[8Zabc_ W Zj_zbc\e` `wZab�¾U r ��Uwx § u \s[D\e_z\^d ]�i ¹Íu b U ]�_Ír � Z v�qtYZabc\eZa] x Z x Zj_zbz\^` `wZab YZa_ U \e_t` YZa] YZab U reZo�yZa]�_W \^ËR\�[ YZ q#U b u ] �ÂUwx _zZ u bjmaèwè è q d u bÍ],Z q#U [ U�u ` �ÄZa]R_cZabBr^Z'_zZo� q [«�Äd bz_oiT Z q#U b U �¿¾Za_cbzZt],dw�y� YZ > ¡ S ¬ > Z�[D_ u ]�_cZa� q [�Zo]R_cbzZtreZ4[D\e`w] U r > d u ¡Í�ÍZ > Zo_«r^Z > ¡tp À�? � > � Ëµd \eb»z» i�¦e�ªi ÀÔU xª�#U ]�_�§ u Z q Za] W,U ]�_²r � Z vRq©YZobz\eZo] x Z²reZt_cbz\e`w` Zabt�4ZtZ�[D_B[Dd u ËµZo]R_ W \eË�\s[ YZ q@U b4maèwè è�3�reZt_cbz\e`w` Zab
b YZoZar W Z1r ��U x § u \�[8\^_z\edw] > ¡tp À�? � > Z�[8_�Z¨[z[8Zo]R_c\eZar^reZa�XZa]µ_'r^ZÃ[D\e`w] U r > d uG>ÏW Z�[tþzdw] x _z\^d ]#[X[8\^re\ x \ u �Á ��3 Á nyZa_ Á � q d u bjr U ` U �y�yZ W Z�r U b U W \ed Uwx _z\^ËR\^_ YZ � > _cbz\e`w` Zab�d u � n�� >ÃW Z�r U {#` u bzZ »c» iú�W�ªi T Zq#U b U �¿¾Za_zbcZ > ¡ S ¬ > bzZ q b YZ�[8Zo]R_cZ W d ] x reZ�[8\e`w] U rV_zZa� q [�Za]�_zbcZÍr^Z�[#þzd ] x _c\edw]#[ À \>Za_²r^Z W�YZo_zZ x _cZ u bB�4Zµi



¬æT Z q bc\e] x \ q Z W Zjr U �yZ¨[ u bcZ nw�

mult.=10

TFA

C.F.D

retard=2.5ns

TFA

TFA

TFA

C.F.D

C.F.D

C.F.D

retard=2.5ns

retard=2.5ns

retard=2.5ns

T.A.C
range=200ns ADCTAC

TGe1
quad

quad

quad

quad

Fi
Fo ou TGe quad

coincidence
" or "

diviseur Trig. Ge

TGe4

TGe2

TGe3
stop

TR

SUG

start
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TVU [D\e� u r U _z\^d ] W Zjr � Z v�qtYZabc\eZa] x Z Á n�man Uçq Zabc�y\s[ W Z4AB W�YZo_zZabc�y\e],Zob,r � ZOÕ xoU x \^_ YZ�` YZod � YZa_cbz\�§ u Z W Z W�YZa_cZ x _c\ed ] W Z�[ q bzd _cd ]#[�i Á ]jZOùVZa_53 x dw�y�yZ�r � \e� q r U ]��
_ U _z\^d ]Ä[ � ZOùVZ x _ u Z U�u �#d b WyWRuÄWBYZa_cZ x _zZ u b Á n�3µreZ¨[ q bzd _cd ]#[ W Z q r u [Ê`wb U ] W Z YZa],Zobz` \^Z4[ �cYZ x��@U�q �q Za]�_ W Z Á nRi ¹'U ]#[ x Z xoU [�3,r � ZOÕ xaUwx \e_ YZ WRuÉW \�[ q dµ[D\e_c\ �hq d u b4r U�W�YZa_cZ x _c\ed ] W Z�[ q bzdw_zd ]@[}] � Z�[8_q#U [ W Z�moè è<\yiB W�YZo_zZabc�y\e],ZobÍr^Z�[ x d ] W \e_z\^d ]#[ W ZÄ[ YZoreZ x _c\edw]Òd q _z\^� U r^Z�['[ u blr �cYZa]�Zabz`w\eZ W Z�['fæ§ u \²�y\e]�\e�X\s[8Zo]R_
r U)q Zobz_zZ W>�cYZa],Zabc` \^Z WRu f W�U ]#[treZ W�YZa_cZ x _cZ u b WV� \e� q r U ]R_ U _z\^d ]�i ¬ Z x \ U � YZare\^d bzZ4r U b YZ�[8dwr u _c\edw]W Z¨[ q \ x [ q bzd _cd ]#[ W�YZa_cZ x _ YZ�[ W,U ]@[ x Z��Ò�Za�yZ W�YZo_zZ x _cZ u b W>� \^� q r U ]R_ U _c\ed ] i

TVU [D\e� u r U _z\^d ] Ç d ]�_zZ ¬�U bzred W Z«r � Z v�q©YZabc\eZa] x Z UyYZa_ YZhZOùVZ x _ u©YZaZ U ËµZ x r^Z x d W Zt� Á²S'º ¡tn&C � Á²S'º ¡lEôi¬ Z x d W ZÌZ�[8_ u ] q bcd `wb U �Ä�yZ WRuG¬�Á p º § u \ q Zabz�ÄZa_ W ZÌ[D\e� u reZabjr U b YZ q d ]@[8Z WV��u ] W�YZa_cZ x _cZ u bWRu Z U�u%q@U [z[ U `wZ W>��u ]�Z q#U bc_z\ xOu reZÖi ¬ Z q bcd `wb U �Ä�yZ q bcZa] W Za] x dw� q _cZy_zd u _zZ�[)r^Z�[l\^]R_cZab Uwx _z\^d ]#[� W \|ù u [8\^d ]#[ YZar U [8_c\s§ u Z�[�3µ\^] YZar U [8_c\s§ u Z�[�3^iei^i��h§ u \ q Z u ËµZo]R_²[DZ q bcd WRu \ebcZ'Za]�_zbcZÍr Ulq#U bz_z\ xOu r^Zt\e] x \ W Za]�_zZ
Za_tr^Z�[B� U _ YZabz\ U�u,v § u \ x dw� q dµ[DZa]R_�reZ W \�[ q dµ[D\e_z\ � Z vRq©YZobz\e�ÄZa]R_ U rÂi

\ ]_^ d=f�  ¢Q� ^ h f5mng ` cedÞ©ymng ` f:hlf5mngDdbcVß �áac@k�f�  cegih ^ �5ced
TVU bcZ q bcd WRu#x _c\ed ] W Z�[ x dw] W \^_z\edw]#[BZ v�qtYZabc\e�yZa]�_ U reZ�[ q#U [c[8Z q@U b4reZ�[ YZa_ U�q Z�[t[ u \eË U ]�_zZ¨[�A
B r � \e]�_zbcd WRu#x _c\edw] W ZBr U ` YZadw� YZa_cbz\eZ WRukW \s[ q dÖ[8\^_z\ � Z vRq©YZabz\^�yZa]�_ U r�Za_ W Z²r U ] U _ u bzZ W Z�[>� U _ YZabc\ U�u,v

§ u \�reZ x d � q dÖ[8Za]�_ � Ëµd \^bBr U {@` u bcZ »z» ià�W�ªiB r � \e]�_zbcd WRu#x _c\edw] W Z¨[ q#U b U �¿¾Za_zbcZ�[ q,� ��[8\s§ u Z�[ x dw�y�yZkr U ] U _ u bzZ W Z�[ q#U bc_z\ x�u reZ�['\^] x \ W Za]R_cZ�[� q bzdw_zd ]@[}Za_tfl�ªiB r U bcZ q bzd W�u#x _z\^d ] WRujq bzd�{#r WV� \e� q r U ]R_ U _z\^d ] W ZB£D£ª¤'¥Di T��cYZa_ U redw],] U `wZtZa] YZa],Zabc` \^Z W�u�W�YZa_cZ x _cZ u bW>� \e� q r U ]�_ U _z\^d ] Á n q@U b�reZ¨[>\ed ]@[>red u b W [ q bcd WRu \^_ª[ q Zo] W,U ]�_�r � Z v�qtYZabz\^Za] x Z q Zabc�yZa_ W Z W�YZa_cZabz�Ä\|�
],ZobyreZ q bzd�{#r'Za] q Zobz_zZ WV�zYZa],Zobz` \^Z WRu ],d�� U�uæW ZÏ£D£c¤'¥8it�4b �Uwx Z U�uGq bcd `wb U �Ä�yZ W Z q Zabz_cZW>�cYZa],Zabc` \^Z À p »8Ç C À p »8Ç E>dw] xaU r xOu r^Z'reZ q bzd�{#r W>� \^� q r U ]�_ U _c\edw]�bcZar U _z\ � ¾U £D£z¤'¥Di ¬ Zor u \ú� x \VZ�[8_



n � À \^� u r U _c\ed ] Ç d ]�_zZ ¬�U bzred W Zjr � Z v�qtYZabz\^Za] x Z

expérimental
fonction gaussienne
calcul du programme LISE

Distance d’arrêt (µm)

N
b 

de
 c

ou
ps
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bcZ q b YZ¨[8Za]�_ YZÊZo]lr^\e`w],Z x d ]�_z\^] u Z�[ u b�r U {#` u bzZ »c»z» iemwi TVU r^\e` ]�Z«Zo] q dw\e]�_z\er^r YZ�[#bzZ q b YZ�[DZa]R_cZÊreZ q bzd�{#rW>� \e� q r U ]�_ U _z\^d ] xaU r xOu r YZ q@U bBr^Z q bcd ` b U �y�ÄZ TV»�ÀÔÁ C TV»zÀ�Á E>Za] u _z\er^\s[ U ]�_«r^Z�[«_ U �,r^Z�[ W Z q Zabz_cZW>�cYZa],Zabc` \^Z W Z7³#\^Za` r^Zabai ¬ Z q bcd�{#r�] � Z�[D_ q#U [t[8��� YZa_zbc\s§ u ZtZa_�reZ'� U�v \^� u � x d bzbcZ�[ q dw] W ¾U)u ]�ZW \�[8_ U ] x Z W>� \e� q r U ]�_ U _z\edw] W Z4�,ma¦.Æ(�½r YZo`,¾ZabcZa�yZa]�_ W \|ù YZabcZa]�_zZ WRu � U�v \e� u �éZ v�qtYZabc\e�yZa]�_ U rôiS § u Zars§ u Z�[`Æ � q b YZ¨[ x Z¨[ W Z u,v1q bcd�{#r�[Í[ ��U xox d b W Za]�_4[ u b'r U�W \s[D_ U ] x Z WV� \e� q r U ]R_ U _z\^d ]�i�â U bx dw]R_cbzZkZarer^Z�[ W \|ù�¾ZabcZa]�_ÍË�\s[ô��¾U �ôË�\s[ W Z�r U)� d bc�yZµi T Z q bcd�{#r�Z v�qtYZabc\e�yZa]�_ U r#�yd ]�_zbcZ u ],Z�_zb U �ìe]�Z
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Z v�q©YZabc\e�yZo]R_ U r�d ] x�� dw\s[D\e_'r UÄ� dw] x _c\ed ]¼` U�u [z[8\^Za],],Z x Za]�_zb YZaZ�Za]Ï�µ��m�Æ(� U ËµZ x ä � mo¦WÆ(�
bcZ q b YZ¨[8Za]�_ YZ�[ u bkr U {#` u bzZ »z»z» i^m q#U b u ]�Z�r^\e` ]�Z W \s[ x d ]�_z\^] u ZÖi TVU [ u b �ÂU x Z W Z�r U ` U�u [c[8\eZo],],Z
bcZ q b YZ¨[8Za]�_zZj�w¦k\ W Zjr U [ u b �ÂUwx Zj_zdw_ U r^Z WRuÃq bcd�{#r WV� \e� q r U ]R_ U _z\^d ]XZ v�qtYZabz\^�yZa]�_ U rôiB r U ` YZa] YZab U _z\^d ] W Z�[ YZaË YZo],Za�yZa]�_ª[4¾U r � Za] W bcd \e_ W Z)r � \e� q r U ]�_ U _z\^d ]Ä[8Zar^d ] u ],Z W \�[8_cbz\e� u _z\^d ]ÃZo]YZa]�Zabz`w\eZk§ u \ W�YZ q Zo] WÉW Z)r U ] U _ u bzZ W Zkr U�q#U bc_z\ x�u reZµi#â�d u b'r^Z�[ q bcd _zdw]#[�3Vr UyW \�[8_cbz\e� u _z\^d ]ÃZo]YZa]�Zabz`w\eZtZ�[D_«Zo] � d bc�yZ W>�àu ],Z4` U�u [z[D\eZa],]�Z x Za]�_zb YZaZk¾U r �zYZa],Zobz` \^Z WRuXq bcd _zdw]1Za_ W d ]�_²r U r U bz` Z u b
],Z W�YZ q Zo] W § u Z W Zjr U b YZ¨[8d r u _z\^d ] WRuÌW�YZa_cZ x _cZ u bai�â�d u btreZ¨[ q#U bc_z\ x�u reZ�[²fÒr U�W \s[D_zbc\e� u _c\edw]MZo]YZa]�Zabz`w\eZ U r Uç� dwbz�yZjbzZ q b YZ�[DZa]�_ YZaZk[ u b'r U {@` u bcZ »z»z» i���§ u \Ê],Z WBYZ q Za] W § u Z W Z�r Uyxª�#U bz` Z WRu
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u _c\ere\�[ YZaZ¨[ r UÉW \s[D_ U ] x Z W>� \^� q r U ]�_ U _c\edw]ÉË U bz\^Z WV��u ],Z W \ � U \e],Z W Z�Æ(�ÉiÊâ�d u b q bcZa] W bcZyZa] x d � q _zZx Za_c_zZ4\e] x Zabz_c\e_ u@W Ztd ]1[DZ q bcd q dµ[DZ W Z WBYZa_cZabz�y\^],Zab�r � ZOÕ xoU x \^_ YZ W Z WBYZa_cZ x _z\^d ] W Z�[ q bzdw_zd ]@[ U ËµZ x}u ]�ZW \�[8_ U ] x Z W>� \^� q r U ]�_ U _c\edw] YZa` U reZ¿¾U � �Ö� è´µ maè4�6Æ � i TVU r^\e` ]�Z x d ]�_z\^] u ZXbzZ q b YZ�[DZa]�_zZ)r ��U þ u [8_zZo�yZa]�_
bzZor U _c\ � ¾U �µ� èQÆ(�Éi T Z�[)re\^` ],Z�[ W \s[ x d ]�_z\^] u Z�[)[Dd ]�_ U�u [z[8\ u ] U þ u [8_cZa�yZa]�_ q d u b�reZ¨[ W Z u�v
U�u _zbcZ�[W \�[8_ U ] x Z�[ W>� \e� q r U ]�_ U _z\^d ]G§ u ZÏ],d u [ x dw]#[8\ WBYZabzZobzd ]@[ x d �y�yZ1r � \e] x Zabz_c\e_ u#W ZÉ[ u b1r � ZOÕ xoU x \^_ YZ W ZW�YZa_cZ x _c\ed ] W Z�[ q bzdw_zd ]@[Oi
â�d u b1reZ�[�_cbzdw\s[ W \�[8_ U ] x Z¨[ WV� \e� q r U ]R_ U _z\^d ](3Êr � ZOÕ xaUwx \e_ YZMZ¨[8_ q bcd x�� Z W Z;moè è<\ q d u bÃr^Z�[�� U [z[DZ�[YZa],Zobz` \^Z�[M� U \s[ x dw�y�yZa] x Z;¾UGW�YZ x bzdw�ìe_zbcZG¾UÆq@U bz_c\eb W Z �­Þ J�� U�q�q bzd v \e� U _z\eËµZo�yZO]�_ai ¬ Z x \kZ�[8_x d �tYZabzZo]R_ U ËµZ x r^Z �ÂU \e_X§ u Z q d u b�_cb U ËµZab�[8Zabk� è(Æ � W ZÈ[8\er^\ x \ u �ðr �cYZa]�Zabz`w\eZ WRu
q bcd _zdw] W dw\e_1�Za_zbcZ
[ u�qtYZabz\^Z u bcZX¾U ��·|�¨n �yÞ J��Xiý ] q Z u _ YZa` U r^Za�yZa]�_>],dw_zZab�§ u Z�r � ZOÕ xoU x \^_ YZ W Z W�YZa_zZ x _z\edw] W Z�[ q bcd _cd ]#[Ê],Z W Z�[ x Za] W)q#U [�Za] W Z�[c[8d u [W ZÄ� è<\yi ¬ Z x \hZ�[8_ W �u;U�uÒ�ÂU \^_k§ u ZX[DZ u r^Z�r U �Äd \e_c\ YZ W Z�[ q#U bc_z\ xOu reZ¨[l[Dd ]�_ YZa�y\s[DZ�[tËµZabª[ Á �,i�â�d u b
r ��U�u _cbzZ��yd \^_z\ YZ W Z¨[ YZaË YZa],Za�yZo]R_�[ W dw]R_Êr^Z�[ q bzdw_zd ]@[«[Dd ]�_ YZa�y\�[>ËµZabª[ Á ��3 u ],Z q r u [�` b U ] W Z YZ q#U \s[c[8Z u bW Z©[8\er^\ x \ u � W d \^_t�Za_cbzZ²_zb U ËµZabª[ YZaZ U Ë U ]R_ W Zt[Dd bc_z\eb WRu�WBYZa_zZ x _zZ u b Á n � r^Z«�Ä\e],\^� u �GZ�[8_ W Z��µ� èVÆ(� �ªi¹'U ]#[ x Z xaU [�3�[8Z u rs[ÊreZ�[ q bcd _cd ]#[ U � U ]�_ u ]�Z YZa],Zabc` \^Z4[ u,q©YZobz\eZ u bzZk¾U �4·�n���Þ J�� [ �cYZ x��#U�q,q Za]�_ W Z Á n�i¬ Za_�ZOùVZa_kZ�[8_�Ë�\s[D\e�,r^Zy[ u b�r UÌx d u bz�#Z W Z1r U {@` u bcZ »c»z» i�n xaU b�r UÃx d u bz�#Z x dw�y�yZa] x Z1¾UÏWBYZ x bcd �ìe_cbzZ
b U�q \ W Za�yZa]�_�¾Uç�#U�u _zZ YZa]�Zabz`w\eZ � Za]�_zbzZk�)Za_4��ÞèJ��[�ªi

TVU {#` u bzZ »c»z» i��ÅbzZ q b YZ�[8Zo]R_cZÉr �cYZo],Zabz`w\eZ W�YZ q dÖ[ YZaZ¼Za] Á �GZa] � d ] x _c\edw] W Z
r �zYZa],Zobz` \^Z WBYZ q dµ[ YZaZ
Za] Á n q#U bXreZ¨[ q bcd _zdw]#[X§ u \�_zb U ËµZobª[8Zo]R_ Á n�i²â�d u b x Za_z_cZ�{#` u bzZ43Êr^Z�[ q@U bz_c\ xOu reZ�[)fæ],Z1[Dd ]�_ q#U [q bc\s[8Z¨[çZa] x dw� q _cZµi ý ]Ædw�#[8ZobzËµZ W Z�[�re\^` ],Z�[ q@U b U rerÂ¾ZareZ�[ W d ]�_ xª�#U x�u ],Z x d bcbzZ�[ q d ] W ¾U r UÏW bzdw\e_cZ
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Za] �ÂU ËµZ u b WRuÉW�YZ q �d _ W>�cYZa],Zabc` \^Z'Za] Á �,i
â�d u bÉ�Zo_zbzZ q r u [)b YZ U re\�[8_cZMdw]G[D\e� u reZXreZ�[ q bzd _cd ]#[ U xox d � q@U ` ] YZ�[ W Z�[ q#U bc_z\ xOu reZ¨[)fBi T ZÃb YZ¨[ u r^_ U _
Z�[D_MbcZ q b YZ�[8Za]�_ YZÏ[ u b1r U {#` u bzZ »z»c» i�� � U �ªi ý ]­bcZa� U bª§ u Z W Z u,v ` bcd u,q Z�[ W ZÒr^\e`w],Z�[Oi ¹ Z�[yre\^` ],Z�[
Za] W \ U ` d ] U reZ q r u [Ír U bz` Z¨[Í§ u ZjreZ�[tre\^` ],Z¨[}dw�#[8ZabcË YZoZ�[t[ u b�r U {#` u bcZ »c»z» i���i ¹ Z�[tre\e`w],Z�[tËµZabz_c\ xaU reZ�[�¾Uxª�#U § u Z YZa]�Zabz`w\eZ q bcd _cd ]�§ u \ x d bcbzZ�[ q dw] W Za]�_ U�u,v'q bzd _cd ]#[�§ u \µ[ ��U bcb��Za_cZa]�_>Za] Á n W d ]�_�reZ�[ q#U bc_z\ x�u reZ�[
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d ]¿[ �cYZaredw\e` ]�Z W�uÉx Za]�_zbcZjËµZabª[ Á �	3#r �cYZ q#U \s[z[DZ u b�_zb U ËµZab�[ YZaZjËµZab�[ Á � W \^�y\e] u Z W d ] x r UXW \úù YZobzZa] x ZlZo]YZa],Zobz` \^Z W \e�y\^] u ZÖi ¹'U ]@[ x Z xaU [)reZ�[ YZaËV¾Za],Za�ÄZa]R_�[ W�YZa_cZ x _ YZ�[ W,U ]#[)r^Z q bcZa�y\eZob q \ x [8d ]�_ x Z u�v § u \
Ëµd ]�_ÊËµZab�[ Á ��i�â U b x dw]R_cbzZ q d u b�r U {#` u bzZ »z»c» i�¦ � �|��3 q r u [Êd ]È[ ��U�q,q bcd x�� Z WRuÄx Za]�_zbcZ W ZÍr U þzd ] x _z\^d ]
�ydw\e]#[t\er�� UyW Z W \|ù YZabcZa] x Z U ËµZ x r �cYZa],Zabc` \^Zlb YZaZar^reZ W�uÉq bzdw_zd ] i Á ] �ÂU \e_�3 W,U ]#['reZ xoU [ � �|� q r u [4d ][ ��U�q,q bzd xª� Z W�u
x Zo]R_cbzZ q r u ['reZ�[ YZ q#U \�[z[8Z u bª['_zb U ËµZabª[ YZaZ�[ W>�àu ] x �dw_ YZXd u¼W Z�r ��U�u _zbcZ W Z�r U þzd ] x _z\^d ]W ZaË�\eZo],],Za]�_t[D\e�y\^r U \^bzZ�[�i T Z�[ W Z u�vyq \ x [©{#]�\s[z[DZa]�_ q#U b'[DZ xª� ZaË U�u@x�� Zobai SÍuÌx Za]�_zbcZ W Z)r U þzdw] x _z\^d ](3
reZ¨[ W Z u�vÉq \ x [k[8Z1[ u,q Zab q dÖ[8Za]�_ q#U b �ÂU \^_zZa�yZo]R_oi Àµu bkr U {@` u bcZ »z»c» i�¦ � �|�'\^r«] � � UÃq#U [ W ZyË U r^Z u bª[
Za]�_zbcZ � �wèçZa_'�¨èPÆ � xaU bÍr^Z W Z u�v \Â¾Za�yZ q \ x ]�Z)[DZ W \s[D_z\e]�` u Z q r u [ WRuÃq bzZa�y\^Zabai

À \�d ]¿[8\^� u r^Z q r u [8\eZ u bª[ W�YZ x bzdw\s[z[ U ] x Z�[Bf � } W Zk£zÝzÞÆß W>�cYZa]�Zabz`w\eZÛì } Ý � m¥·�n �yÞ J��eº�ìy} £ �m�·�� �w��Þ J���Za_ ì } Î � ��·�èwn ��Þ J�� U ËµZ xtW Z¨[Bb U�q�q dwbz_�[ W Z�m�¸o�	3�m�¸���Za_'m�¸a��bzZ¨[ q Z x _c\eËµZa�yZo]µ_�3�d ]
d ��_z\eZo]R_�r ��� \s[8_cd `wb U �Ä�yZtZa]y_cb U \^_ q reZo\e] W Zjr U {@` u bcZ »c»z» iemoèRi TVU�W�YZo_zZabc�y\e] U _z\^d ] W Zjr Ujq dµ[8\^_z\^d ]ÃZo]YZa],Zobz` \^Z W Z�[ q \ x [ q bzdw_zd ]@[}] � Z�[8_ q@U [ YZaË�\ W Zo]R_cZ�¾U)q bc\edwbz\ôi TVUçq b YZ�[DZa] x Z W Z W d u �,r^Z�[ q \ x [ q Z u _ �ÂU \ebcZx bcd \ebcZÉ¾U r U1q b YZ�[DZa] x Z W Z W Z u,vÉq \ x [ W>�cYZa],Zabc` \^Z q bzdw_zd ]@[ W \|ù YZabcZa]R_cZ�[Oi T Z�[ q \ x [ r^Z�[ q r u [l\e]�_zZo]#[8Z�[q Z u ËµZa]�_ xoU xª� ZabtreZ¨[«�ydw\e]#[B\^]R_cZa]#[8Z¨[Oi
â U btZ v Zo� q reZtr^Z q \ x � x d bzbcZ�[ q dw] WÃU�uÃW Z u,v \ô¾Za�yZ q \ x'W �u ¾U ìy} Ý Za_�],d ] q#U [j¾U�u ],Z U�u _cbzZ YZa],Zabc` \^Z
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W Z q bzd _cd ]�i ý ] q d u bcb U \^_ q Za]#[8Zobt§ u ZÍr^Z q \ x �k] � Z�[D_t§ u Z4reZ W Z u,v \Â¾Za�ÄZ q \ x'W �u ¾U ìy} £ � U \s[ÊZa] �ÂU \e_x � Z�[8_�r U [ u,q Zab q dÖ[8\^_z\edw] WRuÌW Z u,v \Â¾Za�yZ q \ x�W �u ¾U ì } £ Za_ W�uMq bzZa�y\^Zab q \ xjW �u ¾U ìy} Î i? ],Z �ÂU�îx dw] W ZybcZa� YZ W \^ZabX¾UÌx Z�[lZ�ù>Zo_ª[lZ¨[8_ W Z1[ YZar^Z x _c\ed ]�],Zab u ];[DZ u r W Z�[ W Z u,vÒq \ x [ U [z[Dd x \ YZ¨[ U�u
�Ï�Za�ÄZ q bzd _cd ]�i ý ] x�� d \s[D\e_ W Z1[ YZar^Z x _c\ed ]�],Zab'r^Z q \ xXU ËµZ x)u ],Zy�ÄZa\er^reZ u bcZjb YZ�[Dd r u _z\edw] xw� Z�[D_8��¾U � W \ebcZx Zar u \#§ u \ x dwbzbcZ�[ q d ] WyU�u,vXq#U bz_z\ xOu r^Z�[�fÉ§ u \ W�YZ q dÖ[8Za]�_²reZt�ydw\e]#[ WV�zYZa],Zobz` \^Z W,U ]@[«reZ W�YZa_zZ x _zZ u b Á n�iÁ ] W>��U�u _zbcZ�[«_cZabz�yZ¨[�3 \^r �ÂU�u _ x�� dw\s[D\eb²reZ�[²f
§ u \Vd ]�_ u ] q Za_z\^_ q#U b x d u bª[ W�U ]#[ Á n�� W�U ]#[B],dw_zbcZ xoU [�3x ZÄ[8dw]R_ x Z u,v § u \²_cb U ËµZabª[DZa]�_ Á n1ËµZabª[ Á ��i Àµu bkr U {#` u bzZ »c»z» iemoèyd ] U bzZ q b YZ�[8Zo]R_ YZ�Za] q d \^]R_c\erer YZ�[
r �cYZa],Zabc` \^Z W�YZ q dÖ[ YZaZ W,U ]@[ Á n U ËµZ x r U1x dw] W \^_z\edw]
§ u Z Á �1],ZÄ[8d \^_ q#U ['] u rer^Zµi ý ]ÏËµd \^_ U�q,q@U b U �ìe_cbzZ
[ U ]#[ U �X�,\e` u ë ìe_ YZ'reZ'Ë�b U \�],d �X�,bcZ W Z q \ x [ U ËµZ xÍu ],Zj�yZa\^rer^Z u bzZtb YZ�[8dwr u _c\edw]MZo_ W d ]�_Ír U)q dµ[8\^_z\^d ]ÃZo]YZa],Zobz` \^Z'Z�[D_tr U �yd \^]#[ YZar^d \^` ] YZaZ W Zjr �cYZo],Zabz`w\eZ4b YZaZorereZ WRu1q bzdw_zd ] i

TVU {@` u bcZ »c»z» iemwmÊbzZ q b YZ�[DZa]R_cZÊr �cYZa],Zabc` \^Z W�YZ q dÖ[ YZaZ q#U b�r^Z q bzdw_zd ]kZa_>r^Z²f U [z[8d x \ YZ U ËµZ x r Utx dw] W \e_c\edw]
§ u Z�r �cYZa],Zabc` \eZ W,U ]#[ Á �y],ZX[8dw\e_ q@U ['] u rereZÖi Á ] W>��U�u _cbzZ�[Í_cZabz�ÄZ�[�3,r U�q#U bc_z\ xOu reZkf;_zb U ËµZab�[8Z Á �1Za_
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� W�YZ q dÖ[8Z W Z'r �cYZa]�Zabz`w\eZµi ý ]1bzZa� U bª§ u Z�§ u Z�reZ W Z u,v \Â¾Za�yZ q \ x'U § u#U [8\^�yZa]�_ W \s[ q#U b uÉx Z § u \VZ�[8_tZo]U xox d b WyU ËµZ x r � \e]�_zZab q b YZa_ U _c\ed ] W d ],] YZoZ q b YZ x>YZ W Za�Ä��Za]µ_oi T Z W�YZ q r U x Za�yZa]�_�Zo] YZa]�Zabz`w\eZ WRuyq \ x bcZ�[8_cZ
reZ��Ò�Za�yZt� U \s[²r U b YZ�[Dd r u _z\edw]1Z�[8_t�yZo\erer^Z u bcZ xaU btdw]É[ ��U ùVb U ] xª� \e_ WRuÌW Z u,v \Â¾Za�yZ q \ x i
â U b x d ]�_zbzZ4r U _zb U �ìe],Z WRu Z U�u�v�q#U bc_z\ x�u reZ�[�fÉ� u r^_z\ú� W \úù u [ YZaZ¨[>Z�[8_²_zd u þzd u bª[ q b YZ�[DZa]R_cZµi À \�d ]yZ�[D_z\^�yZ
reZXb U�q,q d bc_)Za]�_zbcZ�r U [ u b �ÂUwx Z WRu bzZ¨[8_zZ W ZXr U _zb U �ì^],Z U�u � W ZarD¾UÌW ZÄ� è è « J��9Za_jr U [ u b �ÂUwx Z WRuÏq \ xx dw]R_cZa] u Za]�_zbcZÍr^Z x Za]�_zbzd¨ë ì W Z4�ydw\e]#[Ê�wè « J��æZa_Br^Z x Zo]R_cbzd�ë ì W Z q r u [B�wè è « J��²3Rdw]y_zbcd u ËµZ�§ u � \er�Ë U bz\^ZW Z q r u [8\^Z u b�[ q d u b x Zo]R_²[DZaredw]�r �cYZa]�Zabz`w\eZ²� U�v \e� u � W \s[ q d ],\^�,reZ q d u b²reZ¨[ q#U bc_z\ xOu reZ¨[�fDz � ��äN¼�i ý ]
_zbcd u ËµZ u ]1b U�q,q d bc_ W ZXma�<\ q d u b£z � ��ä;¼ � ma�yÞ J�� q#U b x dw]R_cbzZ x Z'b U�q,q dwbz_'Z�[D_ W ZknÔ�ý\ q d u bz � ��äN¼ � ��ÞèJ���i ¬ Z q Za] W,U ]R_tdw] q bcZa] W b U r U �yd��µZa]�],Z W Z x Z�[ W Z u,v Ë U reZ u b�[BZa]1Z�[8_c\e� U ]R_ u ]�Z
r U bz`wZt� U bcbzZ WV� ZabcbzZ u boi ¹ d ] x r^Z q d u b x Za]�_ U ` Z W>�cYZaË YZo],Za�yZa]µ_�[ x dw]R_cZa] u [ W,U ]#[�r U _zb U �ìe],Z q#U bhb U�q�q dwbz_U�uÄq \ x4U ËµZ x r Ujx dw] W \e_c\edw]y§ u Z4r �cYZo],Zabz`w\eZ W,U ]#[ Á �k],Z'[Dd \^_ q@U [B] u rer^ZtZ�[8_²Z�[D_z\e� YZj¾U � � ��·�n=µ
mwm�·�n4�8\Äi

