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INDRA at GSI: Au + Au at 60 A.MeV

0
Y

20
Z

40
[

60
\

80
]

100

0
Y

500
^

1000 1500
0
Y
2

4
[
6
\
8
]
10

12

E
_

⊥
`

 12 (MeV) - grey levels=<a M
b

Z
c

>2
Z >d

M
C

~�VOd*)0%T:�r*{ Ô7Ä�µ,Ò£¶È³l¹ Å,¸feR³�»Â³�¿T·(¸\¼�¶&»½³T¼�Ã6·p¸ÈÄU¿}ÃT»½ÄUÀ½À`ÀÂ³�Ãl·(¸\Ä�¿
�[ÃTÄ�¿T·(ÄUµ£»¡¶È¸\¿£³�À)!`¼�¿,Å�´¡³�¼U¿�´Ïµ£¶ ·(¸\Á£¶È¸\Ã6Æ�Ä�º�¸È¿T·(³T»½´¡³TÅ£¸È¼�·(³l¹
´¡¼�ÀÂÀÏº®»Â¼�¾U´�³T¿T·(À��[ÀÂ²£¼�Å,¸È¿£¾UÀg!Ï¼�À¡º®µ£¿£Ãl·(¸\Ä�¿£À¡ÄUº2·(²,³G´Ïµ£¶ ·p¸ ¹
Á£¶\¸ÈÃT¸ ·6ÆeÄ�º$ÃD²£¼U»½¾U³�Å]Á£¼�»O·(¸\Ã�¶\³�Àihkjî¼�¿,Å�Ä�ºÇ·(²,³Ñ·(»Â¼�¿,ÀÌÐ*³�»ÂÀ½³
³�¿£³T»½¾�Æ*# % Ê(' Ä�º�¶\¸È¾U²T·]Á£¼U»Ì·p¸ÈÃT¶È³TÀl�g�m�n+ !4º®Ä�»bÊÌËKÍ�Î&µ�-
ÊÌËKÍ Î�µbÃ�Ä�¶\¶\¸ÈÀÂ¸ÈÄU¿£À$¼D·/#o.p0*2q4 �ÏÜv³�7�Ø

1 ü@?£=?'v'*/0EîWl+.'*QgNP: 1 ü@?£_0/îQz:M'R-}WT!`¥</0N�uw%T'U+.8g:M%yNP5pa
%T'U+.:UWB5*3JVP/0LUVPEg:M/9+�|0%(5Q��:UL�+9VPNO:�/c)0LMNO:MVÑ'*%T:�%(: 
k)gVP%T:ME
VO/îVO/9�2:M%TW(:bjcVO/0:M-�'U+9VPLUW&av80VOLK8�36'*LUVPNOV�+.'U+9:MWyW()0LK8�:�òcI
|z:M%TVP-�:M/9+9WJavV�+.8�W(:MLU5*/0E0'R%[u�Qz:M'*-�W(!
#`80:B:U-}|g80'*W(VOW4VP/n+980VPW7+9'*NOj<avVONPN�NPVO:B5*/n+.80:>/0:�a

E0'�+.' 5*Qt+9'*VP/g:MEñavV�+98�ADCG@BHG;Ghb'*WF36'*%e'*We|z5*WTW(V�I
Q0NO:Mhw'*/0Eó5*/�+980:MVO%�%T:MNO'U+.VO5*/�+95 +95*|0VOLMW�VO/9�2:MWl+.V�I
d*'�+.:ME�VO/�|0%T:��SVO5*)0Wv;>=?;>@BADC :�ò�|z:M%TVP-�:U/.+9Wn5*%BVO/
+980:<|0NP'R/0/0:ME�VPWT5U+.5R|0VPL<Wl+.)0E0VO:MWT!G_g5*-�:v5R3�+980:<|0%(:�I
WT:M/9+.:UEe%(:MWT)0N�+.W`'*%T:J+9'*jR:U/e36%(5*- 5*/gd*5*VO/0dn'*/0'RN�uSW(:UW
'*/gE0hÏ+.8c)0WThBW(805R)0NPE�QS:wLM5*/gW(VOE0:M%T:ME	'*W<�2:M%lu�|0%(:�I
NOVP-�VO/0'*%lu�!�Hx:MWT)0N�+.W�36%T5*-�+.80:ÏW[+9)0Etu�5*30LU:M/9+.%T'*NÇ'R/0E
|z:M%TVP|08g:M%('RN 1�ö�÷ ;>)<ø 1�ö�÷ ;G)�LU5*NPNOVOW(VO5*/0W?VP/`+.8g:Ñ%('*/0dR:
5*3?Qz5*-]Qg'*%(E0VO/0d�:U/0:M%Td*VP:UW4q*����:�¨srutBVXRvr mU�R�
��:�¨ÿ'*%T:>|0%T:MW(:U/9+.:MEFQ9uJ9�!xw=?)0j£'*WTVPj�VO/e80VPWÏLM5*/9+9%(V�I
Q0),+.VO5*/�+95b+.80VOW�ab5*%TjcW(805*| ô m�r*õP!

y êBzJ{ ë�è"|&{~}eé�í���}�����è�é
ð�{bé�ê�ë3}���ð�ì3�/�yè |&èUìîéJ|

#`80:�%(VOW(:×'R/0E�36'RNPNG5*34+980:×5*Q0WT:M%l�2:ME�36%('*dR-}:U/9+
-�)0N�+9VP|gNPVOLMV�+Du�avV�+98�VP/0LU%(:U'*W(VO/0d`��VO5*NO:M/0LU:45*3*+.80:`LU5*N�I
NOVPWTVP5R/"8g'*W�Qz:M:M/�5*QgW(:M%l�2:UE�VO/ +.80:�ûg%(W[+ :�òS|S:U%(V�I
-�:M/9+9W`avV�+.8�;G=&;G@BADC ô m��RõO!îA�+}%(:Uú0:ML�+.W¡+.8g:�:��25�I
NO)t+.VO5*/e5*3g+980:BE05*-�VO/0'*/9+<E0:ULM'pu×-�5kE0:MW`36%T5*-ÿLM5*/,I

r



▲
�

 ∆
�

 INDRA
◆
�

 ◊ FOPI

IMF*10

all

102 103

beam energy (MeV/A)
�

20
�
40

60
�
80
�

100

120
m

ul
tip

lic
ity

~�VOd*)0%T:��*{ Üv³�¼�¿�´yµ,¶ ·p¸ÈÁ£¶\¸\Ã�¸ ·(¸\³�À<ÄUºJÃD²£¼�»Â¾�³TÅwÁ£¼U»Ì·p¸ÈÃT¶È³TÀ
�[º®µ,¶È¶ÇÀÌÆc´yÒRÄ�¶\À)!$¼�¿£Åb¸\¿�·p³�»Â´¡³�Å£¸\¼D·p³6¹D´�¼UÀ½À�º®»Â¼�¾U´�³T¿T·(À��½Ä�ÁR³�¿
ÀOÆ�´ÏÒtÄU¶ÈÀÂÛ*À½ÃT¼�¶\³�Å4µ,ÁGÒTÆv¼�º®¼�Ã6·pÄ�»�Ä�ºkâ"�"!�º®Ä�»�ÃT³�¿T·(»Â¼�¶�ÊÌËKÍ�Î&µ
-�ÊÌËKÍ�Î&µ4ÃTÄ�¶\¶È¸\À½¸\Ä�¿,Àz¼�À�¼Jº®µ£¿,Ã6·(¸\Ä�¿GÄ�ºM·p²£³&ÒRÄ�´ÏÒ£¼�»ÂÅ£¸\¿£¾J³�¿K¹
³�»Â¾DÆ9Ø<±$²£³`Å£¼�·(¼Bº®ÄU»/#o.10�� â"6 �bÜ<³�7�²,¼ÂÐR³¡Òt³T³�¿�´¡³�¼�¹
ÀÂµ£»½³TÅGÒTÆ4·p²£³Ñæ����SÕzÃTÄ�¶\¶È¼UÒtÄU»½¼�·(¸\Ä�¿B� â"���6Ø

�2:U/9+.VO5*/0'*N<:��Ç'*|z5*%T'U+.VO5*/�+.80%T5*)0d*8�-�)0N�+9VP36%T'*d*-�:M/,I
+.'�+.VO5*/3Ml�PLU%('*LKjcVO/0d*��NS+.5pa>'*%(EgWz+.8g:�/0:U'*%(N�u�LM5*-�|0NO:�+9:
E0VOW(VO/9+.:MdR%('U+9VP5*/�VP/9+95�NOVPdR8.+�|0'R%[+.VOLMNO:MWv'*/0E�LMNO)0Wl+.:M%TW
M[���Ç'*|z5*%(VO�M'U+9VP5R/0�:Ng+980'U+Ï80'*W?Qz:M:U/�|0%T:ME0VOL�+9:MEnQ9u�Wl+.'UI
+.VOW[+9VPLU'*N$-])gN�+9VP36%T'*d*-�:M/9+.'�+.VO5*/�-�5kE0:MNOW ô mUothymU¢*õO!
 "V�+.8x+980:y��_0�>¦� "� ��VP/0VOQ0'*NONO¦Uab'RNPNkLM5*)g|0NP:UEx+95

