
���������	��
���������������������

EUDET

���! #"$% &('*),+.-0/21�'4365�7.8�-0+�'95�:;5�7.8�-0+.7</=8�3>'!/?/@:A/?+�8	BDCE'95</
FDGIH6J KLHNM<OQPSR T2U

VXWAY ��Z\[>�^]`_ba�cAdfe WgV ]ihkj�lAh\cA��m
n j^oi�>pq�^]r�>st���>�>�

uwv>xzy`{0|�}^y

~w���b���������������������������S�����4���������g�t�A�����������>�����\�����������������>�����������������`� ��� �¡��� ���`� �������
���*� ¢��r�\��£������¤��� �¦¥?§	¨©¥?ª«~w¬©4®@¬w¯@°�±¡²³� £����¦£�� �.����� �����������µ´rª�¢��<��� �������`� �������	���
� ¢������4���>��������£�� �!�`���r��£�� ���¶�·��� ¢¸�`¹��A�����º�����S� £��¤��£�� £*£����¸��� ¢����»�`¹>�º��� ����¼�»���g�g�½�
���>��������´

¾�¿0ÀÂÁ�Ã�Ä�Å�ÁSÆ	ÇÈ¿�¿EÃzÉÊ¿0ÀÊËqÀ^Æ©Ì�Å�¿0ÃzÍÏÎtÐ�Ñ�Ä�ÇÓÒ�ÄÏËqÀ^Æ	ÆwÅ�Ô�ÇÓÒ�Õ�¿0ÇÖÀ×ÔwØÙÀ×Å�ÍEÔSÕ�ÚÛ Ë;ÜgÝÏÞ·ß�à¤Ã�Ô�Ãzá�Õ�ßSâ�ãäÇÈ¿0åzÃ�ÍEÚÖÕ×ÔSÉæ Ò À×Ô�¿¡Õ×Ò�¿çÌ�Ã�Í¡Ä�À^Ô�ßèË;ÜqÝÏÞ�ß¸à¤ÃzÔ�Ã�á�ÕSßéâ�ãäÇÈ¿0å�ÃzÍ0ÚÓÕ�Ô�É2Õ×ÔSÉëê�Ã�Á�ÃzÉ�Ã�áNìíÔ�ÄÙ¿EÇî¿EÅ�¿0Ã^ßéï�À�Ä0Ò�À�ã�ßbÝäÅSÄEÄ�ÇÓÕ�ßLÃ�ðÆÂÕ�ÇÖÚkñ ò?ÚÓÕ×É�ÇÈÆ©ÇÖÍzóôà¤Í0ÇÓÒ¡Ð�ÇÖÔ�Ã`õ¤Ò�Ã�ÍEÔ�ó Ò¡Ð

�



� P 5rB¤3�'*)*7.8	BDCE'95
�ÂlA�*hkc�o`��[�]`a�Z�j�]z����� ���z��j^oih\�>c����Ù�>]<lµa�dA]z�>cAh\j�h\c�oi��]`a�j^o`hk�>c��
	AZ a�� a�c h\�	q�>]�o�a�c�o<]i��Z\��h\c j^�>]i]z��j×o
�ihk���AZ\a�o`hk�>cX���Ïlµa�dA]z�>cAhkj��il½���w��]�� W e���]zh�����h\c½[.o`l½��o`��o`a�Ztj�]z����� ���i�^j^oih\�>cfa�c½d9o`lA��h\c�o`�^[>]`a�Zt�^Z a���o`h\j
a�cAd hkcA��Z\a��zoih\j!j^]i�������i��j×o`hk�>c����Ù�>]»hkc�oi��]ia�j^oih\�>c �>c d½h��q��]i�^c�o<o`a�]i[��^o���h���o`l����rhk��	g�>]zo`a�c�o W �ÂlAh��
� �^]ih��µj�a�oih\�>cflµa � pg���^c¸��cA�r���DoilA��e"!�#%$'&�
(o`a���(�� d��A]ihkcA[����>��)������>�>� W
&�c+*�,.-%/103254��76ÂoilA�¸j^]i�������8�i��j×o`hk�>céd½�9�µcAhºo`hk�>c���a�]i�¦oilA�:�Ù��Z\Z\�;� hkcA[=<?>�@BAC@�DE>�FHGJIK>.LNMPO�a�cAd
>�FQGRD+>TSVU�ACW�I�>.X8LCMÙs�� lA��]z�Y>�@BAC@�sZ>�FQGAsZ>.LCMÙs >TS[U8A8W�a�cAd
>.X8LNM�a�]i��o`��o`a�ZEs�hkcA��Z\a��zoih\j�s��^Z a���o`h\j�s�	A]i��d��Aj×o`h\��c
a�cAd]\^�Aa��ih�����Z\a��zoih\jXj�]z����� ���z��j^oih\�>c���s�]i�9��	g��j×o`h � ��Z�� W *�,.-%/1032 lµa��`_�lAh��zoi�>]ihkj�a�ZkZ���aÊo`lA��Ù�>Z\Zk�;� h\cA[
��� dA�^Zb�Y�Ù��] lAa�dA]i��c ��c��Aj^Z\�7��� j^]i�������8�i��j×o`hk�>c��7<
� WÊV�cTd a�dA]i�>c.e	]i�����V$ �^j^o`hk�>c���j^Z a����f�Ù�>]?h\c½��Z a �zo`hkj	a�cAd4��Z\a��zoih\j·lµa�dA]z�>c?_Ùh\cA�^Z a���o`h\j·a�c½d,��Z a �zo`hkj;a
j^]i�����g�z��j×o`h\��c��ÊhkcAlA�^]ihkoi��dh�Ù]i��� V�d �i&j$ d !k4î�Z6 W