À \�d ] x d ]�_z\e] u Z²[ u b�r U red `w\s§ u Z W Zt[ YZareZ x _z\^d ] W Z¨[ q#U bz_c\ xOu r^Z�[>f1§ u \ W�YZ q dÖ[8Za]�_�r^Z²�yd \^]#[ W>�cYZo],Zabz`w\eZ
Za] Á n�3Íd ] q Z u _ q Za]#[8ZobÉ§ u Z
reZ¨[ q@U bz_c\ xOu reZ�[1reZ�[ q r u [ YZa]�Zabz` YZa_z\�§ u Z¨[ÈZo_É§ u \jËµd ]�_Ã_zd u _ W bcd \e_W�YZ q dÖ[8Zabcd ]�_«Zo] x d bcZt�yd \^]#[ W>�cYZa]�Zabz`w\eZµi T Z�[ q#U bc_z\ xOu reZ¨[�fÉ§ u \ W�YZ q dÖ[8Za]�_ W Z4r �cYZa],Zabc` \^Z W�U ]#[ÊreZ x red�ËµZab
�4ZX[8dw]R_jreZ¨[ q r u [ YZa]�Zabz` YZa_z\�§ u Z¨[Oi Á ]ÉZ�ù>Zo_�3>r^Z x r^d�ËµZobÍZ�[D_j[8\^_ u©YZkZa] �ÂU x Z WRuÏWBYZa_cZ x _zZ u b Á � 3�[D\ W Z�[q#U bz_z\ xOu r^Z�[Êf q#U [c[8Za]�_ q#U b Á �)Za_�reZ x red�ËµZabÊZo]y�Ò�Za�yZ�_zZa� q [ x � Z�[8_²Z�[c[8Za]�_z\^Zarer^Za��Zo]R_ q#U b x Z�§ u�� Zarer^Z�[
Ëµd ]�_t_zd u _ W bcd \e_oiTVU {#` u bzZ »z»c» iema�XbzZ q b YZ�[8Zo]R_cZ)r UÄx d � q@U b U \s[Dd ]ÉZa]�_zbcZ)reZ q \ xlq bzd _cd ]¼[8\^� u r YZÄ¾U ìy} � ��·�èwn �ÃÞ J��
[ U ]#[ x d ] W \e_z\^d ](3 q�u \s[ U ËµZ x r U�x d ] W \e_c\ed ]Ì§ u Z'r �zYZa],Zobz` \^Z W�YZ q dÖ[ YZaZjZa] Á �y[Dd \^_t],d ]Ì] u r^reZ q�u \s[ U ËµZ x
r UÌx d ] W \e_c\ed ] § u ZXr �cYZa],Zabc` \^Z WBYZ q dµ[ YZaZ W,U ]#[)reZ x red�ËµZab�Za_ W,U ]#[ Á �Ï[Dd \e_k],d ]¼] u r^reZµi ý ] x d ]#[D_ U _zZ
§ u Z)_cd u [treZ�[ q \ x [Í[Dd ]�_ x Za]R_cb YZ�[j¾U r U �Ò�Za�yZ4Ë U reZ u bai T Z WBYZ q r U x Za�ÄZa]R_�Za] YZo],Zabz`w\eZjbzZ¨[8_zZj_cd u þzd u bª[
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reZ��Ò�Za�yZµi ý ]1bzZa� U bª§ u Z U�u [z[D\�§ u Zjr U b YZ�[Dd r u _z\edw] WRu1q \ x ]�Z)[ ��U � YZare\^d bcZ q#U [ U ËµZ x reZ¨[ x dw] W \e_c\edw]#[
[ u�q,q r YZo�yZa]�_ U \^bzZ�[�[ u b�reZ x red�ËµZabtZa_ x d �Ä�yZÍr U [8_ U _c\s[8_c\s§ u Z W \e�y\^] u Z;3Ôdw]É],Z�` U ` ],Z q@U [�¾UyU þzd u _cZabW Z�[ x d ] W \^_z\^d ]#[4[ u btr^Z x red�ËµZab q d u b W�YZa_cZabz�Ä\e],Zab²r U)q dÖ[8\^_z\edw] WRu1q \ x iÁ ] x dw] x r u [8\^d ](3,r U �yZo\erer^Z u bzZ4b YZ�[Dd r u _z\edw]1Za] YZa]�Zabz`w\eZ W Z�[ q bcd _cd ]#[ÍZ¨[8_4d �,_cZa] u ZlZo]Ã[ YZareZ x _z\^d ],] U ]R_
reZ¨[ q#U bc_z\ x�u reZ�[²f;§ u \ W�YZ q dÖ[8Za]�_ W Zjr �cYZo],Zabz`w\eZ W,U ]@[ Á �,i

¨ ]né c&ê © ^ ©Õf:h ac j ac@mI  acHh=k�f�¡�¢ïc ` c ` acHhÇcE©�hlf5mng ` c&d o `ï^ gDdù�5c` acHhÇcE© h=c.¢ïk ´��
T Z�[Ã{#` u bcZ�[ »z»c» iemanÆZo_ »z»z» i^mO�G�ydw]R_cbzZa]�_1r � Z�Õ xaUwx \e_ YZÒ` YZad � YZa_zbc\s§ u Z q d u bÒr UGWBYZa_cZ x _z\^d ] W Z�[q#U bz_z\ xOu r^Z�[�f q#U b1r^Z WBYZa_zZ x _zZ u b Á �;Za] � d ] x _c\edw] W ZÒr �cYZa]�Zabz`w\eZ1� U�v \e� u � W \s[ q d ],\^�,reZ q d u bÃr Uq#U bz_z\ xOu r^Zlf;Za_ q d u b W \|ù YZabcZa]R_cZ�[ x dw] W \e_c\edw]#[Í[ u b4r �cYZo],Zabz`w\eZ W�YZ q dÖ[ YZaZkZa] Á �,iVâ�d u b xª�#U § u ZUz � þ���ü

r � ZOÕ xaU x \^_ YZ�Z�[8_ WBYZa_zZobz�y\^] YZaZ x dw�y�yZBr^ZÍb U�q,q dwbz_tZa]�_zbcZÍr^Z'],d �X�,bcZ W Z q#U bz_z\ xOu r^Z�[«fÏ§ u \#b YZ q dw] W Za]�_
¾U r Ukx d ] W \e_c\ed ]Ä\e� q dµ[ YZaZtZa_�reZ'],dw����bzZ W Z q@U bz_c\ xOu reZ�[Êf¼[8\e� u r YZaZ�[ � maèwè èwè YZaË YZa],Zo�yZa]�_ª[���i TVU [DZ u r^Z
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y1Mmo� Þ J��xZ�sY1I7GCN3 DG1 ) /�{<1<CJ747G@�/�9�9*/x34/65�3 -/B7�/�9;:�/M=8z 1�ÓGCJ7�:�/�0I/�9;:.H;/Ë=U1P5X1<34:6@�/�y1�}41�747�/ -/�9S/�3�{<@�/PH<C
5�@ ) 5�38FJ:�F<9*Z

Za_ q b YZ�[DZa]�_zZa]�_ q b U _z\s§ u Za�ÄZa]R_Xr U �Ò�Za�yZ¿[ u b �ÂU x Z¼` U�u [z[8\^Za],],ZÖi À \kr � dw] U þ u [8_cZ
reZ q \ xÉq#U b u ]�Z
` U�u [z[D\eZa]�],ZÅ¾U � U [z[8Z YZo],Zabz`w\eZ � x d �y�yZXreZÌ�yd ]�_zbcZ1r U {#` u bcZ »z»c» i^ma� q d u b�ztfÇ� äN¼ � n%ÞèJ��7�
reZ¨[ W Z u,v [ u b �ÂUwx Z�[B],Z W \úùh¾ZabzZa]�_t§ u Z W ZXma�<\yi

À \,r U [ u b �ÂUwx Z W Ztr U ` U�u [z[D\eZa]�],ZÍ] �zYZaËµdwr u Z q#U [ÊZa] � dw] x _z\^d ] W Z�z}fÇ��ä;¼j\er#[DZab U \e_Ê\^]R_ YZabzZ�[c[ U ]R_ W ZW�YZa_cZabz�Ä\e],Zab�reZtb U�q,q dwbz_tZ v�qtYZabc\e�yZa]µ_ U r�Za]�_zbzZ x Za_z_cZt` U�u [z[8\^Za],],Z�Za_²reZt],dw���,bcZt_zdw_ U r W>�cYZoË YZa]�Za�yZa]µ_�[q d u b u ]�Z�_zb U ]#[8\^_z\^d ] W dw],] YZaZµi ¬ Z�b U�q�q dwbz_ q Zabz�ÄZa_z_cb UXW Z WBYZa_cZabz�y\^],Zab�r U [ u b �ÂUwx Z�_zdw_ U r^Z WRuÉq \ xq bcd _zdw] � W d ] x reZ1b U�q,q d bc_ W>� Zo���,b U ] xª� Za�XZ�]R_:�'[DZ u r^Za�yZa]�_ q#U b�r ��U þ u [D_zZa�ÄZa]R_ U ËµZ x�u ],ZÉ[D\e� q r^Z
` U�u [z[D\eZa]�],Z1¾U � U [z[DZ YZa]�Zabz`w\eZ43�[ U ]@[ U Ëµd \ebtbcZ x d u bª[k¾Uçu ] U þ u [8_cZa�yZa]�_ x d � q reZ v Z W Zjr U ` U�u [c[8\eZo],],Z
Za_ W Zjr U _zb U �ìe],ZÄ¾U��#U�u _zZ YZa],Zabc` \^ZµiTVU {#` u bcZ »z»z» i^m��²bzZ q b YZ�[DZa]�_zZ�reZÊb U�q,q d bc_ W Z«r U [ u b �ÂU x Z²` U�u [c[8\eZo],],Z � W�YZo_zZabc�y\e] YZoZ x d �y�ÄZ q b YZ xVYZ W Za���
�yZa]�_���[ u b4reZk],d �X�,bcZ'_zdw_ U r W>�cYZaË YZa],Zo�yZa]µ_ª[�[8\^� u r YZ�[ q d u b'r^Z)�Ï�Zo�yZ q \ xjq bzdw_zdw]Å¾U ì âÛ� m�Þ J��
Za] � d ] x _z\edw] W Z�[ÍË U r^Z u bª[j[ u \eË U ]�_zZ¨[ W ZWztf=��äN¼(A#n�3���3�¦1Za_�mo� Þ J���i ý ] x d ]#[D_ U _zZ u ],ZXr YZa`�¾ZabzZ



��� À \^� u r U _c\ed ] Ç d ]�_zZ ¬�U bzred W Zjr � Z v�qtYZabz\^Za] x Z

YZaËµdwr u _c\ed ]jZa] � dw] x _z\^d ] W Zyztf=��äN¼�i ý ] q Z u _�] YZ U ],�yd \^]#[ x dw]#[8\ WBYZabzZob�§ u Z x Z²b U�q,q d bc_ÊZ�[D_ x dw]#[8_ U ]�_
Za_ YZa` U r�¾U
� Ý � m��4·��k\ W,U ]#[treZ xaU [ W Zjr U [8\e� u r U _z\^d ] W d ]�_tr � ZabzbcZ u b > bzZor U _c\eËµZ > � U�v \e� U rúZtZ�[8_ W Z
maè�·|�ý\yi¬ Z q Za] W�U ]�_�3Êd ] q Z u _ U þ u [D_zZabXreZ¨[ q d \^]R_�[�[D\e� u r YZ�[ q#U b u ],Z W bzdw\e_zZ1bcZ q b YZ¨[8Za]�_ YZaZ q#U b W Z¨[)_z\ebcZa_ª[
[ u b�r U {#` u bzZ »z»c» iem��Öi À \�d ] x dw],] U �ì^_�r U Ë U r^Z u b W Zïz}fÇ��ä;¼Éd ] q Z u _ xaU r xOu reZabjr � ZabzbcZ u bjbzZor U _c\eËµZì » ��� ½ � � ½�� ¼ � þe�¯ü��� ½ U ËµZ x�� Ý � z}fÇ��ä;¼|��r^Z'b U�q,q d bz_ xaU r xOu r YZX¾U)q#U bz_z\^b W Zjr ��U þ u [8_cZa�yZa]�_Êr^\e] YZ U \ebcZÍZa_� Ý reZjb U�q,q d bc_ x dw]#[8_ U ]�_ xª� dw\s[8\Âi
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 "!$#&% »c»z» iemo� Bn× 1�5<5�F<34:?H<CÀ9XF<02}~3,/ÈH�z -/�A -/�9S/�0I/�9;:$7 ) F<9;:�/�9�CJ7�H<1<9<7Q=�/�5�@ ) 1<A�/ ) =U1 ) F<9�H<@�:�@$F<9ì'�ïÜéè(7GCN3M=�/Ë9�F<02}~3,/ËH�z -/�A -/,9*/�0I/�9;:$7�7G@$02C<= -/87�Ô�/�9Ç\.ÕNZ`�`/Ë381�5<5XF<34:"1 -/4: -/2H -/�:�/�3�02@$9 -/Ty125X1<3,:�@$3
H;/V=U1E7G@$02C<=U1J:6@$F<9�H�z CN9M5�38FJ:�F<9IH�z -/�9S/�3�{<@�/rH;/tm)Þ J��¶7GCN@$A~@�5X1<3>H;/87`5X1<34:6@ ) Ck=�/B7²fTH<F<9;:e=�/ z}fÇ��ä;¼
A~1<3�@�/?H;/tnMÞèJ�� y1�ma�ÃÞ J���Z

ý ] q Z u _ U�u [c[8\'Ë YZabc\|{#ZabX§ u Z1reZÌb U�q,q d bz_ � £ W ZÌr U [ u b �ÂU x Z WRuÆq \ x _zd _ U r x d ] W \e_c\ed ]�] YZ q#U b
reZ¨[ q#U bz_z\ xOu r^Z�['f WBYZa_zZ x _ YZaZ¨[ Zo] Á � � ì��PÜ9è��k[ u b)reZX],dw���,bcZ�_cd _ U r WV�zYZaË YZa],Za�ÄZa]R_�[Í[D\e� u r YZ¨[ÍZ�[8_x dw]#[8_ U ]�_ x d ] � dwbz� YZo�yZa]�_ U�u%q@U b U ` b U�q,� Z q b YZ x>YZ W Za]�_ai TVU {#` u bzZ »z»z» i^ma�ÃbzZ q b YZ�[DZa]�_zZ � £ q d u b�r^Z
�Ï�Za�ÄZ q \ x1q bzdw_zd ] ¾U ì âq� mÉÞ J��ðZa] � d ] x _z\edw] W Z¨[çË U r^Z u b�[�[ u \^Ë U ]R_cZ�[ W ZDztf=��äN¼(A�n�3²��3�¦
Za_Émo�%Þ J��Xi Ç �Za�yZ x d ]@[8_ U _ U _z\edw](3treZÌb U�q�q dwbz_1Ë U bc\eZÉr YZo`,¾ZabcZa�yZa]�_ U ËµZ x ztf=��äN¼%Za_ q Z u _8���Za_zbcZx dw]#[8\ WBYZab YZ x d �y�ÄZ x dw]#[8_ U ]�_ai ¹'U ]#[ x Za_z_cZy[D\e� u r U _z\edw]Ò\^r²Z�[8_ YZa` U r ¾U �,m�·ú�J\áZo_)r � ZabzbcZ u bjbzZor U _c\eËµZ
� U�v \^� U r^Z'Z�[8_ W Z1moè�·^m�\Äi ¹ Z�r U �Ò�Za�yZj� U ],\Â¾ZobzZjd ] q Z u _ U þ u [D_zZabjreZ¨[ q d \e]�_ª[ W ZXr U [8\e� u r U _z\^d ]



Á T���U ] U re��[8Z WRu1q \ xjx dw] W \e_c\edw],] YZ q#U btr^Z�[ q#U bz_z\ xOu r^Z�[Bf W�YZa_zZ x _ YZaZ�[ W,U ]@[ Á � �w�

R3

T β max (MeV)

Su
rfa

ce
 g

au
ss

ie
nn

e 
/ é

vé
ne

m
en

ts 
av

ec
 la

 c
on

di
tio

n 
E4

>0
 (%

)

 "!$#&% »z»c» iema¦ B�× 1�5<5XF<3,:�H;/�=U1�7GCN3 DG1 ) /Ë{<1<C|747G@�/,9�9*/ÈH<CÇ5�@ ) 1<A�/ ) =U1 ) F<9�H<@�:6@$F<9 ì���Üðèí7GCN3�=�/
9�F<02}~34/iH�z -/�A -/,9*/�0I/�9;:$7 ) F<9;:�/�9�CJ7�H<1<9k7i=�/L5�@ ) 1<A�/ ) =U1 ) F<9�H<@�:�@$F<9$ì��qÜ�èÌÔ�/,9�\i�~Z��`/x381�5<5XF<3,:
1 -/4: -/�H -/4:�/�3�02@$9 -/ny1I5X1<3,:�@$32H;/i=U1È7G@$02C<=U1J:�@$F<9�H�z C;9W5�3BFJ:6F<9�H�z -/�9*/�3�{<@�/xH;/�mÃÞèJ��Å7GC;@$AG@Î5X1<32H;/87
5X1<3,:�@ ) C<=�/874fhH<F<9;:K=�/�z}fÇ��ä;¼èA~1<3�@�/.H;/4nMÞèJ�� y1�ma�MÞèJ���Z

q#U byr U
W bzd \^_zZÉbcZ q b YZ¨[8Za]�_ YZaZ1Za]Å_z\^bzZa_�[y[ u bÄr U {#` u bcZ »c»z» iemo� Zo_ xaU r xOu r^Zab�r � ZabzbcZ u b�bzZor U _c\eËµZÌ[8\�d ]x dw],] U �ì^_Õz}fÇ��ä;¼�i
ý ] WBYZO{#],\^_ U�u [z[D\ÊreZjb U�q,q d bc_ � Î W Zkr U [ u b �ÂUwx Z)` U�u [c[8\eZo],],Z WRuÉq \ xjU ËµZ x r UXx dw] W \e_c\edw]qì'�ïÜ

è
[ u b�r^Z1],d �X�,bzZ W>�cYZaË YZa],Za�yZo]R_�[ x d ]�_zZa] u [ W,U ]#[XreZ q \ xÌU ËµZ x r UÏx d ] W \e_z\^d ]�ì'��ÜáèRi ¬ d �Ä�yZq b YZ x>YZ W Zo�y��Zo]R_53Rr U {#` u bzZ »z»c» iema¦ybcZ q b YZ¨[8Za]�_zZ x Z�b U�q,q dwbz_ q d u b u ] q \ x)q bzdw_zd ] ¾U ì âW� myÞ J��
Za] � d ] x _z\edw] W Z�[�Ë U r^Z u bª[1[ u \eË U ]�_zZ¨[ W Z-ztf=��äN¼(A²n�34��3t¦;Za_Émo� Þ J���i ý ] x dw]#[8_ U _zZ § u Z x Z
b U�q,q d bc_)Ë U bc\eZ U ËµZ x ztf=��äN¼MZa_j§ u Z�r � ZabcbzZ u b�bzZar U _z\^ËµZj� U�v \e� U reZjZ�[D_ W ZÄ� ��·à�;\Äi ¬ Z q Za] W�U ]�_ x Z
b U�q,q d bc_'Z�[8_�[8\^� u r YZ�[ u b u ] W dw� U \^],Z'Za]+z}fÇ��ä;¼y_zbo¾Z�[tr U bc` Zµi ÁÊv�qtYZabc\e�yZa]�_ U reZa��Zo]R_53 x Z W d � U \e],Z
Za]PztfÇ� äN¼Ï[8Zab U �yd \^]#[ YZa_cZa] WRu � Za]�_zbcZ��ÉZa_Äma�ÒÞ J��7��i T�� ZobzbzZ u b x dw�y�y\^[8Z�Z¨[8_ W d ] x b YZ WRu \e_cZµi¬ d �Ä�yZ q b YZ xVYZ W Za�y�XZa]µ_�3wd ] x d ]#[D\ W ¾ZabcZ x Z'b U�q,q d bc_ x d ]@[8_ U ]R_ � n � � �,m�·�n£µ maè�·����B\yi? ] U þ u [8_cZa�yZa]�_)r^\e] YZ U \ebcZ W Z�[ q dw\e]�_ª[ W ZÃr U [8\^� u r U _c\edw] q Zabz�yZo_z_zb UÉW Z xoU r x�u reZab�r � ZabcbzZ u bX[8\4d ]x dw],] U �ì^_tr U Ë U reZ u b W ZUz}fÇ��ä;¼�i



� � À \^� u r U _c\ed ] Ç d ]�_zZ ¬�U bzred W Zjr � Z v�qtYZabz\^Za] x Z

� � mngQ©V��¢Dd=f5mngDd ` c � ^ d=f�  ¢Q� ^ hlf�mng
S _zb U ËµZab�[«r U [D\e� u r U _z\edw] Ç dw]R_cZ ¬�U bzr^d U ËµZ x reZ x d W Z�� Á²S'º ¡@3R]�d u [ U Ëµd ]#[ q,uÌWBYZa_cZabz�y\^],Zab5AB u ]�Z;[ YZar^Z x _c\ed ]GZo] YZa],Zabc` \^ZÒf q d u b u ],Z
�yZo\erer^Z u bzZÃr^d xaU r^\s[ U _z\^d ]éZo_Mb YZ�[8dwr u _c\edw] W Z�[ q \ x [q bcd _cd ]#[ � d u � �ªi º d u [ U Ëµd ]@[ÍË u § u�� \er�[ u Õy_ W Z x�� dw\s[D\eb4reZ�[ q#U bc_z\ xOu reZ¨[ÍfÅ§ u \ W�YZ q dÖ[8Za]�_W Zjr �zYZa],Zobz` \^ZÍZo] Á � � ì��áÜ è�· ��iB r � ZOÕ xaU x \e_ YZ W Z W�YZo_zZ x _c\edw] W Z¨[ q bcd _zdw]#[BZa] � dw] x _c\ed ] W ZÍr^Z u b YZa],Zabc` \eZ � Ëµd \^bBr U {#` u bzZ »c»z» i�nÛ�ªi¬ Z q#U b U �¿¾Za_zbcZÊZ�[8_�Z¨[z[8Zo]R_c\eZar q d u b WBYZa_zZobz�y\^],Zab#reZÊ]�d �X�,bzZÊZ v,Uwx _ W Z q bzdw_zdw]#[ YZo�y\s[ q#U b�£D£ª¤'¥V¾Uxª�#U § u Z YZa],Zobz` \^Zµi ¬ Z x \ q Zabz�yZo_z_zb UBW Z xaU r xOu reZab q b YZ x \�[ YZa�yZo]R_,r^Z�[>b U�q,q d bc_ª[ W>� Za�X�,b U ] x�� Za��Zo]R_W Z¨[B_zb U ]#[8\^_z\^d ]#[�iB § u ZÉr UÏq Zobz_zZ WV�zYZa],Zobz` \^Z W Z�[ q#U bc_z\ xOu reZ¨[çf W,U ]#[yr U þzdw] x _z\^d ] Á n WBYZ q Za] WÆ� d bc_zZa�ÄZa]R_ W Z
r � Za] W bzd \^_ W Ztr � \e� q r U ]R_ U _z\^d ] W,U ]#[ x Z W�YZa_cZ x _cZ u baiwâ U b x d ]�_zbzZ4Zar^reZBZ¨[8_�§ u@U [8\^�yZa]�_�\^]#[8Zo]#[8\^�,reZ
¾U r U Ë U bz\ U _z\^d ] W ZÌr �cYZo],Zabz`w\eZ1� U�v \^� u � W \s[ q dw],\e�,r^ZDztf=��äN¼ � W ZÏ�Å¾U moè ÞèJ�� x Z¿§ u \x dwbzbcZ�[ q d ] W ¾UW� � W Z)nÌ¾U m m�Þ J�� �ªiB r UÈ� d bc�yZ W Zyr � ZOÕ xaU x \^_ YZ W Z WBYZa_zZ x _z\^d ] W Z�[ q#U bz_z\ xOu r^Z�['f W,U ]#[)reZ WBYZa_zZ x _zZ u b Á ��i ¬ Zar^reZO� x \
Z�[D_ x d ]@[8\ W�YZab YZaZ x d �y�ÄZ u ]�Z x d ]#[D_ U ]�_zZ q d u b@z � ��ä;¼�Ü;�MÞ J���i TVU Ë U bc\ U _z\edw]ÃbcZ q b YZ¨[8Za]�_zZ
r � ZabcbzZ u b©[ u btr � ZOÕ xaUwx \e_ YZµiB § u Z'r U)x dw]R_cbz\e� u _z\^d ]y` U�u [c[8\eZo],],ZjZ�[8_4§ u#U [8\e�ÄZa]R_ x d ]#[D_ U ]R_cZ q@U btb U�q,q d bc_ U�u ],d �X�,bcZÍ_cd _ U rW>�cYZaË YZa],Za�yZo]R_c[ YZa�y\�[ q d u b u ],Z²_zb U ]#[8\^_z\^d ] q bzdw_zdw])Za_ q#U b�b U�q,q d bz_ U�u ],d �X�,bcZ W>�cYZoË YZa]�Za�yZa]µ_�[U ËµZ x r U�x d ] W \e_c\ed ]Dì���ê ç Ü èç\^] WBYZ q Za] W�U �y�yZo]µ_ W ZÛzGfP��äN¼øi



Y Z �[N ���Ò�
� )��
� * ����� �É� � � �&Ý,�h§ N 2���;��� * /­�

¹'U ]@[ x Z xª�#U�q \e_cbzZj],d u [ U r^red ]@[ q b YZ¨[8Za]�_zZabtr Uçq bzd xVYZ W�u bzZ W>��U ] U r^�,[DZ W Z�[ W dw],] YZaZ�[ x d ] x Zabz] U ]R_
r U¼WBYZ x bcd \s[c[ U ] x Z W ZÏ£D£ª¤'¥ U \^]#[8\ § u ZÉr^Z�[�b YZ�[ u r^_ U _ª[y§ u \'Za] W�YZ x d u reZa]�_ai TVU;W Zabz]�\ô¾ZabcZ q#U bz_z\^ZÉZ�[8_x dw]#[ Uwx b YZaZÄ¾U r � \e]�_zZab q b YZa_ U _c\ed ] W Z�[Bb YZ�[ u re_ U _ª[�iT���U ] U r^�,[DZj] YZ x Z�[c[8\^_zZ q r u [8\^Z u b�[ YZa_ U�q Z¨[|AB r �zYZa_ U redw],] U ` Z W Z�[ W�YZo_zZ x _cZ u b�[OiB r Uyx d ]@[8_zb u#x _c\ed ]ÉZo_'r ��U ] U re��[8Z W Z�['[ q Z x _zbzZ¨[ÍZa] YZa],Zobz` \^Z�[ u \eË U ]�_'r^Z�[ x dw] x r u [8\edw]#[Ídw�,_zZa] u Z�[q#U bÍr U [8\^� u r U _c\ed ] � xª�#U�q \^_zbcZ q b YZ xVYZ W Za]�_H�ªiB r UyWBYZa_cZabz�y\^] U _c\edw] W Z�[Íb U�q,q d bc_ª[ W>� Zo���,b U ] xª� Za�XZa]�_:3 x � Z�[8_D��¾U � W \^bzZkr U �yZ¨[ u bcZ W Z�['[ u b �ÂU x Z�[W Z¨[ q \ x [�iB r U%W�YZa_zZabc�y\e] U _z\^d ] WRu [ xª�©YZa� U
W Z WBYZ�[8Z v,x \^_ U _z\edw] W Z £D£ ¤�¥lZa_1r UÅx d � q#U b U \s[Dd ] U ËµZ x reZ�[

�yd W ¾ZareZ�[�i

\ ]né acHh ^ �5mngDg ^ j7c ceg acegïc@kljnf5c cHh¬� é c&ê © ^ ©Hf:h ac ` ¢ ©&�5m.õnc�k
âÊr u [D\eZ u b�[ YZa_ U red ]�] U `wZ�[lZa] YZa],Zobz` \^Z U \^]#[8\©§ u Z�r U1WBYZa_zZobz�y\^] U _c\ed ] W Z�r � ZOÕ xaU x \e_ YZjZa] � d ] x _z\^d ]W ZÌr �cYZo],Zabz`w\eZ1d ]�_ YZa_ YZÌZOùVZ x _ u©YZ�[ç_cd u _XreZÌredw],` W ZÌr � Z vRq©YZobz\eZo] x Zµi TVU
W Zobz],\Â¾ZabzZ U�YZa_ YZÃb YZ U r^\s[ YZoZMZo]

{#] W>� Z vRq©YZabz\^Za] x Z�Za] u _c\er^\s[ U ]R_ W Z�[�[Dd u b x Z�[)` U �y� UÌW Z ù ë 
��yZa_ W Z Ý��D£ ì�� q r U xVYZaZ�[ U�u r^\eZ u;W Z
r � \e� q r U ]�_ U _z\^d ] W Z�[B\edw]#[ � reZ W�YZo_zZ x _cZ u b Á nW�ªi
rtszN Ä�Å,:5�0,7²6D?}E'E}7 v�5é5ÊE :5ÊE45�=GvBAD5é3l2~<�6D? ��5ø=

T��cYZa_ U r^d ],] U ` ZkZa] YZa],Zobz` \^Z U;YZa_ YZ'Z�ù>Z x _ u©YZ q d u b x��#UwxOu ] W Z�[t§ u@U _zbcZ x bz\�[8_ U�u,v § u \ x d ]#[D_z\e_ u Z'r^Zx r^d�ËµZobai#â�d u bjZ v _cb U \ebzZ�r U�q dµ[D\e_z\^d ] q b YZ x \s[ YZa�yZa]�_�3 x��#U § u Z q \ x�UGYZa_ YZ U þ u [8_ YZ q@U b u ],Z�` U�u [c[8\eZo],],ZU W�W \e_c\ed ]�] YZaZÄ¾U)u ],Z W bzdw\e_zZÖi ¬ Za_c_zZ W bzdw\e_cZlZ¨[8_ u ],Z q#U b U �É¾Za_zbc\s[ U _z\^d ] WRu �,b u \e_ W Z � dw] W iTVU)� d bz�ÄZ W Zjr Ul� dw] x _z\^d ] W>�cYZa_ U r^d ],] U ` Zjd ��_zZa] u ZjZ�[8_tr^\e] YZ U \ebcZlAì � äWìyð p �dV¾u ì�Z�[8_tr �cYZa]�Zabz`w\eZ'Za]ÉÞ J���Za_@ì ð«Z¨[8_tr �cYZa],Zabc` \^ZÍZa] xaU ] U�u�v iS ` U�u@x�� Z W ZÍr U {@` u bcZ » Ú�i^mt[8dw]R_�bzZ q b YZ�[8Zo]R_ YZaZ�[�reZ�[ W bcd \e_cZ�[ W>�cYZo_ U r^d ],] U ` Z q d u b x��@U § u Z x bz\�[8_ U rôi SW bcd \e_cZ43,d ]Ì�ybzZ q b YZ�[DZa]�_zZjr U�W \úù YZabzZa] x ZjZa]R_cbzZ'r �cYZa]�Zabz`w\eZ xaU r xOu r YZaZ q@U b4r Ul� d bc� u reZ W>�cYZa_ U redw],] U `wZ)Za_
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TVU b YZ�[8dwr u _c\ed ]XZa] YZa]�Zabz`w\eZ W Z�[ x bc\s[D_ U�u�vXWRuyx red�ËµZab�Z�[8_²Z v�q bz\^� YZaZ q@U bBr U r U bc` Z u b4¾U �y\ú� �@U�u _cZ u bWRuÏq \ x Za] YZa],Zobz` \^Zµi TVU b YZ�[8dwr u _c\edw]ÒZ�[D_ W Z�r � d b W bzZ W ZX� « J�� q d u bj_zd u ['reZ�[ x bz\s[D_ U�u,v i TVU {#` u bzZ» Ú�i��jbzZ q b YZ�[DZa]R_cZ q d u b xª�#U § u Z x bz\�[8_ U r�reZ q \ xjW Zjr U [Dd u b x Z W Z Ý��8£ ì��¼¾U ¦w��� « J���i
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T�� ZOÕ xaUwx \e_ YZ W�YZa_zZabc�y\e] YZaZ W,U ]#[ x Z q#U b U `wb U�q�� Z�Zo] � d ] x _c\edw] W Z�r �cYZa],Zabc` \eZjZa]�` redw�#Z�r � Z�Õ xaUwx \e_ YZ
\e]�_zbc\e]#[�¾Z�§ u Z W�u)W�YZa_zZ x _zZ u b53ªr � Z�Õ xaUwx \e_ YZ�` YZad � YZa_zbc\s§ u Z U \^]#[8\�§ u ZÊr ��U �@[8d q _z\edw] W Z�[ W \úù YZobzZa]�_ª[#� U _ YZabz\ U�u,v i
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FWHM = 3.51 keV FWHM = 4 keV