+.8g:�;>=?;>@BADCÿ365*%lab'*%TE�WT|S:UL�+9%(5*-�:�+9:M%Th?+980:�LK80'*%[I
'*L�+.:M%TVPWl+.VOLMWB5*3�+980:n36%('Rd*-�:M/9+.'U+9VP5R/×LK80'*/0/0:UNPW¡a>:M%T:
W[+9)0E0VO:MEn'RW�'G36)0/0L�+9VP5R/n5*3t+980:ÏQz5*-�Q0'*%(EgVP/0d>:M/0:U%(dUu
'*/0E�+.80:�VP-�|0'*L�+×|0'R%('*-�:�+9:M% ô mU�RõP!";7+�+.8g:�NO5Ka`I
:MWl+F:M/g:M%(d�u�t$VXR�S m��*�×��:�¨ LU5p�2:M%T:ME VP/�+980:MWT:
:�òS|z:M%TVP-�:M/9+9W(hÏ+980:F80VPdR80:MWl+�36%T'*d*-�:M/9+�-])gN�+9VP|0NOVOLMV�I
+.VO:MWÑa>:M%(:v5*Q0WT:M%l�2:ME�VP/�LM:M/9+9%('*N?LM5RNPNOVPWTVP5R/0W(h&'*W(WT5ÇLUV�I
'U+9:ME�avV�+98�'}LM5*/0WTVPEg:M%('RQ0NP:�LM5*NONO:ML�+9V��0:nLM5R-}|z5*/0:U/9+
VO/w+.8g:î36%('Rd*-�:M/9+�-�5U+9VP5R/�'*/0EwavV�+98�:�òS|z5*/0:U/.+9VP'RN
LK80'*%Td*:ÑW(|z:ML�+.%T'Jav80VOLK8]Qz5U+98vEgVPWl+.VO/0d*)0VOW(8`+.80:UW(:yE0:�I
LM'puù-�5ÇEg:MW]36%T5*- +.8g5*W(:�365*NPNO5pavVP/gd�W(|z:ML�+.'U+95*%]:�òkI
LMV�+.'�+.VO5*/0W ô qRh��*õO!
#`80:ñ/0:�a ADCG@BHG; E0'U+.'	LU5p�2:M%î+980:�%T'*/0d*:�qR�

��:�¨ r t$VXR r mU�*����:�¨ 'R/0E +.8c)0W�:�òc+.:U/0E
+.5 :��0:M/�NO5pab:U%�:M/g:M%(dRVP:UW(! #`80:�-�:U'*W()0%T:ME 36%T'*dUI
-�:M/9+�-])0N�+.VO|0NOVPLUV�+9VP:UW,M[��r���r �*��N�'*%T:�WT805pav/
VO/}~7VPd*!Bm`'RWy'<36)0/gL�+.VO5*/}5*3�+.80:�+.%T'*/0Wl�2:M%TW(:G:M/0:U%(dUu
t�� 1 ü 5*3JNPVOd*89+�LK80'*%Td*:ME�|0'R%[+.VOLMNO:MWkM���r�rPNyav80VOLK8
a>'*W�LK805RW(:M/F80:U%(:G'*W�'*/îVP-�|0'*L�+B|0'R%('*-�:�+9:M%¡WT:MNO:ML�I
+.5R%(!¡#`80:�u�'R%(:>/g5U+BLU5*%(%T:ML�+9:MEe365*%$+.8g:>'*LULM:M|,+.'*/0LU:
5*3�+.8g:}ADCG@BHG;óE0:�+9:ML�+95*%(hJQ0),+îV�+B+.)g%(/0WB5*),+B+.80'U+

Au+Au
�
40A MeV

INDRA

101

nuclear charge Z

10-4

10-3

10-2

10-1

100

101

dN
/d

Z

~�VOd*)0%T:�qR{ á£ÁR³�Ãl·(»Âµ£´�ÄUº�º®»½¼U¾�´¡³�¿T·4¼D·pÄ�´¡¸ÈÃ`¿9µ£´ÏÒt³T»½À��
º®Ä�»�Ã�³T¿�·p»½¼U¶zÃTÄ�¶\¶È¸\À½¸\Ä�¿,ÀyÄ�º7ÊÌËKÍDÎ�µk-�ÊOËpÍ�Î&µ�¼�·�#/.10�2	Ý �
Ü<³�7¡Ø0±$²£³Ï³lÙcÁtÄU¿£³�¿T·(¸\¼�¶gÃ�µ,»ÌÐ*³J²£¼�À7ÒR³�³�¿�¼�Å£¼UÁp·(³TÅ`·pÄÑ·(²,³
»½³T¾�¸\Ä�¿GÄ�ºg¸È¿T·(³T»½´¡³TÅ£¸È¼�·(³l¹ ´¡¼�ÀÂÀ�º®»½¼U¾�´¡³�¿T·pÀ½Ø

/0:U'*%(N�u�s*�P �5*3S+980:G+.5�+.'*N?LK80'*%Td*:n5*3�+980:]LU5*NONPVOW(VO5*/
Wlu�Wl+.:U- VPWeLU5*NONP:UL�+.:UE�VO/�+.80:×-�5*Wl+e�SVP5*NO:M/9+�LU5*NPNOV�I
WTVP5*/gW(! #`80:�-�'UòSVO-])0- -])0N�+.VO|0NOVPLUV�+Du�VPW�%T:M'*LK8g:ME
365*%BQz5*-�Q0'*%(EgVP/0dw:M/g:M%(dRVP:UW�5*3yo*�n+.5F�*�F��:�¨ |S:U%
/c)0LUNP:U5*/�Q0)t+}/05U+�365*%>LU5*NPNOVOW(VO5*/0W¡avV�+98î+.80:�NO'*%Td*:MWl+
+9%('*/0Wl�2:U%(W(:>:M/0:U%(dUu*!x;G/î'*/9+9VPLU5*%(%T:MNO'U+.VO5*/�WT:M:M-�W7+95
:�ò�VOW[+xQz:�+Da>:M:U/b+.80:¡/c)0-�QS:U%�5*3236%T'*d*-�:M/9+.W7'*/0E>+.8g:
+9%('*/0Wl�2:U%(W(:4:U/0:M%TdUu�5RQ0W(:U%[�2:UE�VO/>+.8g:¡NPVOd*89+(Ip|0'*%l+.VOLMNO:
LK80'R/0/0:MNOW�av80VOLK8eVOW�W[+9%(5*/gd*:MWl+B'U+y+.80:GNP5pa>:MWl+<QS5R-BI
Q0'R%(E0VO/0d�:U/0:M%Td*VP:UW(!�#`80:U%(:UhÑ'*|0|0'*%T:M/9+.N�u�hz+.80:n36%T'*dUI
-�:M/9+<|g%(5kE0)0L�+9VP5R/�VPWÏd*5p�2:U%(/0:UEeQ.u}+.8g:>'*-�5*)0/9+b5*3
E0VOW(WTVP|g'U+.:UE�:M/g:M%(d�ue+.80'U+vVOW4NP:U3\+�'K�Ç'*VONO'*Q0NO:M!
; E0V�OS:U%(:U/.+�%(:U|0%(:UW(:U/.+9'U+.VO5*/�5*3x+980:×W('*-�:�36:M'UI

+9)0%(: VOW�dRV��0:M/"VP/"~�VOd*! r*! #`80: %TVPE0dR: NOVO/0: 5*3
+980:�LU%(5*WTW�WT:ML�+.VO5*/�E0VOW[+9%(VOQ0)t+9VP5*/�'*W<'�36)0/gL�+.VO5*/�5*3
+980:�-�)0N�+9VP|gNPVOLMV�+Du�5*3bLK8g'*%(d*:UE	|0'*%l+.VOLMNO:MW�¡�¢ 'R/0E
5*3g+980:Ï+9%('*/0Wl�2:U%(W(:<:U/0:M%TdUu£t�� 1 ü 5*3$NOVPdR8.+B|0'*%[+9VPLUNP:UWM��¤r rPN4W('�+.)0%T'U+.:UWxVO/*¡¥¢�365*%4LM:U/9+.%('RN&LU5*NONPVOW(VO5*/0WT!
#`80:y80VOd*80:UW[+�-])0N�+.VO|0NOVPLUV�+9VP:UW75*3ÇVP/9+.:U%(-�:MEgVP'U+9:�Ip-}'RW(W
36%T'*d*-�:M/9+.W�'*%(:G5*Q0W(:U%[�0:MEF365*%�NO'*%Td*:MWl+¦¡�¢eQ0)t+9h�365*%
d*V��2:U/*¡�¢0h$365R%7+.80:<W(-�'*NONO:MW[+§t�� 1 ü !
_0:UNP:UL�+.VO/0d 5R/0N�u LU:M/9+.%T'*N}LM5*NONPVOW(VO5*/0WTh�+980:�-�:U'*/

36%T'*d*-�:M/9+�-�)0N�+.VO|0NPVOLMV�+.VO:MWBEg:MW(LU%(VOQS:]'î%(VOW(:�'*/0E�36'RNPN
'*Wv'w36)0/0L�+9VP5R/�5*3?+.80:}VP/gLMVOE0:M/9+e:U/0:M%TdUu Q0)t+îE0%T5*|
%T'U+.80:U%F%('*|0VOE0N�u�5*/0LU:�+.80:�%(:UNP'�+.V���VOW[+9VPL�%(:Ud*VO-}:�VOW
%T:M'*LK80:UE0!v#`80VPWGVPWGVPNONO)0W[+9%('U+9:ME×VO/�~�VOd*!B�îVO/�av80VOLK8
+980:�/0:�a E0'U+.' 5*3¡+980:�ADC>@BHx;<; Z _gA�LU'*-�|0'*VOd*/
'*%T:�LM5R-]Q0VO/0:MEñavV�+.8�+.80:×~?¥<iJA�Eg'U+.'ñ-�:M'RW()0%T:ME

�



MULT
0
¨

10 20
©

30
ª

40
«

50
¬

60
­

70
®

co
u

n
ts

 [
a.

u
.]