� WÊV�cTl ]i��oi�>cnm�o �7�½oi]i�>c�&�cA��Z\a��zoih\j;e	]z������$ ��j×o`hk�>cLj�Z\a������Ù�>]�!gp ��c �Cq �^Z\Zkhb�ij�lr	Aa�]`a����^oi]ih�s�a�oih\�>c
��� d½��Z W &�cA��Z\a��zoih\j�j�]z�����t�z��j^oih\�>c�>cAZ��u4wv 6 W

v WÊV�c�x ��Z a���o`h\j�j�Z a ���y�Ù�>] ��Z\a��zoih\j»j^]i�������8�i��j×o`hk�>c¸� �ie d & l $f����dA�^Zz4 c 6 W
�ÂlA�9�i� ����dA��Z��"�w��]i� � ��]ih��µ��d � �^]������	�[p�	g��]zh\����c�o�a�ZAdµa�o`a W �ÂlA� �[p�	g��]zh\����c�o�a�ZAdµa�o`a��w��]z� o`a�(��^c
�Ù]i���{& d � l � l � V dµa�o`a�pµa��z��s�a�cAd!�|�ApAcµat�i�×oy4î� s�� 6 W �ÂlA�9�
�il½���w��d!h\cµa�j^j7�A]ia�j9�<aSoÏZ\�;�Q�^cA��]z[>h\�9�
a�cAd¦j^�>c���o�a�c�oz�¡Z\h�(���pg��lAa � hk�>]Y�Ù�>]wlAh\[>l9��cA�^]i[��9]`a�cA[�� W �?�,h\�	A]i� � � o`lA��lAa�dA]i��c ��c��Aj^Z\�7���©j�]z����� ��i�^j^oih\�>c¸a�j�j9�A]`a�j9�fh\c}*�,.-%/1032 o��w��cA�9� ����dA��Z��y�	�^]i�<h\�	AZ\�^���^c�o`��d~<
� WÊV�cTl h�m�og�Aj�Zk���>c�o��½j�Z\��a�]Ve	]z������$ ��j×o`hk�>cQj�Z\a������Ù�>]<��	½oih\j�a�Z�����dA��Zz	µa�]`a����^oi]ihb�ia�o`hk�>c dµa�o`a
hkc�oi��]�	q�>Z\a�o`hk�>c��Ù�>]i	½h\�>c���m�c��Aj�Zk���>c��·��c�c��Aj^Z\�^h W �?��o`a�ZEs�hkcA��Z\a��zoih\jÂa�c½d��^Z a���o`hkj
_P>.LCM��{>�@BAC@��
>�FQG�a©j�]z�����t�i�^j^oih\�>c��Êa�]z�ra � a�hkZ a�p½Z\�J4�� sn)�6 W

� WÊV�c�V Z a��Apg��] V ]zh\pg� � e	]z������$ ��j×o`hk�>c j^Z a������Ù�>]!oi��o�a�Zwa�cAdbhkcA��Z\a��zoih\j�_0a�Z��i�}	A]z� d��Aj^oih\�>cLa�cAd
�zh\cA[>Zk�×�¡dAh��q]`a�j×o`hk�>c3�Ha�lµa�dA]z�>crj�]i�������i�^j^o`hk�>c��Ïh\c»oilA�z��	Ahk]ihºoä��� V Z\a��Apg��]@����dA��Z�� hºo`l V ]ih\pg� �j^�>]i]z��j^oih\�>c W

d �^]i�fhko4hb�,]i�9	q��]zo`�^db�>c � ��]zh��µj�a�o`hk�>cL��� o`��o`a�ZÂa�c½d hkcA��Z\a��zoih\j�j�]i�������8�i�^j^o`hk�>c��J�Ù�>],lµa�dA]i�>c�����c
dAh��;�^]i��c�o4o`a�]i[��^o��Xa ���	�^Z\Z	a��,�>cLcA��� ��� d½��Zb�`_���	 o`h\j�a�Z·����dA��Z�	µa�]ia����×o`]zhb�`aSo`h\��c dµaSo�a#h\c�oi��]��
	g�>Z a�oih\�>cfa�cAd��zh\�	AZ\h��µ��d V Z\a��Apg��]Â��� dA�^Z�awhk��	½Z\������c�oi��dfh\c�*�,.-%/�0~2��Ù�>]©oilA�rdA�7�zj�]ih�	½o`hk�>c���
lµa�d½]i�>c �¡c��Aj�Zk�7��� j�]z����� ���z��j^oih\�>c�� W
J ��� BDC¡8y�4-#&('*),+.-Ci5rB;+.3 � '�-C�»B?C¡'95
�ÂlA� ��	½oih\j�a�Z½��� d½��Z�	µa�]`a����^oi]ihb�ia�o`hk�>c4dµaSo�a�4�� sT) 6µhkc�o`��]�	q��Z a�oih\�>c4h����7���i�^c�oih a�ZkZ��!pµa��i�^d���c\��µa �ihº�
��	½oih\j�a�Z½��� d½��Z'�Ù��]�lAh\[�l4��cA�^]i[>hk�7�g_Ù�5� � V �^e�a�a�cAd,�>cXpAZ a�jV(.dAh���(R	AlA��c½�>���^cA�>Zk�>[��
� hko`l,j^�>]��
]i�^j^oih\�>c����Ù��]�Z\�;� ��cA�^]i[>hk�7� W �Âl½� oi��o�a�ZEs�hkcA��Z\a��zoih\j�_�a�cAdX��Z\a��zoih\j�aDj�]z�����z�i�^j^oih\�>c��·a�]z�Âh\c�o`�^]�	g�>Z aSo`��d
���zh\cA[�<

>z_��tO���azD����H��A����N�8��I��f_��tO���a8�[ ¢¡�_£��a�¤f_P�|aj¥�¦�§�¨©O

�



� lA�^]i��� h��*dA���	]z���zZ\hk�¶Z\�^cA[�oilç���
	A]i���z�^j^oih\Z\�¶h\c eÂ
 ���^�zoi���s�� hb�9oilA��(�h\cA�×o`hkj#��cA�^]i[�� ���
	A]z���z��j×o`h\Zk��hkc9Z a�pq�>]ia�o`��]��J�j�'��o`�^�¸s�!«hb�·o`lA��aSo`�>��h\j �w��h\[�l�o�sAa�c½d`��A�� �
�Ù� W�Y �AcAj×o`hk�>c�� ¡"_£��a×s
¤"_£��a©a�c½d��Y_£��a©a�]i���z��]zh\�7� Z\h�(�� <