FWHM = 3.8 keV FWHM = 3.73 keV
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reZ�],d �X�,bzZ W ZjÜ YZa�y\�[�6 ­ �¯þ q#U btr U [8d u b x ZÄ¾UXx Za_z_cZ'�Ï�Za�ÄZ YZa],Zobz` \^Zµi ¬ dw�y�yZ xª�#U § u Z q \ x ` U �y� U
Z�[D_ U þ u [8_ YZ q#U b u ],Z4` U�u [z[D\eZa]�],Z43�6�+«Z�[D_ W d ],] YZ q#U b«r U [ u b �ÂU x Zt�yZ¨[ u b YZaZ W Ztr U ` U�u [z[8\^Za],],ZÖi�Ë u#U ]�_
¾U 6 ­ �¯þÅ\er>Z¨[8_ W dw],] YZ q@U b4r Ul� d bc� u reZ�[ u \^Ë U ]R_cZ4A6 ­ �¯þ � ¤ ¬U» z »
dV¾u A ¤ÛA�r ��Uwx _z\^ËR\^_ YZ W Zjr U [Dd u b x Z U�u �Äd �yZa]�_ W Zjr �cYZa_ U red ]�] U `wZµi¬U» ARr � \e]�_zZo]#[8\^_ YZ U �#[Dd r u Z W>�cYZa�y\s[c[8\^d ] WRu ` U �y� U ¾U r U�W \^_zZ YZa],Zobz` \^Zµiz » A�reZj_zZo� q [«Z�ù>Z x _z\ �hW Zjr U �yZ�[ u bzZÖi

â�d u b q bzZa] W bzZjZa] x d � q _zZ'r^Zj_zZa� q [«�ydwbz_ W Zjr ��U x § u \�[8\e_c\edw]1§ u \ YZa_ U \e_ W Z�}�þ � � n<\ W�u _zZo� q [W Zj�yZ�[ u bzZ;3Ôdw] xaU r xOu reZ'r^Z'_zZa� q [«ZOùVZ x _z\ �hx d �y�yZ�[ u \e_�A
z » � z�þÇ�-, � m � }�þy�z�þÇ�.,�ARZ¨[8_4reZ'_cZa� q [²b YZaZar W Zjr U �yZ¨[ u bcZµi

T Z W�YZ x reZa] xª� Za�ÄZO]�_ W ZÍr ��U x § u \�[8\^_z\edw]�Z¨[8_²ZOùVZ x _ utYZ q@U b u ] > d uG>�W Z�[ x bc\s[D_ U�u�vXWRu1x r^d�ËµZobai » r#Z�[8_W \^ËR\�[ YZ q#U bÍmoèRi TVU {@` u bcZ » Ú�i�nÍbzZ q b YZ�[DZa]R_cZBr^Z�[ÊZOÕ xoU x \^_ YZ�[ U \^]#[8\ W�YZa_cZabz�Ä\e] YZaZ¨[ q d u b x��@U § u Z x bz\s[D_ U rôi
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m i q d u b'reZjb u ] W>�cYZa_ U r^d ],] U ` Z43#reZ W�YZ x reZa] x�� Zo�yZO]�_ W Z)r ��Uwx § u \s[8\^_z\^d ]1Z�[8_4ZOùVZ x _ utYZ q#U b u ] > d uG>W Z¨[ x bz\�[8_ U�u,v¼WRuÅx red�ËµZab x dw]R_cb U \^bzZa�ÄZa]R_ U�u bzZ�[D_zZ W ZMr � Z v�q©YZabc\eZa] x Z)dV¾uæx Z W�YZ x reZo] x�� Za��Zo]R_YZa_ U \^_ W \eË�\s[ YZ q#U bkmaèwè è�Zo_treZ WBYZ x r^Za] xª� Za�XZa]�_ q bz\^] x \ q#U r�Z�[D_ u ] > d uG>yW Z�[�þzd ] x _z\^d ]#[ Á ��3 Á n

Za_ Á ��i
�Ri4[ u \e_cZ4¾U}u ] q bzd ��rô¾Za�yZ W>��U x § u \s[D\e_c\ed ] 3�r^Z�[ W d ],] YZoZ�[>Za],bcZa` \�[8_zb YZaZ�[V[ u b�� U ] W Z q d u b�r �cYZa_ U redw],] U `wZ

dw]R_ YZo_ YZ q Zab WRu Z�[�i T���U ] U r^�,[DZ UÉYZa_ YZ�ZOùVZ x _ u©YZaZt[ u b²reZ�[�[ q Z x _cbzZ�[��yd ],d W \e�yZa]@[8\edw],],],Zors[�[ U�u Ë YZ�[
[ u bBr^Z W \s[c§ u Z�¾U r U {#] W Z'r � Z vRq©YZabz\^Za] x Zµiwâ�d u b x Zo_z_zZ4�yZ�[ u bzZ;3 r � ZOÕ xoU x \^_ YZ WRu1x red�ËµZabÊ],Z q Z u _
�Za_cbzZ W�YZa_cZabz�Ä\e] YZaZ4§ u�� ¾Uçq#U bz_c\eb WRu [ q Z x _cbzZk[8dw�y�yZ W Z�[t[ q Z x _zbzZ¨[}\^] W \eË�\ W�u Zars[ W Z�[ W \úù YZabzZa]�_ª[x bc\s[D_ U�u�v i

nRi q d u bÒr^Z�[Ã[ q Z x _zbcZ�[ U [c[8d x \ YZ�[Æ¾UæW Z u�véW Z¨[ x bc\s[D_ U�u�véWRu x red�ËµZab53treZ q \ x ¾U � U [c[8Z YZa],Zabc` \^Z� ma��m�·|�¨� « J��[�BZ�[D_ U �#[8Zo]R_oi ¬ Z x \��yd ]�_zbcZ u ]Éb YZo` r U ` Z W Zk[8Z u \^r�Zo] YZo],Zabz`w\eZ W \úù YZobzZa]�_ q d u bxª�#U § u Z x bc\s[8_ U rÂi ¬ Za_c_zZyZabcbzZ u b�],Z x d ] x Zabz],ZÌ§ u Z x Zo_ YZa_ U red ]�] U `wZÃZa_�] ��UÃq#U [ W>� \e]�� u Za] x ZW \^bzZ x _zZ�[ u b�reZ�[²b YZ�[ u re_ U _ª[ W Z'r � Z vRq©YZabz\^Za] x Zµi T Z¨[BÜ W Z'� U [c[8Z YZa],Zobz` \^Z q Z u ËµZa]�_'�Za_zbcZÍdw�#[8ZobzË YZ�[
[D\ u ] U�u _cbzZ)_cbz\^` ` Zob WBYZ x r^Za] xª� ZÍr ��Uwx § u \s[8\^_z\^d ]�i

�,itr � ZOÕ xaU x \e_ YZXd ��_zZa] u Z q d u b xª�#U § u Z x bc\s[D_ U rtZ¨[8_ W \|ù YZabcZa]R_cZµi ¹k��u ],Z q#U bz_ W�uÆq d \^]R_ W ZÌË u ZW Zkr Ul� dwbz�yZ43,r^Zj� U�v \e� u � WV� ZOÕ xaU x \e_ YZ�],Zk[8Z�[D\e_ u Z q#U [ q b YZ x \�[ YZa�ÄZa]R_�¾U r U �Ò�Za�yZ YZa],Zobz` \^Z43
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r � Z v�qtYZabz\^Za] x ZÖiRâ�d u b'r �cYZa_ U r^d ],] U ` Z��Èdw] U�u _c\ere\�[ YZjreZ¨[}�Ï�Zo�yZ�[B[Dd u b x Z�[Í� U \s[BZorereZ¨[Bd ]�_ YZa_ YZ q r Uwx>YZaZ�[
¾U r U�q r Uwx Z WRuÉW�YZo_zZ x _cZ u b Á �,iVâ�d u bÍr^Z q b YZ xVYZ W Za]�_ � YZa_ U redw],] U `wZymn��3,reZ�[t[Dd u b x Z�[td ]�_ YZo_ YZ q r Uwx>YZaZ�[
¾U r U�q r Uwx Z WRuÏW�YZa_cZ x _cZ u b Á n�i TVU1x dw� q#U b U \�[8dw]ÃZa]�_zbcZ x Z�[ W Z u�væYZo_ U r^d ],] U ` Z¨[ Zo]ÃZOÕ xaU x \e_ YZj] � Z�[8_q#U [}\^�y� YZ W \ U _zZµi Á ]1ZOùVZa_53,r ��U ],` r^Zj[8dwre\ W ZjË u1q#U bÍr^Z x red�ËµZab WBYZ q Za] W1W Zjr U)q dÖ[8\^_z\edw] W Zjr U [8d u b x Zµi» r �ÂU�u _4_zZo],\eb x dw� q _cZ W Z x Z �ÂUwx _zZ u bt` YZadw� YZa_cbz\s§ u Zµi ¬ d ],] U \s[c[ U ]R_'r U�W \s[D_ U ] x Z)Zo]R_cbzZjreZ W�YZa_cZ x _cZ u bÁ nMZa_ Á �Ï§ u \²Z�[D_ W ZÌm�·��D����Za_)r UÃW \�[8_ U ] x ZXZa]�_zbzZ Á �ÉZa_jreZ x red�ËµZabk§ u \²Z�[8_ W ZÄ��·��D�:� � Ëµd \ebreZ�[ xª�tYZa� U�»c» i��K��3�dw]ÒZa] WBYZ WRu \e_ u ] �ÂUwx _zZ u b W Z x d bcbzZ x _c\edw]Ã` YZod � YZa_cbz\�§ u Z W ZÄm�·ú��Zo]R_cbzZ)r^Z�[ W Z u,vYZa_ U redw],] U ` Z�[jZa]ÒZ�Õ xaUwx \e_ YZµi ¬ Z �ÂU x _cZ u b UGYZa_ YZ WBYZa_cZabz�y\^] YZ q#U bjr U [D\e� u r U _z\^d ] Ç dw]R_cZO� ¬�U bzr^d U ËµZ x
� Á²S'º ¡ W>��u ]�Z)[Dd u b x ZjÜÃZa] Á n q,u \s[tZa] Á �,iTVU {#` u bzZ » Ú�i��tbcZ q b YZ¨[8Za]�_zZ²r � ZOÕ xaU x \^_ YZ�d �,_cZa] u Z q d u bÊr �cYZa_ U red ]�] U `wZt� q d u b xª�#U § u Z x bz\�[8_ U r x d � q _zZ
_zZo] uÄWRu��ÂUwx _zZ u b«` YZad � YZa_zbc\s§ u Z � x � Z�[D_8��¾U � W \ebcZ'§ u Z4r � ZOÕ xoU x \^_ YZBZ¨[8_ W \eË�\s[ YZaZ q#U b�reZ �ÂU x _zZ u b x d bcbzZ x _z\ �W ZXm�·ú�7�ªi ¬ Z �ÂU x _zZ u b�] � Z¨[8_ x Zabc_ U \e],Za�ÄZa]R_ q#U [t_zbo¾Z�[ q b YZ x \s[²� U \�[ W dw],],Z u ]1b YZ�[ u re_ U _4[ U _z\�[ �ÂU \s[ U ]R_oiS \^]#[8\�3ødw] q Z u _ W \ebcZ x _cZa�yZa]�_ x dw� q#U bcZabjZa]�_zbzZÄreZ�[ W Z u,v�YZa_ U redw],] U `wZ�[Oi ý ]
d �@[8ZabcËµZyreZ�[)�Ï�Za�yZo[
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ý ] q Z u _�[ u,q�q dÖ[8Zab § u Zjr^Z q bzd ��rô¾Za�yZ YZa],d ] x>YZ U�uÉq#U b U `wb U�q,� Z q b YZ x>YZ W Zo]R_©[8Z�[D\e_ u Z U�u ]�\eËµZ U�uWRu _zbz\^` `wZabai#â�d u b4[ � Za] U [c[ u bcZab�3#\er [ u ÕÄ_ W Zl_cbzd u ËµZab u ],Z U�u _zbcZ)�yZ�[ u bzZ U ËµZ xÍu ] W�YZ x reZo] x�� Za��Zo]R_U�u _zbzZ�§ u Zlr^Z'_zbc\e`w` Zabj�4Zµi#â�Za] W�U ]�_tr � Z vRq©YZobz\eZo] x Z4\er>Z¨[8_ q dÖ[z[D\e�,r^Z W Z W�YZa_cZabz�Ä\e],Zab u ],Z)Z�Õ xaUwx \e_ YZÍÜ
bzZor U _c\eËµZkZa] x d � q#U b U ]�_'reZ�],dw����bzZ W Z x d u,q [ dw�,_zZo] uÏq d u b u ],Z YZa],Zobz` \^Z W d ]�] YZaZ43 q d u b x��#U § u Zx bc\s[8_ U r�3,` b �Uwx ZÌ¾U r UyWBYZ x bcd \�[z[ U ] x Zkf � ÜÏd u f � } � Ü x dw],] u Z W>�àu ]Ã],d�� U�u i ¹�U ]#[ x Z xaU [:3 x � Z�[8_
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§ u \Ê[ �cYZ xª�#U�q,q Z W Z x Z x bz\�[8_ U r q Z u _X�Za_cbzZjb YZ xOu,q©YZab YZaZ q#U b�reZ�[ x bz\�[8_ U�u,v r^Z�[ q r u [ q bcd x�� Z¨[Oi TVU {#` u bzZ» Ú�i|��bzZ q b YZ�[DZa]R_cZÍr^Z'b U�q,q d bc_ÍZa]�_zbcZÍr^Z'],dw���,bcZ W Z x d u,q [ W�U ]#[treZ q \ x ÜÃZa]1[Dd �y� U ]�_«r^Z�[ YZo],Zabz`w\eZ�[W Z�[�§ u@U _zbcZ x bz\s[D_ U�u,vÅYZoË YZa]�Za�yZa]�_ q#U b YZaË YZa],Za�yZo]R_�Za_²reZ4],d �X�,bcZ W Z x d u,q [ W�U ]#[Br^Z q \ x Ü W�YZo_zZ x _ YZ�[W,U ]#[}r^Z x bc\s[8_ U rhm'� u r^_z\ q re\ YZ q#U bt��i ¬ Zlb U�q,q dwbz_4Z�[8_ W�YZo_zZabc�y\e] YZ q d u b q r u [D\eZ u b�[«],d�� U�u,vyq bcd WRu \e_�[W,U ]#[ x Za_z_cZ'Z v�qtYZabz\^Za] x Z4Za_ q d u b W \úù YZabzZa]�_zZ¨[ YZa],Zabc` \eZ¨[ W Zjb U \eZ�[BÜ AB q d u b'£D£z¤�¥�reZ�[Bb U \^Z�[j¾U n nw��3V� � n�3�mo���Ö��3Êmon ���XZa_jmo� n n « J���iB q d u b'£
�ª¤�¥�reZ�[Bb U \^Z�[j¾U �Rmwm�3�maèÔ�¨��Za_jmon � � « J���iB q d u b'£zÝzÞÅß1reZ�[Bb U \^Z�[j¾U nwn ��3>��m m�3�manw���XZa_jma�wn n « J���i
¬ d �Ä�yZ q b YZaË u 3Bdw] x d ]#[D_ U _cZ;§ u ZÉreZ �ÂUwx _zZ u byZ�[8_1_cd u þzd u bª[Ì[ u,q©YZobz\eZ u byd uäYZa` U rÄ¾U m i ¹'U ]@[Mr U
b YZ �wYZabzZa] x ZyC ¹@?l¬ ¦w¦�E W dw],] U ]�_�reZ�[ xaU b U x _ YZabz\�[8_z\�§ u Z�[ W>��u ] W�YZo_zZ x _cZ u b��ÍZ W Zh_8� q Z x r^d�ËµZob x dw� q#U b U �,r^Z
¾UÃx Zar u \ u _c\ere\�[ YZ W,U ]#[l]�d _zbcZyZ v�qtYZabc\eZa] x Z)],d u [l_cbzd u Ëµd ]#[ u ],Z q#U b U � YZa_cbz\�[ U _c\edw] W Z x Z �ÂUwx _zZ u blZo]� d ] x _z\^d ] W Z1r �cYZa],Zabc` \eZ W Z1r UM� dwbz�yZÌm p ä æ ¥ � � ìÛ� � ��i Á ] U þ u [D_ U ]R_�],dÖ[ W d ],] YZoZ�[ q#U b x Za_c_zZ� d ] x _z\^d ];],d u [çdw�,_zZa]�d ]#[�reZ�[)Ë U reZ u b�[ W ZïäÒZa_Ë�y§ u \4[8d ]�_ W ZÌè�·^m monÒZa_�è�·����µ�ÒbcZ�[ q Z x _c\eËµZa�ÄZO]�_ai¬ Za_c_zZ x d u bz�#ZjZ�[8_t_cb U xVYZaZk[ u b4r U {#` u bzZ » Ú�iú�jZa]1_zb U \e_ q r^Za\e] i
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T��cYZa_ U r^d ],] U ` ZkZa] YZa],Zabc` \eZ WRuÌWBYZa_zZ x _zZ u b W>� \e� q r U ]�_ U _z\edw] Á n U;YZo_ YZ'ZOùVZ x _ u©YZ U ËµZ x r^Z�[ q bcd _cd ]#[
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B x � Z�[8_ u ] YZa�yZa_c_zZ u b�f � } W dw]R_�reZ�[ YZa],Zobz` \^Z�[ W Z q bcd _cd ]#[t[Dd ]�_B�,\^Za] x dw],] u Z�[Oi » r WBYZ x bcd �ìe_ q#U b

fhgÒËµZab�[Í£zÝ�6�ä x d �Ä�yZ'reZk�yd ]�_zbcZ)r^Z�[ xª�©YZa� U�» Ú�i��RiVâ�d u bjreZ�[ q dµ[8\^_z\^d ]#['Za] YZa]�Zabz`w\eZ)Zo_'reZ�[
b U�q,q d bc_ª[ W>� Za����b U ] x�� Zo��Za]�_Bdw]Ï[8Z�b YZ �wYZabzZob UyU�u,v Ë U r^Z u b�[ WRu _ U �,reZ U�u¼» Ú�i���bzZar U _z\^ËµZ�[ U�u�v
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YZa_ YZ q bzd W�u \e_ W Zjr U �Ï�Za�ÄZ �ÂU�îx d ]É§ u Z'r^Z'],d�� U�u £8£ª¤�¥8i T Z�[ q#U b U �É¾Za_zbcZ�[ W Z
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£D£z¤�¥8i TVU {#` u bzZ » Ú�i�¦)�ydw]R_cbzZ'r^Z q bcd�{#r W>� \^� q r U ]�_ U _c\edw] W Z¨[}\^d ]#[t£zÝªÞÆß W�U ]#[treZ W�YZa_cZ x _cZ u bÁ n q#U b'b U�q,q d bc_y¾U1x Zor u \ W Z¨[Í\edw]#['£D£z¤'¥Di TVU1W \s[D_zbc\e� u _c\edw]ÃZ�[D_'Za] � dwbz�yZ W>��u ],Z)` U�u [c[8\eZo],],Z
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¬ d ] � dwbz� YZo�yZa]�_ U�u�v b YZ¨[ u r^_ U _�[ W Z�r U [D\e� u r U _z\edw](3Odw] x d ]#[D_zb u \e_�reZt[ q Z x _zbcZ W ZBb U W \^d Uwx _z\^ËR\^_ YZBZo]x d¨ë ìe] x \ W Za] x Z U ËµZ x}u ]�Z YZa],Zabc` \^ZÍf W,U ]#[BreZ W�YZa_cZ x _cZ u b Á �,i TVU {@` u bcZ » Ú�iemoè bcZ q b YZ�[8Za]�_zZ x Z�[ q Z x _cbzZµiý ] W�YZo_zZabc�y\e],Z4reZ¨[ q dµ[D\e_c\ed ]@[ÍZa] xoU ] U�u,vÌW Z�[4[8\ v1q \ x [ q bcd _zdw]#[Ír^Z�[ q r u [t\e]�_zZa]@[8Z�[�i ¬ Z�[ q dÖ[8\e_c\edw]#[

Za] xaU ] U�u,v [8d ]�_td ��_zZa] u Z�[BZa] U þ u [8_ U ]R_tr^Z�[ q \ x [ U ËµZ xÍu ],Z'` U�u [z[D\eZa]�],Z1¾U r U § u Zarer^ZÍdw] U þzd u _zZ u ]�ZW bcd \e_cZ � d uÌu ],Z x dw]#[8_ U ]�_zZ�� q d u bÍbcZ q b YZ¨[8Za]�_zZab�reZj�,b u \e_ W Z � dw] W i¹'U ]#[�],dw_zbzZ xaU [:3«r �cYZa]�Zabz`w\eZ W�YZ q dÖ[ YZaZÌbzZ q b YZ�[DZa]R_cZ1r U [8d �Ä�yZ W ZÌr �cYZo],Zabz`w\eZ W�uÆq bcd _zdw] ì â Za_ W Z
r �cYZa],Zabc` \^Z W Z�bcZ xOu r W�u ],d�� U�u ì Â i Á ] W>��U�u _zbcZ�[Í_cZabz�yZ¨[�3 x � Z�[D_Ír �cYZa]�Zabz`w\eZ W Z�r U _zb U ]#[D\e_z\^d ]Pì`� Â ��ÿ=,
Za]�_zbcZ'reZ�[B]�\eËµZ U�u,vyW Z)£zÝ�6åä�Za_ x Z u�vyW Zk£ ë 6ïJwi¹'U ]#[çr U b YZ ��YZobzZa] x Z�C À�Á=< �¨nFE�3�r �cYZa],Zabc` \^Z��yZ¨[ u b YZaZ�Z vRq©YZobz\e�ÄZa]R_ U r^Za��Za]�_'Z�[8_�r �cYZa]�Zabz`w\eZ WRuÆq bcd _cd ]
[8Z u r ì â i ¬ Z q Za] W,U ]R_4r �cYZa],Zabc` \eZj_ U � u r YZaZ W,U ]@[ x Za_c_zZj�Ò�Za�yZ4b YZ �wYZabzZa] x ZéC À�Á=< �¨nFE � _ U �,r^Z U�uÏ» �tZ�[8_
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Á ]éË YZobz\e_ YZ43²r �cYZo],Zabz`w\eZ W ZÒbcZ xOu r�] � Z�[D_ q#U [M_zdw_ U reZa�yZo]R_X�yZ�[ u b YZaZ q#U bÌr U þzd ] x _z\^d ] [8\er^\ x \ u �Éi¹)��U�q bo¾Z�[�p U _ØÙµd� 4[¯Ù�\µZa_ U rôi�C�p S ¡Í���IE
3 u ],Z q#U bc_z\eZ W Z²r �zYZa],Zobz` \^Z W�YZ q dÖ[ YZaZ W,U ]#[ u ],ZVþzd ] x _c\edw]�[8\^re\ x \ u �q#U b u ]É\ed ]Ér^d u b WÒW Z �ÂU \e��reZ YZo],Zabz`w\eZkZ�[8_ W \s[z[D\ q©YZoZ q#U b W Z�[ x dwrere\�[8\^d ]#[ YZor U [D_z\�§ u Z¨[Í[ u bjreZ�[ U _cd �yZ�[W Z À \ W dw] x Zarer^Z'] � Z�[8_ q#U [ x d rer^Z x _ YZaZµiT��cYZo],Zabz`w\eZ4�yZ�[ u b YZaZ&ì þ=�., q#U btr U þzd ] x _c\edw] Á n W,U ]#[B]�d _zbcZjZ vRq©YZabz\^Za] x Z4[DZ q b YZ¨[8Za]�_zZ�[8d u [}r U � dwbz�yZ
[ u \eË U ]�_zZlA ì þ=�., � ì â pw� ì Â � ì â ��+��
dV¾u A�ì â ��+�Z�[8_�r �cYZa]�Zabz`w\eZÊ],dw] x dwrer^Z x _ YZoZ q#U b�r^Z WBYZa_zZ x _zZ u b Á n xaU r xOu r YZaZ W>��U�q bo¾Z�[�r U b YZ �wYZabzZa] x ZyCàp S ¡Í�¨�FEôiý ] q Z u _ YZ x bz\^bzZ4A	ì þ=�., ¿
½.6 ­ � ì`� Â ��ÿ=, � ì â ��+ ¿
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reZ¨[t[8\e`w] U�u�v ì'��ê ç d ]�_ WBYZ x r^Za] xª�tYZ4r ��Uwx § u \s[D\e_z\^d ]y� U \s[²] � dw]R_ q@U [ YZa_ YZ x d W�YZ¨[ q#U b4r ��S'¹l¬ i
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T Z x d ]�_zd u btbzZ q b YZ�[DZa]R_ YZ'[ u btr U {@` u bcZ » Ú�i^ma� � »z» �hZ�[8_ x Zar u \�§ u \ x dw]R_c\eZa]�_²reZ�[²�#d ]#[ YZaË YZa],Za�yZo]R_�[W Zk£D£z¤'¥Di ý ]ÌbzZa� U bª§ u Z4_zbzdw\s[��adw],Z�[ � U ��3 � �Ã�²Za_ � x ��iTVU �adw],Z � U � x dw]R_c\eZa]�_²r U � U þzd bc\e_ YZ W Z¨[«],d�� U�u�vXW Zj£D£ª¤'¥�§ u \>r U \s[c[8Za]�_ u ],Z YZo],Zabz`w\eZt{ v�YZaZÍZo] Á m ¹ �
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_zb U ËµZabª[DZa]R_�reZ W�YZa_cZ x _cZ u b'Za]�_zbcZ�reZ�['b U ],` YZaZ�[ W>��U _zdw�yZ�[ W ZÄ[8\^re\ x \ u �IZa_ q Zab W Za]�_l�Äd \e]@[ W>�cYZo],Zabz`w\eZW,U ]#[ Á m ¹ �Ri ¬ Za_z_cZ YZo],Zabz`w\eZtZ�[D_Êb YZ xOu,q©YZab YZaZ W,U ]#[ Á n�i Ç d \e]@[�r^Zt],d�� U�uXq Zab WXW>�cYZo],Zabz`w\eZ W,U ]#[ Á m ¹ �
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[8Z x d ] W�U \ebcZ W Z²£D£ª¤'¥Di ý ] W�YZa_cZabz�Ä\e],Z�r^ZÊ],d �X�,bcZ W ZÊ],d�� U�u,vjW Z²£D£ª¤'¥µZa]j[ YZareZ x _z\^d ],] U ]R_VreZ�[ q@U bz_c\ xOu reZ�[
§ u \j_zb U ËµZab�[8Za]�_X_zd u _zZ�[1reZ�[jþzd ] x _z\^d ]#[ Á m ¹ ��3 Á mÒZo_ Á �;Za]é[ ��U bzb��Zo_ U ]�_1Za] Á n
Za] q r u [ W ZÏr Ux dw] W \e_c\edw]é\e� q dÖ[ YZaZ q#U bÃr^Z x dw]R_cd u bÌbzZ q b YZ�[DZa]R_ YZ
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reZ q r u [ U ��dw] W,U ]R_ W dw\e_1�Za_zbcZy�w� � d \�[l\^] �wYZabz\^Z u bcZÌ¾U r UÌx d ]�_zbc\e� u _z\edw] W Zy£D£ª¤'¥ W,U ]#[lr UÃx d u bz�#Z W ZW�YZ x bzd \�[z[ U ] x ZÖi>â U b x dw]R_cbzZ)r U�x d ]�_zbz\^� u _c\ed ] WRu ],d�� U�u {@rs[4£8£OÞÅßÉ§ u \ WBYZ x bcd �ì^_ U�u [z[D\ q#U b�fÊg W d \^_
�Za_cbzZ�[DZ u r^Za�yZa]�_t� � d \�['\e] ��YZabc\eZ u bzZµi ¹ Z q r u [Ír^Z)_cZa� q [ W Z�Ë�\eZ W ZX£8£ªÞÆßÉZ¨[8_'_cba¾Z�[Ír^d ],` � z ¿�¿�6 ­ �n�·�� �µ�W¶W� q#U bjb U�q,q d bc_y¾U r U�q©YZobz\ed W Z W Z > ��Z U ���Âd�ù > § u \ YZa_ U \^_ W ZXnwè è���¶µi>â U b x dw]#[ YZ�§ u Za]�_�3#r Ux dw]#[8_ U ]�_zZjd �,_cZa] u Z q#U b4r ��U þ u [8_cZa�yZa]�_ W Zjr U�x d u bc�#Z W Z W�YZ x bzdw\s[c[ U ] x ZjZ�[8_tZ�[c[8Za]�_z\^Zarer^Za�yZ�]R_ WRu ZÄ¾U
r U b U W \^d Uwx _z\^ËR\^_ YZ W Zk£D£OÞÆßViÀ \�d ] x dw] W \^_z\edw],],Z x Z q@U b U �É¾Za_cbzZ
_cZa� q [ q#U bÒr U b U \^Z q bcd _zdw]	r UÆq r u [Ã\^]R_cZa]#[DZæ¾U ì ât�
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manwèRm¥·�� « J��;d ])dw�,_z\^Za]�_>r U {@` u bcZ » Ú�i�� è � U �ªi T���U þ u [8_zZo�yZa]�_ W Z x Za_ � \�[8_cd ` b U �y�ÄZ q#U b u ],Z � d ] x _z\^d ]
Z v�q d ],Za]�_z\eZorereZ�[ u b u ] � dw] W�x d ]@[8_ U ]R_²b YZ�[ u r^_zZ�Za] u ]�_cZa� q [ W Z�ËR\^Zyz Ý�©D£ � � �w¦�·em � ¶nµ9m¥·�¦4� ��¶ÔiÀ \#d ] x dw] W \^_z\edw],],Z q#U b�r U b U \^Z'[ u,q,q dµ[ YZaZk�¨� q ¾U r �cYZa],Zabc` \^Z4[8d �Ä�yZHì â � � �Ö�Rm�·�¦ « J��²3µd ]ydw�,_z\^Za]R_
r U {@` u bcZ » Ú�i��wè � �|�ªi ý ]Ãdw�,_z\^Za]�_ u ]Ì_zZa� q [ W ZjË�\eZ&z Ý
©D£ � � �µ�4·�nn��¶ µ n�·���� ��¶Ôi