10
-6

10
-5

10
-4

10
-3

10
-2

10
-1    C+Au @ 1000 A MeV

➇
¯

➆
°

➅
±

➄
²

➃
³

➂
´

➁
µ

➀
¶

||β-1
 th≡y·-0.2 0

¨
0.2
¨

0.4
¨

0.6
¨

βγ¸

-0.4

-0.2

0
¨

0.2
¨

0.4
¨

 -0.2 0
¨

0.2
¨

0.4
¨

0.6
¨

 

-0.4

-0.2

0
¨

0.2
¨

0.4
¨

➀
¹

||β-1
 th≡y·-0.2 0

¨
0.2
¨

0.4
¨

0.6
¨

βγ

-0.4

-0.2

0
¨

0.2
¨

0.4
¨

 -0.2 0
¨

0.2
¨

0.4
¨

0.6
¨

 

-0.4

-0.2

0
¨

0.2
¨

0.4
¨

➆
º

 

~�VOd*)0%T:B�*{ Õ6¶\¶\µ£ÀÌ·p»½¼�·(¸\Ä�¿>Ä�º,·(²£³Ñ¸\´¡Á£¼�Ãl·yÁ£¼�»Â¼�´¡³l·(³�»$ÀÂ³�¶\³�Ãl¹
·(¸\Ä�¿�µ£ÀÂ¸È¿£¾4·(²£³b´Ïµ£¶ ·p¸ÈÁ,¶È¸\Ã�¸ ·6ÆwÄ�º�ÃD²£¼�»Â¾�³TÅ�Á£¼�»O·(¸\Ã�¶\³�Ài�g�»�
â�ÛÇ·pÄ�Á�Á£¼U¿£³�¶¼!y¼U¿£Å�³6Ùc¼U´�Á,¶È³TÀÏÄUº�¸\¿TÐ£¼�»Â¸È¼U¿�·>Å£¸ÈÀO·(»Â¸\Ò£µp·(¸\Ä�¿,À
Ä�ºg²£³T¶È¸\µ£´ Ã�¶\µ£ÀO·(³�»ÂÀ?º®ÄU»&ÁR³�»Â¸ÈÁ£²,³�»Â¼�¶L�½Ò£¸È¿BâUÛk´¡¸\Å£Å£¶\³yÁ£¼U¿£³�¶¼!
¼�¿,Å�ÃT³�¿T·(»Â¼�¶½�½Ò£¸È¿§¾UÛzÒRÄD·[·pÄ�´�Á£¼�¿£³T¶f!ÑÃTÄ�¶\¶È¸\ÀÂ¸ÈÄU¿£ÀÑÄ�º�Ê('�¿,-
ÊOËpÍ�Î&µ<¼�·i#o.10,2ñâ"� �"�¡Ü<³�7¡ØÇ±$²,³y¾�»Â³6ÆnÀ½²,¼�Å£¸\¿£¾�À�º®Ä�¶\¶ÈÄÂÉ
¼¡¶ÈÄU¾�¼U»½¸ ·(²£´¡¸\Ã�ÀÂÃ�¼U¶È³TØ

365*%>mU�*�$rut$VXRvr"q*�*����:�¨ ô mU�RõP!¡#`8g:b36%('*dR-}:U/9+
LK80'R%(d*:vE0VOW[+.%TVPQg)t+.VO5*/0WG'U+4+.80:v80VOd*80:M%x:M/g:M%(dRVP:UW>'*%T:
:�ò�|z5*/0:U/9+.VO'*NSavV�+.8�%('*|gVPE0N�u�VP/0LU%(:U'*W(VO/0dFW[+9:M:M|g/0:MWTW(h
'B+.%T:M/0EwLM5*/9+9VP/c)0:UE�+.5}; Z _w:M/g:M%(dRVP:UW ô mUq*õO!G;GWGVON�I
NO)0W[+9%('U+9:MEwVP/F~�VOd*!`q*h�/0:M'*%TN�u�:�òS|z5*/0:M/9+9VP'*N?WT|S:UL�+.%T'
WT80'*|z:MW(hy5*3\+9:M/�'*W(WT5ÇLUVP'U+9:MEeavV�+98F+980:}:�òSVPWl+.:U/0LM:�5*3
LU5*NPNO:ML�+.V��2:�ú05pa ô �Rh�m�sRõOh&'R%(:<'*NOW(5î5RQ0W(:U%[�2:UE�'U+4+.8g:
NO5pab:U%bQS5R-]Q0'*%TE0VO/0d�:M/g:M%(d�uwav8g:M%(:]ú05pa VPWG/0:M'*%TN�u
/05R/0:�òSVOW[+.:U/9+ ô mUr*õO! #`80:�u�'*%(:]a>:MNON`E0:MWTLM%TVPQz:MEùQ.u
+980:eW[+9'U+.VOW[+9VPLU'*N`36%('*dR-}:U/9+.'U+9VP5*/ñ-�5kE0:MNOhx805pab:��2:M%Th
avV�+.805R)t+�:�òS|0NOVOLMV�+.N�u"VP/0LUNP)gE0VP/gd×+980:�LU5*)0|0NOVP/gd Qz:�I
+Da>:M:U/�+.80:�|g'*%[+9V�+9VP5*/gVP/0d�'*/0E�+980:îLU5*NONP:UL�+.V��2:e-�5UI
+9VP5*/g!¡#`80:<
c)0:UW[+9VP5*/î5*3k+980:>WT80'*|z:MWy5*3Ç+.8g:MW(:GW(|z:ML�I
+9%('b+.8c)0Wx%(:U-}'RVP/0W4VO/9+.%(VOd*)0VO/0d}VP/wV�+.W(:UNP36!

À {ÂÁ�ïFè �yè"Ã�ë�èUï�Ä èUéÅ|xÆÇ{bð�ê�}<ê]ì�ë
í�{bð�}¦È�|

AD/0E0VOLM'�+.VO5*/0W�5*3�:�
c)0VONPVOQ0%TVP)0- VP/�W(|z:ML�+.'U+95*%×E0:�I
LU'KuSW�80'p�2:�Qz:M:U/�E0:U%(V��2:UE 36%(5*- +980:w)0/0V��2:M%TW('*NOV�+Du
5*3�+980:�|0'*%l+.V�+.VO5*/0VO/0de'*/0E×36%T5*- +.80:�VO/9�Ç'*%(VO'*/0LU:�5*3
+980:436%('*d*-�:U/.+GjcVO/0:�+9VPLG:M/0:U%(d*VO:MW$avV�+98<+980:xVP/0LUVPEg:M/9+
:U/0:M%TdUu ô mUõP!yA�+ÏE05k:MW?/05U+y:�òk+9:M/0E`+.5�+980:JNPVOd*89+Ï|0'*%[+9V�I
LUNP:UWx:U-�V�+T+.:MEF'U+BW(|z:ML�+9'U+.5R%`%('*|0VOE0V�+.VO:MWT!G#`80:BWT:M|0'�I
%T'U+.VO5*/î5R3�:�
c)0VONPVOQ0%TVP)0-�'*/0E�|g%(:M: 
c)0VPNOVOQ0%(VO)0- :U-�VPWlI
WTVP5*/gW(hv805pab:��2:M%Th]VOW�LM%T)0LMVO'*NG365*%v+980:M%T-}5kEtuS/0'*-�VOL
'*/g'*N�uSWT:MWw'U+F+.80:�Q0%T:M'*jc)0|�W[+.'�+.:ÉM[W(:U:�/g:�òc+�WT:ML�I
+9VP5*/ÊN(!
#`80:�80VPdR8 �Ç'*NO)0:MW�5*3G+.8g:�VO/.�0:M%TW(:�WTNP5*|z:�|g'*%('UI