� F
	 F ���� a�c½d � F
	 Fb������
�ÂlA����� d½��Zgdµa�o�a��w��]z�»o�a�p��AZ a�oi��d¦a�cAdfh\c�o`�^]�	g�>Z a�oi��d�h\c9oilA�|�Ù]`a������w�>]�(9���i*�,.-%/1032#o`���>Zb(�hko W
�ÂlA�w[>��cA�^]`a�Z�dAh��`a�d � a�c�o`a�[>�����½��	½o`hkj�a�Z�����dA��Z��?h��äo`lA� 	A]i�^dAh\j×o`hk�>c.� �Aj���c��zo`a�c�o¤j^]i���������z��j×o`h\��c��f�Ù�>]
� �^]��¸lAh\[�l¶��c½��]i[�h\�7� W �"p'	g��]ihk���^c�o�a�Z?dµa�o`a �ilA�;�rsqlA�;�	� � ��]^s1�i��a�Z\Zä]z��Z\a�o`h � h��zoih\j�]ih��i�.����lµa�d½]i�>c �c��Aj�Zk�7���Âj^]i�������8�i��j×o`hk�>c�� W·Y �>]·o`lAh��	]i��a��i��c?�w�»j^�>c��ihkdA��] V Z a �Apq�^]w����dA��Zn�Ù�>]woilA��dA�9�ij�]zhb	½oih\�>c9���
lµa�d½]i�>c �¡c��Aj�Zk�7��� j�]z����� ���z��j^oih\�>c��ÊhkcfoilA�rlAh\[�l]_Ù����]i��oilµa�c ���>� V �×e�a	�^cA��]z[��f]i�^[>h\�>c W

� O Cz& � - C��¦+») � -N�47��X+.3 &('*),+.-�1>'43 B@'.B3�4-h�45.) Ci5<+.-N��/äBDC¡8(8�3>'4/Ï/
/?+�8	BDCE'95</

!����	a��4����c�oih\�>cA�^dLh\c 4�� 60s�o`lA� V Z\a��Apg��]!����dA��Z·]i�9���AZºo��,h\c o`lA� �Ù��Z\Z\�;� hkcA[¸]z��Z\a�o`hk�>c��R�Ù��].o`l½�
o`��o�a�Z�>����@BAC@ h\cA�^Z a���o`hkj�>����FQG a�cAd¶�^Z a���o`h\j�>����LNM j�]z�������i�^j^o`hk�>c��Ê����a�lAa�dA]i��c
�¶�>c aXc��Aj�Zk��a�] o�a�]z[>�^o
�!sµ]z�7��	q�^j^o`h � �^Z�� <

> ���@BAN@ D«�! #"  �$!% �g�'&g��p'	)(£� �� > ��*@BAC@ � �� _ $ a,+.-0/�O
> ���FQG D  "   $21 �t�'3���p'	 � ��> �4*@BAN@ � �� _ $ a �6587 O

> ���LCM �{> ���@BAC@ �r> ���FQG D  "   $!9999
�t� & ��p'	 ( � �� > ��*@BAC@ � �� _ $ a +:- 9999

  O
� lA�^]i� $ hb�Ïo`l½�	h\�	µa�j×o"	Aa�]`a����^oi��]^s�>���*@BAC@ hb�Ïo`lA�·o`��o`a�Z�j�]i�����"�z��j×o`h\��c4���AoilA�	lµa�dA]i�>c!�>c,aÊc��Aj^Z\�^�>c
a�cAd��;�� _ $ a·h��·oilA��lµa�dA]i�>c�	A]i� �µZ\�t�£�AcAj×o`h\��c Wid �^]i��<=�6�6�?>·����a�c��©aR	½]i��	g��]wa � ��]ia�[>hkcA[!���@lµa�dA]z�>c��hk[>��c��zo�aSo`�7�9h\cAj^Zb�AdAhkcA[ V ]zh\pg� � h\cA�^Z a���o`h\j?�zlµa�dA�;� h\c½[Qj��>]z]i�^j^o`hk�>c W !�	�	½Z���h\cA[ o`lA�¸Z\hk[>l�oz��j^�>cA�
dAh�	q�>Zk��a�	�	½]i��p h\��a�o`hk�>c �Ù�>]©oilA�rj��>]z]i��j×o`hk�>c¸j�a�Z\j9�AZ aSo`h\��c@s ��cA�rj�a�c:	q�^]��Ù�>]z�ëa � �^]`a�[�h\cA[�<

3���p'	 � ��> �4*@BAN@ � �� _ $ a �@5 D �
��I > �4*@BAN@ � �� _ $ a �

�ÂlAh�����p'	AZkh\j^hko`Z��¦dA�^���>c��zo�aSo`�7��lA�;� V ]ihkpq� � j^�>]i]z��j×o`h\��c#�9a (��7��c^�½j�Z\�^hD���>]z�<oi]`a�c���	µa�]z��c�o_��[p��
	g�>cA��c�o Z a��BA 	g�;�	�^] Z\a���a W �ÂlA�^c¸o`l½�<j^]i�����t�i��j×o`hk�>c�� ]i��a�d3<

> ���@BAC@ D  "   $ >���*@BAC@ ���� _ $ a
��I �

� > ��*@BAC@ � �� _ $ a
O > ���FQG D  "   $ >���*@BAC@ �;�� _ $ a�YI > ��*@BAC@ � �� _ $ a O

Y �>] 	A]ia�j^oih\j�a�Zäj�a�Zkj7�AZ\a�o`hk�>c��©hkc¶a�� h\d½�.]ia�cA[>�r���Dlµa�dA]z�>c��Êa�cAdc��Aj�Zk��hEs��w�<h\c�o`]z� d��½j���o��	���ihk�X�
	AZkh��µj�a�o`hk�>c��|�Ù�>]�o`l½�9lµa�d½]i�>c�	A]i���AZ\�J�£�AcAj×o`h\��c����� _ $ a�j�a�Zkj7�AZ\a�o`hk�>c a�j�j^�>]id½h\cA[fo`�fo`lA� V Z\a��Apg��]��� dA�^Zz_DCrj��>]z]i�9��	g�>cAd�� o`��_FE�OHG�a��8	AZ a�cA�;a[<