â�d u b W�YZa_zZabc�y\e]�Zab�reZÌ_zZa� q [ W ZÏË�\eZ U ËµZ x1q r u [ W Z q b YZ x \s[8\^d ](3²d ]æreZÉ�ÄZ�[ u bcZ U�q bo¾Z�[yr ��U Ëµdw\ebx dw] W \e_c\edw],] YZ q#U b q r u [8\eZ u bª[ > _zb U ] xª� Z�[ > Zo] YZa],Zabc` \^Z WBYZ q dµ[ YZaZ q#U btr^Z�[ q@U bz_c\ xOu reZ�[ W Zjb U W \ed Uwx _z\^ËR\^_ YZW,U ]#[ r^Z W�YZa_cZ x _cZ u b Á n�i T Z%b YZ�[ u re_ U _ÉZ�[8_ÉbcZ q b YZ�[8Za]�_ YZ [ u bÉr U {#` u bcZ » Ú�i��Rmwi S \^]#[8\kr � d b W d ],] YZoZx dwbzbzZ¨[ q d ] W�U ]�_zZj¾U �Öè è « J��;bzZ q b YZ�[DZa]R_cZ�r ��U þ u [8_zZo�yZa]�_ WRujq#U b U �¿¾Zo_zbzZ W ZÊ_zZo� q [ W ZÊËR\^Z x dw] W \e_c\edw],] YZq#U btreZ�[ q#U bz_c\ xOu r^Z�[ W Zlb U W \^d Uwx _z\^ËR\^_ YZj§ u \>dw]R_ W�YZ q dÖ[ YZ u ],Z YZa],Zobz` \^Z'Za]�_zbcZjèçZo_B�µèwè « J���i|Ë u#U ]�_k¾U
r � d b W d ],] YZaZ x d bcbzZ�[ q d ] W,U ]R_cZ�¾U m��µè è « J��73 ZorereZ�bzZ q b YZ�[DZa]R_cZtr ��U þ u [8_cZa�yZa]�_ W�u�q#U b U �É¾Za_zbcZ W Zt_zZo� q [W ZÌËR\^Z x d ] W \^_z\^d ],] YZ q#U b u ],Z YZa],Zabc` \^ZMZo]R_cbzZ1�µèwè Zo_1mO�µèwè « J��ðZa_ U \^]#[8\ W Z¿[ u \^_zZ q#U b q#U [ W Z
maèwè è « J��Åþ u [z§ u�� ¾U �o�µè è « J���iT���U þ u [8_cZa�yZa]�_ W Z x Z¨[ q#U b U �¿¾Zo_zbzZ¨[ UÏYZa_ YZtZOùVZ x _ utYZ q#U b u ],Z�[8\^� q reZ²Z v�q d ],Zo]R_c\eZar^reZ W Z W�YZ x bzdw\s[z[ U ] x Z
[ U�uR�#q d u b�reZ�[>_cb U ] x�� Z¨[²¾U � U [c[8Z YZo],Zabz`w\eZ�d u r � dw]'b U þzd u _cZ u ],Z U�u _cbzZ²Z v�q dw],Za]�_z\^Zarer^Z W Z W�YZ x bzdw\s[z[ U ] x ZW dw]R_�reZ4_zZa� q [ W Z'ËR\^ZÍ\^� q dµ[ YZÍZ�[D_ x Zar u \ W Zj£D£�ÞÆßVi Á ]ÄZOùVZa_�3 x d �y�ÄZBr Ujx dw]R_cbz\^� u _z\^d ] W d �y\^] U ]�_zZ
Z�[D_«r UjWBYZ x bcd \s[c[ U ] x Z WRu ],d�� U�u {#rs[²£D£�ÞÅßXZa_�§ u�� \er WBYZ x bcd �ì^_²[8Z u reZa�yZo]R_ q#U bBf � Ü 3Ôr^Z�[�_cZa� q [ W ZÍË�\eZx dwbzbzZ¨[ q d ] W�U ]�_ª[ U�u�v _cb U ] x�� Z¨[ W Z'� U [z[DZ YZa],Zabc` \eZ�[8dw]R_�reZ�[²[DZ u rs[ U ùVZ x _ YZ�[ q@U b x Za_c_zZ x dw]R_cbz\^� u _z\^d ]�iT���U þ u [8_cZa�yZa]�_ W Z�[ q dw\e]�_ª[ W Z�r U {#` u bcZ » Ú�i���m)Z�[8_�ZOùVZ x _ u©YZ U ËµZ xlu ],Z x d ]@[8_ U ]R_cZ�bzZ q b YZ�[DZa]R_ YZaZ)Zo]
_zb U \^_ª[ q reZo\e]#[j[ U ]#[ x d ]#[D\ W�YZabcZab'r^Z�[ W Z u,vÉq bcZa�y\^Zabª[ q d \e]�_ª[�i Á ]ÏZOùVZa_53 x Z�[ W Z u�vÉq bzZa�Ä\eZab�[ q d \^]R_�[
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T 1/2 = (91.1 ± 0.5) ms

Seuil en énergie E3HI (keV)
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[8dw]R_��yZ�[ u b YZ�[�¾U � U [c[8Z YZa]�Zabz`w\eZjd u r^Zl��b u \^_ W Z � d ] W Z¨[8_4\e� q d bc_ U ]R_oi ý ]ÌËµZabzb Uçq r u [tredw\e](3#[ u b'r U
{#` u bzZ » Ú�i��w��3#§ u ZjreZ'��b u \^_ W Z � d ] W Z�[8_ x dw]#[8\ WBYZab U �,r^Za�yZa]�_²b YZ WRu \e_j¾U�q#U bz_z\^b W ZXmO�Öè è « J���iÁ ] x d ] x r u [D\edw]ÉreZj_zZa� q [ W Z)Ë�\eZ W ZX£8£c¤'¥ÊZ�[8_ W Z7z Ý
©D£ � � ¦Rm¥·emQµ è�·��4�Õ��¶ x d � q@U _z\^�,reZ U ËµZ x
reZ¨[B_zZa� q [ W ZjË�\eZ'dw�,_zZa] u [ q r u [ �#U�u _ W�U ]#[treZ�[Br^\e�y\^_zZ�[ W Z¨[B� U bcbzZ�[ W>� ZabzbcZ u boi
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H -/ ) 3BF<@m747G1<9 ) /VH;/t£D£c¤'¥,Z Â 9�@$0&5XF�7G1<9;:Y=U1 ) F<9�H<@�:�@$F<9�H;/L9S/`5X1�7�H -/4:�/ ) :�/,3LH�z @$F<9k7�=UF<C;3BH�72Ô$7�/�C<=�/�0I/�9;:
=U1�381<H<@$F�1 ) :�@$A~@�: -/�Õ�F<9nF<}�:�@�/�9;:2=�/�7�5*/ ) :634/(/�9Ø}�=U1<9 ) Z ' @.F<9n381�ÓGF<C<:�/�=
1 ) F<9�H<@�:�@$F<9À�GCÒ/ Âeñ )&°ïÜ
� èwè���ä � ä_�S¼ÌÔ7E �a�Ö� « J��&ÕjF<9�F<}�:6@�/,9;:>=�/.7�5*/ ) :634/E/,9W{<3�@m7�Z

â�d u b £D£ ¤'¥«r^ZX[ q Z x _cbzZ W>�cYZa],Zabc` \eZ W�YZ q dµ[ YZoZ q#U bjreZ¨[ q@U bz_c\ xOu reZ�[ x��@U bz` YZaZ�[ W Z�b U W \^d U x _z\eË�\e_ YZ�Z�[8_
bzZ q b YZ�[DZa]�_ YZ;[ u bÉr U {#` u bzZ » Ú�i�� �Ri T ZÅ[ q Z x _cbzZ
],dw] �#Uwx���u b YZ
Z�[8_¿[8Z u reZa�yZo]R_ x dw] W \e_c\edw],] YZ q#U b
r ��U �#[DZa] x Z W>� \edw]#[çr^d u b W [ � [8Z u r�[)reZ�[ YZaË YZa],Za�ÄZa]R_�[ W ZÃb U W \^d U x _z\eË�\e_ YZÌ[8d ]�_ q bc\s[�Za] x d � q _zZ���i ý ]x dw]#[8_ U _zZ�r � Z v \�[8_zZo] x Z W Z q r u [D\eZ u bª[ q \ x [�� U \s[�r U � U�u Ë U \s[DZtb YZ�[Dd r u _z\edw]�]�Z q Zabc�yZa_ q#U [ W ZÍ��\eZa]XreZ�[W \�[8_z\^],` u Zabaioâ U b x dw]R_cbzZ²[D\µd ]j\e� q dÖ[8ZÊr Utx d�ë ì^] x \ W Za] x Z U ËµZ x�u ],Z YZa],Zabc` \^ZÊf W�U ]#[ Á � � ì'�iÜ	E �o�µ� « J��Û�x dw] � d bc� YZa�yZa]�_ U�u�v b YZ�[ u r^_ U _ª[ W Z'r U [D\e� u r U _z\^d ])dw]yd ��_z\eZo]R_²reZ�[ q Z x _zbzZ �#Uwx���u b YZtZo]y` bc\s[Oi ¹'U ]#[ x ZxaU [}r^Z�[ q \ x [t[8Z W \s[8_c\e],` u Za]�_ q#U b �ÂU \^_zZa�yZo]R_oi ¬ Zo_z_zZ x dw] W \^_z\edw]ÃË U ],d u [ q Zabz�ÄZa_z_cbzZ W Z W�YZo_zZabc�y\e],Zob
reZ u bª[ q dµ[D\e_c\ed ]@[}Za] YZa]�Zabz`w\eZµi

T Z�[j[ q Z x _cbzZ�[ W Z�r U {#` u bzZ » Ú�i�� ��bcZa` bcd u,q Za]�_jreZ�[ YZoË YZa]�Za�yZa]�_ª[BbcZar U _z\ � [ U�u�vÏW Z u,v �yd W Z�[ W Z� d ] x _z\^d ],],Zo�yZa]�_�3#[8dw\e_jZa] x d ]�_z\^] u 3>[Dd \e_jZa]Ï�yd W Z > �#Z U �ádw] �4�#Z U �ád�ù > ihâ�d u bk[ ��U [c[ u bcZabk§ u Z
reZ¨[ q \ x [Ídw�#[8ZabcË YZ¨['[ u b�r U {#` u bzZ » Ú�i��w��[Dd ]�_j�,\eZa]ÌreZ�[ YZaË YZa],Za�ÄZa]R_�[ W Z W�YZ x bzdw\s[c[ U ] x Z W ZX£D£z¤'¥�3#d ]x dw]#[8_cb u \^_ u ] [ q Z x _cbzZ W>�cYZa]�Zabz`w\eZ Á n ê » 3 u ],\�§ u Za�yZa]�_k[ u byr U q©YZabz\^d W Z W Z > ��Z U � d�ù > 3 U ËµZ x r Ux dw] W \e_c\edw] ì���ê ç Ü�è q d u b u ]Ï_zZo� q [ W Z�b U W \^d Uwx _z\^ËR\^_ YZ YZ�§ u \eË U reZa]�_X¾U r Uyq©YZabc\ed W Z W ZÄ£D£ª¤'¥8i T Z
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(A) condition: E4HI > 0

(B) condition: E4HI > 0 et 10 < temps radioactivité < 100 ms
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(C) condition: E4HI > 0 et 180 < temps radioactivité < 300 ms

Energie E3HI (keV)
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b YZ¨[ u r^_ U _kZ�[8_kbzZ q b YZ�[DZa]R_ YZy[ u b�r U {#` u bzZ » Ú�i��wn � ¢ ��i ¬ Z1[ q Z x _cbzZyZ¨[8_ x d � q#U b YZÏ¾U r U {#` u bcZ » Ú�i�� n� S �Ê§ u \#bzZ q b YZ�[DZa]�_zZ4reZ4[ q Z x _zbzZ W>�cYZa]�Zabz`w\eZ Á n ê »hU ËµZ x r U)x dw] W \e_c\edw] ì���ê ç Ü è q d u b�reZ�[ q©YZobz\ed W Z�[W Z > �#Z U � d ] > Zo_ W Z > �#Z U � d�ù > iBâ u \�[ x ZÃ[ q Z x _zbcZ1Z�[8_ x dw� q#U b YZ¼¾U r U {#` u bzZ » Ú�i�� n � ¬ ��§ u \
bzZ q b YZ�[DZa]�_zZ�reZÄ[ q Z x _zbzZ W>�cYZa],Zabc` \eZ Á n ê » 3 u ],\s§ u Za�yZo]R_�[ u bjr UMq©YZabc\ed W Z W Z > �#Z U � d�ù > 3�_cd u þzd u bª[x dw] W \e_c\edw],] YZ q#U bWì'��ê ç ÜûèÃ� U \�[ x dw] W \e_c\edw],] YZ q#U b u ]
_cZa� q [ W Z1b UwW \ed U x _c\eË�\e_ YZy[ u,qtYZabc\eZ u bÈ¾UW Z u�v�� d \�[Br U)q©YZabc\ed W Z W Z £D£ ¤'¥DiTVUyx dw� q#U b U \�[8dw]ÃZa]�_zbcZ � S �BZa_ � ¢ �²�Äd ]�_zbzZk§ u Z)_cd u [4reZ�[ q \ x [}dw�#[8ZabcË YZ¨[}Za] � S �©[8dw]R_�bzZa_cbzd u Ë YZ�[
Za] � ¢ �ªi TVU �yZa\er^reZ u bzZÃb YZ�[8dwr u _c\edw] Zo] � ¢ �ÄZ�[8_ WRu Zæ¾U r �cYZare\^�y\ú] U _c\ed ] W Z%r UÆx dw]R_cbz\^� u _z\^d ] W Z�[x dw]R_ U �y\^] U ]�_ª[�Za_ W Z�[�],d�� U�u,v {#r�[ W dw]R_yr^ZÃ_cZa� q [ W ZÉË�\eZ1� q d u b1r UÒq r u,q#U bz_8��Z�[8_ q r u [X` b U ] W
§ u Z x Zar u \ W Zk£D£z¤'¥Di ¬ Z x \ q Zabc�yZa_ W Z W \s[8_c\e],` u Zab W Z q Za_c\e_ª[ q \ x [B\^] W \s§ u©YZ�[ q#U b W Z�[ YZo_zd \^reZ�[�iTVUÉx dw� q#U b U \�[8d ] WRu [ q Z x _zbzZ � ¬ � U ËµZ x r^Z�[ W Z u,v¼U�u _cbzZ�[j�yd ]�_zbcZX§ u ZÄr U b YZ�[8dwr u _c\edw]
Z�[8_k�yd \^]#[
�#d ],]�ZyZa_�§ u ZXr U [8_ U _z\�[8_z\�§ u Z�Z�[D_j�,\eZa] q r u [ �ÂU \e�,r^Zµi T Zy� u _)bzZ x�� Zob xª�tYZ q#U bkr U1x dw]#[8_cb u#x _c\edw] WRu
[ q Z x _zbzZ � ¬ � YZa_ U \e_ W ZXËµd \^bj[8\�r � \^]R_cZa]#[D\e_ YZkbzZar U _c\eËµZ W Z�r ��u ] W Z�[ q \ x [ U�u ` �yZo]R_cZab U \e_ q#U bkb U�q�q dwbz_U�u�v1U�u _cbzZ�[�i À \ x �cYZa_ U \^_BreZ xaU [:3 x Z q \ x'U�u b U \e_ YZa_ YZ U [z[8\^` ] YZÄ¾U�u ] x d ]�_ U �y\e] U ]�_aiÁ ]�b YZ�[ u � YZ43ar^Z�[ q \ x [ W Z�r U {@` u bcZ » Ú�i�� � x d bcbzZ�[ q dw] W Za]�_²�,\eZo]1¾U r U'W�YZ x bzdw\s[c[ U ] x Z W Zt£D£ª¤'¥ U \e]#[D\#§ u Z
reZ¨[}_cbzd \�[ q Za_z\^_ª[ q \ x [ W Z�r U {@` u bcZ » Ú�i�� n � ¢ ��i » r�[ ��U `w\e_'� U \e]�_zZo] U ]�_ W Z W�YZa_zZabc�y\e]�ZabBr^Z�[ YZo],Zabz`w\eZ�[W Z x Z�[B_cb U ]#[8\^_z\edw]#[tfø� q#U bc_z\ xOu reZ¨[Oi

Ep1 = 477.5 ± 0.4 (a)
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Ep1 = 475.5 ± 0.3 (b)

E3HI (keV)
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â�d u bÍr^Z q \ x mj[ u bÍr^Zj[ q Z x _zbzZ �#Uwx���u b YZ W Zjr U {#` u bzZ » Ú�i��w��3 W Z u,v � YZo_ � d W Z¨[«d ]�_ YZa_ YZ u _z\er^\s[ YZaZ�[



� T���U ] U r^�,[DZ WRu [ q Z x _cbzZjfø� q#U bz_z\ xOu r^Z�[ xª�#U bc` YZaZ¨[ W Zk£8£ª¤�¥ �w�

q d u b W�YZa_cZabz�Ä\e],Zab�[ Uçq dµ[D\e_c\ed ]ÌZa] YZa],Zabc` \^Zµi
B r U {#` u bzZ » Ú�i���� � U �VbzZ q b YZ�[DZa]�_zZÊr ��U þ u [D_zZa�ÄZa]R_ WRukq \ x ZOùVZ x _ u©YZ U ËµZ x�u ]�ZB` U�u [z[D\eZa]�],Z UwW,W \e_c\ed��
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TVU �ÂU�îx d ]�r UGq r u [É[8\e� q reZ W Z%�ÄZa_z_cbzZÏZa] YZaË�\ W Za] x Z x Z�[ xaU [ xaUwW Z�[ÉZ�[8_ W Z;bzZ x�� Zob xª� Zab1reZ�[x d¨ë ìe] x \ W Za] x Z�[«Ü � Ü�i¹'U ]#[lr^Z xaU [ W Z�],dw_zbcZ W \�[ q dµ[D\e_c\ � Z vRq©YZobz\e�ÄZa]R_ U r�3,d ] U bzZ xª� Zab x��©YZ W Z�[ x d�ë ì^] x \ W Za] x Z�[4Ü � Ü W,U ]#[

reZ¨[t§ u#U _zbcZ x bz\s[D_ U�u,v1WRuÌx r^d�ËµZobai
â�d u bB� U�v \^�y\s[DZab�r^ZÍb U�q,q dwbz_ � [D\e`w] U r�¸a�,b u \e_:�²d ] xª� d \�[8\^_ W Z'bzZ xª� Zab x�� ZabÊreZ¨[ x d�ë ìe] x \ W Zo] x Z�[ W,U ]#[

reZ¨[ x bz\s[D_ U�u,v d q,q dµ[ YZ¨[BZa] W \ U `wd ] U reZ'dV¾u r Ujx d r^reZ x _c\edw] W ZÍr �cYZa]�Zabz`w\eZ ¬ dw� q _cd ] YZ x��@U�q,q©YZoZ W ZÍr ��U�u _zbcZx bc\s[8_ U r²Z�[D_)§ u#U [8\e�ÄZa]R_�\e],Z v \s[D_ U ]R_cZµi ¹�U ]#[)],dw_zbcZ xaU [�3 x ZÄ[8dw]R_�[8d \^_)r^Z�[ x bz\�[8_ U�u,v m�Zo_l�Ì[Dd \e_kreZ�[x bc\s[8_ U�u,v �çZa_©nRiT ZÄ[ q Z x _cbzZ WRuÒ�@U�u _ W ZXr U {#` u bzZ » Ú�i��w�ÈbcZ q b YZ�[8Za]�_zZkreZÄ[ q Z x _cbzZX[Dd �y�yZ WRu [ q Z x _cbzZXZa] YZa],Zabc` \^ZWRu¿x bz\�[8_ U r��XZa] x d�ë ì^] x \ W Za] x Z U ËµZ x r U b U \eZ WBYZa_cZ x _ YZoZX¾U ma���µ� « J�� W,U ]#[4reZ x bz\�[8_ U r²m)Za_4reZk[ q Z x _zbcZW Zkr �cYZo],Zabz`w\eZ WRu¿x bz\�[8_ U rÊnXZa] x d¨ë ìe] x \ W Za] x Z U ËµZ x r U b U \^Z W�YZa_cZ x _ YZaZÄ¾U ma���µ� « J�� W�U ]#[Ír^Z x bc\s[D_ U rh�Riý ] x d ]@[8_ U _zZX§ u Z�reZ¨[Í[ q Z x _zbcZ�['[8dw]R_ q b U _z\s§ u Za�ÄZa]R_�ËR\ W Z�[:3 U�u#xOu ],Z�b U \^Z)Za] x d¨ë ìe] x \ W Za] x Z U ËµZ x r U
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y1)nwn � « J��ÞH<1<9k7r=�/ ) 3�@m7�:61J=VmW/4:K=�/L7�5S/ ) :�3,/./�9 -/�9*/�3�{<@�/?H<C ) 3�@m7�:61J=�nÇ/�9 ) FVhc$9 ) @$H;/�9 ) /21<A�/ ) =U1�3B1<@�/
H -/4:�/ ) : -/4/�y1)nwn � « J�� H<1<9k7?=�/ ) 3�@m7�:61J=#�SZ

b U \eZX¾U mo���Ö� « J�� WBYZa_zZ x _ YZaZ W,U ]#[}r^Z x bz\s[D_ U rÊm'd u r^Z x bz\�[8_ U r��j] � Z¨[8_Bdw�#[8ZobzË YZaZ W,U ]#[}r^Z W d � U \e],Z'Zo]YZa],Zobz` \^Z U _c_zZa] WRu iT Zk[ q Z x _cbzZ WRu � U [ W Zjr U {#` u bcZ » Ú�i�� �)bcZ q b YZ�[8Za]�_zZ�reZj[ q Z x _zbcZ)[Dd �y�ÄZ WRu [ q Z x _zbcZ'Za] YZa],Zabc` \^Z WRu
x bc\s[8_ U rÊ�1Za] x d¨ë ìe] x \ W Za] x Z U ËµZ x r U b U \^Z WBYZa_cZ x _ YZoZ1¾U nwn � « J�� W,U ]@[lreZ x bz\s[D_ U rtm�Za_'reZX[ q Z x _zbcZ�Zo]YZa],Zobz` \^Z WRuÌx bc\s[8_ U r n)Za] x d¨ë ìe] x \ W Za] x Z U ËµZ x r U b U \eZ WBYZa_zZ x _ YZaZ�¾U n n � « J�� W�U ]#[Br^Z x bz\�[8_ U r���i ý ]M]�Zx dw]#[8_ U _zZ U�u#x�u ],Z x d�ë ì^] x \ W Za] x Z x r U \ebcZ U ËµZ x r U b U \eZÄ¾U nwn � « J�� W,U ]#[treZ W dw� U \^],Z U _z_zZo] WRu iT Z �ÂU \e_ W ZX],Z q#U [jd �#[DZabzËµZob'reZ�[ x d¨ë ìe] x \ W Za] x Z�[tZ�[8_jZ�[c[8Za]�_z\^Zarer^Za�yZ�]R_ W �u ¾U r U��ÂU \e��reZ�ZOÕ xaU x \e_ YZ W Z
],dÖ[ W�YZo_zZ x _cZ u b�[«� U \s[ x Zar U ],ZjËµZ u _ q#U [ W \^bzZk§ u�� \^r>] � ��Za] U�q#U [�iÁ ]�Z�ù>Zo_�3 u ] xaU r xOu r�[8\^� q r^ZB],d u [ q Zobz�yZa_ W>� Z�[8_c\e�yZab�r^Zt],d �X�,bcZ W Z x d�ë ì^] x \ W Za] x Z¨[ q d u b W Z u,v b U \eZ�[
ÜÌmBZa_�Üy��i À�U xª�#U ]R_²§ u ZÕ6�2 Ý ð Â �5,$��� � Ý Z�[8_hreZB]�d �X�,bzZ W ZtÜ1m W�YZa_cZ x _ YZ�[ W,U ]@[�r^Z x bc\s[D_ U rVm�3wreZB]�d �X�,bzZW ZjÜÉ� W�YZa_cZ x _ YZ�[«Za] x d¨ë ìe] x \ W Za] x Z U ËµZ x Ü¼m W,U ]#[treZ x bc\s[D_ U r��)Z¨[8_ W d ],] YZ q@U b�A6T2 £ �x�IÔ � � � � 6T2 Ý � » Ô
¶�¨ äR¥²mF�ÕJ ª|ª £



ê ¬ d�ë ì^] x \ W Za] x Z�[²Ü,� q#U bz_c\ xOu r^Z�[ xª�#U bc` YZaZ�[ ¦w�

U ËµZ x J ª|ª £ r � ZOÕ xaUwx \e_ YZ WRuÄx bz\�[8_ U r#��i T Z¨[ x d�ë ìe] x \ W Zo] x Z�[Ê§ u�� d ]XËµd u r U \e_h�yZa_z_cbzZ�Za] YZaË�\ W Za] x Z YZa_ U \eZa]�_x Zar^reZ�[ W,U ]@[�AB £D£ ÞÅß U ËµZ x r U b U \eZ ¾U � è �w� « J�� [ u \^ËR\ W ZÉmo���µ� « J���i S ËµZ x 6 £ ë ùc£ � » Ô�¶§¨ ä�¥'m � nw� è�·�¦�3Êr^Z
],dw����bzZ W Z x d¨ë ìe] x \ W Za] x Z�[�6 ÝÂ£
��ù ���FÔ � � xaU r xOu r YZÍZ�[D_ W Z)è�·��w�Ri
B £zÝØ6åä U ËµZ x r U b U \eZÄ¾U manw��� « J���[ u \^ËR\ W Zkn nw� « J���i T Zj],d �X�,bcZ W Z76 ÝÏÎ���� � » Ô
¶�¨ äR¥Êm � mo¦ ��·À3

r^Z'],d �X�,bcZ W Z x d�ë ì^] x \ W Za] x Z¨[ W,U ]#[}r^Z x bc\s[8_ U r�nW6 Ý�¤zÝ�ù ��� � � xaU r xOu r YZ'Z�[D_4è�·����µi
Á ]Ãb YZ¨[ u � YZ U�u@xOu ],Z x d�ë ì^] x \ W Za] x Z4Ü � ÜÌ] ��U¼YZa_ YZjZa_t],Z q d u Ë U \^_��Zo_zbzZj�y\�[8Z4Za] YZaË�\ W Za] x Zµi

�[s^] Ä�5�CÆ<�? � �zE4<�AD3'5ÊE4<�5�C%F����û5ø0;F����lÊ�ò4=#?«0�?}E4C
TVU �yZ�[ u bzZ W ZÏr �cYZa],Zabc` \^Z W Z�[yb U �µd ]�],Za�yZa]�_ª[XÜéZa] x d¨ë ìe] x \ W Za] x Z U ËµZ xÉu ] q bcd _cd ] q Zabc�yZa_W>��U [z[Dd x \eZob U�uÏq bcd _zdw] u ] YZo_ U _kZ v�x \e_ YZ W,U ]#[lr^Z�],d�� U�u {#r�[ � W,U ]#[ x Z xaU [)£zÝØ6åäq�ªi ¬ d ],] U \s[c[ U ]R_

r �cYZa],Zabc` \^Z WRuÌq bzdw_zdw]Ãd ]ÌZa] WBYZ WRu \e_tr �cYZa],Zabc` \^Z WRu ],\^ËµZ U�u \^],\e_c\ U r W,U ]@[Í£D£�ÞÅßVi
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ý ] W d \e_ W \�[8_z\^],` u ZabtZa]�_zbzZ W Z u,v `wbzd u,q Z�[ W ZlÜ AB T Z�[Xb U �µd ],]�Za�yZa]�_ª[)Üæ§ u \ q bzd�Ë�\eZa],]�Za]R_ W ZÌr U
W�YZ¨[8Z v�x \e_ U _c\ed ] W Z¨[�],\eËµZ U�u,vÅW Z¿£8£OÞÅßÆZo]



¦ � S ] U re��[8Z W Zjr � Z v�qtYZabz\^Za] x Z

W Z¨[z[8d u [ WRu [DZ u \er W>�cYZo�y\s[c[8\edw] W Z q@U bz_c\ xOu reZ�[�i ¬ Zk[8dw]R_ W Z�[B_cb U ]@[8\e_c\edw]#[}f � Ü�iB T Z�[jb U �µd ]�],Za�yZa]�_ª[tÜ;§ u \ q bcd�ËR\^Za],],Za]�_ W Z¨[ ]�\eËµZ U�u,vÉW Z¨[l],d�� U�u�v {#rs[ U�q ba¾Z�[ YZa�y\�[z[D\ed ] W Zq#U bz_c\ xOu r^Z�[ xª�#U bz` YZoZ�[Oi ¬ Zk[8dw]R_ W Z�[B_cb U ]#[8\^_z\edw]#[tf � } ä » ¨ Ô
����¥
J � Ü�i
ý ]1[ u,q�q dÖ[8Zj§ u Z4_zd u [«r^Z�[Ê],\eËµZ U�u,v�W�U ]#[ £8£ ÞÆß U�u � W Z¨[z[ u [ WRu [DZ u \^r WV�zYZa�y\�[z[D\ed ] W Z q#U bc_z\ x�u reZ�[W�YZ x bzd \�[z[DZa]R_ q#U b YZa�y\�[z[D\ed ] W Z q#U bz_z\ xOu r^Z�[ xª�#U bc` YZaZ�[:3 x ZX§ u \ÊZ�[D_ u ],Z � � q d _ � ¾Z�[DZ�Ë U r U �,r^Z W,U ]@[lr U

§ u#U [D\|�Â_zd _ U r^\e_ YZ W Z�[ xaU [ � r U r U bz` Z u b)ÜÅZ�[8_�§ u#U [8\^�yZa]�_'_zd u þzd u b�[ç] YZa` r^\e` Z U �,r^Z q#U b�b U�q,q d bz_¿¾U r U
r U bz`wZ u b q bcd _zdw]Ãr^d bª[c§ u Zlr �cYZa]�Zabz`w\eZ W>� Z v�x \e_ U _z\^d ] U�u ` �ÄZa]R_cZÛ�ªiTVU {#` u bzZ » Ú�i�� ¦'bzZ q b YZ�[DZa]�_zZtr �cYZa],Zabc` \^Z WRu Ü1Za] � dw] x _z\^d ] W Z'r �zYZa],Zobz` \^Z WBYZ q dµ[ YZaZ q#U bBr^Z�[ q#U bc_z\ x�u reZ�[W Z²b UwW \ed U x _c\eË�\e_ YZ W,U ]#[�reZ W�YZo_zZ x _cZ u b Á n�i ý ]lbcZa� U bª§ u Z W Z�[�r^\e` ]�Z�[ � d bc\ �adw]R_ U r^Z�[>§ u \ x d bzbcZ�[ q dw] W Za]�_
¾UjW Z�[ x d�ë ìe] x \ W Zo] x Z�[�Za]�_zbzZ u ],Z YZa],Zabc` \^Z W Z q#U bz_c\ xOu r^Z x��@U bz` YZaZ W�YZa_cZ x _ YZaZ²Za] Á n'Za_ u ],Z W \s[D_zbc\e� u _c\edw]x dw]R_c\e] u ZÍZo] YZo],Zabz`w\eZ W,U ]@[}r^Z x r^d�ËµZabai Á ] �ÂU \e_53 x Z [8d ]�_ W Z�[ q#U bc_z\ xOu reZ¨[«fÏZa] x d¨ë ìe] x \ W Za] x Z U ËµZ x reZ�[q bcd _zdw]#[ � d u � �t§ u \ U bcbz\eËµZo]R_�þ u [c§ u ��U�u¿x red�ËµZab�Za_�§ u \�� WBYZ q dµ[DZa]�_ W Zkr �cYZa],Zabc` \eZ;3R` YZo] YZab U ]R_ U \^]#[8\u ]1�,b u \e_ W Z � dw] W Ü�i
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5�3,/,02@�/�3 -/4:61J:V/8� ) @�: -/ËH;/4£ ë 6KJNZ