-�:�+9:M%TW�5*3�|0%(5U+95*/�WT|S:UL�+9%(' ô m*mUõ<'*W�a>:MNON�'*W�+.8g:
Qz5*-]Qg'*%(E0VO/0d":M/0:U%(dUu Eg:M|z:M/0E0:U/0LM:�5*3}+980:�/0:M),I
+9%(5*/�:M-�VOW(WTVP5*/gW ô r*�*õOh�QS5U+98�5*Q0W(:U%[�0:MEî'�+xW(|z:ML�+9'U+.5R%
%T'*|0VOE0V�+9VP:UW(hba>:M%(:�LMNO:M'*%wVO/0E0VOLM'U+9VP5*/gW�5*34+.80:�LM5*/,I
+9%(VOQ0)t+.VO5*/0WF36%T5*- +980:×VP/gV�+9VP'*N>%(:M'RL�+.VO5*/�W[+9'*d*:MWn+95
+980VPW�jcVO/0:M-�'U+9VPLe%T:Md*VO-�:M! #`80:�
c)0:MWl+.VO5*/ 5*34:�
c)0V�I
NOVPQg%(VO)0- VO/wNOVOd*89+(IKLK8g'*%(d*:UEtIK|g'*%[+9VPLUNP:<:M-�VOW(WTVP5*/gWGLU'*/
Qz: W[+.)gE0VP:UE -�5*%(: |0%T:MLUVPWT:MN�u VO/	+.80: NP'RQS5*%T'U+.5R%[u
36%T'*-�:M! #`80VOW�VPW×VONONP)0Wl+.%T'U+.:UE�VO/�~�VPdR! ��av80:M%T:
VO/9�g'R%(VO'*/9+(IÂ�0:MNO5ÇLUV�+Du}EgVPWl+.%(VOQ0)t+9VP5R/0W?5*3Ç8g:MNOVP)0-�|0'*%[+9V�I
LUNP:UW`365*%�|z:M%TVP|08g:M%('RN�'*/0EeLU:M/9+.%T'*N�LM5RNPNOVPWTVP5R/0W`5*3 1 üp�
ø 1�ö�÷ ;>)×'�+wmU�*�R����:�¨ |z:M%G/c)0LMNO:M5*/�'*%T:nW(8g5Kav/g!
#`80:×WT|S:UL�+9%('ñ5*36h<-�5*W[+9N�u*h§Ë"|0'*%[+9VPLUNP:UWe36%(5*- +.8g:
Q0%T:M'*jc)0| 5*3Ñ+.80:F|0%T5Q��:ML�+.VONP:F'*/gE V�+.W�VO/9+.:M%T'*L�+9VP5R/0W
avV�+.8�+.80:¡+9'*%(d*:�+vVP/F|z:M%TVP|08g:M%('RN$LM5*NONPVOW(VO5*/0Wx'U+`�0:M%[u
365*%lab'R%(E�'*/0dRNP:UW�:�òc+.:U/0E�5p�2:M%�'	NP'*%Td*:�%T'*/0d*:�5*3
:U/0:M%Td*VP:UW,M(ÌQÍÏÎ@ÐÏÑÇS mU!O�*oPN(!óAD/	LM:M/9+9%('*NbLU5*NONPVOW(VO5*/0WTh
'×|0%T:M: 
k)gVPNOVPQg%(VO)0- LM5*-�|z5*/0:U/.+9hGWT|0%(:U'*E 5*)t+F5p�2:U%

q



0

2

4

6

8

10

12

14

16

0 5 10 15 20 25 30

<E0>/
Ò
<A0>(MeV)

T
H

eL
i (

M
eV

)

600 AMeV proj.
1000 AMeV target

Au + Au
Ó

~�VOd*)0%T:`o*{ ¿$¼�¶\Ä�»Â¸ÈÃ�Ã�µ,»ÌÐ*³�ÄUº*¿Mµ,Ã�¶\³�¸£¼UÀ2¾�¸ ÐR³�¿�ÒTÆy·p²£³0·(³T´�¹
ÁR³�»Â¼D·(µ,»½³�±½ÔPÕ�Ö
×R¼�ÀÇ¼&º®µ£¿,Ã6·(¸\Ä�¿ÏÄ�º(·p²£³z´¡³�¼UÀ½µ,»½³TÅÑ³6ÙcÃ�¸ ·(¼�·(¸\Ä�¿
³�¿,³�»Â¾DÆ`Át³T»Ç¿9µ£ÃT¶È³TÄ�¿yº®ÄU»0ÊOËKÍDÎ&µ�-wÊÌËKÍ�Î&µyÃTÄ�¶\¶È¸\ÀÂ¸ÈÄU¿£Àk¼�·Ø#o.p0
2,4 �"��Ü<³�7 ¼U¿£Å>â"�"� �ÏÜv³�7�Ø��[º®»ÂÄ�´ ß&³�º®Ø/� +"6���![Ø

+.8g:n365*%[a>'*%TE�80:M-�VOW(|08g:M%(:UhJVPWbWT)0|z:M%(VO-�|S5RW(:ME�5p�2:U%
+.8g:�VOW(5U+9%(5*|gVPL�:�
c)0VONPVOQ0%TVP)0- :M-�VOW(WTVP5*/gW�'U+F+.'*%Td*:�+
%('R|0VPEgV�+9VP:UW(! #`80:MWT:�LM5R-}|z5*/0:U/9+.W�'R%(:�/05U+�:M'RW(VON�u
W(:U|0'*%T'U+.:UE}avV�+.8�-�5p�SVP/gdUIKWT5*)0%(LU:]ût+9WGQz:MLU'*)0WT:x+.8g:
|0%T:M:�
c)0VONOVPQ0%TVP)g- LU5*-�|S5R/0:M/9+�VPW4/05�+]VOW(5�+.%(5R|0VPLU!

Ù ê$z�{ é�ïFðk�/{Â}eë ð�}��yì�ë�è�ð
ð�ïFë�Ú�{

#`80:�LM'*NO5*%(VOL�LM)0%l�2:�5*3�/c)0LUNP:UVPh	5RQt+.'*VO/0:UE 365*%
1�ö�÷ ;>)�ø 1�ö�÷ ;G)�LM5RNPNOVPWTVP5R/0W�'U+îo*�*����:�¨ |z:M%]/c)tI
LMNO:M5R/0h	80'*W�E0:M-�5*/0Wl+.%T'U+.:UE +.80'U+�+.:U-�|S:U%('U+9)0%(:�I
W(:U/0W(V�+.V��2: 5*Q0WT:M%l�g'RQ0NP:UW�:�òSVPWl+�+980'U+ LM'R/"Qz: )0W(:UE
5p�2:U%b|0%('RL�+.VOLM'RNPN�u�+980:�36)0NON7%('R/0d*:]5R3yEg:MLM'pu�-}5kE0:UW
36%(5R- LU5*-�|S5R)0/0E�:U-}VOW(WTVP5R/0Wb+.5�/0:U'*%(N�u�LM5*-�|0NO:�+9:
�Ç'*|z5*%(VO�M'U+9VP5R/ ô �RõP! A�+�80'*WeQz:M:U/�/05U+.:UE�NP'U+9:M%�5R/
+.8g'U+G+980:nLU'*NP5R%(VO-}:�+.%TVPLnEg:�+.:U%(-�VO/0'U+.VO5*/×5*3�+980:n:�òkI
LMV�+.'�+.VO5*/ :M/0:U%(dUu*h>:��0:M/ùVP3GV�+wVOW�%(:MWl+.%TVPL�+.:ME�+.5�+.8g:
W(|z:ML�+.'U+95*%�jcVO/0:M-�'U+9VPLx%(:Ud*VP-�:UhRavVPNON0NO:M'*Eb+.5B%T:MWT)0N�+9W
+.8g'U+�E05�/g5U+�%(:Múg:ML�+G+.80:v)0/0V��2:U%(WT'*NPV�+Du�5*3z+980:�|g'*%[I
+.V�+.VO5*/F|0'U+T+.:U%(/0WBM[~7VPd*!`o�N(!
#`80: '*|0|gNPVOLM'U+9VP5R/�5*3�LM5*%T%(:ML�+.VO5*/0W×365*%�|0%(:U:�
c)0V�I

NOVPQ0%TVP)g- :M-�VOW(W(VO5*/0W>%(:�
c)0VO%(:UW>'*/F'*Eg:�
c)0'U+9:])0/0Eg:M%[I
W[+9'*/0E0VO/0d45*3.+.80:J%T:M'*L�+.VO5*/<W[+.'Rd*:MW?|0%TVP5*%g+954Q0%(:U'*jc)0|
M[LU36!`|0%(:ULM:UE0VP/gd}WT:ML�+.VO5*/ÛN4'*/0Ee5*30+980:B5*%(VOd*VO/e5*3g+.8g:
|0'*%l+.VOLMNO: '*/0E"36%('*d*-�:U/.+ùjcVO/0:�+9VPLù:M/0:U%(d*VO:MWÉM[/0:�òc+

0

2

4

6

8

10

12

14

16

0 2 4 6 8 10 12 14 16

<E0>/
Ò
<A0>(MeV) (SMM)

T
H

eL
i (

M
eV

)

600 AMeV proj.
1000 AMeV target

Au + Au
Ó

~�VOd*)0%T:n¢*{ ¿$¼�¶\Ä�»Â¸\ÃJÃ�µ£»OÐR³ÏÄ�º2¿9µ£ÃT¶È³T¸Çº®ÄU»�ÊOËpÍ�Î&µÇ- ÊÌËKÍ�Î�µ
Ã�ÄU¶È¶\¸ÈÀÂ¸\Ä�¿£À¡¼D·Ç#o.p0Ü2�4 �"�]Ü<³�7"¼U¿£Å�â �"� ��Ü<³Ý7�¼�À`Ä�ÒK¹
·(¼U¸È¿£³TÅ`ÒTÆbµ£ÀÂ¸\¿£¾�·(²£³&³6ÙcÃ�¸ ·(¼�·(¸\Ä�¿`³�¿,³�»Â¾DÆ>ÁR³�»z¿Mµ,Ã�¶\³�Ä�¿`º®»ÂÄ�´
·(²£³Ñá,Ü<Ü »½³TÃ�Ä�¿,ÀÌ·p»½µ£Ãl·(¸\Ä�¿£ØÞ�[º®»ÂÄ�´ùß?³�º®Ø/� +"6H�ß!½Ø