� �� _ $ azD �
> ��*@BAC@  "   CJI �6K ��* _�C�a©� � _,L$ � LC�a�O � � _ $ azD+�  NMO M "QPSR _ $ OTPTa[O

v



� lA�^]i�|� � _ $ a·hb�	oilA�»c��Aj�Zk��a�]wo`lAhkjV(�c½�7��� �£�Ac½j^o`hk�>c@s'� hb�wo`lA�»c��A�!pq�^]©���?c��Aj�Zk���>c��	h\c*o`l½��o�a�]z[>�^o
c��Aj�Zk�7���©a�cAd R _ $ OTPTawh��·oilA��c��Aj^Z\��a�]	dA�^c��ihºo���c½�>]i��a�Z\h��i�^d��>c��AcAhºo�_ P!hb��o`lA�ÊdAhb��o�a�c½j��»a�Z\�>cA[ro`l½�
lµa�d½]i�>cfo`]ia@�z��j×o`�>]j�fa�oÂo`l½�<hk��	Aa�j^o 	Aa�]`a����^oi��] $ a W�ÂlA�r��Z\a��zoih\j��ij�aSoio`�^]ihkcA[Xa��	AZ\hºo��AdA� � K ��*�_�C�aw�>ca4c��Aj�Zk���>cfj�a�cpg�|���z��dh\c¦�[p�	g�>cA�^c�o`h a�Z~�Ù�>]i�:<

I �6K ��* _�C�a D > �4*@BAN@
c ��� ��* ��p'	���� C  ��� ��*�� O

� lA�^]i�	� ��* hb��oilA���iZk��	q�,� �·oilA�XdAh��q��]z��c�o`h\a�Z0��
 ��Z\a��zoih\j4j^]i�����R�z��j×o`h\��c W �ÂlA�XZ aSoio`�^]»]i�^Z a�oih\�>c
j�a�c¶pg���ihk��	½Z\h��A��da������A��h\cA[�i��a�Z\Z1�zZ\��	g��� ��* ��]g�z�9a�Z\Z1�ih�s��<����a�c^�½j�Z\�^�>c¶j^�>�	µa�]i�^d¸oi��o`l½�
c��Aj�Zk�������7< I �6K ��* _�CZa�_� ��* A ��a0A >���*@BAC@

��� _�E¢a � _ G�a�O
� �� _ $ a�_�� ��* A �Ta0�+� � _ $ azD+�  MO M "QPSR _ $ OTPTa[O

�ÂlA�
�i�^j��>cAd:�zoi�7	¸hb� �ihk��	½Z\h��A��d V a������zh a�cf]z�7	A]z�7�i�^c�o�a�oih\�>c��� R _ $ OTPTa[<
R _ $ OHPTa�D �

_���� ��a � ��p'	��"� $   I P  �   � O
� lA�^]i��� hb�ro`l½�*c��Aj�Zk��a�].]`a�dAh���� W &¡oXa�ZkZ\�;�t�R���.o`�¶j�a�Zkj7�AZ\a�o`��a�cµa�Z���o`h\j�a�Z\Z��#o`l½�9j�]z�������i��j×o`hk�>c
h\c�oi��[>]ia�Zb�Âhkc¦]i�7��	q�^j^oÊ��� $ a�cAd P W�ÂlA�^c¸o`l½�<j^]i�����t�i��j×o`hk�>c�� ]i��a�d3<

> ���@BAN@ D«�Z���   Z\c��E��I ��> �4*@BAN@
�Z���  �� O

> ���FHG D ���   Z\c � �YI ��>���*@BAC@
���   � �

�ÂlA� ����dA�^Zµhb��]i�^d��Aj��^d9o`�ro`l½���z��Z\�^j^oih\�>c����3> �4*@BAN@ a�c½d���_£��a � a�Zb�A�9� W q �����i� o`lA� Z a�oi�7��ow�^dAhkoih\�>c
��� l � V 4���� 6�a�cAd#dAh��;�^]i��c�o�*�,.-%/1032=	µa�]ia����^o`]zhbs�a�o`hk�>c�� �Ù�>]g> ��*@BAC@ sqh\cAj^Zb�AdAhkcA[Xo`lA�!oi��o�a�ZDj^]i������i�^j^oih\�>c�� �����äs���äs� Ds���!¤s�"#! a�cAd%$ O �>c:	A]i��oi�>c�� a�cAdfcA�9�½o`]z�>c�� W
Y �>]�(�cA�;� cLj^]i�����J�i��j×o`hk�>c��4�>c]	A]i��oi�>cLa�c½dQcA�7� o`]i��c@si��>���*@BAC@ D�
gS;> � S@BAC@ I&

G >�� G@BAC@ s"� l½��]i�'
gS
a�cAd(
�Gfa�]i�.o`lA�,c��A�4pg��]r��� 	A]z��o`��c��ra�cAd cA�9�½o`]z�>c��rh\c#oilA�,c��Aj�Zk�7��� W �ÂlA�Xc��Aj�Zk��a�]�]ia�dAh����»hb�
	µa�]ia����^o`]zhbs^��dfpT�¢< ��_P��aiD ��A��')* ¡�_P�|a�O ��A�� � �º��¡�+�O
� lA�^]i���Ù��]J� �����>sy¡"_P��a-, �>sz� lAhkZ\�fh\cLo`l½�¸��	�	q���zhkoi�j�a��i��v., �/, � �>sY¡�_P�|a��(�¸hkc
o`l½�4Z\hk��hºo��Â���w���10 W �	��Zk�;� h\c¶oilA�4cA�[p o|�i��j×o`hk�>c a�]z�!o`lA�.����dA�^Zf	A]z��dAhkj^oih\�>c��g�Ù�>] o`lA�4c��Aj^Z\�^�>c
_�hkcA��Z\a��zoih\j�s o`��o�a�Zäa�cAd¸�^Z a���o`hkj;awj^]i�������z��j^oih\�>c�� ��cd½h��q��]i�^c�o o`a�]i[��^o�� W