ý ] x d ]@[8_ U _zZ u ],Z x d¨ë ìe] x \ W Za] x Z YZaËR\ W Za]�_zZÅ¾U ì32 � ma�wn n « J�� Za_qì â�� �	·à�µ� ÞèJ��Xi Á ]
bzZ q b YZ�[DZa]�_ U ]�_jreZÄ[ q Z x _cbzZXZa] YZa]�Zabz`w\eZXÜ%Zo] x d¨ë ìe] x \ W Za] x Z U ËµZ x r �cYZa]�Zabz`w\eZ q bcd _zdw] ¾U � �Ö��� « J��ûd ]
d ��_z\eZo]R_²r U {#` u bzZ » Ú�i�n è�i TVU�x d¨ë ìe] x \ W Za] x ZBZ�[D_ x r U \^bzZa�ÄZa]R_ YZa_ U �,r^\eZµi ¬ Za_z_cZ YZo],Zabz`w\eZ W Z q bzdw_zd ] UÒYZa_ YZU [c[8\^` ] YZaZ q#U b ¬�U ��reZ²Za_ U rÂi�C ¬�S ¢ �wn�E x d �y�ÄZ u ]�Z«_cb U ]#[8\^_z\edw] W Z W Z u,v'q bcd _zdw]#[�Za]�_zbcZÊreZ²],\^ËµZ U�u »8SjÀ
W,U ]#[}r^Zk£8£ªÞÆßÌZa_treZ q bcZa�y\^Zab YZa_ U _tZ v,x \e_ YZ W,U ]#[treZk£ ë 6KJwi T��zYZa],Zobz` \^Z7ì42 � ma� nwn « J�� x d bcbzZ�[ q dw] W
¾U r U _cb U ]@[8\e_c\edw]yZa]�_zbzZ4reZ q bzZa�Ä\eZab YZa_ U _BZ v�x \^_ YZtZa_�reZ4],\eËµZ U�uç� dw] W,U �yZa]�_ U r W,U ]#[BreZ�£ ë 6ïJ)i TVU �y\�[8Z
Za] YZaË�\ W Za] x Z W Z x Za_c_zZ x d¨ë ìe] x \ W Za] x ZBÜ � ��} x dw]R{#bz�ÄZtr ��U [z[D\e` ] U _z\^d ] W Z4r U _zb U ]#[D\e_z\^d ]Ä��} q#U b ¬�U �,r^Z
Za_ U rôi C ¬�S ¢ � n�EôiT Z;b U�q,q d bz_ W>� Za����b U ] x�� Zo��Za]µ_ W Z x Za_z_cZÒ_cb U ]#[8\^_z\edw]�Z�[8_ W�YZo_zZabc�y\e] YZÉZo] W \eË�\s[ U ]R_ÌreZ
]�d �X�,bzZ



ê ¬ d�ë ì^] x \ W Za] x Z�[²Ü,� q#U bz_c\ xOu r^Z�[ xª�#U bc` YZaZ�[ ¦µ�

W>�cYZaË YZo],Za�yZa]�_ª[k� q Za] x d�ë ì^] x \ W Za] x Z U ËµZ x r �cYZa]�Zabz`w\eZqì32 � ma�wn n « J�� q#U b1reZÉ]�d �X�,bzZ W ZÏ£D£z¤'¥
Za_ q#U bÍr � ZOÕ xaUwx \e_ YZtÜÅ¾U�x Zo_z_zZ YZa],Zabc` \eZÖi ý ]1_zbzd u ËµZ u ]Ãb U�q,q dwbz_ W Z � è�·�� �@µÅè�·�è ���B\yi À \�d ] x d bzbc\e`wZx Zjb U�q,q d bc_ q@U b4r � Z�Õ xaUwx \e_ YZ W Z WBYZa_zZ x _z\^d ] W Z�[ q bzdw_zdw]#[ W,U ]#[ Á n�d ]É_cbzd u ËµZ u ]ÌZa�X�,b U ] x�� Za��Zo]R_W Z � è�·�¦w�£µÅè�·em mI�8\Äiý ]éd �@[8ZabcËµZ W>��U�u _zbcZ�[ x d¨ë ìe] x \ W Za] x Z�[Û} � Ü U�u,v~YZo],Zabz`w\eZ�[1Ü W Z;n nw� « J�� Za_
mon �w� « J�� § u \x dwbzbzZ¨[ q d ] W Za]R_ ¾UÒW Z¨[�_zb U ]#[D\e_z\^d ]#[XÜ W,U ]#[ £�Ý 6�ä#i ¬ dw]R_cb U \ebzZo�yZa]�_1¾U r U b U \eZ¼¾U ma�wn n « J��73 x Z�[x d¨ë ìe] x \ W Za] x Z�[�],Z�[8dw]R_ q#U [Bred xaU re\s[ YZaZ�[t¾UkW Z�[ YZa],Zobz` \^Z�[ W Z q bzdw_zd ]@[ x r U \ebcZa�yZa]�_�\ W Za]R_c\|{ U �,reZ¨[Oi º dw_zbcZ
\e]�_zZob q b YZa_ U _z\edw]éZ�[D_Ï§ u Z x Z�[Ã_zb U ]#[D\e_c\ed ]@[ÃÜå[8dw]R_ÏZa] x d¨ë ìe] x \ W Za] x Z U ËµZ xÒq r u [D\eZ u b�[M_cb U ]@[8\e_c\edw]#[q bcd _zdw]#[ W \|ù YZabcZa]R_cZ�[Oi
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â�d u b�r^Z�[ø_cb U ]#[8\^_z\edw]#[�f � Ü�§ u Z²r � d ]�[8d u��#U \^_zZ W�YZa_zZabc�y\e]�Zab�3ªd ] W d \^_�dw�#[8ZobzËµZab W Z¨[ x d¨ë ìe] x \ W Za] x Z�[
Za]�_zbcZlr^Z�[tb U \^Z�[tÜÒZa_4reZ¨[ q#U bc_z\ x�u reZ�[tf U [c[8d x \ YZaZ�[4[8Z u r^Za�yZa]�_ai ¬ dw�y�yZ'r^Z�[ q@U bz_c\ xOu reZ�[tf W�YZ q dÖ[8Za]�_q Z u W>�cYZa]�Zabz`w\eZÃZo] Á n�3 x Z�[ x d¨ë ìe] x \ W Za] x Z�[ W d \^ËµZa]R_È[8ZÉ_zbcd u ËµZobÏ¾U � U [c[8Z YZa],Zabc` \eZ Á n ê » i Àµu b1r U
{#` u bzZ » Ú�i�� ¦)d ] q Zab îx d \^_ x r U \^bzZa�ÄZa]R_ W Z¨[ x d¨ë ìe] x \ W Za] x Z�[Bf ¾U � U [z[DZ YZa],Zabc` \^Z Á n U ËµZ x r^Z�[ YZo],Zabz`w\eZ�[
ÜÉ[ u \eË U ]R_cZ�[�A#�w� n « J��73�ma���µ� « J��²3�ma¦w� � « J��	Za_4�wè �w� « J���iÀ \Bdw] x dw]#[8_cb u \^_ u ];[ q Z x _zbcZ W>�cYZa],Zabc` \eZ�Ü;Za]¼\e� q dµ[ U ]�_ u ],Zy� U [z[DZ YZo],Zabz`w\eZXZa] Á n � Á n ê » [
�µèwè « J��Û��3�d ]�dw�,_z\^Za]�_�r U {#` u bzZ » Ú�i�nRmwi ¬ Z4[ q Z x _zbcZBZ�[D_4¾U'x dw� q#U bcZab U ËµZ x²x Zar u \ W ZBr U {#` u bcZ » Ú�i�� �Ri¹ Z�[²b U \eZ�[²ÜMdw]R_ W \s[ q#U b u1U r^d b�[t§ u Z W>��U�u _cbzZ�[²bzZ�[D_zZa]�_�¾U�W Z�[ YZo],Zabz`w\eZ�[ W Z�ma���Ö� « J��73#ma¦w� � « J��éZa_
� èw� � « J�� § u \ x d bcbzZ�[ q d ] W Zo]R_ U�u,v _zb U ]#[D\e_z\^d ]#[Bf � Ü W,U ]#[t£D£OÞÆßÃ3�¾U � �wn « J���§ u \ x d bcbzZ�[ q dw] W ¾U
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(a) coïnc. avec Eγ= 1248 keV
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(b) coïnc. avec Eγ= 1985 keV
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(c) coïnc. avec Eγ= 2062 keV
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u ],Zk_zb U ]#[D\e_z\^d ]Ìf � Ü W,U ]@['£D£�6�ä�Za_�¾U n �Rm « J�� § u \ x d bcbzZ�[ q dw] W ¾U�u ],Z)_cb U ]#[8\^_z\edw]Ãf � Ü W,U ]#[
£zÝØ6ïJj§ u Zj],d u [ U ËR\^d ]#[4[ u ` ` YZob YZaZ�[ q b YZ xVYZ W Za�y�XZa]�_ � Ëµdw\eb4[ xª�©YZa� Ul» Ú�i��Ô�¥�ªi

â�d u b1[ ��U [z[ u bzZob1§ u Z x Z�[�b U \^Z�[�Üæ],ZÉ[Dd ]�_ q#U [ÈZo] x d¨ë ìe] x \ W Za] x Z U ËµZ xÌW Z�[ q \ x [ q bzdw_zdw]#[yd ]x dw]#[8_cb u \^_Ír^Z�[t[ q Z x _cbzZ�[ W Zkr U {#` u bcZ » Ú�i�n �Ri T Z�[ q Z x _cbzZ � U �tZ�[D_tZa] x d¨ë ìe] x \ W Za] x Z U ËµZ x r U b U \eZjÜÅ¾U
ma���µ� « J��²3,reZj[ q Z x _zbcZ � �|��Za] x d�ë ì^] x \ W Za] x Z U ËµZ x r U b U \eZjÜ ¾U mo¦ � � « J���Za_treZj[ q Z x _zbcZ � x � U ËµZ x r U
b U \eZ'Ü ¾U � èw� � « J���i ÀÖu btreZ�[²_zbcd \s[«{@` u bcZ�[�3 U�u#xOu ] q \ x ] � Z¨[8_BË�\s[D\e�,r^Zµi T Z�[ YZaË YZa],Za�ÄZa]R_�[ødw�#[8ZobzË YZ�[j¾U
� U [z[8Z YZa],Zabc` \^Z x d bcbzZ�[ q d ] W Zo]R_ U�u,vÄq#U bc_z\ x�u reZ�[BfÏZa] x d¨ë ìe] x \ W Za] x Z U ËµZ x reZ¨[Bb U \^Z�[BÜ�i

â�d u b x��#UwxOu ],Z W Z x Z�[>_zb U ]#[D\e_c\ed ]@[>],d u [ q d u Ëµd ]#[ xaU r xOu r^Zab>r � \^]R_cZa]#[8\^_ YZ�bcZar U _z\eËµZo�yZa]µ_ U�u ],dw���,bcZW Z4],d�� U�u,vÄW Z�£D£z¤'¥>\^� q r U ]R_ YZ�[ q d u b xª�#U § u Z4b U \^ZÍÜ W�YZ¨[8\e`w] YZaZ q#U b çkx d ] � d bz� YZa�yZa]�_�¾U r U bzZor U _c\edw]
[ u \eË U ]�_zZ4A ç � ��U� ¿�¿ ®CW X �Ï�:� U X �����  
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U ËµZ x A¢6T2�r^Z'],d �X�,bcZ W ZjÜ W�YZo_zZ x _ YZ�['¾U r �cYZa],Zabc` \^Z x dw]#[8\ WBYZab YZaZ6 ¿�¿ � � reZj],d �X�,bcZ W Z q bzdw_zdw]#[}\^� q r U ]�_ YZ�[ÊZa] Á nJ ªÃª 2 r � ZOÕ xaUwx \e_ YZ W Z WBYZa_zZ x _z\^d ]1Ü;¾U r �zYZa],Zobz` \^Z x dw]#[8\ WBYZab YZoZJ ªÃª � r � ZOÕ xaU x \^_ YZ W Z WBYZ x r^Za] xª� Za�XZa]µ_ q#U btf¼Z�[8_ YZa` U r^Zy¾U � nw¦¸µ n��8\ � Ëµd \ebtr^Z q#U b U `wb U�q,� Z ¹ �
¬ \|� W Z�[c[8d u [y[8dw]R_�\^] W \s§ u©YZaZ¨[lreZ¨[)\e]�_zZa]#[D\e_ YZ�[ldw�,_zZa] u Z�[ q d u b xª�#U § u Z YZa],Zabc` \^ZyZa] q bzZo] U ]�_�Zo]x dw� q _zZÌreZ�[yZabcbzZ u bª[ x dw�y�y\�[8Z�[�[ u b1reZÉ],dw���,bcZ W Z x d u,q [ WBYZa_cZ x _ YZ¨[�3t[ u b1r � Z�Õ xaUwx \e_ YZ1ÜéZa_1[ u b

r � ZOÕ xaU x \^_ YZ W Z WBYZ x r^Za] xª� Za�XZa]�_Êf�AB � n ��·����&µÅ��·��Ô���B\ q d u b�r U b U \eZÄ¾U ma���µ� « J���iB � nRm�·^ma�@µÅ��·à�,mF�B\ q d u b�r U b U \eZÄ¾U ma¦w� � « J���iB � n��	·^ma�@µÅ��·�� n��B\ q d u b�r U b U \eZÄ¾U � èw� � « J���iB � �R�4·�nÔ�ÕµÅ¦�·�n ���B\ q d u b�r U b U \eZÄ¾U � �wn « J���i
¹)��U�u _zbcZ q#U bz_53 [D\Rdw] x d ]#[D_zb u \e_ u ]X[ q Z x _zbzZ W>�cYZo],Zabz`w\eZÊÜXZa]k\e� q dµ[ U ]�_ u ],Z �#U�u _cZ YZa],Zabc` \^Z«Zo] Á n� ì n�ê ç ÜG�yÞ J��7��3,dw]Ãdw�,_z\^Za]R_tr U {@` u bcZ » Ú�i�nwnRi ý ]Ìd �#[DZabzËµZ u ]¿[ q Z x _cbzZk_zd _ U r^Za�yZa]�_ W \|ù YZabcZa]R_U ËµZ x4W Z�[«b U \^Z�[«Ü¼¾U�W Z�[ YZa],Zabc` \^Z�[ W Zjn nw� « J��73Vm m mo� « J�� Za_4manw� � « J���§ u \ x dwbzbcZ�[ q d ] W Za]�_j¾U)W Z�[

_zb U ]#[D\e_c\ed ]@[}Ü WRu £�Ý�6åä�Za_k¾U mo� n n « J���§ u \ x d bzbcZ�[ q dw] W ¾U�u ],Zj_zb U ]#[D\e_c\ed ]ÌÜ WRu £ ë 6KJwi
» r�Z¨[8_ q dÖ[z[8\^�,reZ W Z W�YZa_zZabc�y\e]�Zab�r^Z�[B[ q Z x _zbcZ�[ W Z�[ x d�ë ì^] x \ W Za] x Z�[�Ü U ËµZ x reZ¨[ q@U bz_c\ xOu reZ�[ xª�#U bc` YZaZ�[
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(a) coïnc. avec Eγ=332 keV
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(b) coïnc. avec Eγ=1113 keV
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(c) coïnc. avec Eγ=1384 keV
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(d) coïnc. avec Eγ=1633 keV
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q d u b xª�#U § u Zj_zb U ]#[D\e_z\^d ]1f � }	ä » ¨ Ô
���#¥òJ � Ü�iý ] xª� d \�[8\^_ W Z x dw] W \e_c\edw],],Zab�r^ZÃ[ q Z x _zbcZ W Z q#U bz_c\ xOu r^Z�[ xª�#U bz` YZoZ�[ W,U ]@[ Á n q#U b�r^Z�[ YZa],Zobz` \^Z�[lÜW�YZa_cZ x _ YZaZ�[ W�U ]#[treZ x red�ËµZab q d u bÍr^Z�[B_zb U ]#[D\e_c\ed ]@[}f � } � ÜÃZa_tf � ��} � Ü q b YZ�[ u � YZaZ�[OiT Z�[M{#` u bzZ¨[ » Ú�i�n�� � U ��3 � �|��3 � x ��3 � W �1bzZ q b YZ�[DZa]�_zZa]�_Ãr^Z�[Ã[ q Z x _zbcZ�[ÃZa] YZa]�Zabz`w\eZ W Z¨[ q#U bc_z\ x�u reZ�[xª�#U bc` YZaZ�[BZo] x d¨ë ìe] x \ W Za] x Z U ËµZ x reZ¨[ YZa],Zabc` \eZ¨[BÜ W Zkn nw� « J��eºlmwm mo� « J���ºkmanw� � « J���Za_jmo� nwn « J��bzZ¨[ q Z x _c\eËµZa�yZo]µ_aitâ�d u bÏ�,\eZa] W \�[8_c\e],` u ZabÉreZ¨[ q \ x [Ãdw�#[8ZobzË YZ�[ÃZa] Á nGd ]�b U þzd u _zZ;r Uæx dw] W \e_c\edw]ì'��ê ç Ü èRi¬²�#U § u Z){@` u bcZ�bzZ q b YZ�[8Zo]R_cZlr^Z�[ q Z x _zbcZ W>�cYZa],Zabc` \eZ WBYZ q dµ[ YZaZ q#U b'reZ�[ q#U bz_z\ xOu r^Z�[ xª�#U bz` YZoZ�[ W�U ]#[ Á nx dw] W \e_c\edw],] YZ q#U b u ]�Z�b U \eZÄÜ U�u § u Zar�d ];[Dd u [D_zb U \e_kreZX�Ò�Za�yZ�[ q Z x _cbzZX� U \�[ x d ] W \e_z\^d ],] YZ q#U b)r^Z� d ] W þ u [D_zZÌ¾U1x �dw_ YZ W Z�r U b U \eZ�Ü x d ]#[D\ W�YZob YZaZµi ý ]ÒbcZ q ¾ZabcZ)r^Z�[ q \ x ['§ u \ x d bzbcZ�[ q dw] W Za]�_Ä¾UMx Z u,vÌWRu
_ U �,reZ U�uÌ» Ú�i���iý ]GbzZa� U bª§ u ZÌ§ u Z q d u byr U {#` u bzZ » Ú�i�n�� � x ��3 U�u#x�u ],Z x d¨ë ìe] x \ W Za] x ZM] � Z�[D_ x r U \ebcZa�yZa]�_ YZa_ U �,r^\eZ
[ U�uR�tu ] �ÂU \e��reZ q \ x�x dwbzbzZ¨[ q d ] W�U ]�_y¾U r �zYZa],Zobz` \^Zk� �Ô�Öm « J���i>â U b x d ]�_zbcZ�[ u blr U {#` u bzZ » Ú�i�n�� � U ��3d ] W \s[D_z\^],` u Z x r U \ebzZo�yZa]�_j§ u@U _zbcZ q \ x [ q bzd _cd ]#[X[8\^_ u©YZ¨[1¾U ì â � �R�a� « J��73�ì âD� maè nwn « J��73ì â � mo� ¦ ¦ « J��IZa_ ì â � � � �wn « J���i²â�d u b�r U {#` u bzZ » Ú�i�n�� � �Ã��[DZ u r u ] q \ xÈq bzd _cd ]æ[DZW \�[8_z\^],` u Z1¾U r �zYZa],Zobz` \^Z W Znì âb� mo� ¦w¦ « J���i ÀÖu b'r U {#` u bzZ » Ú�i�n�� � W ��3�r Uyx d�ë ì^] x \ W Za] x Z WRuÉq \ x ¾U



ê ¬ d�ë ì^] x \ W Za] x Z�[²Ü,� q#U bz_c\ xOu r^Z�[ xª�#U bc` YZaZ�[ moèRm
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(a) coïnc. avec Ep= 477 keV
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(c) coïnc. avec Ep= 1302 keV
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(d) coïnc. avec Ep= 2587 keV
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Energie (keV)

(e) coïnc. avec Ep= 5671 keV
(f) coïnc. avec Ep= 6781 keV

3

Energie (keV)
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â�d u bk[ ��U [z[ u bzZab W ZXr � Z v \s[8_cZa] x Z W Z x Z�[ x d�ë ì^] x \ W Za] x Z�[:3,d ] x d ]#[D_zb u \e_'r^Z�[j[ q Z x _cbzZ�[ÍZo] YZa]�Zabz`w\eZ W Z�[
b U �µdw],],Za�yZo]R_�[�Ü x d ] W \e_z\^d ],] YZ�[ q@U bÊr^Z�[ q \ x [ q bzdw_zdw]#[ x \e_ YZ�[ x \|� W Z�[z[ u [Oi ý ])dw�,_z\^Za]R_�r U {#` u bcZ » Ú�i�n �RiT Z q \ x n;¾U �Rmwm « J��ûZ�[8_�_cd u þzd u bª[)Zo] x d�ë ìe] x \ W Zo] x Z U ËµZ x r^Z�[ q bzdw_zd ]@[�§ u \BZ¨[8_)r U [8\^` ] U _ u bcZ W Z
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[ U�uR� ¾U ì â�� �Ô� �o� « J��)i ý ]�bzZa� U bª§ u Z²[ u bÊr U {#` u bzZ » Ú�i�nw� � Z�� u ] �ÂU \^�,reZ q \ x ],dw_ YZ'�k¾U manw��� « J���i¬ d ]�_zb U \^bzZa�yZo]R_�¾U r U {@` u bcZ » Ú�i�n�� � �|�4d ]
]�Z�bcZa_zbcd u ËµZ q r u [ r U1x d�ë ì^] x \ W Za] x Z�Za]�_zbcZ�reZ q bzdw_zdw]æ¾Uì â � mo� ¦w¦ « J��­Zo_Êr U b U \eZ4ÜÏ¾U m mwman « J���i Á ] x dw���,\^] U ]�_Êr^Z�[�b YZ¨[ u r^_ U _�[ W Z�[ W Z u,v {@` u bcZ�[ » Ú�i�n��
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¡ S ¬ i ¬ Za_z_cZ)b U \eZ x d bcbzZ�[ q d ] W ¾U r U _zb U ]#[D\e_c\ed ] W�uÉq bzZa�Ä\eZab YZa_ U _'Z v�x \e_ YZlËµZobª[BreZ � d ] W�U �yZa]�_ U r W Z
£D£ 6åä�i TVUjWRu b YZaZ W Z4Ë�\eZ W Z x Za_ YZa_ U _ÊZ¨[8_ W Z����w� � ¶µi ¬ d �Ä�yZ²reZ q#U b U �¿¾Za_zbcZt¡ S ¬ Z�[D_ x d W�YZ�[ u b u ]�Z
` U �y�yZ4Za]1_zZa� q [ W Zk�wè è � ¶43,r U b U \eZÄ¾U � �wn « J�� [8ZjbzZo_zbzd u ËµZj[ u bÍ_cd u _tr^Z W d � U \e],Z�Za]1_zZa� q [OiTVU {#` u bzZ » Ú�i�nw¦ � �|�ÊbcZ q b YZ¨[8Za]�_zZ4r Ujq bzd�þzZ x _z\^d ] WRu [ q Z x _cbzZ » Ú�i�nw¦ � U �²[ u bBr ��U�v Z'Za] YZa],Zabc` \eZ4Ü q d u bu ] W d � U \e]�Z�Za]
¡ S'¬�W ZÄ� èwè
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Y Z �[N ���Ò�
� �

� Ý#� * �Ò� ��N � 2� �
���
�0, * � ��� � 2���-. � �
�	�
�

\ ] c de©]Q ac.  ^ ` c ` aced c&ßQ©Hf:h ^ hlf�mng ` c �w�����
¹'U ]@[ x Z q#U b U ` b U�q,� Zj],d u [ U reredw]#[ �ÂU \^bzZ u ],Z�[8��]�_ � ¾Z�[DZ W Z�[Êb YZ¨[ u r^_ U _�[ÊZ vRq©YZabz\^�yZa]�_ U�u�v d �,_cZa] u [

Za_ÌreZ�[ x d � q@U bzZob U ËµZ x reZ�[ xaU r xOu rs[yZa]��yd W ¾ZareZÏZa] x d u#xª� Z�[ q d u b WBYZa_cZabz�y\^],Zabyr^Z;[ xª�©YZa� U%W ZW�YZ�[DZ v�x \e_ U _z\^d ] W Z)£D£ª¤'¥Di

rtszN Ä�79C�È'E²0*_�F5�C,5é3'5�C%=k:5�C�246ô0�7�0�CÆ5(x4ò;:5ø=@A�� 5ÊE²0,7B2yx
Àµu btr U {#` u bzZ&Ú�i^m�3µd ] q bcd q dµ[DZ u ]1[ x��©YZa� UjW Z W�YZ x bzdw\s[z[ U ] x Z'Z v�qtYZabz\^�yZa]�_ U r W Z £8£ª¤�¥8i ¬ Zar u \|� x \UæYZo_ YZ x dw]#[8_cb u \^_j` b �Uwx Z U�u,v b YZ¨[ u r^_ U _�[ldw�,_zZa] u [Ä¾UMq#U bz_z\^b W Z¨[ x d¨ë ìe] x \ W Za] x Z�[ÍZa]�_zbcZ�r^Z�[ q#U bc_z\ x�u reZ�[xª�#U bc` YZaZ�[BZo_treZ�[Bb U �µdw],],Za�ÄZa]R_�[ÊÜ�i T Z¨[}_cb U ]@[8\e_c\edw]#[ q bzdw_zdw](3>� q Za_ � W dw]R_tr^Z�[ x d¨ë ìe] x \ W Za] x Z�[ U ËµZ xW Z�[Bb U \^Z�[BÜÉd ]�_ YZa_ YZ x r U \^bzZa�yZo]µ_«\ W Za]�_z\ú{ YZaZ�[²[8dw]R_4bzZ q b YZ�[DZa]�_ YZaZ�[²Za]1_zb U \e_�[ q reZo\e]#[�i

â U b x dw]R_cbzZXreZ�[j_zb U ]#[8\^_z\^d ]#[ W d ]�_ U�u#xOu ],Z x d�ë ì^] x \ W Za] x Z�] ��UæYZa_ YZ�dw�#[8ZobzË YZaZy[Dd ]�_)bcZ q b YZ¨[8Za]�_ YZaZ¨[ Zo]q d \^]R_c\erer YZ�[Oi ¬ Z�[Ê_zb U ]#[D\e_c\ed ]@[«[Dd ]�_�[ u,q,q dÖ[ YZaZ�['�Za_zbcZ W Z�[Ê_zb U ]#[D\e_c\ed ]@[ q bcd _zdw]�Zo_«ZorereZ¨[�[Dd ]�_B[ u,q,q dµ[ YZaZ�[W�YZ x bzd �ì^_zbcZB[ u b�r �cYZo_ U _ � dw] W,U �yZa]�_ U r W ZB£zÝ�6åä�3a�y\�[8Z�[h¾UÍq#U bz_ W Z u,v _cb U ]#[8\^_z\edw]#[Ê§ u \�[8dw]R_ x dw� q#U _c\e�,r^Z�[U ËµZ x r �zYZa],Zobz` \^Z W Zl_cb U ]#[8\^_z\edw] W Z q,u \�[«r �zYZa_ U _ »DSlÀÄW,U ]#[t£D£OÞÆßÄËµZabª[²reZ W Z u,v \Â¾Zo�yZ YZa_ U _tZ v�x \e_ YZ'[D\e_ u©YZ
¾U n n � « J���Za_tr^Z x \e]#§ u \Â¾Zo�yZ YZa_ U _tZ v�x \e_ YZ'[D\e_ u©YZy¾U � �w� ¦ « J�� W�U ]#[4£zÝØ6�ä#iÀµu b x Za_c_zZÍ{#` u bzZ�],d u [t] ��U Ëµdw]#[«bcZ q b YZ�[8Za]�_ YZ�§ u ZÍr^Z�[«]�\eËµZ U�u,vyW d ]�_BreZ�b U�q�q dwbz_ W>� Za�X�,b U ] x�� Za��Zo]R_
Z�[D_ U�u � W Z�[c[ u [ W Z�m�\yi T ZjbcZ�[8_cZlZ¨[8_t_ U � u r YZ W�U ]#[treZj_ U �,reZ U�u Ú�iemwiTVUÉq dÖ[8\^_z\edw] W Z1r �cYZo_ U _ »DSlÀ ¾U � m��	·�èRma�nµ è�·�è èwn��XÞ J��IZ�[8_�r U �yd��µZa]�],Z W Z�[)Ë U reZ u bª[)dw�,_zZa] u Z�[
¾Uyq#U bc_z\^b W Z�['_zb U ]#[8\^_z\^d ]#[ q bcd _zdw](3Ê� q Zo_ � q bzd�ËµZa] U ]R_ W Z�r �zYZa_ U _ »DSlÀ i T�� ZobzbzZ u bjZ�[8_ xaU r xOu r YZaZ)Zo]
[8dw�y� U ]R_�§ u#U W b U _c\s§ u Za�yZa]�_²reZ�[BZobzbzZ u bª[B\^] W \eË�\ W�u Zarer^Z�[ W Z x��@U § u Z'Ë U r^Z u baiÀ Z u reZ�[ W Z u,v _zb U ]#[D\e_z\^d ]#[²f � Ü
¾U)q@U bz_c\eb W Zj£D£ª¤'¥>ËµZab�[B£D£�ÞÆßÄd ]�_ YZo_ YZ'\ W Za]�_z\|{ YZaZ�[Oi ý ]1Z v�q r^\ x \^_zZab Ux Za_c_zZ W�YZ WRu#x _c\edw] u re_ YZobz\eZ u bzZa�ÄZa]µ_ai

rts�ö Ä�5�CÆòÍ=k:5�3'AD<>0,AD?}E}C­3l2¬� ?43�F5�6D5é5ÊEä<�?}24<�_45�C
T Z�[ xaU r xOu rs[)Za]G�yd W ¾ZareZyZo] x d u#x�� Z�[çdw]R_ YZa_ YZ1ZOùVZ x _ utYZ�[ U ËµZ x reZ x d W Z ý < ¢ SlÀ ê C ý < ¢ S EôiT���U ],],Z v Z ¢ b YZ�[ u �yZ�r U1q bzd xVYZ WRu bcZ u _z\^re\�[ YZaZµi ¬ Z x d W Zy]�d u [ UÃq Zobz�y\�[ W Z xaU r xOu reZab'r^Z�[l]�\eËµZ U�u,v



maèw� T�� \e]�_zZab q b YZa_ U _c\ed ] W Z�[Bb YZ¨[ u r^_ U _�[

Energie (MeV)
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(4+) (89.8±0.8)ms 18.58

0+ 0

Br(%) Log(ft)

5.29 31.6±5.5 5.51±0.08
5.46 17.1±2.4 4.85±0.08

6.31 4.7±0.6 5.50±0.06
6.87 3.0±0.3 5.59±0.06

8.42 4.9±0.2 5.05±0.02

7.13 18.5±1.7 4.75±0.04

14.02 >2.09±0.21 <3.51±0.04

6.22 7.4±1.0 5.32±0.06

8.34 2.11±0.09 5.44±0.02

8.59 1.89±0.07 5.43±0.02
8.98 2.18±0.15 5.27±0.03
9.52 1.05±0.43 5.46±0.18
9.96 2.75±0.7 6.03±0.09

13.04 0.33±0.06 4.80±0.09

(0
.3

5±
0.

11
)%

(0
.4

1±
0.