WT:ML�+9VP5R/ÛN(!�AD/î+.8gVPWbWTV�+9)0'U+9VP5*/gh�V�+�VPWb)gW(:M36)gNS+.5�%T:M36:U%
+95>-�5ÇEg:MNk|0%(:UE0VPL�+.VO5*/0W�365R%�+980:�:�ò�LUV�+9'U+.VO5*/�:U/0:M%Td*VP:UW
%T:�
c)0VO%(:MEe365R%?+980:>5*QgW(:M%l�2:UEwQg%(:M'Rjk)g|eLK80'*/0/0:UNPWT!4A�+
80'RW�Qz:M:M/îW(805pav/�+980'U+�+980:xW[+.'�+.VOW[+.VOLM'RN�36%('Rd*-�:M/9+.'UI
+9VP5*/�-�5kE0:MN2LU'*/�%T:M|0%T5ÇEg)0LM:�+.8g:x-�:U'*W()0%T:ME�LK80'*%(dR:
LU5*%(%T:MNO'U+.VO5*/0WÏVP/0LUNP)gE0VP/gd>+.80:UVP%¡EgVPWT|S:U%(W(VO5*/0W�'*%(5*)g/0E
+980:î-�:M'R/��g'RNP)0:UWG+.5�80VOd*8�'*LULM)0%T'*L�u ô r�m õP!F "V�+98
+980:¡-�5ÇEg:MNg|g'*%('*-�:�+.:M%TWÑ'*EQ��)0Wl+.:UE}VO/>+.8gVPWSa>'pu�h*+.8g:
:��25*NO)t+.VO5*/e5*3k+.80:GQ0%(:U'*jc)0|]+.:U-}|z:M%T'U+.)g%(:ÏavV�+.8�:�òcI
LUV�+9'U+.VO5*/ñ:M/g:M%(d�u�'*/0EñV�+.W�%T:MNO'U+.VO5*/�+.5î+980:e:�òS|z:M%lI
VO-�:M/9+.'*NGVPWT5U+.5R|S:�+9:M-�|z:M%('�+.)0%T:áà�âäãÝåXæB80'p�2:×Qz:M:U/
Wl+.)0E0VO:ME ô r*r*hGr*�RõO!ÿ#`80:×LM'*NO5*%TVPL�LU)0%[�0:�5*Qt+.'RVP/0:UE
VO/�+.80VOWGa>'pu	VOW�VP/9�Ç'*%(VO'*/9+navV�+.8�+.8g:�QS5R-]Q0'*%TE0VO/0d
:U/0:M%TdUu�he'	LU5*/0W(: 
c)0:M/0LU:�5*3b+980:ñ)0/0V��2:U%(W('RNPV�+Du�5*3
+980:�36%T'*d*-�:M/9+9'U+.VO5*/ |0'U+(+9:M%T/uM[~7VPd*!�¢PNT!�~�)0%l+.80:U%
%T:MW()gN�+9W�365*%�WT:��0:M%('RNxEgV:Oz:M%T:M/9+�%T:M'*L�+.VO5*/0W�'*%T:e|0%(:�I
WT:M/9+.:UE�Q9u Z !�AD-}-�:v'U+`+.8gVPW�a>5*%(jcW(8g5*| ô r*q*õO!

ç è èUé�{bê]è�ðé{béJ{bë�ê�è {Â| è�é
|xÆB{bð�ê�}<ê�ì�ë í�{bð�}¦È�|

#`80: jcVP/0:�+.VOLù:U/0:M%Td*VO:MW�5R3<+980: 36%('*d*-�:U/.+9W�'R/0E
NOVPdR8.+�LK80'*%Td*:MEñ|0'R%[+.VOLMNO:MW�36%T5*- +.8g:�E0:MLU'pu	5*3�+9'*%[I
d*:�+�WT|S:UL�+9'U+.5*%TW�VO/ 1�ö�÷ ;G)�ø 1�ö�÷ ;G)�LM5RNPNOVPWTVP5R/0Wî'U+
mU�R�*�	��:�¨ |z:M%�/c)0LMNO:M5R/�80'p�0:ùQz:M:U/�-�:M'RW()0%T:ME
VO/�'�|0%T:��SVO5*)0WB;>=?;G@BADCó:�òS|z:M%TVP-�:M/9+BavV�+.8×80VOd*8tI

�



0
ë
5
ì

10

15

20
í
25

30
î
35
î

0
ë

1 2 3
î

4 5
ì

6
ï

7 8
ð

9
ñ

10 11

20<Zbound
ò <60

ï

A

T
sl

op
e 

(M
eV

)

Z=1
ó
Z=2
ó
Z=3
Z=4

~�VOd*)0%T:��*{ á£¶\Ä�ÁR³]·(³T´¡Át³T»½¼�·(µ£»Â³�À�º®ÄU»�¸ÈÀÂÄD·pÄ�Á£¸\Ã�¼U¶È¶ Æ »½³l¹
ÀÂÄ�¶ ÐR³�ÅîÃD²£¼U»½¾U³�Å}Á,¼�»O·(¸\Ã�¶\³�À`¼�¿,Åîº®»Â¼�¾U´¡³�¿T·(ÀÂÛ�´¡³T¼�ÀÂµ£»½³TÅ�¼�·
ôxõ÷ö>ø 2ñâ 6"�Xù Ûz¼�À�¼bº®µ£¿£Ãl·(¸\Ä�¿nÄ�ºc·(²£³`´¡¼UÀ½À�¿9µ£´yÒR³�»o0�º®ÄU»
ÊOËpÍ Î&µi- ÊÌËKÍ Î&µ�Ã�Ä�¶\¶\¸ÈÀÂ¸ÈÄU¿£Àg¼D·x#o.10á2Fâ �"� �&Ü<³Ý7�Ø.æ,ÄU»0Á£»½Ä�¹
·(ÄU¿£À�¼�¿£Å<ú�Á,¼�»O·(¸\Ã�¶\³�Àk·(²£³zÐ£¼�¶\µ£³�ÄUº9·(²,³�²£¸\¾�²K¹P·p³�´¡Át³T»½¼�·(µ£»Â³
Ã�ÄU´¡ÁtÄU¿£³�¿T·J¸ÈÀ$ÀÂ²£ÄÂÉy¿<�[º®»ÂÄ�´ùß?³�º®Ø/� â�â���![Ø

%(:UW(5*NO)t+9VP5*/w+.:MNO:MWTLM5*|z:MW]'U+eQ0'RLKj.a>'*%TEñ'*/0d*NO:MW ô m*m�õP!
��òSLM:M|,+	365*%�|0%(5�+.5*/0W�'*/0E�'*|0'*%l+ 36%T5*- +.80: 5*QtI
W(:U%[�0:ME :��g'R|S5*%T'U+.VO5*/�LM5R-}|z5*/0:U/9+.W(h�+.8g:ùjcVO/0:�+9VPL�I
:M/g:M%(d�u�W(|z:ML�+.%('Ña>:M%(:J365*)g/0E4+954:�òS80VOQ0V�+ÏWTNP5*|z:�+.:U-BI
|z:M%('�+.)0%T:MW¡5*3?'*Qz5*)t+�mU¢n��:�¨ '*/0EeVO/9�g'R%(VO'*/9+¡avV�+98
+.8g:�|0'R%[+.VOLMNO:]WT|S:ULMVO:MW�Ml~�VOd*!b�PNT!BA�+Ga>'*W>WT)0d*d*:UW[+9:ME
+.8g'U+b+.8g:MW(:�WTNP5*|z:>+.:U-�|S:U%('U+9)0%(:UWv-�'pu %T:Mú0:UL�+B+.8g:
VO/.+9%(VO/0W(VOLb~�:M%T-�VS-�5U+9VP5*/î5*3g+.80:GW(|z:ML�+.'U+95*%¡W[uSWl+.:M-
'U+Ñ+980:4VP/0Wl+.'*/9+>5*3zV�+9WyQz:MLU5*-�VP/gd])0/0Wl+.'*QgNP:U!`;>/}VP/tI
+.:U%(|0%T:�+9'U+.VO5*/�avV�+980VP/}+.80: Z 5*NPEg80'*Qz:M%4-�5ÇE0:UN ô r*oRõPh
:�òc+9:M/0E0:UE�+95ñ+980:ñLM'RW(: 5*3}:�òS|0'*/0Eg:MEó36:U%(-�VO5*/0VOL
W[uSWl+.:M-�W×'U+�û0/0V�+.:w+.:M-�|z:M%T'U+.)0%T: ô r*¢RõOh<a>'*W�'RQ0NP:
+.5�'*LULM5*)g/.+]365*%�+.8g:vWTNP5R|S:`+.:U-}|z:M%T'U+.)g%(:MWx'*/0E�+.8g:
VOW(5U+95*|S:�+.:U-�|S:U%('U+9)0%(:áàûâÊãÝåXæ hb'*/0E 365R%B+980:MVO%îLU5*%[I
%(:UNP'�+.:ME�E0:M|z:M/gE0:M/0LU:î5*/F+.80:�VO-�|0'*L�+î|0'*%T'*-�:�+9:M%(!
;>/�:�òS|0NO'*/0'U+9VP5*/�'*NP5R/0d W(VO-�VPNO'*%�NPVO/0:MW�80'*W�Qz:M:U/
|0%T:MW(:U/9+.:ME�Q9u Z '*V�+.'R/05*W`:�+�'*NO! ô r*�*õO!
#`80:G/0:�a�-�:U'*W()0%T:M-�:M/9+9W�avV�+98�ADCG@BHG;�365*%�+9'*%[I