c



����� ���	��
�������������������������! "���#��$%�& �'(')'(��$+*(�, .-/�&�%*(�, �'
�ÂlA� V Z a��Apg��]#a�	�	A]z��a�j�l a�Z\Zk�;�t�}��� o`� �7��o`hk�9a�oi� o`l½� ]ia�o`hk���#���\��µa��zhº�¡��Z a �zo`hkjLa�cAd �zh\cA[>Zk�×�
dAh��;]ia�j^oih\�>céj�]i�������8�i�^j^o`hk�>c��*oi�Qo`lA�#hkcA��Z\a��zoih\jj�]z����� ���i�^j^oih\�>c��Ù�>]�lµa�dA]z�>c ��c��Aj^Z\�9���¦h\c�o`�^]`a�j×o`hk�>c W
&�cfo`lA���Ù]`a������	�>]�(*���f�ihk��	AZkh��µ�^d V Z a��Apg��] � V ]ihkpq� � ����dA�^Z;o`lA�rj^]i�������z��j^oih\�>c�� ]z��a�d~<

> ���@BAC@ D«�Z���   Z\c��¡�YI ��> �4*@BAN@
�Z���   � O > ���FQG D ���   Z\c��E��I ��> �4*@BAN@

���   � �
> ���SVU�A8W D ���   Z\c��¡��I ��> ��*FQG

���   � O > ���X8L D > ���FQG �r> ���SVU�A8W
> ���0 W _���� A 1��|aiD ���  32 ���LZ\c
4���I ��6	4 O ��D ��> ��*@BAC@

�Z���   I ��> ��*@BAC@ �
q lA�^]i�?> ���@BAC@ s > ���FHG si> ���SVU�A8W si> ���X8L a�c½dr> ���0 W _��.� A 1���a.a�]i�*oilA�*o`��o`a�ZEs¤h\cA�^Z a���o`h\j�s�	A]z� d��½j^o`hk�>c@s
\��µa��zhº���^Z a���o`hkjÂa�cAd�ihkcA[>Z\����dAh��;]ia�j^oih\�>c.j�]z�����z�i�^j^oih\�>c����;arlAa�dA]i��c��>c�a�c��Aj�Zk�7��� !!s�]i�7��	q�^j^oih � �^Z�� W�ÂlA���LdA�7	g��c½dé�9���i�^c�o`h a�Z\Z�� �>cLo`lA�*oi��o�a�Z	lµa�d½]i�>c �¡c��Aj�Zk���>cbj�]z�������z��j^oih\�>c���s >���*@BAC@ a�cAdbcA�;�ë��c
o`l½�4h\cA�^Z a���o`hkj.j^]i�������i��j×o`hk�>c}>���*FQG W I h��Êo`l½� I�
�$¶]`a�dAh������ ��c^�½j�Z\�^�>c dAh��zo`]zh\p�� o`h\��c¶h\c��ih\d½�.o`l½�
c��Aj�Zk�7��� W