12
)%

(0.69±0.08)%

(0.
42

±0
.08

)%(0.038±0.017)%

1986 keV
2153 keV

2062 keV

1246 keV

3/2+ 5.50

1384 keV
332 keV

1113 keV0+ 7.93
1633.6 keV

0+ 8.15

1887 keV

18Ne + α 20Ne + 2p

21Na + p

22Al

22Mg

IAS

β+
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�Ri��w¦���µ�èRi�è è n n�m i��åµ���i�� �Ri���m´µ�è�i�èw�
�Ri��Ö�Rm7µ�èRi�è è�� m��µi^m´µ���i�� �,i��w�åµ�è�i�èw�
�Ri��w�Rm7µ�èRi�è è � �µi���µ9m i�è �Ri�nw�åµ�è�i�èw�
�Ri�nwèÔ�iµ�èRi�è è � �,i|�iµ�èRi�� ��i��wè�µ èRi�èw�
�Ri������Wµ�èRi�è è � èRi�� �4µåè�i�è � �Ri|�o� µ�è�i�èw¦
��i|�¨����µjèRi�è èw� è�i|���Wµ�èRi^maè �Ri��w�åµ�è�i�èw�
�Öi�èw� �WµjèRi�è èw� è�i��Rm7µ�èRi^ma� ��iemo� nWµ�èRi�èw¦
�Öiemon �WµjèRi�è èw� ma��i���m´µ9mwi|�a� �,i|�¨�åµ�è�i�è��
�Öi��w����µjèRi�è èw� èRià�µ�4µåè�i�è � �Ri�n�� µ�è�i�èw�
�Öi��µ��nWµjèRi�è èw� èRià�µ�4µåè�i�è � �Ri���� µ�è�i�èµ�
��i�èwè���µjèRi�è èw¦ èRi�����µjè�ieman �Ri�èwnåµ�è�i�èw¦
��i�nwn ¦WµjèRi�è èw¦ �Ri^m m7µjè�i�è ¦ �Ri��w� µ�è�i�èw�
��i���ma�WµjèRi�è èw� ��i�� ¦Wµ�èRi���� �Ri�èw�åµ�è�i�èw�
��i��w� ¦WµjèRi�è èw� �Ri^m mFµ èRi�è ¦ �Ri��Önåµ�è�i�èw¦
��i�¦w� �WµjèRi�è èw� �Ri^ma��µ èRi^ma� �Ri��µ�nµ�è�i�èwn
¦�i���ma�WµjèRi�è èw� mwi�è �Wµ�èRià�µ� ��i��Ö��µ èRiemo¦
¦�i|�¨� �WµjèRi�èRmoè è�i�����µ�èRi^m m �Ri��nµ�èRi�èw�
¦�i�¦w� �WµjèRi�è èw� nRià�µn�µ èRi�n è �,i�¦w�åµ�è�i�èw�
moèRi���manWµjè�i�èRmoè èRi�� ��µ èRi�n � ��i��wènµ�èRi���ma�
moèRi��µ���Wµjè�i�èRmo� èRi�� ¦�µ èRi^m m ��i|�¨ènµ�èRiemo� �
mwm i�nwè ¦Wµjè�i�è��Ö¦ èRi^ma��µ èRi�� � ��i|�ÖmÛµ9m i�nw�Ô�
mwm i���maèWµjè�i�è èw� èRi��RmFµ èRi�� � �Ri���m´µ9mwi��w�
monRi�è�ma�Wµjè�i�è �w� èRi�n n�µ èRi�èÔ� �,i��nµ�èRi�èw¦»DSlÀ A>m��,i�èRma��µ�èRi�èwè n �Ri�è ¦Wµjè�i��Rm nRi���m´µ�è�i�è��
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22Al
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Sp

S2p

Sα

22Mg

USD

0+

4.455 2+ 29.78%

14.23 3+ 2.7%

5.48 4+ 18.58%

6.179 2+ 1.67%
6.43 4+ 9.39%

6.52 3+ 10.15%

7.741 3+ 2.49%

8.315 2+ 1.58%

9.005 3+ 1.23%
9.185 3+ 1.61%
9.846 3+ 3%
10.25 2+ 1.09%

10.497 4+ 1.13%
11.361 3+ 1.66%

22Mg

O-B

0+

4.381 2+ 28.94%

14.241 3+ 2.52%

5.311 4+ 20.02%

6.012 2+ 1.24%
6.315 4+ 8.12%

6.394 3+ 10.43%

7.582 3+ 2.36%

8.224 2+ 1.82%

9.073 3+ 2.17%

9.677 3+ 2.82%
10.092 2+ 1.37%

10.333 4+ 1.28%
11.177 3+ 1.66%
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18.580 4+
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Sp=5.50

S2p=7.93

Sα=8.15

22Mg

USD

0+

5.48 4+ 29.51%

14.038 4+ 3.75%

5.635 3+ 11.94%
6.43 4+ 5.33%
6.52 3+ 2.08%6.992 4+ 8.11%

7.461 5+ 12.96%

8.696 5+ 5.23%
9.005 3+ 2.09%
9.143 5+ 1.32%

9.422 4+ 1.94%

11.038 4+ 1.4%
11.306 5+ 1.19%
11.361 3+ 1.06%
12.632 4+ 1.91%

22Mg

O-B

0+

5.311 4+ 28.2%

13.91 4+ 4.2%

5.525 3+ 11.18%
6.315 4+ 5.74%
6.394 3+ 2.67%6.844 4+ 8.24%
7.27 5+ 13.2%

8.539 5+ 5.08%
8.829 3+ 1.52%
9.04 5+ 1.35%9.073 3+ 1.22%

9.239 4+ 2.07%

10.876 4+ 1.35%

11.149 5+ 1.24%

12.458 4+ 1.85%
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� U�u ] �ÂU x _cZ u b4��Za]�_zbzZ�r � \^]R_cZa]#[D\e_ YZ W Zjr �àu ],Z W Z�[Bb U \eZ�[ q#U bÍb U�q,q dwbz_ U�u,v1W Z u�v1U�u _cbzZ�[�i
Á ] x d ] x r u [8\^d ](3µr U)x dw� q#U b U \�[8d ]1Za]�_zbcZÍr^Z�[«b YZ�[ u re_ U _ª[²Z vRq©YZabz\^�yZa]�_ U�u�v Zo_BreZ xaU r xOu r WRu �yd W ¾ZareZ

Za] x d u#x�� Z�[ U [c[8d x \ YZ U�u�vÃW d ],] YZoZ�[ W�u ],d�� U�u �y\^bzdw\ebB�Äd ]�_zbzZ § u Zjr^Zj[ q \^] W Zjr �zYZa_ U _ � d ] W,U �yZo]R_ U rW Zk£D£z¤'¥�Z�[8_ u ]1�ÖgÊiT Z�[ YZa],Zabc` \^Z�[>Ü)],dw] x dw],] u Z�[²¾U ma¦ �w� « J��ÅZa_��Rmo� n « J�� x dwbzbcZ�[ q d ] W Za]�_t¾U4W Z²],d u ËµZarer^Z�[�_cb U ]@[8\e_c\edw]#[
� g£ ~ � g Ý Za_�n g Ý ~ � g Ý W,U ]#[�£D£OÞÆß bzZ�[ q Z x _z\^ËµZa�yZ�]R_oi ¹'U ]@[ x Z xaU [�3ar Utx d ]R{@` u b U _z\^d ] W Z²_cb U ]@[8\e_c\edw]#[
f � Ü U W d q _ YZaZ)Z�[D_ x Zar^reZ W Zjr U {#` u bcZ&Ú�i���iÁ ] x d ] x r u [D\ed ] 3 W Z u,v ],d u ËµZ U�u,v ],\eËµZ U�u,v¼W,U ]@[�£8£ªÞÆß U [z[D\e`w] YZ�[ x dw�y�yZ�� g£ Zo_�n g Ý [Dd ]�_X[8\^_ u©YZ�[U�u�vGYZa],Zabc` \^Z�[ W>� Z v,x \^_ U _z\edw] W Zk� �w¦ n « J���Zo_4���µ��m « J���bzZ¨[ q Z x _c\eËµZa�yZ�]�_ai

ý ] x d ]@[8_ U _zZ1§ u ZXr � \e]�_zZa]#[D\e_ YZ W Z�r U b U \eZXÜ ¾U mo���µ� « J�� x d ]@[8_z\^_ u ZÄr � Zo���,b U ] xª� Z���Zo]R_t_cd _ U rW Z�[B_cb U ]#[8\^_z\edw]#[tf � Ü�i ¹ dw] x ¬U» � �M2 � � nw��·��£µÅ��·�¦��B\yi
À d \^_ ¬U» � �M2 � ¬U» � Ý p ¬U» � £ U ËµZ x ¬U» � Ý Za_ ¬U» � £ reZ�[Bb U�q,q dwbz_ª[ W>� Za����b U ] x�� Zo��Za]�_Êf W Zk£D£z¤'¥

ËµZab�[ÍreZ�[ YZa_ U _�[ln g Ý d u � g£ W ZÄ£D£OÞÆßÉbcZ�[ q Z x _c\eËµZa�ÄZa]R_oi À \²dw] x dw]#[8\ W ¾ZabcZy§ u Z x Z�['],\^ËµZ U�u�v d ]�_jreZ�[



m mo� T�� \e]�_zZab q b YZa_ U _c\ed ] W Z�[Bb YZ¨[ u r^_ U _�[

�Ï�Za�ÄZ�[�\e]�_zZo]#[8\^_ YZ�[²ÜÃbzZor U _c\eËµZ�[�§ u Zlr^Z'],d�� U�u �y\ebcd \^b�3 dw] q Z u _ YZ x bc\ebzZ;A
ç Ý � è�·�� ¦�m æ ¬U» � Ýç £ � è�·�¦ ��� æ ¬U» � £U ËµZ x A ç Ý Za_ ç £ reZ�[1\e]�_zZa]@[8\e_ YZ�[ q#U bÌb U�q,q d bz_ ¾U £D£ª¤'¥ W Z�[Mb U \eZ¨[MÜI¾U �Rmo� n « J�� Za_¼ma¦ �w� « J��bzZ¨[ q Z x _c\eËµZa�yZo]µ_ai

ý ] WBYZa_cZabz�y\^],Z�§ u Z4A ¬U» � Ý � � m��4·em&µæ��·à���B\ðZa_ ¬U» � £ � � n�m�·��Ûµ ��·����B\yi ¬ Z�[jË U reZ u bª[)[Dd ]�_q bcd x�� Z¨[ W Z x Zar^reZ�[ xoU r x�u r YZaZ¨[�3tm m¥·��<\ Za_1�w��·��k\ bcZ�[ q Z x _z\eËµZo�yZO]�_ai TVU [8dw�y�yZ ¬U» � Ý p ¬U» � £ �� �Ö��·ú�4µk��·�è4�8\ÅZ�[8_ x d � q#U _z\^�,reZ W�U ]#[>r^Z�[>� U bcbzZ�[ WV� ZabcbzZ u b�[ U ËµZ x r � \e]�_zZa]@[8\e_ YZ W Z²r U b U \eZ²ÜÈ¾U ma���Ö� « J���i

� s�ö Ä�5�0,5��åò�CÆ3'5��4AD5å3'5�JOJ�K1L
T Z xaU r xOu r W Z�[²b U�q�q dwbz_�[ W>� Za�X�,b U ] x�� Za��Zo]R_ W Z�[²_zb U ]#[8\^_z\^d ]#[BfÏ] YZ x Z¨[z[8\^_zZ4r Ukx d ],] U \s[c[ U ] x Z WRu

_zZo� q [ W ZjËR\^Z W Z £D£ ¤'¥Di,â�d u btZOùVZ x _ u Zab�reZ xoU r x�u r U ËµZ xtu ]Ì[ q \^]Ìn g d u � g W Zjr �cYZa_ U _ � d ] W,U �yZo]R_ U rW Z�£D£z¤'¥�3 d ] u _c\ere\�[8Z u ]�ZÍË U r^Z u bÊ\^],\e_c\ U reZ U bc�,\e_cb U \ebzZÖi × \e] U reZo�yZa]�_�3 x dw�y�yZ²r U [Dd �y�ÄZ W Z�[Êb U�q,q d bc_ª[W>� Za����b U ] x�� Zo��Za]µ_ W dw\e_t�Za_zbcZ YZa` U rV¾U moè èk\ d ]kbzZa],dwbz� U re\�[8Z x Z¨[>b U�q�q dwbz_�[Oi ¬ Z �ÂU x _zZ u b W Z²bzZo],d bc� U �
re\�[ U _z\edw]yZ�[D_ U�u [z[8\VreZ'�Ï�Za�yZ q d u btr^Z'_zZa� q [ W Z'Ë�\eZÖi ý ] xoU r x�u reZ U \^]#[8\ U ËµZ x reZ'�yd W ¾ZareZtZa] x d u#xª� Z�[
§ u Z�[D\�r^Z�[ q \e] W Zkr �cYZo_ U _ � dw] W,U �yZa]�_ U r W Z�£8£c¤'¥ÊZ�[8_ u ]Ïnwg=3�r^Z)_zZo� q [ W ZkËR\^Z)bzZo],d bc� U r^\s[ YZ�Z�[8_ W Z
��¦�·��i��¶lZa_4[D\�reZj[ q \e]ÌZ�[8_ u ]1� g 3,d ]Ã_cbzd u ËµZ u ],ZjË U r^Z u b W Zk���	·��i��¶µi¬ Z�[BË U r^Z u b�[t[8d ]�_ q bcd x�� Z¨[ W Z�[BË U r^Z u bª[ xaU r xOu r YZaZ�[ q@U b S i ¢ bzd� t] W,U ]#[&C ¢ TVS ¦Ô�5EÊ���7��¶ q d u b u ]
n g Za_²�w�Û��¶ q d u b u ]X� g W,U ]@[«reZ xoU [ W>��u ],ZÍ\^]R_cZab Uwx _z\^d ] ?lÀÔ¹ i ÁÊvRq©YZabz\^�yZa]�_ U r^Za��Za]�_�],d u [ U Ëµdw]#[
�yZ�[ u b YZ u ]É_zZo� q [ W Z�ËR\^Z W Z � ¦Rm¥·em@µGè�·��4�Õ��¶Ôi ¬ Za_z_cZ��yZ�[ u bzZjZ�[8_ x dw� q#U _z\e��reZ U ËµZ x r U �yZ�[ u bzZW Z ¬�U �,r^ZyZa_ U rÂi C ¬�S ¢ �w�§E z Ý
©D£ � ��è g	� ë� Î � � ¶XË u reZ�['� U bzbcZ�[ W>� ZabzbcZ u b�[ U [z[DZ���\^� q d bc_ U ]�_zZ¨[Oi�â U bx dw]R_cbzZjZarer^Z W \|ùh¾ZabzZ W Zjr U �yZ�[ u bzZ W Z ¢ r U ]	ÙXZa_ U rÂi#§ u \�] � Z�[D_4§ u Z W Z � �w¦£µÅn4����¶µiý ] x d ]@[8_ U _zZX§ u Z�reZ xaU r xOu r W Ziz Ý�©D£ q d u b u ]Ï[ q \e]É�µg W Z�r �cYZa_ U _ � d ] W�U �yZa]�_ U r W ZX£D£ª¤'¥ÊZ�[8_ q r u [q bcd x�� Z W Z�[Í�yZ�[ u bzZ¨[BZ vRq©YZabz\^�yZa]�_ U r^Z�[Oi ¬4� Z�[8_ u ] U bz` u �yZa]�_ W Z q r u [ÍZa] �ÂU ËµZ u b W Z�r ��U [z[8\^` ] U _z\^d ]W>�àu ]Ì[ q \^]M�ÖgG¾U r �cYZa_ U _ � d ] W�U �yZa]�_ U r W Zk£D£z¤�¥8i
� s^] Ä�5�C%=#7²ò'òk?«=,0�CG37Å"5Î�Ï�Í=#7BE4<�_45��å5ÊE²0

À \,dw]X[8d �Ä�yZ²reZ�[�b U�q,q d bz_�[ W>� Za�X�,b U ] x�� Za��Z�]�_ W Z�[�_zb U ]#[8\^_z\^d ]#[�f�� q#U bc_z\ x�u reZ�[ xª�#U bc` YZaZ�[�\ W Za]�_z\ú�
{ YZaZ¨[ÍZ v�qtYZabz\^�yZa]µ_ U reZo��Z�]R_ � Ëµd \^bÍ_ U �,r^Z U�uÏ» Ú�ià� ��3>d ]Édw�,_z\^Za]�_ � �w��·emÕµG��·����B\ W Z¨[ WBYZ x bcd \�[z[ U ] x Z�[W ZX£D£z¤�¥8i ¬ Z q Za] W,U ]R_53>d ] UyW�YZo_zZabc�y\e] YZjr^Z)b U�q,q d bc_ WV� Za�X�,b U ] xª� Za�XZa]R_�_zdw_ U r W Z�[Í_cb U ]@[8\e_c\edw]#['fø�q#U bz_z\ xOu r^Z�[ x��#U bz` YZaZ�[²§ u \�Z¨[8_ W Z ¬U» � � âÕ� � � ��·�¦ µ¿è�·^mF�B\ � Ëµd \eb²r^Z q#U b U ` b U�q,� Zç�ki��´�ªi Á ]yZOùVZa_53 \er
],Z �ÂU�u _ q#U [²d u ��re\eZobÊreZ�[ q Za_c\e_zZ¨[ x d ]�_zbc\e� u _z\edw]#[ U ËµZ xBu ]yb U�q,q d bc_ W>� Za�X�,b U ] x�� Za��Zo]R_ ¬U» [ è�·��P\W dw]R_tdw]ÃZ�[D_z\e�ÄZÍr^Zlb U�q,q dwbz_ W>� Za�X�,b U ] xª� Za�XZa]�_4¾U � ¦�·��@µÅ��·��4�8\Äi

À \4d ]GbzZ q b YZ�[DZa]�_zZ1r U [8dw�y�yZ x bcd \�[z[ U ]R_cZ W Z¨[�b U�q,q d bz_�[ W>� Za�X�,b U ] xª� Za��Za]�_jZa] � dw] x _c\ed ] W Z
r �cYZa],Zabc` \^Z W ZB_zb U ]#[D\e_c\ed ] 3 d ]�dw�,_z\^Za]R_�reZ¨[ q d \^]R_�[�],dw\ebª[ W Ztr U {@` u bcZyÚ�i|�Öi ¬ Z�[ q d \^]R_�[Ê[8dw]R_ x d � q#U b YZ�[U ËµZ x r^Z�[ xoU r x�u rs[ WRu �yd W ¾ZareZÊZo] x d u#x�� Z�[>Za] u _z\^re\�[ U ]�_�r � \e]�_zZab U x _c\edw] W>� ý bc� U ] W � ¢ bcd� t] 3 W>�àu ],Z q#U bc_q d u b u ];[ q \^]
nwg W Zyr �zYZa_ U _ � d ] W�U �yZa]�_ U r W Z1£D£c¤'¥BZa] W \�[ x dw]R_c\e] u 3 W>��U�u _cbzZ q@U bz_ q d u b u ] [ q \^]



¢ ¬ d � q#U b U \s[8dw] W Z�[tb YZ�[ u re_ U _ª[BZ vRq©YZobz\e�ÄZa]R_ U�u,v�U ËµZ x reZ xaU r xOu r>Za]1�yd W ¾ZoreZ'Za] x d u#xª� Z�[ mwma¦

Expérimental

Calcul avec spin 3+

Expérimental

Calcul avec spin 3+

Calcul avec spin 4+

Energies des transitions protons (keV)
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�µgÃZo] x dw]R_c\e] u i ÁÊv�qtYZabz\^�yZa]�_ U reZa�XZa]µ_�3�],d u [«] ��U Ëµd ]#[ q,uyW \s[8_c\e],` u Zab©§ u Z W Z�[²_zb U ]#[D\e_z\^d ]#[ U ËµZ xBu ]
b U�q,q d bc_ W>� Za�X�,b U ] x�� Za��Zo]R_²[ u,q©YZabc\eZ u btd uæYZa` U rt¾U è�·��w�k\ � Ëµd \^bt_ U ��reZ U�uÃ» Ú�ià�n��i¹ dw] x'W,U ]#[«r^Z xaU [ WRuÈxaU r xOu rV[ u b�r U {#` u bzZ@Ú�i|�43�[DZ u rs[Êr^Z�[Êb U�q�q dwbz_�[ W>� Za�X�,b U ] xª� Za�XZa]�_ U�u � W Z�[c[ u [W Z4è�·�� �<\édw]R_ YZo_ YZ q bz\s[�Za] x dw� q _cZµi T Z�[Ê_zb U ]#[D\e_z\^d ]#[ xaU r xOu r YZoZ�[>_z\^Za],],Za]�_ x d � q _zZ W Zt_zd u [�r^Z�[�_D� q Z�[W Zj_zb U ]#[D\e_c\ed ] A,fø� q bzdw_zdw]R�ôÜÉËµZobª[t£zÝØ6åä�Za_tf��D� q ËµZobª[t£ ë 6ïJ

ý ] x d ]#[D_ U _cZt§ u ZÊr^Z xaU r xOu r q d u b u ]�[ q \e]j�µg)bcZ q bcd WRu \e_��,\^Za]'r U [Dd �y�ÄZ�_cd _ U reZ W Z�[>Zo���,b U ] xª� ZO�
�yZa]�_ª[ ¬U» � � â i TVU [8d �Ä�yZ'_zdw_ U reZ)_ �tYZadwbz\s§ u Z q d u b u ]É[ q \e]Ì�µgÒZ�[D_ W Z�� n<\ q#U b x d ]�_zbzZ q d u b u ]
[ q \e]Ìn gÉZarer^Z'] � Z�[8_4§ u Z W Zkn ¦�·��k\Äi



ma�wè T�� \e]�_zZab q b YZa_ U _c\ed ] W Z�[Bb YZ¨[ u r^_ U _�[

T���U rer u bzZj` YZo] YZab U reZ W Z�[ q d \^]R_�[}Z v�q©YZabc\e�yZo]R_ U�u,v YZ q d u [8Zk�y\eZ u�vXx Zarer^Z WRu¿xaU r xOu r q d u b u ]¿[ q \^]Ã�µgÊiÁ ]ÆZOùVZa_53�r^Z�[�[ U�u _ª[�Za];Za�X�,b U ] x�� Za��Zo]R_j[DZÌ[8\e_ u Za]�_ U�q,q bzd v \e� U _z\^ËµZa�yZ�]R_X¾U r U �Ï�Za�yZ YZa],Zobz` \^Zµi¬ d ]�_zb U \^bzZa�yZo]R_ U�u;xoU r x�u r q d u b u ]¼[ q \^];n g § u \h],Z�bcZ q bcd WRu \e_j],\²r U [Dd �y�ÄZ)_zdw_ U reZX],\²r ��U rer u bzZ
` YZo] YZab U reZXZ v�qtYZabz\^�yZa]µ_ U reZÖi ¬ Za_z_cZç{#` u bzZXZ�[D_ u ] U bc` u �yZo]R_ W Z q r u ['Za] �ÂU ËµZ u b WRu [ q \e]Ï� g q d u b
r �cYZa_ U _ � dw] W,U �ÄZa]R_ U r W Z £8£ ¤�¥8i

ý ] U �yd ]�_zb YZ q b YZ xVYZ W Za�y�XZa]µ_1§ u Z¼[8Z u r�[Mr^Z�[M],\^ËµZ U�u�v � g£ Za_¿n g Ý [8d ]�_ U re\^�yZa]�_ YZ�[ q@U bÉr UW�YZ x bzd \�[z[ U ] x Zjf¼[8\^� q reZ � [ U ]#[ YZa�y\�[z[D\ed ] W Z q#U bz_z\ xOu r^Z x��@U bz` YZaZ�� W Z £8£ ¤�¥8i ¹'U ]#[ x Z xoU [Br � \e]�_zZa]@[8\e_ YZW Z4r U b U \eZ4ÜÏ¾U mo���Ö� « J��éZ¨[8_ YZa` U reZ�¾U r � Zo���,b U ] xª� Za�XZ�]R_�_cd _ U r W Z¨[�_cb U ]#[8\^_z\edw]#[Êf � ÜX],d _ YZ ¬U» � �g2
¾U�q#U bc_z\eb W Z)£D£c¤'¥ � Ëµd \^bBr U {#` u bzZ&Ú�ià����i¬U» � �g2yZ�[D_ YZa` U r�¾U � n ��·��Ûµæ��·�¦��B\yi » r²Z�[8_ x dw� q#U _c\e�,r^Z U ËµZ x r � \e]�_zZa]#[D\e_ YZ W Z � �R�;·��7µæ¦�·�n��B\ W Zyr U
b U \eZ WBYZa_zZ x _ YZaZÈ¾U � �wn « J���i Á ]ÉZ�ù>Zo_�3 x Za_z_cZ)b U \eZ x d bzbcZ�[ q dw] W ¾U r U _zb U ]#[8\^_z\^d ]ÉÜ WRuÉq bzZo�y\eZab YZa_ U _
Z v�x \e_ YZjËµZabª[tr �cYZa_ U _ � dw] W,U �ÄZa]R_ U r W Z £D£ 6åä � Ëµd \eb4r U {#` u bcZ » Ú�i��µ�n��i ¬ d �y�ÄZ'reZ £8£ ÞÅß W�YZ x bzdw�ìe_�¾U
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@ ä è_éëêà=ìçàCá]í1îðïà=ègä0æ7ñ%ò|àCáðéRïàCóxä0æR4gö;õ_í]ì7öAé�æ�6ãòôáfæçègõaïà=ì7ögáfí0æ ñ/ò�à	ä�ïàCáeèMõ�öCõ�í1à *�Í�*

Calcul pour θCM=180˚

(1)  Jπ= 1/2-

Energie (keV)

dσ
/d

Ω
 (m

b/
sr

)

(2)  Jπ= 1/2+

Energie (keV)

dσ
/d

Ω
 (m

b/
sr

)

(3)  Jπ= 3/2-

Energie (keV)

dσ
/d

Ω
 (m

b/
sr

)

(4)  Jπ= 3/2+

Energie (keV)

dσ
/d

Ω
 (m

b/
sr

)

(5)  Jπ= 5/2-

Energie (keV)

dσ
/d

Ω
 (m

b/
sr

)

(6)  Jπ= 5/2+

Energie (keV)

dσ
/d

Ω
 (m

b/
sr

)

bdcfehg�U�ü«ã/i � pr&y-�;}µ{^t	{`�H� m t	} m �H}�xOtHu�}[r m �=�|r "M÷�õ[��� £wt=y pr�y-�JuX}Rr � �Hu�sat	}�~_y-s/rW�|r�}�t�sat	{^u�~ m r��xO�H�|u%}�tlu pr2t m {V~f�Hz KVIoB�]Nð tH½=r m �Jz�r`y�r��H}[r(u pr2y-�Hz�tHz m r�ý m {V~f½=r �ta�F� ® *7ù«ã	él.+0�1 �À� �Jz�r(}�tHuQ�|ro�|u�|r y ®²ã	,lY�0�1 rw{�xO�H�Ju��H~ � pr�uwr�z|{fy�y�xE~fz¢rw{�xOtHu�~[{ pr&y��düFr&y m t	} m �;}�yay-�HzJ{Mr[�`r m {V� pr&y�xO�H�|u(�|z�tHz	�	}[r�|r(�H~ ���	y-~f�Hz �t *�³7,hª �HtHz;y`}Rr m r�zJ{^uwr`�|r(sat=ywy�r��



*�ÍºT UIõ_í0ä1è_é�ò�óxí1æçègõ

Calcul pour θCM=150˚

(1)  Jπ= 1/2-

Energie (keV)

dσ
/d

Ω
 (m

b/
sr

)

(2)  Jπ= 1/2+

Energie (keV)

dσ
/d

Ω
 (m

b/
sr

)

(3)  Jπ= 3/2-

Energie (keV)

dσ
/d

Ω
 (m

b/
sr

)

(4)  Jπ= 3/2+

Energie (keV)

dσ
/d

Ω
 (m

b/
sr

)

(5)  Jπ= 5/2-

Energie (keV)

dσ
/d

Ω
 (m

b/
sr

)

(6)  Jπ= 5/2+

Energie (keV)

dσ
/d

Ω
 (m

b/
sr

)

bdcfehg�U�ü«é/i � pr&y-�;}µ{^t	{`�H� m t	} m �H}�xOtHu�}[r m �=�|r "M÷�õ[��� £wt=y pr�y-�JuX}Rr � �Hu�sat	}�~_y-s/rW�|r�}�t�sat	{^u�~ m r��xO�H�|u%}�tlu pr2t m {V~f�Hz KVIoB�]Nð tH½=r m �Jz�r`y�r��H}[r(u pr2y-�Hz�tHz m r�ý m {V~f½=r �ta�F� ® *7ù«ã	él.+0�1 �À� �Jz�r(}�tHuQ�|ro�|u�|r y ®�ã	,#Y�0�1 rw{ÀxO�H�JuM�H~ � pr�uwr�z|{fy�y�xE~fzHyarw{ÀxOtHu�~[{ pr2y���üFr&y m t	} m �H}�y`y-�Hz|{hrR�`r m {^� pr&y�x��H�JuM�Jz�tHz	�	}[r�|r(�H~ ���	y-~f�Hz �t *�ã7,hª �HtHz;y`}Rr m r�zJ{^uwr`�|r(sat=ywy�r��



@ ä è_éëêà=ìçàCá]í1îðïà=ègä0æ7ñ%ò|àCáðéRïàCóxä0æR4gö;õ_í]ì7öAé�æ�6ãòôáfæçègõaïà=ì7ögáfí0æ ñ/ò�à	ä�ïàCáeèMõ�öCõ�í1à *�ÍHS

Calcul pour θCM=120˚

(1)  Jπ= 1/2-

Energie (keV)

dσ
/d

Ω
 (m

b/
sr

)

(2)  Jπ= 1/2+

Energie (keV)

dσ
/d

Ω
 (m

b/
sr

)

(3)  Jπ= 3/2-

Energie (keV)

dσ
/d

Ω
 (m

b/
sr

)

(4)  Jπ= 3/2+

Energie (keV)

dσ
/d

Ω
 (m

b/
sr

)

(5)  Jπ= 5/2-

Energie (keV)

dσ
/d

Ω
 (m

b/
sr

)

(6)  Jπ= 5/2+

Energie (keV)

dσ
/d

Ω
 (m

b/
sr

)

bdcfehg�U�ü_Üai � pr&y-�;}µ{^t	{`�H� m t	} m �H}�xOtHu�}[r m �=�|r "M÷�õ[��� £wt=y pr�y-�JuX}Rr � �Hu�sat	}�~_y-s/rW�|r�}�t�sat	{^u�~ m r��xO�H�|u%}�tlu pr2t m {V~f�Hz KVIoB�]Nð tH½=r m �Jz�r`y�r��H}[r(u pr2y-�Hz�tHz m r�ý m {V~f½=r �ta�F� ® *7ù«ã	él.+0�1 �À� �Jz�r(}�tHuQ�|ro�|u�|r y ®�ã	,#Y�0�1 rw{ÀxO�H�JuM�H~ � pr�uwr�z|{fy�y�xE~fzHyarw{ÀxOtHu�~[{ pr2y���üFr&y m t	} m �H}�y`y-�Hz|{hrR�`r m {^� pr&y�x��H�JuM�Jz�tHz	�	}[r�|r(�H~ ���	y-~f�Hz �t *�T7,hª �HtHz;y`}Rr m r�zJ{^uwr`�|r(sat=ywy�r��



*�Í7Í UIõ_í0ä1è_é�ò�óxí1æçègõ

Calcul pour θCM=90˚

(1)  Jπ= 1/2-

Energie (keV)

dσ
/d

Ω
 (m

b/
sr

)

(2)  Jπ= 1/2+

Energie (keV)

dσ
/d

Ω
 (m

b/
sr

)

(3)  Jπ= 3/2-

Energie (keV)

dσ
/d

Ω
 (m

b/
sr

)

(4)  Jπ= 3/2+

Energie (keV)

dσ
/d

Ω
 (m

b/
sr

)

(5)  Jπ= 5/2-

Energie (keV)

dσ
/d

Ω
 (m

b/
sr

)

(6)  Jπ= 5/2+

Energie (keV)

dσ
/d

Ω
 (m

b/
sr

)

bdcfehg�U�ü«³/i � pr&y-�;}µ{^t	{`�H� m t	} m �H}�xOtHu�}[r m �=�|r "M÷�õ[��� £wt=y pr�y-�JuX}Rr � �Hu�sat	}�~_y-s/rW�|r�}�t�sat	{^u�~ m r��xO�H�|u%}�tlu pr2t m {V~f�Hz KVIoB�]Nð tH½=r m �Jz�r`y�r��H}[r(u pr2y-�Hz�tHz m r�ý m {V~f½=r �ta�F� ® *7ù«ã	él.+0�1 �À� �Jz�r(}�tHuQ�|ro�|u�|r y ®�ã	,#Y�0�1 rw{ÀxO�H�JuM�H~ � pr�uwr�z|{fy�y�xE~fzHyarw{ÀxOtHu�~[{ pr2y���üFr&y m t	} m �H}�y`y-�Hz|{hrR�`r m {^� pr&y�x��H�JuM�Jz�tHz	�	}[r�|r(�H~ ���	y-~f�Hz �t Ø	,%ª �HtHz;y(}[r m r�zJ{^uwr(�|r(sat=ywy�r��



@ ä è_éëêà=ìçàCá]í1îðïà=ègä0æ7ñ%ò|àCáðéRïàCóxä0æR4gö;õ_í]ì7öAé�æ�6ãòôáfæçègõaïà=ì7ögáfí0æ ñ/ò�à	ä�ïàCáeèMõ�öCõ�í1à *�ÍHã
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d’entrée

69 cm 11 cm

Usine à gaz

Fenetre
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Télescope (Si)Chambre à réactionPPAC

Ion
incident
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sur 10000 événements simulés

Angle de diffusion du noyau incident dans le CM (˚)
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Largeur de la distribution en énergie du faisceau incident (%)
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bdcfehg�U2U&U�ü_Ü`i ��t#}�tHuQ�Jr��|ua�H�/xE~ m �|rWu pr&y-�Hz�tHz m rX�HtHz;ya}[rXu pr ��prouor�z|{V~Qrw}��H��}�tH£w�Hu2t	{^�H~fuwr�r�z � �Hz m {^~f�Hz�|rl}�t�}ÛtHuQ�|r��Ju\uwrw}�t	{V~f½=rN�|r#}ÛtC�H~_y�{Vu�~f£��;{V~f�Hz�r�z pr�zZr�uQ�H~QrN�H� � tH~_y m r2tH�¢~fz m ~f�|roz|{¡�%��r&y�x��H~fzJ{�y#y-�HzJ{}[rWu pr&y-�H}«{Vt	{M�|r(}�tvy-~fsa�H}�t	{^~f�Hz��À� �Jz�rWu pr&y-�Hz�tHz m r �t *	ùµé5.+0�1 �À� �|zZra}�tHuQ�Jr��|ua�|r ã	,lY�0�1 �HtHz;yW}[rm r�z|{Vuorq�|r�sat=ywy�rFxO�H�|u?}[r%yGÛ¥y�{ �r�s/r KVI�B¢]!ð ���<t m �H�|u�£�r�roz m �Hz|{V~fz��luor^xEu pr&y�r�zJ{¡r�}&� t¡ -�ºy�{�r�s/r�zJ{?�|r&yu pr&y-�;}µ{^t	{fy��|rMy-~fsa�;}�t	{V~f�Hz/xOtHuM�Jz/x��	}
Û	zNM�Hs/r(�|rq�|r»�Hu prLO��

á��0ïà=ì ö;ä&�gæçí�ü/ßëöM4gö;ä1æ7ö;í1æçègõ�é�àðìV�1ïà=ì ö;ä2�Mæ7á1áfà=åbà=õ�í�é�òAâ|æ7óRáfò|äRóxàTé�ègå�ö;æBõ|àðé_àðì7ö;ä2�Mà=ò�ä4à�õAé�æ7áeí0ä0æBû|ò�÷í1æçèMõ�â�à=ò|ía
à=í1ä0à�ö��0òôáfí�ïà�à�âôö;äTò|õ�âVègìçù_õ�
èMåbà�é�ò é_à=ò|ú_æ�êà=å�àTé_à��Mä�ïà%ü
ý�öCä�óxèMõ_í0ä1àÙáfæ3ègõ¯áfæçåAò|ìBà�ò�õÀâ|æ óÙé�àÙâ�à=í0æBí0àÙì ö;ä&�gà=ò|ä	ìBàAóxèMåbâVègä0í1à=å�à=õ_í]àCáeí�í0ä�êàþá	é�æ_6�ïà=ä1à=õ_í=üý�öCä]à=ú_à=å�â�ìçà � ì öq�Z�gò|ä0à`U2U&U�ü«³	å�ègõ�í1ä0àðìV�0ïà�4%ègìçò|í1æçèMõAéE�}ò|õAâ|æ7óTé�à	ä�ïàCáfègõ�ö;õôóxà�é�àTì7öCä&�Mà�ò|äbïà�� ö;ìBàêö#ãlY�0�1�à�õ\ÿ.èMõ�óxí1æçègõ¯é�àÙì7ö�ì ö;ä2�Mà=ò|ä�é�àÙì7ö�é_æ7áfí1ä0æBû|ò|í0æBèMõ à=õ�ïà�õ|à=ä&�gæçà�é�ò\ÿ�ö;æ á0óxàCöCò æçõ�ó�æ7é�à=õ_í� �x� îJ�0ü¤ õ[óxèMõôáfí�öCí0à�ñ/ò|à�â|ìBò�áP� �x� î��]öCò��Måbà=õ�í1à	â|ìBò�á]ìçà	â�æ7ó�é�à�ä�ïàCáeèMõ�öCõ�óxà�áfà�é]ïàxÿ.ègä0å�à%ü
�3à=í�à�6ëà=í�àCáeí�à=ú�â�ìçæ7ó�ö;û|ìBàÙâ�ö;ä�ìçàÙÿ�ö;æBí�ñ/ò|àAì7ö�â�à=ä1í0àbé��1ïà=õ�à=ä&�gæçàAé�àCá	â|ä1èMí1èMõ�á�àCáeí�áfà=õ�áeæçû|ìBà[êöìV�0ïà=õ|à�ä&�MæBà�æBõ|æçí1æ7öCìçà�é�ò�õ|èCù_öCò æBõ�óxæ é�à=õ_í=üJ
	ö;õôá õ|ègí0ä1à�à�ú�à=åbâ|ìçà � ò|õ|à�ì7öCä&�Mà�ò|äTé�à�é�æ7áeí0ä1æçû|ò|í1æçègõà=õ ïà�õ|à=ä&�gæçàRæçõ�óxæ é�à=õ_í0àØé�à`*�,YðLé�ègõ|õ|à'é�àCá à=ú_í0ä�
à=å�àCá3êö ��� î�� ¡ � î�®²*�ÍHTJù«ã�.+0�1aà=í ��� î�� ¡�� Ð ®*-ã;ÜHùµã�.+0�1Ùü©��õ|àAí0à=ìBìçàAé�æ�6'ïà�ä0à=õ�ó�à�à=õ ïà=õ|à=ä2�MæçàÙà�õ��Mà=õôé�ä0à�ò�õ|à�é�æ�6'ïà�ä0à=õ�ó�à�é�àAâ�öCä�óxègò|ä�á�à=íé�ègõ�ó ò�õ|à é�æ�6'ïà=ä0à=õôóxà[é�à\â�à=ä1í0à[é��1ïà�õ|à=ä&�gæçà[é�àCáÙâ|ä1èMí0ègõ�á�é|öCõ�á�ìBà å ïà=í0î�öCõ|à[é�à\ìV�}ègä�é�ä1à\é_àÍº,	,WY�0�1Ùü
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bdcfehgºU&U&U�üµ³:i üFrw{»{¡rFy-~fsa�H}�t	{V~f�Hz#sa�Hz|{Vuord}&� pr�½��	}Û�;{V~f�Hzl�|rF}�t � �Hu�s/r:�À� �JzqxE~ m �|r?u pr&y-�Hz�tHz m r�ýdz#�À� �Jz�r}�tHu»�|r��Ju��|r ã!Y�0�1 r�z � �Hz m {^~f�Hz��|r � ��� îJ� }Ût´}ÛtHuQ�|r��Ju`�|r`}�tl�H~_y�{^u�~f£��H{^~f�Hz�roz pr�z�r�u»�H~Qr(�H� � tH~_y m r2tH�~fz m ~f�|roz|{¡�

Å ögóOîôö;õ_íðñ%ò|à�ì ö�ì ö;ä&�gà=ò|äRé�ò�â�æ7óTé�à	ä�ïàþáfèMõôö;õ�óxà�é|ö;õ�á3ìçàTì7öCûVègä�öCí0èMæBä0à�é�à�4_ä�öCæçíM
à=í1ä0à'é�à�ìV�}ègä�é�ä1àé�à�T	,(Y�0�1 � ì7ö�é�æ�6'ïà=ä0à=õôóxàðà=õAâVà�ä0í0à'é��1ïà=õ|à=ä2�MæçàTé_ò�â|ä0ègí0ègõ�àCáfídT7,�ÿ.èMæ á4â|ìBò�á�æçå�â�ègä0í�öCõ�í1à%ü|�3à=íà�6ëà=íTéRïà��MämöMé�à�í0èMímö;ìBà=å�à=õ_í3ì7ö�ä�ïàþáfèMìBò|í0æBèMõ[é�ò[â|æ7ó	é_à�ä�ïàCáfègõ�ö;õôóxà%ü

ä öCæçõ_í0à=õ�öCõ�íTáeæ ègõvïà=í1ò�é�æBà�ó�à=í�à�6ãà�íðà=õ ÿ.ègõ�óxí0æBèMõ�é�à�ìV�0ïà=õ|à�ä&�MæBà�é�à�ì7öÙä|ïàCáeèMõ�öCõ�óxà�ègõ\ègû|í0æBà=õ�íì öj�Z�Mò�ä0à�U&U&U�üµØ�â�èMò|äRì7ö�ì ö;ä&�gà=ò|äRé�àTé�æ áfí1ä0æçû�ò|í0æBèMõÙà=õ ïà=õ|à=ä2�MæBà]å�öCú�æBå�ö;ìBà]é_à`*�, ðbü ¤ õÙä0à�4_æçà=õ_íêöÙò|õ|à�ì7öCä&�gà=ò|äTé�à�ä�ïàþáfèMõôö;õ�óxà�é�à(ã	,WY�0�1�é|ö;õôá ìBà�� ä ü
¤ õÇä0à�å�ö;ämñ/ò|à[ñ%ò|à â|ìBò�á�ì^�1ïà=õ|à=ä2�MæBà\é_à ì7öÀä�ïàCáfègõ�ö;õ�ó�à¸öCò��Må�à�õ�í1à â�ìçò�á�ì7ö¯ì7ö;ä2�Mà=ò�ä�é�òÇâ|æ óé�æBå�æçõ_ò|à%ü Å æëì^�1ïà�õ|à=ä&�gæçàTé�à'ì7ö�ä�ïàCáfègõ�ö;õôóxà�ö;ò��gå�à=õ_í0à � ìV�1ïà=õ�à=ä&�gæçà'é�àCá4â�ä0èMí1èMõ�áðöCò��Måbà=õ�í1à	öCò�á0áeæé�ègõ�ó�ì7ö é�æ�6'ïà=ä0à=õôóxà�é�à�â�à=ä0í1à�é��1ïà=õ|à=ä2�Mæçàbà=õ�í1ä0à�é_à=ò|ú¸â|ä1èMí1èMõ�á[êö\î�ö;ò�í0àaïà=õ|à=ä2�MæBà�áfà�ä�ïàþé�ò|æçíé��pèëêò\ò|õ|à�ä�ïàCé�ò�óxí1æçègõ\é_à�ì ö�ì7öCä&�Mà�ò|ä	é_à�ì ö�ä�ïàCáeèMõ�öCõ�óxà%ü�3à=â�à=õôé|ö;õ_í � èMõ á0öCæçí�ñ/ò|àÙâ�ìçò�á	ì^�1ïà=õ|à=ä2�MæBàÙé�àAì7ö�ä�ïàþáfèMõôö;õ�óxàbö;òO�Må�à=õ_í0àÙâ�ìçò�á	ì7ö�ä�ïàCöMóxí1æçègõ¸áeà
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Simulation avec une largeur de distribution du faisceau de 10%

Energie de la résonance dans le CM (MeV)
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bdcfehgZU2U&U�ü«ØMilk ~fsa�H}�t	{^~f�Hz��|r�}&� ~fzRQj��r�z m ra�À� �Jz�rM}ÛtHuQ�|r��Ju`�|r`�H~_y�{Vu�~f£-�;{V~f�Hz\�H� � tH~_y m r2tH�l~fz m ~f�|r�zJ{?�|r*�,Yð roz � �Hz m {V~f�Hz#�|r?}&� proz�r�uQ�º~QrM�|r:}�t�u pr&y-�Hz�tHz m r-��üFrw{Q{�r?y-~fsa�;}Ût	{^~f�Hzvr2y�{èr[�`r m {^� prwr�x��H�Juè}RrFyGÛ¥y�{ �r�s/rKVIoB ]�ð tH½=r m �|z�tHz	�	}[r!�|r��H~ ���ºy-~f�Hz��|r *-³	,hª �HtHz;yW}[r´ü°ý¢��S?z¢uwr^xEu pr2y�r�z|{�ra}�tv}ÛtHuQ�|r��Jua�H�/xE~ m�HtHz;y%}[rju pr ��prouor�z|{V~Qrw}E�H��}�tH£w�Hu2t	{^�H~fuwrhr�z � �Hz m {V~f�Hzv�|rd}&� pr�zZr�uQ�H~Qr��|r?}Ûtau pr&y-�HzOtHz m r��HtHz;y?}[r(ü°ýÁ� ´ r��	�t¡ -�	y�{¡r�s/roz|{�y��Hz|{ prw{ pr�rR�`r m {^� pr&y����:z m �Hz|{V~fz���xOtHuh�Jz�r � �Hz m {^~f�Hzax��	}
Û	z��Hsa~ft	}[rq�H�#�|r��	�7~ �r�s/r(�|r»�Hu prrw{%r�z��H~_y m �Hz|{V~fz��XxOtHu`�|zZr(�Hu&�H~[{�r��

â|ä1è_é�ò|æBí]â|ìBò�á4ìBèMæçõbé�ègõ�ó�ìçàþá â�ä0èMí1èMõ�áðé_èMæ[4%à�õ�í3í0ämö�4%à=ä�áeà=ä�ò|õ|à'â|ìçò�á��Mämö;õ�é�à�é�æ7áeí�ö;õôóxà�à�íðé|öCõ�áóxà�ó=ögá � ì öÙé�æ_6'ïà=ä1à=õ�óxà	à�õ â�à=ä1í0à�é��1ïà=õ|à=ä2�Mæçà�é�à�4_ä�ö;æBíTö;ò��gå�à=õ_í0à=ä�üÅ ò�ä�ìçàbé�ègå�ö;æBõ|à�à�õ�ïà=õ|à=ä2�MæBà�ñ%ò|àAì^�}ègõÐö\áeæçåAò|ì�ïà � óxà�í�à�6ãà�íÙóxègå�å�à=õ�ó�à�êö öCâ|â�öCä�ö=
>Bí0ä1à#4%à=ä�áã�ËWé�.+0�1ÇèëêòAì7ö	é�æBå�æçõ_ò|í1æçèMõ�é�àRì7ö�ì ö;ä2�Mà=ò|äKõ��}àCáeí âôöMá�öCò�á0áeæVämö;æ é�àðñ%ò��7êöTâ|ìçò�á!û�öMá1áfà�ïà=õ|à�ä&�MæBà%ü
T�ü.-�/10�243 /45'3764378:9TA�3 /PU3,HV<W3*6+XY3�/IHV<�Z3�3

	öCõ�á\ó�à¸ó=ögá�í0àCáeí\èMõaò|í1æçìçæ áfà ò|õ�à½ÿ.à=õ�
à=í0ä1àÀà=õ âgö;â|í1èMõ '�é�à=õ�áeæçí�ïàC® *7ù�ÍºS ÓZøÔ"VÌ É 3bé��}ò|õ�àïà=âôö;æ7á1áfà=ò�ä3é�à`*�SBÖ�Ì½üº@ õbóxègå�â�ö;ämö;õ_í�ì7öTì7ö;ä2�Mà=ò�ä�èMû|í1à=õ_ò|àðà=õÙæçõ_í0ä1è_é�ò|æ á0ö;õ_í3ìçàØáfí0ämö=�7�MìçæBõ���à�õïà=õ�à=ä&�gæçà	à=íRà=õ[ö;õ��gìçà�é�
òÐêö�ì ö�ÿ.à=õ�
à=í1ä0à�éE�}à=õ_í0ä�ïà=à�âôö;äðä�öCâ|â�èMä1íÙêöÙóxà�ìçìçà'á0öCõ�áTö;ò�óxò�õ\áeí0ämö=�	�gìçæBõ��ègõ�ègû|í0æBà=õ_íÙò|õ¶ïà=ì7öCä&�Mæ á0áeà=å�à=õ_í�é�à�ì^�pèMämé�ä0à�é_à�*lYZ0=1ªé�ö;õ�á�ìBà ä�ïàxÿgïà=ä1à=õ�í1æçà=ì é�òÐì7ö;û�ègä�ö;í1èMæBä0à'�,Jù«SMYZ0=1 é|ö;õ�á�ìBàM� ä 3mü;�3à�í0í0à?4göCìçà=ò|äKàCáfí�õØïà��MìBæ[�Màþö;û|ìBà]â�öCä4ämö;â|â�ègä0íRö;ò|ú�û�ö;ä1ä0àCá3é��pà=ä0ä1à=ò|ämáxü

S�ü.-�/10�243 /45'37642[E\H]<]9 =^=?8FD:/#=�649�/4E_8:3`=?9�a
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bdcfehg%U2U&U�ü[*-,5i k ~fsa�;}Ût	{^~f�Hz+�|rA}&� ~fzRQ%��r�z m r5�H�¿y�{Vu&t����7}�~fz	��r�z pr�z�r�u»�H~Qr¢rw{#r�z�tHz	�	}[rÁ�bM��tH�¢�Ht=û
�|r B(ß Þ tH½=r m �|z�r`xEuwr&ywy-~f�Hz pr»�Ht	}[r �t *!õ,&3Ì r�z � �Hz m {^~f�HzÎ�|ra}&� pr�z�rouQ�H~Qr´�|ra}�t�u pr&y-�HzOtHz m r��%üFrw{»{¡ry-~fsa�H}�t	{^~f�Hz¢r&y�{Mr[�`r m {^� prwrMxO�H�|u`}[r`yGÛ¥y�{ �r�s/r KVI�B�]�ð tH½=r m �|z�tHz	�	}Rr#�|r(�H~ ���	y-~f�Hz��|r *-³	,hª �HtHz;y}[rAü°ý¢�.S?zÎuor^xEu pr&y�r�z|{�r#}Ût5}�tHu»�|r��Ju#�H�\xE~ m �HtHz;y#}Rrlu pr ��pr�uoroz|{^~Qr�}?�H��}�tH£w�Hu2t	{^�H~fuwr#r�z � �Hz m {V~f�Hz§�|r}&� pr�zZr�uQ�H~Qr��|r`}�tlu pr&y-�Hz�tHz m r��HtHz;y(}[rWü°ý¢� ´ r��	�lt¡ -�	y�{¡ros/r�z|{fyW�Hz|{ prw{ prWr[�`r m {V� pr&y��À�:z m �Hz|{V~fz��/xOtHu�Jz�r(�Hu&�H~[{�r�rw{%r�z��H~_y m �Hz|{^~fzO�XxOtHuM�Jz�r � �Hz m {V~f�Hz´xO�	}UÛ7z��Hsa~ft	}[r(�H�l�|r��	�7~ �r�s/r��|r»�Hu pr��

¤ õÙæçõ_í0ä1è_é�ò|æBí�ìçàTáeí0ä�ö��	�gìçæçõO��à�õÐïà=õ|à=ä2�MæçàRà=í�à=õAöCõ��MìBàTé�
ò
ö;òa�%ö�Ý�â�ègò|ä3ìçàðõ|èCù_ö;òÙæBõ�óxæ é�à=õ_íèKVIoBå�öCæ7á3ö;òôá0áfæ#â�ègò|äðìçàCá3â|ä0ègí0ègõ�á�é_à	ä0àCó�ò|ì�ü|ßëö�ì7öCä&�gà=ò|äðé_ò â�æ7ó	é�à'ä|ïàCáeèMõ�öCõ�óxà	õ�� ö;ò��gå�à=õ_í0à'ñ/ò�àé�à(TWY�0�1�áfæ!èMõ[æçõ_í0ä0è_é_ò|æçíðìBà�áeí0ämö=�	�gìçæBõ���é�
ò¯ö;òN�%ö�Ý�áeò|äTìçàaKVIoBÙü�ýKö;äTóxègõ�í1ä0à � ìBà�áeí0ämö=�	�gìçæBõ��é�
ò¸öCò�� ö=ÝAáeò|ä	ìçàþá�â|ä0ègí0ègõ�á�ö;ò��gå�à=õ_í0à�é�àWS	ãlY�0�1¶é�ö;õ�á	ìçà�ä�ïàxÿ;ïà�ä0à=õ_í0æBà=ì#é�ò ì ö;û�èMämö;í1èMæçä1à�ó�àñ%ò|æ!óxègä0ä0àþáfâ�èMõ�é êöaT	,Yð é_à�â�ìçò�á]â�öCä�ämö;â|â�ègä0íAêö�ì ö�4MöCìçà=ò�äðæçõ|æBí0æ7öCìçà%ü
ý ègò|ä ïà=í0ò�é_æçà=ä�óxà=íÙà�6ëà=íÙà=õ¸ÿ.ègõ�óxí0æBèMõ é�à�ì^�1ïà�õ|à=ä&�gæçà�é_àCá�â|ä0ègí0ègõ�á�é�ègõ�ó\é�à�ìV�0ïà=õ|à�ä&�MæBà�é_à\ì7öä�ïàCáfègõ�ö;õ�ó�à � èMõ�ä�ïàCö;ìBæ7áfà â�ìçò�áeæçà=ò|ämá�áfæçåAò|ì ö;í0æBèMõ�á�êö�é_æ_6'ïà=ä0à�õ�í1àCáÇïà=õ|à=ä2�Mæçàþá�é|ö;õôá ìçà¹� ä ü	ßëö�Z�gò|ä0à�U&U2U�ü[*�,Tä0à=â|ä�ïàCáfà�õ�í1àðì^�1ïà�ì7ö;ä2�Mæ á0áfà�å�à=õ_í#é�òAâ|æ7óðé_à�ä�ïàCáfègõ�ö;õ�ó�à	é�
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Simulation avec une résolution en énergie du détecteur de 2%

Energie de la résonance dans le CM (MeV)
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Simulation avec une distribution angulaire isotrope

Energie de la résonance dans le CM (MeV)
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Simulation avec tous les effets à 180˚ dans le CM

Energie de la résonance dans le CM (MeV)
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(A)

∆Ep dans les détcteurs (keV)
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Energie incidente (MeV)
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∆Ep dans les détcteurs (keV)
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Energie incidente (MeV)
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 ∆Ep dans le gaz = P1 + P2 × Einc

P1=5951.2-0.23 X-4.7e-6 X2

Energie dans les détecteurs (keV)
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P2=-37.2+1.5e-3 X-2.9 X2

Energie dans les détecteurs (keV)
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(A)

∆Ep dans les détcteurs (keV)

(B)

(C)

∆Ep corrigé par ∆Ep dans le gaz (keV)

(D)
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(B)  coeff. de soustrac. = 0.9
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Rapport (surf. pic 1 / surf. pic 3)

Rapport (surf. pic 2 / surf. pic 3)
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Simulation 12C + p

pic 1: ER = 1.5 MeV

pic 2: ER = 3 MeV

pic 3: ER = 4.5 MeV

pic 4: ER = 6 MeV(A)
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Rapport (surf. pic 1 / surf. pic 3)

Rapport (surf. pic 2 / surf. pic 3)

Rapport (surf. pic 4 / surf. pic 3)
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Calcul à 180˚ dans le CM

Energie totale dans le CM (MeV)
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Simulation Monte Carlo
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24Mg + p

Energie totale dans les Si (MeV)
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(B)  coeff. de soustrac. = 1.65

Energie totale dans les Si (MeV)
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(C)  coeff. de soustrac. = 0.78

Energie totale dans les Si (MeV)
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24Mg + p

Calcul à 180˚ dans le CM

Energie totale dans le CM (MeV)
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Simulation Monte Carlo
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(B) coeff. de soustrac. = 1.62
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(C) coeff. de soustrac. = 0.67
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é�èMå�öCæçõ|àTé_à`D?@3áfæçìBæu�B�d*	'^TH3d'-ä�öCõ��Mà�é�òlD�¨q�¿*�,	,�õôáo3�ü�ßëö
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bdcfehgYÚÙüµT:iWk xZr m {Vuor:uorVxEu pr&y�roz|{^tHzJ{�}&� pr�z�rouQ�H~Qr��HtHz;y:}[r�� prw{¡r m {¡r��Juj�6þ�roz � �Hz m {^~f�Hz!�|r?}&� pr�z�rouQ�H~Qr��HtHz;y}[rW� pr�{¡r m {�r��JuX��y-~[}�~Q�À�©r m �HzJ{^�H�Juauor^xEu pr&y�r�zJ{¡ra}Ût\}�~«�Hz�r!�|r&y`xEu2�	{^�Hz;yw�d}[rXu&�Hz��Nz��H~fu/r&y�{%}[rMxO�H~fz|{%�|ruoro£�u&�H�	ywy�r�s/r�z|{ m t	} m �H} pr%x�tHu%}[r?xEu&�w�Hu2tHsas/rj�?ß k �ÎþQ�°ß k �#�(tH½=r m }[r&y({VtH£�}[r&yX�|rÇà��pá:�Tâ©~Qr»�	}Rr�u¥�

é�æ�6'ïà�ä0à=õ�ó�à�à�õ�í1ä0à�ìBàCáTé�à=ò|ú�â�öCä�ö;å�êà=í0ä1àCáhD?@3áeæçìçæ �B�F*�à=í�D?@4áeæçìBæu�B��T�àþáfí	ìBà�ä�ö-�0èMò|í�éE�}ò|õ[ä0à=ímö;ä�é é_àñ%ò|à=ì7ñ%ò|àCád÷�L�ì^�}ò�õ�â�ö;äTä�öCâ|â�èMä1íÙêö�ìV�sö;ò�í0ä0à'âVègò|äTõ|à�â�öMáðä�öCí0à=äTé�àþá�ïà�4Rïà�õ|à=å�à=õ_í�áKñ/ò|æëâ�èMò|ä1ä�ö;æBà=õ_í	áeàä0à�í0ä0ègò�4%à=äRà=õN,�ü
Å æ3èMõÐó�èMõ�é�æBí0æBèMõ|õ|àAì7ö/�Z�gò|ä0àãÚÙüÇÍ âôö;ä�ìBàAóxèMõ_í0ègò|ä�â�ä0èMí1èMõÐé_à�ì ö!���Mò|ä1à�ÚÙü«Tbé|ö;õ�á�ìçàCñ%ò|à=ìKèMõâ�èMò|ä1ä�öCæçíbïà-�%ö;ìBà=å�à=õ_í!í0ä0ègò�4%à=äRé�àCá3óxègõ�ímö;å�æBõ�ö;õ_í�á!èMõ�ègû|í0æBà=õ�í3ì ö����Mò|ä1àBÚÙü«ã_ü ¤ õ�óxègõ�áfímö;í0à'ñ%ò��sö�4%àCóìçàþáãâ�ö;ämö;å�êà=í1ä0àCáED?@3áfæçìBæu�B�d*	'^TH3�èMõ�âVà�ò|í�á_ïà=ìçàþóxí0æBèMõ|õ|à�äãà=õ_í0ä1à4ìBàCá#é�æ áfí0ä1æçû|ò�í0æçègõ�á#é�àCáãâ�ä0èMí1èMõ�áKé�æ_6ëò�á_ïàCá'-ìBàCá]ìçæR�Mõ|àþá]óxègõ�í1æçõ_ò|àCáo33à�íðìçàCáRö;ò|í1ä0àCáTóxèMõ_í0ä1æçû|ò�í0æçègõ�áxü
� æçõôö;ìçà�å�à=õ_í � èMõ¯óxègõ�áfí1ä0ò|æBí	ìçà�áeâVàþóxí0ä1àÙé��1ïà=õ|à=ä2�Mæçà�í1èMí�öCìçàAé�àþá â|ä1èMí1èMõ�á�ñ%ò|æ�á��söCä0ä�
à�í0à=õ_íðà=õ�@3áeæçìçæà=õbáfègå�å�ö;õ_í�ìV�0ïà=õ|à�ä&�MæBàðâ�à=ä�é�ò�à	é|öCõ�á?@?*�à=íd@3áfæBìçæ � à�õ�â|ä1à=õ�öCõ�íRà=õ�ó�èMå�â|í1àðì7ö�óxèMä1ä|ïà=ì ö;í0æBèMõbö�4%àCó]ò|õõ|èCù_ö;ò[é�àaK»Þ�áLà=íRà=õ[á�ïà=ìBàCóxí0æBèMõ|õôö;õ_íðìçàCáAïà�4Rïà�õ|à=å�à=õ_í�á�î|ègä�áTé�àCáðóxègõ�í1èMò|ämá�é_à�ì ö��Z�Mò�ä0à�Ú�ü�Í|ü¤ õ\õ|à�é�èMæBí	â�ögá�èMò|û�ìçæçà�äTé�àÙáeèMò�áeí0ä�öCæçä1àÙì7öAóxèMõ_í0ä1æçû|ò|í1æçègõ é�àCáðä�ïàþöMóxí1æçèMõôá	ö�4%àCó	ì7ö�ÿ.à=õÀ
à=í1ä0à�é��}à�õ�í1ä|ïà=àèMò[ö�4%àCó�ìBà�ó=öCä0û�èMõ|à�é�àaB(ß Þ ü�
'ö;õ�áTóxà�ó=ögá � ègõ ò�í0æçìBæ7áeà�ò|õ�à�â�ä0àCá1áfæçègõ[é�òl�%ö=ÝaB(á I é�àW*=Ü¥T�Ìlô�õ|ö%üß�à�ä�ïàCáeò|ìçímö;íTàCáfíðâ�ä|ïàCáeà=õ�í�ïà�áfò�ä�ì ö��Z�Mò|ä1àÇÚÙü«é_ü



�¿¨�õ�ö;ìBù|áeà�é�àCáðé�ègõ|õðïà=àCá *-Ø	Ø

13N 14O

THFPPAC (u.a.)