d*:�+ñW(|z:ML�+.'U+95*%(W�VP/�+980: 1 ü � ø 1�ö�÷ ;G) %(:U'*L�+9VP5*/gW
LM5R/0û0%(- +.8g:MW(:�VO/9+.:M%T|0%(:�+.'U+9VP5R/0W(!�;7+�VP/gLMVOE0:M/9+�:M/tI
:M%Td*VO:MW&:�
c)0'*Nk5*%&:�òSLM:U:ME0VO/0dB�*�*�x��:�¨ |z:M%&/c)0LMNO:M5*/gh
+.8g:Ñ-}:U'*W()g%(:ME�W(NO5*|z:$+9:M-�|z:M%('�+.)0%T:MW0ab:U%(:y365*)0/0E¡+95
Qz:}'RNPWT5��SVO%[+9)0'*NON�u VO/9�g'R%(VO'*/9+vavV�+.8F+.80:�Qz5*-]Qg'*%(EtI
VO/0d�:U/0:M%TdUu�!�#`80:��Ç'*NO)0:MW�365*%(hÏ:M!Od*!�÷(=?VÏ/0:U'*%BADCFEHG
S mU�*�LKTh`'R%(:�mUq*!O�*hvmU�R!P�×'*/gE�mU�*!Oq×��:�¨ 'U+w�R�*�*h
o*�*�Rh¡'*/0E�m��*�*����:�¨ |S:U%n/c)0LMNO:M5R/0h4%(:MWT|S:UL�+9V��0:MN�u
ô r*sRõO!�#`80:�VO/0LUVPE0:U/9+×:M/g:M%(d�u�hB'*|0|g'*%(:U/.+9N�u*hBVPW}/05U+
W[+9%(5*/gd*N�u VP/gú0)0:M/gLMVO/0d�+980:�36%T'*d*-�:M/9+�jcVP/g:�+.VOL�:M/tI

~�VOd*)0%T:�s*{ Î&Á£Á£¼U»½³T¿T·¡¸\À½Ä�·(ÄUÁ£¸ÈÃ?·(³T´�ÁR³�»Â¼D·pµ£»Â³xü ÔPÕ�Ö
× ¼�À�¼
º®µ£¿£Ãl·(¸\Ä�¿]Ä�º*·p²£³¡Õ6Ö&Ô7ß?Î�»½¸\¿£¾>¿Mµ,´yÒR³�»�º®Ä�»S·(²,³�»Â³�¼UÃ6·p¸ÈÄU¿£À
Ê(' ¿�-�Ê½Ê�'"ý Ê(')þUá,¿>¼�·/#o.10*2q�"�"��Ü<³Ý7�Ø

:U%(d*VO:MWT!e;7+î-�5*%T:�365*%[a>'*%(E�'*/gd*NP:UW(h�+.8g:}LU5*/9+.%TVPQ0),I
+9VP5*/gW¡36%(5*-ÿ|0%T:M: 
k)gVPNOVPQg%(VO)0- :M-�VOW(WTVP5*/gW`'U+B|z:M%TVP|08,I
:U%('*N$VO-�|0'*L�+]|0'*%T'*-�:�+9:M%(WxNO:M'*E�+.5�:M/0:U%(dUu�WT|S:UL�+.%T'
+980'U+}'*%T:n/0:M'R%(N�u ú0'U+})0|�+95]+.80:�E0:�+.:UL�+.VO5*/�NPVO-�V�+9W
5*32+.8g:vADCG@BHG;�Eg:�+.:UL�+95*%(WT!

ÿ ìîïwêB�Ïìîì è�� è"|&ì�ê]ì3Ævè�ð {Â� � {bð�êB|
}eé�í�{���ÆÇ{bë�è"Äm{>é�ê�|&y ç Ù

ADW(5�+.5*|0VOL�:�Oz:ML�+.W�VO/�/k)gLMNO:M'*%w%(:U'*L�+9VP5*/gW�'*%T:�%(:�I
LU:MV���VO/0d�VO/0LM%T:M'*WTVP/0d�'U+T+.:U/.+9VP5R/�QS:ULM'*)0WT:ñ5*3>+.8g:MVO%
%T:MNO'U+.VO5*/�avV�+98F+980:�W[uS-�-�:�+9%[u :M/g:M%(d�u VP/e+.8g:�/k),I
LUNP:U'*%�:�
c)0'�+.VO5*/	5*3bWl+.'U+9:�av805*WT:×E0:M/0WTV�+Du E0:M|z:M/,I
E0:U/0LM:�VOWb5*3Ñ8gVPd*8×LU)0%(%T:M/9+}VO/.+9:M%T:MW[+9hÑVP/×|g'*%[+9VPLU)0NP'R%
'*NOW(5 365*%e'RW[+.%T5*|089uSW(VOLM'*N<'*|g|0NPVOLM'�+.VO5*/0W ô �R�*õP! #`80:
;G=&;G@BADC LM5*NONP'RQS5*%T'U+.VO5*/�80'*Ww|0%(5R|S5*WT:ME�'ùLU5*-bI
|0'R%('U+9V��0:�W[+9)0Etu�5*3<+.80:ù-])0N�+.VO36%('*dR-}:U/9+.'U+9VP5*/ó5*3
WT|S:UL�+.'�+.5*%BWlu�Wl+.:U-}Wv'U+�%T:MNO'U+.V��SVPWl+.VOL�:U/0:M%Td*VO:MW¡avV�+98
|0%TVP-�'*%lu�W[+.'RQ0NP:wQz:M'*-�Wî5R3 1 ü@?£_0/�'R/0E�avV�+.8 WT:ML�I
5*/gE0'*%[u	QS:U'*-�W}5R3 1 ü@?£=?'�|0%(5kE0)0LU:ME VP/×+.8g:w36%T'*dUI
-�:M/9+9'U+.VO5*/�5R3Ï|0%TVP-�'*%lu 1 ?�üpC>E0!FAD/�'*E0E0V�+.VO5*/0h$+.8g:
E0:U|S:U/0E0:U/0LM:b5R3k+.8g:J+980:M%T-}5kEtuS/0'*-�VOLb5*Q0WT:M%l�g'RQ0NP:UW
5*/�+980:F-}'RW(W}5*3J+980:F|0%(VO-�'*%[u	36%('*d*-�:U/.+9VP/gd�Wlu�WlI
+9:M- avVPNON&QS:�VP/9�2:UW[+9VPd*'�+.:ME�avV�+.8 1 ü@?£_g/�'*/0E 1�ö�÷ ;G)
|0%T5Q��:ML�+.VONP:UW&av80VOLK8î8g'K�0:J�0:M%luwW(VO-}VONO'*%iUWV���� mU!O�*!
iJ%(:UNPVO-�VP/0'R%[u�'*/gW[a>:M%(WB+.5×WT5*-�:e5*3�+.80:UW(:�
c)0:MWlI

+9VP5*/gW>-�'pu�Qz:]5*Q,+.'*VO/0:ME×36%T5*-ó+.8g:nADC>@BHx;<; Z _0A
E0'�+.'FLM5*NONO:ML�+9:ME�365*% 1 üp�"ø 1D1 ü>= 1 ü@?£_0/�%(:M'RL�+.VO5*/0W<'U+
�*�R� '*/0E�o*�R� ��:�¨ |z:M%�/k)gLMNO:M5*/0! #`80:�EgV:Oz:M%lI
:U/0LM:bVO/îVOW(5RW(|0VO/e5*3Ç+980:y+Da>5G+.VO/�+9'*%(d*:�+.WyVPWÏW(-�'*NONP:U%

o



+.8g'*/n+.80'U+v5R32+980:<|0%(5 ��:ML�+9VPNO:MW4365*%7+980:B/0:�a :�òS|z:M%lI
VO-}:U/9+.!�f>5pa>:��0:M%(h<'F�g'R%(VO:�+Du�5*3bVO/9+.:U%(:MWl+.VO/0d�VOW(5UI
+.5R|0VPL�: OS:UL�+.W<80'RWv'RNP%T:M'*Etu Qz:M:U/�5RQ0W(:U%[�2:UE�VO/�:�òkI
|z:M%(VO-�:M/9+.WBavV�+.8×+.80:]+Da>5w+9VP/ '*/0E 5U+980:M%�Wl+.'*Q0NO:Mh
VOW(5U+95*|0VOLM'*NON�u�|0)0%T:MhÇ+9'*%(d*:�+.W¡'R/0EeQS:U'*-�WÇM[WT:M:Mh$:U!PdR!Ph
Hx:M36! ô ��mUhÑ�*rtõ:NT!w#`8g:}|g80:M/05R-}:U/05*/�5R3ÏVOW(5*WTLM'*NOVO/0d
VO/×NPVOd*89+(IpVP5*/×VO/0E0)gLM:ME�%T:M'*L�+.VO5*/0WB5*/ 1D1 ü>= 1 ü@?£_0/�+9'*%[I
d*:�+.W�'*/0E V�+.W�W[+9'U+.VOW[+9VPLU'*N`VP/9+9:M%(|g%(:�+9'U+.VO5*/ '*%(:FE0VOW[I
LM)gW(W(:UE�Q9u�;>!� ¡5U+(�SVO/0' ô �*�RõP!
iJ%(:UNPVO-�VP/0'R%[u %(:UW()0N�+.Wv365*%Ï+980:�'*|0|0'R%(:M/9+�VOW(5U+95*|S:

+.:U-�|S:U%('U+9)0%(:�à�âäãÝåXæb365*%}1 ü � ø _g/�'U+��*�*����:�¨
|z:M%e/c)0LMNO:M5R/�'*%T:×W(805pav/�VO/�~�VOd*! s*! ~�5*%e:U'*LK8
5*3�+980:î%TVP/gd*WemU��+.5 m�¢�5*3¡ADCG@BHG; MgADCFEHG£I q*� KpN(h
+.8g:>VOW(5U+95*|0VOLM'*NON�u�%(:UW(5*N��2:UEFW(|z:ML�+9%('n5R3$80:MNOVP)g-�'*/gE
NOV�+980VP)g- VPWT5U+.5R|S:UWy-�:U'*W()0%T:MEBavV�+98<+980:4LM'*NOVOQ0%('U+9VP5R/
+.:UNP:UW(LU5*|S:UW�a>:M%(:�:�òc+.%('R|S5*NO'U+9:ME�avV�+.8 ��'Uòcab:UNPN�I
 ¡5*N�+.�U-�'*/0/�ût+.WTh '*/0Eó+.8g:MVO%	VP/9+.:Ud*%('�+.:ME uSVO:MNOE0W
a>:M%(:}E0:�+.:M%T-�VP/0:UE0!� "80:U%(:U'*Wx+980:�VP/0EgV��SVOE0)0'*Ny80:�I
NOVP)0- 'R/0E�NOV�+.80VO)0- uSVP:UNPE�%('U+9VP5*W E0:U|S:U/0E -�5*%(:
W[+9%(5*/gd*N�u�5*/x+.80:ÏVPWT5U+.5*|gVPL¡LU5*-�|S5RW(V�+.VO5*/n5*3t+980:�+9'*%[I
d*:�+b5*/gN�u�'nWT-}'RNPNz:�Oz:ML�+BVOW¡W(:U:M/�VO/�+.8g:>E05*)gQ0NP:>%('UI
+.VO5x36%(5*-ùav8gVPLK8G+980:�+.:U-}|z:M%T'U+.)g%(:�VOW&E0:M%TV��0:ME0!¡#`8g:
|0%T:ME0VOL�+9VP5*/gW>365*%�+.8gVPWJ+.:M-�|z:M%T'U+.)0%T:�EgV:Oz:M%T:M/0LU:nE0:�I
|z:M/0E×5*/}av80'U+�VOWb'*WTW()0-�:MEe+.5îQS:G+980:nE0:�+.:U%(-�VP/,I
VO/0d�36'*L�+.5*%Th�+.80:v+.:M-�|z:M%T'U+.)0%T:eNPVO-�V�+9VP/gdî+.80:�:�òSVPWlI
+.:U/0LM:Ï5*30'bWT:MNO3\IKQz5*)0/0E]5*Qä��:ML�+`'*LULM5*%TE0VO/0dÏ+.5>û0/0V�+.:�I
+.:U-�|S:U%('U+9)0%(:�f>'R%[+.%T:M:�IK~�5ÇLKj�LM'*NOLM)0NO'U+9VP5*/gW ô �*qRõÑ5*%
+.8g:n/c)0-]Qz:M%<5*3JE0:Ud*%(:U:MW<5*3J36%(:U:ME05*- 5*3�+.80:�36%T'*dUI
-�:M/9+.:UE�WluSW[+.:U- 5p�2:U%�av80VPLK8B+.8g:`'K�Ç'*VONO'*Q0NO:`:M/0:U%(dUu
VOWbE0VOW[+.%TVPQg)t+.:UE0!�#`80:�NPVO-�V�+9VP/gd]+.:M-�|z:M%T'U+.)0%T:MWBLU'*N�I
LM)gNP'U+9:MEnQ9uî ¡:MWT|0%(5RW[�Ç'*/9ue'*/gEn=?:��SV�+ ô �*�RõÇE0V�Oz:M%7Q9u
'*Qz5*)t+îmB��:�¨ 365*%�+.8g:MW(:�/c)0LMNO:MV2av80VONP:`+.80:vW[+9'U+.VOW[I
+.VOLM'RN�-�)0N�+9VP36%T'*d*-�:M/9+9'U+.VO5*/×-�5ÇEg:MN&|0%(:UE0VPL�+.Wb-�)0LK8
W(-�'*NONO:M%4E0V�OS:U%(:M/gLM:MWT!
����	 ¯�
�¬ ��� ­ «�
 � 
������ ��� 	 ¬ � ¬ � ¯���������� 	 �6«�� � ­��

� � ­ 
k« 	 �!
��"���6«,°#
Ç«K«$� � �2«>¯��%�&� � ­('z­ ��) �!������*+
k« 
,��¬ �
*.­U¯!' � ��°(«-� � ­�¬ � �6«}¬½¯.� �/�

ë3{Â� {bëá{bé�ð�{Â|

� âH��Î�Øcá£ÃD²10µK·[·(¼Uµ£º0³6·y¼U¶ÈØ\Û�Ö&µ£ÃT¶ÈØ��z²TÆcÀ½Ø�Î£4 �"¾"�½â�ãUã"4"!½Ý"6 ¾�Ø
� +H�32MØ �2Ä9ÃD²£Ä9Å54�¼U¶È¶\¼�Û �z»ÂÄ�¾UØé�2¼�»O·(Ø Ö&µ£ÃT¶ÈØ �S²�ÆcÀÂØ

�Uã"�½â�ã�ã ¾"!½Ý�Ý"�UØ
� �H�76�Ø¡±g»½¼Uµp·(´¡¼U¿£¿£Û4¸\¿ ¿$Ä�»Â»Â³�¶\¼D·(¸\Ä�¿,ÀB¼�¿£Å ¿$¶\µ£ÀO·(³T»½¸\¿£¾

�S²£³�¿,Ä�´¡³�¿£¼7¸\¿yá£µ£Ò,¼D·(ÄU´¡¸ÈÃÞ�z²TÆcÀ½¸\Ã�ÀÂÛ.³�Å,¸ ·p³�ÅyÒTÆxÜ<Ø\Ö&Ø
8�¼�»Â¼�ÚU³�²>³6·J¼�¶\ØL���S¶È³T¿9µ£´��z»Â³�ÀÂÀÂÛRâUã�ã ¾"![Û*Á£Økâ�â"6UØ

� ÝH�76�Ø¼¿$Ø/8�À½¸�³l·y¼�¶\ØÈÛ��z²TÆcÀ½Ø*ß?³lÐ�ØkÓk³6·½·(ØL¾ �"�½â�ã�ãUÝ"!g�"�"4 ¾�Ø

� 6H�]àÑØ92MØ.:Ñµ£¿£Å£³Ñ³l·y¼�¶\ØÈÛ �S²�ÆcÀÂØ�ß?³6ÐcØ�ÓÇ³6·[·pØ�¾UÝ"�[âUã�ã 6"!��Uä�Ø
� 4H�]±$²,Øcß?µ£ÒR³�²£¿b³l·y¼�¶\ØÈÛ.;cØ��z²TÆcÀ½Ø*Î£�"6 �"�½â�ã�ã 6"!½â�ã"¾UØ
� ¾H�]±$²,Øcß?µ£ÒR³�²£¿b³l·y¼�¶\ØÈÛ �S²�ÆcÀÂØ�ß?³6ÐcØL¿�6"� �[â�ãUã"4 !���âUÝ"�UØ
� äH�<2MØ �2Ä9ÃD²£Ä9Å54�¼U¶È¶\¼ ³l· ¼U¶ÈØ\Û �z²TÆcÀÂØ ß&³6ÐcØ Ók³l·[·(Ø