5 6 '�& � ��3�C¡/Ï'95 7=CEB98 +�: � +<3 Cz&(+.5rB3�4-f)J�»B~�
e	�>�	µa�]zhb�i��c���lµa � � pg���^c�½cAdA��]�o�a�(���c��Ù�>]�	A]z��o`��c���s�cA�9�½o`]z�>c��^s��3;¦a�cAdJ� O �>c=<?>>sA@Xs(BC>>sA@CDÏs
E sAF $ s�a�cAdHGço`a�]i[��^o���hkcXoilA�t	µa�]�o`h\j^Z\�©�^cA��]z[��,]ia�cA[>� � �º���#���>�>� V �^e W�n cA� Z\hk��hºo�a�oih\�>c��ÏhkdA��c �
o`h��µ��dX���g�[p½h��zoih\cA[�*�,.-%/1032¦j�]i�����z�i�^j^o`hk�>c����	a���o`lA�Âd½�7	g��cAdA�^cAj�� ���gh\c�oi��[>]ia�ZAj�]z����� ���z��j^oih\�>c��·��c
��c½��]i[ �*h\c�o`lA��]`a�cA[���� ����� V �×e W �"p½h��zoih\cA[4hk��	½Z\������c�o`a�o`hk�>c���lµa�d*�^hkoilA��]	a4Z a�]z[>�Ê]z��Z\a�o`h � h��zoih\j]ih��i�
_ V�cTd a�dA]z�>cne	]i�����V$���j^oih\�>c��·����dA��Z a×s>�>]��w��]z�Êj^�>c���o�a�c�o	a�pq� � �<���>� V �×e4s�a�j^j��>]zdAh\c½[roi�rZ\�;���c½��]i[ � ��	 o`h\j�a�Z�����dA�^Zb��4�)Z6 W ! cA���Nj�]i�������z��j×o`h\��cQh\�	AZ\�^���^c�o�a�oih\�>c��Ù�>]ro`��o`a�Z·a�cAdQhkcA��Z\a��zoih\j
lµa�d½]i�>céh\c�o`�^[>]`a�Z j^]i����� �i�^j^oih\�>c���©a �9dA� � ��Zk��	g��d@s©oi� j���]i]i�^j^o�o`lAh�� W &¡o`� o`h\Zkhbs^�7��a��zh\�	AZ\h��µ��d
� �^]��zh\�>c���?o`lA� V Z a��Apg��]Â����dA��Z~� hºo`l V ]ih\pg� � j^�>]i]z��j×o`h\��c=_ V.V ����dA��Z a W
Y hk[ W ����	 o`� Y h\[ W ��� dA�^����c��zoi]`a�oi�oilA�¶j^�>��	Aa�]ih��i�>c��^s©a�c½déo`l½�¶cA���JI V<V I�����dA��Z0s	h\cbo`l½�
h\c�oi��[>]ia�Z@h\c½��Z a �zo`hkjra�cAdfo`��o`a�Z@j^]i�������z��j^oih\�>c�� � ��cA�9�½o`]z�>c�� �>cfj�a�]zpq�>cfo�a�]i[>�×o�sµ]i�9��	g��j×o`h � ��Z�� W !©o��c½��]i[�h\�7�	a�pg� � �.� V �×e a�[>]i�^������c�o	h�� �Ù���AcAd�� hºo`l���p'	q�^]ihk���^c�o`a�Ztdµa�o`a 4î� s�� 6qa�o	a<o��^	Ah\j�a�ZtZ\� � ��Z���!����� ��� 0 W �ÂlA�¸�[p'	q�^j^o`�^d �i��a�ZkZ©]i�^Z a�oih � hb��o`h\j9]ihb�z� � ��]���������cA�^]i[��r�Ù��]XoilA�f]`a�c½[>���(�����
V �^e h��»]i�9	A]i��d��Aj^��d h\c#oilA�HI V.V I;��� d½��Z W !�c a�dAdAhºo`hk�>cµa�ZÏh\�	AZk������c�o�a�oih\�>c���·h\c�oi��[>]ia�Z¤j^]i�����
�i�^j^oih\�>c��i�Ù�>]"	A]i��oi�>c���a�c½d�c½�7�½oi]i�>c��z���zh\cA[ �	a�]`a��zlA��c�(�� � I �w� � a�Zb�Aa�o`hk�>c�� 4w) 6µlAa���pq�^��c�h\cAhºo`h\a�o`�^d@so`��a�j^j����½c�og�Ù�>]©oilA�rZ\�;�©���^cA��]z[��*pg��lµa � h\��]�sµpg��Z\�;�I� V �^e Wx �µa��zhº���^Z a���o`hkj©a�cAd�ihkcA[>Zk�×��d½h��q]`a�j×o`h\��c.o`�rhkcA��Z\a��zoih\j©j^]i���������z��j×o`h\��c�]ia�o`hk���"�Ù�>]i	A]z��o`��c���s�cA�9�½o`]z�>c��^s
��;ba�cAd�� O �>c d½h��q��]i�^c�o�o�a�]z[>�^o�� � ��]������.��cA�^]i[��#a�]i�J�zlA�;� c hkc Y h\[ W �;)`��	 o`� Y h\[ W �J� W �Âl½�
	A]z��dAhkj^o`hk�>cQ���t�zh\�	AZ\h��µ��d V Z\a��Apg��].����dA��Z·hb�!h\cLa�[�]i���^���^c�o�� hkoil o`lA�h	½]i��d½h\j^oih\�>c ����e d & l $
	µa�]ia����^o`]zhbs�a�o`hk�>c�� o`h\Zkhbs^h\cA[�a�cA��o`lA�^]»dA�9�AcAhkoih\�>c¸���z\��µa��ih����^Z a���o`h\j.j�]z����� ���i�^j^oih\�>c pµa �i��d ��c j��>c �
�ihkdA��]ia�o`hk�>c¦���Do`lA��	A]z�>pµa�pAhkZ\hºo���� �"�zh\cA[>Zk����Z\a��zoih\j»lµa�dA]i�>c���c��Aj�Zk���>cj���Z\Z\h��ihk�>c9hkc��ihkdA��c��Aj�Zk�7��� W

�



Proton energy (GeV)
-210 -110 1 10 210 310

C
ro

s
s
-s

e
c
ti

o
n

 (
m

b
)

150

200

250

300

350

400

450

500
Geisha inelastic

inσBarashenkov 

G-G inelastic
ihep-exp db data

dubna-exp db data

G4 HPW-Axen

p-C inelastic cross-section

� Õ��
Proton energy (GeV)

-210 -110

C
ro

s
s
-s

e
c
ti

o
n

 (
m

b
)

150

200

250

300

350

400

450

500
Geisha inelastic

inσBarashenkov 

G-G inelastic
ihep-exp db data

dubna-exp db data

G4 HPW-Axen

p-C inelastic cross-section

� Á��
Y hk[��A]i�,��<�&�c�o`��[�]`a�Z<h\cA�^Z a���o`hkj j^]i�������8�i��j×o`hk�>c��¶� �J	A]i��o`�>c��¸�>c j�a�]ipg�>c o`a�]i[��^o�< _0aTa9�#��� O   �

��� � V �^e!s�_Ùpna	����� O   � � �Ö� V �×e W �"p�	g��]zh\����c�o�a�ZDdµaSo�a}_Ù��	g��c}	g�>h\c�o��Vay�Ù]i�>� 4î� s;��6Es
Z\hkcA�7�Âj^�>]i]z�7��	g�>cAdfo`�XdAh��;�^]i�^c�o�*�,.-%/1032 ����dA��Z�� W

Neutron energy (GeV)
-210 -110 1 10 210 310

C
ro

s
s
-s

e
c
ti

o
n

 (
m

b
)

200

300

400

500

600

700
Geisha inelastic

inσBarashenkov 

G-G inelastic

ihep-exp db data

dubna-exp db data

G4 HPW-Axen 

n-C inelastic cross-section

� Õ��
Neutron energy (GeV)

-210 -110

C
ro

s
s
-s

e
c
ti

o
n

 (
m

b
)

200

300

400

500

600

700
Geisha inelastic

inσBarashenkov 

G-G inelastic

ihep-exp db data

dubna-exp db data

G4 HPW-Axen 

n-C inelastic cross-section

� Á��
Y hk[��A]i�<�^<�&�c�o`��[�]`a�ZÊh\cA�^Z a���o`h\jfj^]i���������z��j×o`h\��c��¦���rcA�9�½o`]z�>c��*�>cèj�a�]zpq�>céo�a�]z[>�^o7< _�aTa,�9��� O   �

��� � V �^e!s�_Ùpna	����� O   � � �Ö� V �×e W �"p�	g��]zh\����c�o�a�ZDdµaSo�a}_Ù��	g��c}	g�>h\c�o��Vay�Ù]i�>� 4î� s;��6Es
Z\hkcA�7�Âj^�>]i]z�7��	g�>cAdfo`�XdAh��;�^]i�^c�o�*�,.-%/1032 ����dA��Z�� W