Es
ili

 (u
.a

.)

bdcfehg?ÚÙü«Sai¢k xZr m {VuorWuwr^xEu pr&y�r�z|{VtHz|{M}�t#xZr�uw{¡rW�À� proz�r�uQ�º~Qr#�HtHzHyW}[r!� prw{¡r m {¡r��Ju/��y-~[}�~hr�z � �Hz m {V~f�Hz¹�H�xOtHu&tHs �rw{Vuorg­�¯6á�È�È�ÿ(üF�(üFrA�|r�u�zO~Qr�u m �Hu�uor&y�xO�Hz���tH�C{�r�shx�y5�|rN½��	}M�|r2y/xOtHuw{^~ m �;}[r2y�~fz m ~f�|roz|{¡r2y -�	y-����� tH�¸� prw{�r m {�r��|uRÈ�È�ÿ(ü xOtHuÎu&t�xHxO�Huo{ �tÈ}�t¶¯qtH�;{�rAá�u pr2����r�z m r��|r&y m>°7m }��	{Vu&�Hz;y��gS:z ½-�H~[{t�xHxOtHu&tIM�[{Vuor��|r��	� m �	}��Hz�z�r&yw�(}�tlxZ}��ºy �t��Hu2�H~[{¡r!uorVxEu pr&y�roz|{¡rl}Rr&yaxOtHuo{V~ m �H}[r&yl} pr»� �r�uor2y m �Hu�u prw} prwr2yNtH½=r m
}[rqz�� ° tH�#�|r K»Þ á rw{�}Ût�xZ}��	y �t`�HtH� mon r m �Hu�uwr&y�xO�Hz���tH�	�MxOtHuw{^~ m �;}[r2yM} pr»� �r�uor&y�r�z m �Hu�u pr�}�t	{^~f�HzltH½=r m }[rz�� ° tH� m �HzJ{^tHsa~fz�tHzJ{ K É æ �

ßëö ó�èMò|ä1ûVà ä1à=â|ä�ïàCáfà=õ_í0à ìV�sö��0òôáfí0à�å�à=õ_íÙé�àCá�áeí0ä0òôóxí0ò|ä1àCá�èMû�áeà=ä&4Rïà=àCáAâ�ö;ä�ò|õ|à ÿ.èMõôóxí0æBèMõaóxègå�â�è%á_ïà�àé�à�é�à=ò|úl�%öCò�á0áeæçà=õ�õ|àCáxü��3àÙáeæçå�â�ìçà�ö��0òôáfí0à�å�à=õ_í]â�à=ä0åbà=íTé��}ègû|í0à�õ|æçä?�gä0è%á1áfæ�êà=ä0à=åbà=õ�íRì^�1ïà=õ|à=ä2�Mæçà�à=íTì7öì7öCä&�gà=ò|äTé�à�é�à=ò�ú�â|æ7ó�áxü
	öCõ�á	ìçà�ä�ïàxÿgïà=ä1à=õ�í1æçà=ì�é�ò ó�à=õ�í1ä0à�é�à�å�ögá0áeà�èMõ ègû|í0æBà=õ_í�ò|õ�àÐïà=õ|à=ä2�Mæçà�é�à#'»ÍHéHÜHù«,Çò+*-T|ù«³H3%Y�0�1¶ö�4%àCóò|õ|à�ì ö;ä&�gà=ò|ä
êö\å�æø÷�î�ö;ò�í0à=ò|ä�é�à�'2*	*�S7³|ùµé�ò+S7S|ùR*=3(Y�0�1 â�ègò|ä�ìBà�â|ä1à=å�æçà�ä	â|æ7óAà=í�ò|õ�àaïà�õ|à=ä&�gæçà�é_à'&*-S	S7T|ù«ã»ò�T|ù�Ü	3dY�0�1�ö�4%àCóðò|õ|à�ì7öCä&�Mà�ò|ä�êö�å�æ5÷�îôö;ò|í1à=ò|äðé_àa'^S7,=Í�ùµã»ò�*7*	ù�ÍJ3dY�0�1Lâ�èMò|äðìBà�é�à=ò|ú_æ�êà�å�àâ|æ óMü
�3àCá�4MöCìçà=ò�ä�á#áfègõ�íKóxègå�â�ö;ämö;û|ìBàCá#ö;ò�ú	å�àCáeò|ä0àCáëé�à?¶]à�õ|à=õ�áeèMõ�à=í!ö;ì�üCé|ö;õôáF×Ç¶?@èê`Ü�³=Ù_ñ%ò|æ%àCáeí0æBå�à=õ_íì7ö�ì7öCä&�Mà�ò|äTé�à	ìV�0ïà=ímö;í�ÿ.èMõ�é�ö;å�à=õ_í�öCì?� Ø	,7,/Y�0�1và=í]å�àþáfò|ä1à=õ�íKì^�1ïà�õ|à=ä&�gæçà'é�ò�â|ä1à=å�æBà=äÙïà=ímö;íðà=ú�óxæçí�ïà�êö
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bdcfehg�ÚÙüÇÍ\i �(� pr�z�r�u»�H~QrN�HtHz;y#��y-~[}�~�r&y�{(uwr^xEu pr2y�r�z|{ prwr�r�z � �Hz m {V~f�Hz��H�\xOtHu&tHs �r�{^uwr;­���y-~[}�~·¯6á�þ¢r�{­���y-~[}�~·¯6á+O

*	ùR*�Øa.+0�1�ö�4%àCó]ò�õ|à�ì ö;ä2�Mà=ò|äRé�à%T�ÍH,aY�0�1�üJê�èMí1ä0àTâ|ä0à�å�æçà=ä#â�æ7óðâVègò|ä0ämö;æBíM
à�í0ä0àTì^�1ïà=í�öCí ÿ.èMõôé|ö;å�à�õ�ímö;ì*=ø¥T Ò é_àXK Õ íLà=íðõ|èMí1ä0à�é�à=ò�ú�æ�êà=å�àTâ|æ7ó�â�ègò|ä0ämö;æçía
à=í1ä0à�ìçà	â�ä0à=å�æBà=äAïà=í�öCíðà=ú�óxæçí�ïà`ã;ø¥T Ò é�àaK Õ í�ü
�3à=â�à=õ�é|öCõ�í � ì öA���Mò|ä1àäÚÙü�Ü�å�èMõ_í0ä1à�ñ/ò�à\áeæ�ìV�}ègõ ó�èMå�â�öCä0à�ìçà[áeâVàþóxí0ä1à\éE�0ïà=õ|à�ä&�MæBà�í0èMímö;ìBà\é_àCáâ|ä1èMí0ègõ�á	â�èMò|ä�ìçàa� ö=ÝAé�à#B(ß Þ áfò|ä	ì öX�Z�gò|ä0àl'V¨�3Tö�4%àCó�ó�à=ìçò|æ!â�èMò|ä�ìBà��%ö�ÝAé�à#B�á I áeò|ä	ì öX�Z�Mò�ä0à'^¶h3 � èMõvóxègõ�áfímö;í0à ñ%ò|à õ|èMõ�áfà=ò|ìBà=å�à=õ_íÙæçì'ùÇö¸ìçàCá�å�
à�å�à=áÙáeí0ä1ò�óxí0ò�ä0àCá�áfò�ä ìBàCá�é�à�ò|úaáfâ�àCóxí1ä0àCáå�öCæ7áTö;ò�á1áfæRñ/ò�àAóxàCá	áeí0ä0òôóxí0ò|ä1àCá�áfègõ�íAêö�ì ö
å�
à=å�à�ïà=õ�à=ä&�gæçà%ü��3à=ì7öAàCáfí�óxègõ�í1ä�ö;æBä0à�ö;ò|ú â|ä�ïàCóëïàCé_à=õ�í1àCáà=ú_âðïà=ä1æçà=õ�ó�àCá#ö�4%àCó]ìçàCáãÿ�ö;æ á0óxàþö;ò|ú�áfí�öCû|ìçàþá èëêò�ìBàðáeâVàþóxí0ä1àTö¥4%àþó4ìçà?� ö=Ý'é�àMB�á I ïà�í�ö;æBí3ñ%ò�öMáeæçå�à=õ_í#â|ì ö;í=ü
�à=ò�ú�à=ú_â|ìçæ ó=ö;í1æçèMõôá]áfègõ�íTâ�è%á1áfæçû�ìçàCá�Â
iÇò|õ�à�à�ä0ä0à�ò|ä é�à å�ö;õ|æBâ|ò|ì ö;í0æBèMõLö¾ïà�í|ïàÐóxègå�å�æ áfà à=í[ìçà¢� ö=Ý ò�í0æçìBæ7á_ïàÀõ��1ïà=í�öCæçí[â�öMá\ìBà§B�á I ü�3à=â�à=õôé|ö;õ_í � ì öÀâ|ä1àCá0áeæçèMõÇàþáfí�ä�ïàCé�ò|æBí0à é_à å�èMæBí0æ�ïà
óxà¯ñ/ò�æ�ì ö;æ7á1áfà â�à=õ�áeà=ä�ñ%ò|à\ìV�}ègõaöÀû|æçà�õæBõ�í1ä0è_é�ò|æBí�ò|õ ö;ò|í1ä0àl�%ö�Ý%ü ä öCæ7á�â�à=ò�íf÷�
à=í0ä1à�ñ/òë�}æçì3ä1àCáfímö;æçí�à=õ�óxègä0àbé�ò¹�%ö�Ý\é_à\B�ß Þ é|ö;õ�áÙì7öó�î�ö;åAû|ä1à%ü ¤ õ[öAö;ìBèMä�á]ò�õ\å ïà=ì ö;õ��gà	é_à�� ö=Ý%ü
iÇìBàCáãâ|ä0ègí0ègõ�á�é�àRé�æ�6ãòôáfæçègõ�ègû�áfà=ä24Rïàþá8õ|à3â|ä1è�4�æBà=õ|õ|à=õ_íãâôöMá�é�à3ì ö ä�ïàCöMóxí1æçègõ�é_ò�ÿ�ö;æ á0óxàþö;ò�æçõ�ó�æ7é�à=õ_í




 �3ègõ�óxìBò�áfæBèMõ T7,|*

TEsiliHF1 (u.a.)

Es
ili

 (M
eV

)

TEsiliHF2 (u.a.)

Es
ili

 (M
eV

)

bdcfehgYÚÙüµãhi �<t�s�Mr�s/r�ý��º�|uwrM�-��r%}�tèý��º�|uwrzt���v m �Hz��H~[{V~f�Hz�z prwrdx�tHuF}Rr m �HzJ{^�H�Ju�xEu2�	{^�Hz!�|r?}�tFý��H�Juort��¸O��
áeò|äðìçà`�%ö�ÝÙé�àaB(ß Þ å�öCæ7áRáfò|äðò|õ�à�öCò|í0ä1àÙóxæBû|ìçà�ñ/ò|à'ì^�}ègõ[ö�â�ögá æ é�à=õ_í0æ��Tïà=à%üßëöq�Z�gò|ä0àOÚÙü_Ü`'��?3�ä1à=â|ä�ïàþáfà=õ_í0àØö;ò�á1áfæãìBà	áeâ�àCóxí0ä1àTé�àTì^�1ïà�õ|à=ä&�gæçàðí1èMí�öCìçà'é|ö;õôá4ìçàþá�é]ïà=í1àCóxí0à�ò|ä�á�å�öCæ7áà=õ�ó�èMä0ä�ïà=ì7öCí0æBèMõbö¥4%àþó ò|õbõ|èCù_ö;ò�é�à`K É æ ó	�pàCáfíe÷�êö=÷eé_æçä0àTà=õ�â�ä0à=õ�öCõ�í3ìBà	â�ö;ämö;å�êà�í0ä0à%D��O��ý3ý�¨M�¸à=õ_í0ä1à

ã;Ü¥,�à=í%*�,7ã	,Ùó=öCõ�ö;ò|úAó�èMå�å�àRìçàðå�ègõ�í1ä0àðì öq�Z�gò|ä0à6ÚÙü«S_ü ¤ õAä0à�í0ä0ègò�4%à'ö;ò�á1áfæ�ìçàCá�å�
à�å�àCá!áfí0ä1ò�óxí1ò|ä0àCáñ%ò|à�ì7ö��Z�gò|ä0àW'^¨`3�ü
	öCõ�á]óxà'ó=ögá4öCò�á0áeæ#é�à�ò|ú�à=ú_â|ìBæ7ó=öCí0æçègõ�á�áeèMõ_í]â�è%á1áfæçû�ìçàCá�ü Å èMæçí � óxègå�å�à]â�ä|ïàCóëïàþé�à=å�åAàxõ_í � ìBàCá â|ä1èMí1èMõ�áé�àAé�æ�6ëò�áfæBèMõ èMûôáfà=ä24RïàCáTõ|à�â|ä1è�4�æBà=õ|õ|à=õ_íTâ�öMá	é_àÙì7ö�ä�ïàCöMóxí1æçègõ é�ò\ÿ�öCæ7á0ó�àCö;ò æBõ�óxæ7é_à=õ�íTáeò|ä	ìBà��%ö�Ý�é_àB�ß Þ å�öCæ7á	áeò|ä�ò|õ|àbö;ò|í1ä0àbóxæçû�ìçà � áfègæçí�õ|èMòôá�õ�� ö¥4%ègõ�á�â�ögá�û|æBà=õ ä�ïà-�Mì�ïàÙìBàCá�óxè�ï>Bõ�óxæ é�à=õ�óxàþá à=õ_í0ä1àÙìçàCáâ|ä1èMí0ègõ�áÙà=í�ìBàCá�õ|èCù_ö;ò|ú¯æçõôóxæ7é�à�õ�ímá � é��}èëêò ì^�}æBå�â�è%á1áfæçû�æçìçæBí_ïàAé��}æ é�à=õ_í0æ_�ôà=ä�óxì7öCæçä0à�å�à=õ_í�ñ/ò�à=ì3õ|èCù_ö;ò öâ|ä1è_é�ò|æçíTìçàþá]â|ä0ègí0èMõôá�é�à�é�æ�6ëò�áfæBèMõ\ègû�áfà�ä&4RïàCáxü

� ó¶Ê�Û Ö�ÓCË Ô�Î�Ê�Û

	ö;õôá\óxà óOîôö;â|æBí0ä0à õ�èMò�á�ö�4%èMõ�á[é]ïàCóxä1æçíAò|õ|à¯à=ú_âðïà=ä0æBà=õ�óxà�é�à é�æ_6ëò�áeæçèMõªïà=ì öMáfí1æ7ñ%ò|à ä�ïàþáfèMõôö;õ_í0àà=õ¯óxæBõðïà=å�öCí0æ ñ/ò|à'æçõJ4%à=ä�áeàÙö�4%àCó�ò�õ\ÿ�ö;æ7á1óxàCöCò ä�öMé_æçè%ögóxí0æ5ÿRâ|ä0è_é�ò�æçí�â�ö;ä	ÿ.ämö=�Måbà=õ�ímö;í1æçèMõ�é�ò ÿ�ö;æ7á1óxàCöCòâ|ä1æçå�öCæçä0à'áfò�ä�ò|õ�à�ó�æçû|ìBà ïà=â�öCæ7á0áeà%ü
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Energie totale dans le laboratoire (keV)
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bdcfehg�ÚÙüµéAiÎk xZr m {Vuor\roz pr�zZr�uQ�H~Qrl{V�	{Vt	}[r m �HzHy�{^u��|~[{Wr�zCy-�HsasatHz|{(}�tvxZr�uw{¡rN�À� pr�zZr�uQ�H~Qr pr�{^t	}��HzOz prwr�HtHz;y(}[r&y!� pr�{¡r m {�r��Ju�y(�6þvr�{F�èy-~[}Û~Q� k r��H}�yW}[r2y pr�½ proz�r�s/r�z|{fy(xEu&�	{V�Hz;y m �Hz|{�r�z��	y!�HtHz;ya}Rr m �Hz|{V�H�Ju��|r
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(A) faisceau: 14O - gaz: CH4

Energie totale dans les Si (MeV)
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(B) faisceau: 14O - gaz: CO2

Energie totale dans les Si (MeV)
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(C) faisceau: 13N - gaz: CH4

Energie totale dans les Si (MeV)
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×�
����dØ	Ø�Ù Ú�üZ
Tò�óOî�
à=õ|à�à=íTö;ì�ü

­ n rWü�}��H½=r�u>²©t#z�r�é¹�|r�z�rou&t	{V~f�Hz�� �(m �HshxO�=y-~[{¡rëèqr(�|r�{¡r m {V�Hu&yêMU ä ¨ � õ�ò�å üHÍHS	T � â�üZØ	,þ÷�*	*-,\'&*-Ø	Ø7Ø;3
×t�©U¡9%Ø	é�Ù 9�üµ¶	ü[� æBä0àCáeí0èMõ�à

­�tH£�}Rra� � ß2y-�	{^��xZr&y ¼ �?~«� n { n �:�H~[{^~f�Hz�¾@4é_æçí0æBèMõ%³MèMî�õä.ÇæçìBà=ùbö;õ�é Å èMõ�á`'&*-Ø	Ø7é;3
×t� ¤`Å Ù �3èMå�åAò|õ|æ ó=ö;í1æçèMõAâ|ä1æ[4Rïà=à�é�àÉ�|ä�öCõ�¦óxèMæ á?
�à ¤ ìçæ[4%à�æçä�öW'¡Ú�¨MêMU0ß�3
×ÛÚ�@�¨MêMDFÙ î�í1í0â�Â Û Û>ÄPÄPÄ�üpæçõ�ÿ.è�üsóxà�ä0õ#ü óOî!ÛþöMá1éTÛ��gàCö;õ_í&ÍrÛ��Màþö;õ_í&Í|üpî�í1å�ì
×ÛÚ ¤ ßEØ	S�Ù ÚÙü·«!üZÚ�ègì^� é�û�à=ä&�AöCõ�é\¨�üZ@ðü�ý�ö�â�î�èMå�è�4

È?�=ywy-~f£-~[}�~[{ ° � � �|roz�r�u&t	{V~fz	��u2tH�H~f��t m {^~f½�ra£�r2tHs�y�£ ° s/r2tHz;yW� � t m>°7m }��	{Vu&�Hz�tHz���tsat��Hz�rw{V~ m y�r^xOtHu&t	{V�Hu � �Hu\tHz ~fz�½=r�u&y�r7s7~fzZr�sat	{^~ m y�y�{^�J� ° � � uor&y-�HzOtHz m r�r�}�t=y�{^~ m
y m t	{Q{�r�u�~fz	�ý î_ù�áxüZ¨ðí=ü�êTò�óxì�üOã	³J'^Ø;3�'&*-Ø	Ø7S;3

×ÛÚ ¤ ßEØ;Ü-Ù ÚÙü·«!üZÚ�ègì^� é�û�à=ä&�Ùà=íTöCì�ü
¯`~«� n � ° ~fz	� Ö � m }��ºy�{�r�uCy�{Vt	{¡r2yÎ~fzì­ n r���~«� n { ü � m }[r�~ K»à�á � I^å æ 0 � I�I æ 0 tHz��I Þ .�Ó
µ]ögéãü#� æRÝ%ü�é7, � ê�èlÜ � *7*�³	éN'&*�Ø7Ø;Ü73¢íëý î_ù�áxüZ¨ðí0èMåbæ7ó?ê�ò�ó�ìçà=æëé	, � *-,	éJ*#'&*-Ø	Ø;Ü73

×ÛÚ ¤ Ú(ÜH*�Ù ê�ü«¶	ü�Ú�è�4%àTà=í ä ü�³|ü ä ö;ä1í0æçõ���w�	� � ­OtH£�}[r2y � �Hu J rw{^t ´ r m t °ê�ò�óxì�ü�
	öCí�öWD öCû|ìçàCá?¨(*�, � T	,7ãv'2*�ØHÜH*=3
×ÛÚ�9 ¤ ,	,�Ù 
�ü«@ðü�ÚTä0è%ègå�à�íTö;ì�üD]î|à(@ ò�ä0èMâ�àCöCõ¯ý�î�ù�áfæ ó=ö;ì»³MèMò|ä1õ�ö;ì���4%èMìBò|å�à(*�ã � â#ü[* � '^T	,7,	,H3



T	T7T ¶?U�¶�ßEU ¤ Ú�9h¨	ý��MU�@

×t��¨M9h,7,=Ù ³|ü_�Tü#�	öCä�é�ù�à�í%UOü Å ü�D#è]Äðõ|à=ä
õ�ò�ó�ìø÷�í0î!Û¥Ø	³	,7Ø	³HÜl'fß�è áM¨�ì7öCå�è%ádê	ö;í1æçègõ�ö;ì�ßëöCûVègä�öCí0èMä1ù�3

×î³H¨O�M³	ã�Ù 9�ü^³%öCî|õ\à=íTöCì�ü
ÿ�z	�H�H}�tHu m �Hu�uorw}Ût	{^~f�Hz;y�~fz\{ n r(£�rw{Vt	���|rw}Ût ° r2�v{�é���xEu&�	{V�Hz;yq� ��I¡I2"B$ý î_ù�áxüZ9ðà�4ãüZ�§4%ègìçò|åbàMSJ* � õ�ò|å�Í � â#ü�*-ã;Ü�éN'&*�Ø7³	ãH3

×î³ ¤ êMé7Ø=Ù Õ�üÿ.Lü^³MèMõ|àþá]à=íTö;ì�üJ rw{Vt ´ r m t ° � � K É $ý î_ù�áxüZ9ðà�4ãüE*�³7é � â#ü«ØHÜ�³l'&*�Ø7é	ØH3
×�Õ ¤ ç`³;Ü-Ù Å üZÕ	è;úbà=íTö;ì�ü

­�uwr�z��=y � � {V�	{^t	}!uor2t m {^~f�Hz m u&�=ywy¹y�r m {V~f�Hz;y � �Hu n r2tH½ ° ~f�Hz m �	}[}Û~_y-~f�Hz;y�~fz { n r~fz|{¡rou�s/r2�H~ft	{�rar�z�r�u»� ° u2tHz	�|rý î_ù�áxüZ9ðà�4ãüZ�§4%ègìçò|åbàMS7ã � õ�ò|å�ü|ã � â�ü[*�éHÜ�³l'&*-Ø	³;Ü73
× ßE¨�êMã	³�Ù ¨�ü ä ü�ßëö;õ|à�ö;õ�él9�ü_Ú�üZD]î|èMå
öMá�M�eý5t	{^u�~_��­ n r2�Hu ° � �Çü � m }[r2tHuM�Mr2t m {V~f�Hz;y9 à�4ëü ä è_éëüãý�î_ù|á�ü�S	, � â�ü«T	ãHÜ#'2*�Ø7ã	³;3
× ßEU Å @�Ù î�í1í0â�Â Û Û>ÄPÄPÄ�üÇ�%öCõ|æçì�ü ÿ.ä%Û�ìçæ áfà Û�â|ä0è7�Mìçæ áfà%ü �MD ä ßêMU ä êö�â�öCä�ö�
>çí0ä1à
× ß ¤ ý�,	,�Ù ä ü�³|üVß�ègâ�à�ÝD]î#êàCáfàaÚ�¨MêMU0ßAD?,	,=÷�,J*Ùé�à�ì^�µ��õ|æ[4%à�ä�áfæBí�ïàTé�àa�RöCà=õ � ��ïà�4_ä0æçà�äFT7,	,7,
× ä ¨�9h,7,=Ù Õ�ü ä öCä&â%à=õ�ä0èMí1î�à=íTö;ì�üü�u&�=ywy-~fz	�W{ n r(�Hu�~�xZ}�~fz�r`{V� K�K æ �	y-~fz	��rw}�t=y�{V~ m uor&y-�HzOtHz m rMy m t	{Q{�r�u�~fz	�ý î_ù�áxüZ9ðà�4ãüZ�§4%ègìçò|åbàMé7T � ,	S=ÍºS	,7³5'VT	,7,	,;3
× ä ¨�µd¨hÙ Å ü�ý�æçí�ö�à�íTö;ì�üý ä1èMâ�è%áeæçí1æçèMõ é��pà=ú�âØïà=ä0æBà=õ�óxà ý�~ m u&�=y m ��xE~ m y�{Vu�� m {V�|uwra� � þx� J rWtHz���þñ��üµé�~[{ n { n rz�r�é t m {^~f½�r`{^tHu»�|rw{-ýNÿoï;ÿ9�öCâ|â�èMä0í'æçõ_í0à=ä1õ|à�Ú�¨Mê�Umß � �3ègå�æçí�ïà	éE�}à=ú_âðïà=ä1æçà=õ�ó�àn³Mò|æBõNT	,	,J*
× ä U&�dé�Í	Ù ¨�ü ä æ óOî�öCìçè]Äðæ7ó�Ýü�~fz pr�sat	{V~f����r��|r&y`� pr2t m {^~f�HzHy ü � m } pr2tH~fuwr&yâ�ö=�gàaã	³ � @3é�æBí0æBèMõN
M�Mê ¤ 
È'2*�Ø7é=Í|3
× ä U�Õ`³	³�Ù 
�ü ä æ[â%ègì7öMá]à�íTö;ì�üJ u&tHz mon ~fz	�lu&t	{V~f�=y(� � � B {V�/}��'é§} ° ~fz	�´y�{Vt	{�r&y�~fz � $
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ý î_ù�áxüZ9ðà�4ãüZ�§4%ègìçò|åbàMSHÜ � õ�ò|å�ü|T � â�ü_Ü�é7év'2*�Ø7³	³;3
× ä U�DFÙ �3èMå�åAò|õ|æ ó=ö;í1æçèMõAâ|ä1æ[4Rïà=à�é�àÇ.¯èMìøÿ»� ö;õ�� ä æçí1í0æR�l'¡Ú�¨MêMU0ß�3
× ä ��D?Ø|*�Ù Õ�ü ä ò�í0èÙà=íTöCì�üÁ Ò ´ r m t ° y�� � t�r�u ° È:u&�	{V�Hz|�Q��~ mon y-�	� k�n rw}R} ü � m }[ro~ý î_ù�áxüZ9ðà�4ãüZ�§4%ègìçò|åbàhÍºS � â#ü[*�ÍH³;Ü!'&*-Ø	ØJ*=3
×�ê�êM
��%*�Ù î�í1í0â�Â Û Û>ÄPÄPÄ�üpõ|õ�é|ógü}û|õ|ì�ü��gè=4#Û
×�ê�êM
��dT=Ù î�í1í0â�Â Û Û>ÄPÄPÄ�üpõ|õ�é|ógü}û|õ|ì�ü��gè=4#Û=õ�õ�é|ókÛ�â|î�ù�á0ó�è�Û
× ¤ 9%U&Ü�³=Ù ��ü ¤ ä0æBî�ö;ämö�à�íTö;ì�ü

�Mr&y-�Hz�tHz m r&yN~fz K»P�á('[ðEñ^ð�32K»P�á � �HuX�uæn�|��vÎ���H�¸O®ýÁr�t ê�ò�ó�ì�ü!ý�î�ù�áxü�¨·T7,	S � â#üÜ�³þ÷ ³	³N'&*�ØHÜ�³H3
× ¤ 9 ä ³	Ø�Ù .Lü«@ðü ¤ ä0å�öCõ�é�à=í%¶	üµ¨�ü�¶]ä1èWÄðõ

�?shxE~fu�~ m t	} ß&y-�=y�xE~fz ü �Hz m �Hz;y�r�u�½�~fz	� ¯qtHsa~[}«{^�HzO~ftHz;y � �Hu k�n r�}[}«�eý5���|rw}
ü�t	} m �H}�t	{^~f�HzHy êTò�óxì�ü�ý�î�ù�áxüO¨²ÍºØ|* � *W'&*-Ø	³	ØH3

× ¤ ç`¶?¨hÙ ÿ.í0â�Â Û Ûxÿ.í1â#ü}õôá0óxì�ü}å�áeò#ü}àCé_ò!Û=â|ò�û!Û=èCú_û�öMáeî!Û
× ¤ ßEU�,|*�Ù 
�à ¤ ìBæ[4%à=æBä�ö�à=íðöCì�üý ä1èMâ�è%áeæçí1æçèMõ é��}à�ú�âØïà�ä0æçà�õ�óxà k x�r m {^u2�=y m ��x ° � �ÓK � æ õ·� u&�Hs uor&y-�HzOtHz|{ r�}�t=y�{^~ m

y m t	{Q{�r�u�~fz	�9�öCâ|â�èMä0í'æçõ_í0à=ä1õ|à�Ú�¨Mê�Umß � �3ègå�æçí�ïà	éE�}à=ú_âðïà=ä1æçà=õ�ó�à��0ò|æBõNT	,	,J*
×}ý�U�@�Ø	ã�Ù ¨�ü|ý�æçàþóOî�ögó�Ý=à�âAà=íTöCì�üÁ ���|r m t ° � �%I^å�.�Óê�ò�óxì�ü|ý�î�ù�áxüZ¨�ã	³=Í � â�üZã	,	Ø=÷�ã7S|*l'&*-Ø	Ø7ã;3
×}ý�9 ¤ Ø	³�Ù ¨�ü�³Mè7â�æBõ|à=õ�à=íTö;ì�üý ä1èMâ�è%áeæçí1æçèMõ¾é��pà=ú�âØïà=ä0æBà=õ�óxà¹@�SJ*�SÈk {V�|� ° � �gÁ ���|rw}�t ° r2�+{�é��	�RxEu&�	{V�Hz �|r m t ° � �I¡I "B$ tHz�� I^à Ä9�öCâ|â�èMä0í'æçõ_í0à=ä1õ|à�Ú�¨Mê�Umß � �3ègå�æçí�ïà	éE�}à=ú_âðïà=ä1æçà=õ�ó�àCá+³%ö;õJ4�æBà=ä`*�Ø7Ø	³
×�9%¨�DhÜ�ã�Ù ¨�ü�9Tö;í2â%èWÄTá�â�æ#à�íTö;ì�ü

�?zZr�uQ� ° uor&y�xO�Hz;y�r�� � y-~[}Û~ m �HzÁy-�Ju � t m rw��£wtHu�u�~Qr�u?xOtHuo{V~ m }[rW�|r�{¡r m {V�Hu&y#{V�´y�}��'é n r2tH½ °~f�Hz;yêMU ä *�S	, � â�ü«ã	S7Sþ÷ ã	S7³5'2*�ØHÜ�ã;3
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×�9 ¤ ¶?Ø7S=Ù ³|ü«
�üZ9ðèMû�à=ä1í�áfègõ\à=íTöCì�üJ rw{Vt	���|rw}�t ° r2�XxEu2�	{^�HzN�|r m t ° � � I Õ Ñ�jý î_ù�áxüZ9ðà�4ãüZ�§4%ègìçò|åbàhÍJÜ � õ�ò|å�ü;Í � â�ü�*�Íºã	ã\'2*�Ø7Ø	S;3
× Å 9hU ä Ù î�í1í0â�Â Û Û>ÄPÄPÄ�üpä0àCáeàCö;ämóOî�ü}æçû�å üsóxègåíÛ�æçègõ�û�àCöCå�á]Û=î|ègå�à%ü î�í1å
× Å @�ç(Ü�S=Ù 9�ü�Ú�ü Å à=ú�í1ä0èÙà=íTöCì�üÁ Ò � ´ rw}�t ° r2�	�eÈ:u&�	{V�Hz ´ r m t ° � ��I&K&.�Óý î_ù�áxüZ9ðà�4ãüZ�§4%ègìçò|åbàM³ � õ_ò|å üZ* � â�ü«T	ã7³v'2*�ØHÜ�S;3
×�D�� ¤ ã7T=Ù 9�ü�Ú�üZD]î�èMå�ögá

ÿ�z�tHz�t	} ° y-~_y�� � { n rM�:z�r�u»� ° �©r�½=rw}Çya� � { n rBý�~fu�u&�Hu ü � m }[ro~_� B�K É tHz�� æ K Éý î_ù�áxüZ9ðà�4ãüJ4%èMìBò|å�à�³	³ � õ_ò|å·ã � â#ü[*7*�,7Ø\'&*-Ø	ã	TH3
×�D ¤ 9MÜ�S�Ù 
�üp�]üZD#èMä2�Mà=ämáfègõ ö;í'ö;ì�üÁ � ´ r m t ° � �MI^å æ õý î_ù�áxüZ9ðà�4ãüZ�§4%ègìçò|åbàM³ � õ_ò|å üZ* � â�ü[*�éJ*/'2*�ØHÜ�S;3
×�D ¤ .+Ü�S=Ù UOü Å ü�D#è]Äðõ|à=ä

ý�~fu�u&�HuFÿhy ° sas/rw{^u ° ~fzvÿ%}[}��'éèr2�gè%tHsa�'éÀ�>­Zrw}[}[roua£�rw{^t	� ´ r m t °ê�ò�óxì�ü|ý�î�ù�áxüZ¨�T|*�é � â�ü«ã	³7Øv'2*�ØHÜ�S;3
×�D?9%U�Ø	ã�Ù .LüZD8ä1æçõ�é�à�äðà=íTö;ì�ü

èhtHsa�'é��>­�r�}[}[r�u�y�{Vuor�z	�7{ n ~fzv{ n r Á ���|r m t ° � � É à B`õý î_ù�áxü|ìçà�í0í=üO¶�S�ÍH³ � â#üµS	SJ*/'2*�Ø	Ø7ã;3
×�D?9%U�Ø	Ø�Ù .LüZD8ä1æçõ�é�à�äðà=íTö;ì�üÁ ���|r m t ° � � É3Õ Bqõý î_ù�áxüãß�à=í1í=üZ¶�ÍHã	Ø � â�ü�é;Ü�÷&Ü¥T\'&*-Ø	Ø7Ø;3
×�. U&Ú%Í|Ü-Ù @ ü ý ü[.ÇæR�Mõ|à=äTöCõ�é½ß!üZ@�æ áfà=õ_û|ò�éý î_ù�áxüZ9ðà�4ãüZÜ�Tl'&*-Ø=Í|Ü73%T	Ø
×�. U�êMØHÜ�Ù ³|ü Å ü[.ÇæBõ|��à=ì é

È?u2�=y�xZr m {�y � �Hu rw}�t=y�{V~ m uor&y-�Hz�tHzJ{Cy m t	{»{¡r�u�~fz	� r&�wxZr�u�~fs/r�z|{fy¹é�~[{ n u2tH�H~f��t m {^~f½�r£�r2tHs�y9�öCâ|â�èMä0í'æçõ_í0à=ä1õ|à�Ú�¨Mê�UmßÁ'&*-Ø	ØHÜ	3
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T)G'8�M%8;M�^E7'C;P�9�M�7'C
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