¾ 6"�½â�ã�ã 6"!½â"��Ý ��Ø
� ãH�]á,Øcæ,»Â¸ ·=4�³6·y¼�¶\Ø\ÛL�z²TÆcÀ½Ø*ÓÇ³6·[·pØ?>wÝ 4�â �[â�ãUã�ã !���â 6�Ø
� â �H�76�Øk±Ç»Â¼�µp·p´¡¼�¿£¿£Û�Ö�µ£Ã�¶\ØL�S²�ÆcÀÂØ�Î£4�ä 6"��+ �"�Uâ"!�+ �"�UÃ�Ø
� âUâH��±$Ø��ÑÅ£³�²>³6·y¼U¶ÈØ\Û �z²TÆcÀ½Ø�ß&³6ÐcØ�Ók³l·[·(Økä�Ý"�g+"� �"�"!½Ý"6 6"¾�Ø
� â +H�32MØA@ Ókµ,Ú(¼UÀ½¸\Ú4³l·y¼�¶\ØÈÛcÃTÄ�¿T·(»Â¸\Ò£µp·(¸\Ä�¿y·(Ä�·p²£¸ÈÀ2É�ÄU»½Ú9ÀÂ²£Ä�Á£Ø
� â �H�76�Økß?³�¸\À½Å,Ä�»Âºk³6·y¼U¶ÈØ\Û�Ö&µ,Ã�¶\ØL�z²TÆcÀ½Ø�Î£4Uâ"+ �[â�ãUã"¾ ![Ý�ã ��Ø
� âUÝH��±$Ø\Î&Ø"Î&»Â´�ÀO·(»ÂÄ�¿,¾ ³l· ¼U¶ÈØ\Û �z²TÆcÀ½Ø�ß&³6ÐcØ�Ók³l·[·(Ø

ä �"�½â�ã�ãUã"!g6�Ý"�Uâ�Ø
� â 6H�B¿$Ø��Ñ¾�¸\¶ Ðc¸\³�³l·y¼�¶\ØÈÛ �S²�ÆcÀÂØ�ß?³6ÐcØcÓÇ³6·½·(ØL4 ¾"�[âUã�ãUâ"![â +�âUÝ�Ø
� â 4H��Ô7Ø98&Ø9BzØ àÑ»ÂÄ�ÀÂÀ ³l· ¼�¶\ØÈÛ �S²�ÆcÀÂØ ß?³lÐ�Ø Ók³l·[·(Ø

6 4"�½â�ã�ä 4"!½â"6�ÝUÝ�Ø
� â ¾H�32MØ¼��Ø.>�ÄU¿£Å£ÄU»½ºÇ³6·J¼�¶\ØÈÛ��z²TÆcÀ½Ø*ß?³TÁ£ØL+"6 ¾"�½â�ã�ã 6"!½â"�"�UØ
� âUäH��ÜvØC>�Ø£±$ÀÂ¼�¿£¾�³l·&¼�¶\ØÈÛ5�S²TÆ�ÀÂØ.ß?³lÐ�Ø,Ók³6·½·(ØQ¾�â"�½â�ãUã"�"!½â"6 �"+�Ø
� âUãH��á,ØL¿$²£¸\Ú(¼D4�µ£´¡¸c³l·J¼�¶\ØÈÛL�S²TÆ�ÀÂØ*Ók³l·[·(Ø/>wÝ"¾ 4"�g+"�"� �"!g+"¾"�UØ
� + �H�76�ØM±g»½¼Uµp·(´¡¼�¿,¿Ñ³6·�¼U¶ÈØ\ÛM¸È¿o�S»½Ä9ÃT³�³�Å,¸È¿£¾UÀcÄ�ºT·p²£³�E(E%E½7

Õ6¿T·p³�»Â¿£¼D·p¸ÈÄU¿£¼�¶F6�¸\¿�·p³�»2Ü<³T³6·p¸È¿£¾�ÄU¿ÏÖ�µ£Ã�¶\³�¼U»½�z²TÆcÀ½¸\Ã�ÀÂÛ
>�ÄU»½´¡¸\Ä�Û9â�ãUã"¾�Û9³TÅ£¸ ·p³�Å�ÒTÆxÕ6ØMÕ6ÄU»½¸X�½ß?¸ÈÃT³�»ÂÃ�¼7á£Ã�¸\³�¿T·p¸CG£ÃT¼
³TÅ�BzÅ£µ£ÃT¼H4T¸ÈÄU¿£³&�2³T»½´¡¼U¿£³�¿T·(³TÛ*â�ã�ã ¾"!½ÛRÁ,ØcÝ�ÝUâ�Ø

� +UâH��Î�ØÈá,Ø?>�ÄD·[Ðc¸\¿£¼¡³6·y¼U¶ÈØ\Û�Ö&µ£ÃT¶ÈØ��z²TÆcÀ½Ø�Î£6Uä�Ý"�½â�ãUã"6"!g¾"� ¾�Ø
� + +H�38�Ä�¿£¾Uº®³�¸.E�¸c³6·y¼U¶ÈØ\Û?;cØ �S²�ÆcÀÂØ�Î£�"6Uã"�[âUã�ã ¾"!��Uã"¾UØ
� + �H��Î�¶ÈØ98&Ø$ß&¼�Å£µp·p¼n¼�¿£ÅîÎ&Å£Ø\ß?Ø$ß?¼UÅ£µp·p¼�Ûx�S²TÆ�ÀÂØ�ß?³6ÐcØ ¿

4Uâ"�g+"�"� �"!g�"��Ý 4�âUâ�Ø
� +UÝH��àÑØkÕ6´�´JI³�³l·y¼�¶\ØÈÛ�ÃTÄ�¿T·(»Â¸ÈÒ,µp·(¸\Ä�¿y·(Ä�·(²,¸ÈÀ0ÉÑÄ�»ÂÚ9À½²,Ä�Á£Ø
� + 6H��±$Ø��ÑÅ,³�²£Û �z²£Ø\Ô�Ø�·p²£³�ÀÂ¸\À½ÛLK&¿£¸ ÐR³T»½ÀÂ¸ ·=0¼D·�æ,»Â¼�¿,ÚMº®µ,»Ì·pÛ

âUã�ãUã�Ø
� + 4H��Î�ØÈá,ØcàÑÄ�¶\Å£²£¼UÒt³T»½Û �S²�ÆcÀÂØ�Ók³l·[·(Ø�6"�H> �½â�ã"¾UÝ"!g�"�"4UØ
� + ¾H�76�Ø/>�¼Uµ£³�»ÂÛ �z²TÆcÀÂØRß&³6ÐcØL¿�6Uâ"�½â�ã�ã 6"!½ä"�"�UØ
� +UäH��±$ØkàÑ¼�¸ ·(¼�¿,Ä�À�³6·y¼U¶ÈØ\Û �z²TÆcÀ½Ø�ÓÇ³6·½·(Ø?>�Ý"¾�ä ��+ �"�"� !�¾Uã�Ø
� +UãH�3:ÑØ�±gµ£»M4.IÄ�³6·J¼�¶\Ø\Û�¸È¿<�z»ÂÄ9Ã�³�³TÅ£¸\¿£¾�À�Ä�º£·(²£³NE%E(E&Õ�E�Õ6¿K¹

·p³�»Â¿£¼D·p¸ÈÄU¿£¼�¶O6�¸\¿T·(³�»`Üv³�³6·p¸È¿,¾]ÄU¿}Ö�µ£Ã�¶\³�¼U» �z²TÆcÀ½¸\Ã�ÀÂÛ
>�ÄU»½´¡¸\Ä�Û/+ �"�Uâ�ÛJ³TÅ£¸ ·p³�Å�ÒTÆ�Õ6ØÑÕ6Ä�»Â¸7¼U¿£ÅwÎ�ØÑÜ<Ä�»ÂÄ�¿,¸
�½ß?¸\Ã�³�»ÂÃ�¼�á£ÃT¸È³T¿T·(¸9G£Ã�¼e³TÅPBSÅ£µ£ÃT¼H4�¸\Ä�¿,³$�2³T»½´¡¼U¿£³�¿T·(³TÛ
+ �"�Uâ"![Û*Á£Økâ"6"+UØ

� � �H�38�Ø Ü<0µ,¶È¶\³�»�¼U¿£ÅQ>�ØÈÔ7Ø á£³T»½Ä�·(Û��z²TÆcÀ½Ø ß&³6ÐcØ�¿
6 +"�½â�ã�ã 6"!g+"�"¾ +�Ø

� �UâH��ÜvØC>�Ø£±$ÀÂ¼�¿£¾�³l·&¼�¶\ØÈÛ5�S²TÆ�ÀÂØ.ß?³lÐ�Ø,Ók³6·½·(Øtä"4"�g+"� ��â"!g6"� +"��Ø
� � +H��æ0Øcß&¼�´¡¸�³6·y¼U¶ÈØ\ÛL�z²TÆcÀÂØRß&³6ÐcØcÓk³l·[·pØcä�Ý ��+"� �"� ![â�â +"�UØ
� � �H��Î�ØÈá,ØA>�ÄD·½Ðc¸È¿£¼Ñ³l·7¼U¶ÈØ\ÛtÃTÄ�¿T·(»Â¸\Ò£µp·(¸\Ä�¿�·pÄ$·(²,¸ÈÀcÉ�ÄU»½Ú9ÀÂ²£Ä�Á

¼U¿£Å>¿Mµ,Ã�¶ ¹P·p²5R"�Uâ�â"+ ��ÝUã�Ø
� �UÝH�32MØ9>�ØMÖ&¼�·(ÄÂÉy¸ ·#4S³6·$¼�¶\ØÈÛX�z²TÆcÀÂØUß?³lÐcØ ¿W6 +"�[âUã�ã 6"![ßx+"�"+ +�Ø
� � 6H�32MØS>�³TÀ½Á£»ÂÄ�ÀOÐ£¼�¿TÆ�¼U¿£Å�á£ØîÓk³6Ðc¸ ·(Û£�S²�ÆcÀÂØ}ÓÇ³6·[·pØL>

+Uâ"¾ �[â�ãUä�ã ![â�Ø

¢