)



Neutron energy (GeV)
-210 -110 1 10 210 310

C
ro

s
s
-s

e
c
ti

o
n

 (
m

b
)

400

600

800

1000

1200

1400 Geisha inelastic

inσBarashenkov 

G-G inelastic
ihep-exp db data

dubna-exp db data

G4 HPW-Axen prod

n-Fe inelastic cross-section

� Õ��
Neutron energy (GeV)

-210 -110 1 10

C
ro

s
s
-s

e
c
ti

o
n

 (
m

b
)

400

600

800

1000

1200

1400 Geisha inelastic

inσBarashenkov 

G-G inelastic

ihep-exp db data

dubna-exp db data

G4 HPW-Axen prod

n-Fe inelastic cross-section

� Á��
Y hk[��A]i��v'<�&�c�o`��[�]`a�Z�hkcA��Z\a��zoih\j�j�]z����� ���z��j^oih\�>c��D��� cA�9�½o`]z�>c��?�>c.hk]i�>c»o`a�]i[��^o�<�_�aTag�D��� O   �4��� � V �^e4s_�pna·� ��� O  �� �b� V �×e W �"p'	g��]ihk���^c�o�a�Z@dAa�o�a:_���	q�^c:	g�>hkc�o��Va��Ù]z�>�E4î� sµ� 60sAZkh\cA�9�Âj��>]z]i�×�

��	g�>cAdfo`�XdAh��;�^]i��c�o�*�,.-%/�0~2 ��� d½��Zb� W

Proton energy (GeV)
-210 -110 1 10 210 310

C
ro

s
s
-s

e
c
ti

o
n

 (
m

b
)

600

700

800

900

1000

1100 inσBarashenkov 

Geisha inelastic
G4 HPW-Axen
G-G inelastic
dubna-exp db data
ihep-exp db data

p-Fe inelastic cross-section

� Õ��
Neutron energy (GeV)

-210 -110 1 10 210 310

C
ro

s
s
-s

e
c
ti

o
n

 (
m

b
)

1400

1600

1800

2000

2200

2400

2600

Geisha inelastic

inσBarashenkov 

G-G inelastic

ihep-exp db data

dubna-exp db data

G4 HPW-Axen prod

n-W inelastic cross-section

� Á��
Y hk[��A]i� c <�&�c�o`��[�]`a�ZµhkcA��Z\a��zoih\j	j^]i�������8�i��j×o`hk�>c��·���g���~	½]i��oi�>c����>cXh\]z�>c�_0aTaDa�cAd�cA�7�½oi]i�>c��·��cXo��AcA[��

�zoi��c�_ÙpnaDo�a�]i[>�×o�� W ��p'	g��]zh\����c�o�a�ZµdAa�o�a�_���	g��c	g�>h\c�o���af�Ù]i�>� 4È��s�� 6Es�Zkh\cA�9��j��>]z]i�7��	q��cAd
o`��dAh��q��]z��c�o�*�,.-%/1032Q����dA�^Zb� W �Âl½�4dµa�o`a�c�q �Ù�>]»���>�S� c �>� V �^e a�]i���zlA�;� c}� hkoil
a�cAd?� hkoilA���½ot\��µa��zhº�¡��Z a �zo`hkj»j�]z����� ���z��j^oih\�>cj���]i]i�^j^oih\�>c W

�



Proton energy (GeV)
-210 -110 1 10 210 310

C
ro

s
s
-s

e
c
ti

o
n

 (
m

b
)

600

700

800

900

1000

1100

1200 inσBarashenkov 

Geisha inelastic

G4 HPW-Axen

G-G inelastic
dubna-exp db data

ihep-exp db data

p-Cu inelastic cross-section

� Õ��
Neutron energy (GeV)

-210 -110 1 10 210 310

C
ro

s
s
-s

e
c
ti

o
n

 (
m

b
)

600

800

1000

1200

1400

1600

Geisha inelastic

inσBarashenkov 

G-G inelastic

ihep-exp db data

dubna-exp db data

G4 HPW-Axen prod

n-Cu inelastic cross-section

� Á��
Y hk[��A]i�
�^<�&�c�o`��[�]`a�Z�hkcA��Z\a��zoih\j!j^]i�������8�i��j×o`hk�>c��<���	� ��	½]i��oi�>c���_0aTa»a�cAd cA�7�½oi]i�>c��`_Ùpna��>c j���	�	q�^]

o�a�]z[>�^o W �"p�	g��]zh\����c�o�a�Z�dµa�o`a�_Ù��	g��cu	q��h\c�o���a��Ù]i�>� 4È� sÏ��6EsÏZkh\cA�9��j��>]z]i�7��	q��cAd oi�fdAh�� �
�Ù��]z��c�o�*�,n-%/1032 ����dA��Z�� W

Proton energy (GeV)
-210 -110 1 10 210 310 410

C
ro

s
s
-s

e
c
ti

o
n

 (
m

b
)

1200

1400

1600

1800

2000

2200

2400

2600

2800

3000

3200
inσBarashenkov 

Geisha inelastic

G4 HPW-Axen

G-G inelastic

dubna-exp db data

ihep-exp db data

p-Pb inelastic cross-section

� Õ��
Neutron energy (GeV)

-210 -110 1 10 210 310

C
ro

s
s
-s

e
c
ti

o
n

 (
m

b
)

1200

1400

1600

1800

2000

2200

2400

2600

2800
Geisha inelastic

inσBarashenkov 

G-G inelastic
ihep-exp db data
dubna-exp db data
G4 HPW-Axen prod

n-Pb inelastic cross-section

� Á��
Y hk[��A]i��)'<�&�c�o`��[�]`a�Zqh\cA�^Z a���o`h\j j�]z����� ���z��j^oih\�>c��©���Ï����	A]z��o`��c���_�aTawa�c½d¦cA�7�½oi]i�>c���_�pna��>c¦Z\��a�d�o`a�]��

[>�^o W �"p�	g��]zh\����c�o�a�ZqdµaSo�a?_���	q�^c`	q��h\c�o���az�Ù]i��� 4î� s � 6Es Z\hkcA�7�wj��>]z]i�7��	q��cAd*o`�4d½h��q��]i�^c�o
*�,.-f/1032¸����dA��Z�� W �ÂlA��dµaSo�a.c l p�Ù�>]	���>�S� c �>� V �×e a�]i�g�ilA�;� c`� hkoil*a�c½d�� hkoilA���½o
\��µa��ih����^Z a���o`h\j�j�]i�������8�i�^j^o`hk�>cj��>]z]i��j×o`hk�>c W

�



Proton energy (GeV)
-210 -110 1 10 210 310 410

C
ro

s
s
-s

e
c
ti

o
n

 (
m

b
)

0

500

1000

1500

2000

2500

inσBarashenkov 

Geisha inelastic

G4 HPW-Axen

G-G inelastic

dubna-exp db data

ihep-exp db data

p-U inelastic cross-section

� Õ��
Neutron energy (GeV)

-210 -110 1 10 210 310

C
ro

s
s
-s

e
c
ti

o
n

 (
m

b
)

1600

1800

2000

2200

2400

2600

2800

3000

3200

3400
Geisha inelastic

inσBarashenkov 

G-G inelastic

ihep-exp db data

dubna-exp db data

G4 HPW-Axen prod

n-U inelastic cross-section

� Á��
Y hk[��A]i�<�^<�&�c�o`��[�]`a�Zqh\cA�^Z a���o`h\j j�]z����� ���z��j^oih\�>c��Â���Ï����	A]z��o`�>c���_0aTa·a�cAd¦cA�9�½o`]z�>c��
_Ùpna·�>ch�½]`a�cAh��A�

o�a�]z[>�^o W �"p�	g��]zh\����c�o�a�Z�dµa�o`a�_Ù��	g��cu	q��h\c�o���a��Ù]i�>� 4È� sÏ��6EsÏZkh\cA�9��j��>]z]i�7��	q��cAd oi�fdAh�� �
�Ù��]z��c�o *�,.-%/1032 ����dA�^Zb� W �ÂlA�9dµaSo�a¸cA� �Ù�>]!���>�S� c �>� V �^e a�]i���ilA�;� c]� hºo`lQa�cAd
� hkoilA���½ot\��µa��zhº�¡��Z a �zo`hkj»j�]z����� ���z��j^oih\�>c¸j��>]z]i�^j^o`hk�>c W

Neutron energy (GeV)
-210 -110 1 10 210

C
ro

s
s
-s

e
c
ti

o
n

 (
m

b
)

200

400

600

800

1000

1200

1400

Geisha total

totσBarashenkov 

G-G total

dubna-exp db data

n-He total cross-section

� Õ��
Neutron energy (GeV)

-210 -110

C
ro

s
s
-s

e
c
ti

o
n

 (
m

b
)

200

400

600

800

1000

1200

1400

Geisha total

totσBarashenkov 

G-G total

dubna-exp db data

n-He total cross-section

� Á��
Y hk[��A]i�r�'<�&�c�o`��[�]`a�Z�o`��o`a�Z�j�]z����� ���i�^j^oih\�>c��¤���tcA�7� o`]i��c��¤�>c!lA��Zkhb�A� o`a�]i[>�×o�<�_0a�aä�¤��� O   �9��� � V �^e4s_�pna©����� O   �é� �Ö� V �^e W �"p�	g��]zh\����c�o�a�ZDdµaSo�a}_Ù��	g��c�	g�>h\c�o���a �Ù]z�>� 4È��s;� 60s;Zkh\cA�9�Êj^�>]��

]i�9��	g�>cAdfo`��dAh��q��]z��c�o�*�,.-f/1032 ����dA�^Zb� W

�



Neutron energy (GeV)
-210 -110 1 10 210

C
ro

s
s
-s

e
c
ti

o
n

 (
m

b
)

200

400

600

800

1000

1200

1400

1600 Geisha total

totσBarashenkov 

G-G total

ihep-exp db data

dubna-exp db data

n-C total cross-section

� Õ��
Neutron energy (GeV)

-210 -110

C
ro

s
s
-s

e
c
ti

o
n

 (
m

b
)

200

400

600

800

1000

1200

1400

1600 Geisha total

totσBarashenkov 

G-G total

ihep-exp db data

dubna-exp db data

n-C total cross-section

� Á��
Y hk[��A]i� �'<�&�c�o`��[�]`a�Z�o`��o`a�Z�j�]z����� ���i�^j^oih\�>c��¤���µcA�9�½o`]z�>c����>c.j�a�]zpq��c!o�a�]z[>�^o7<�_0aTa;����� O   �9��� � V �^e4s_�pna©����� O   �é� �Ö� V �^e W �"p�	g��]zh\����c�o�a�ZDdµaSo�a}_Ù��	g��c�	g�>h\c�o���a �Ù]z�>� 4È��s;� 60s;Zkh\cA�9�Êj^�>]��

]i�9��	g�>cAdfo`��dAh��q��]z��c�o�*�,.-f/1032 ����dA�^Zb� W

Neutron energy (GeV)
-210 -110 1 10 210

C
ro

s
s
-s

e
c
ti

o
n

 (
m

b
)

800

1000

1200

1400

1600

1800

2000

2200

2400

2600

2800
Geisha total

totσBarashenkov 

G-G total

dubna-exp db data

n-Fe total cross-section

� Õ��
Neutron energy (GeV)

-210 -110

C
ro

s
s
-s

e
c
ti

o
n

 (
m

b
)

800

1000

1200

1400

1600

1800

2000

2200

2400

2600

2800

Geisha total

totσBarashenkov 

G-G total

dubna-exp db data

n-Fe total cross-section

� Á��
Y hk[��A]i�,����<�&�c�o`�^[>]`a�Zto`��o�a�Ztj�]z����� ���z��j^oih\�>c��©���äcA�9�½o`]z�>c��w�>c*h\]z�>cXo�a�]z[>�^o7<t_0aTa¤�	��� O   � ��� � V �^e4s_�p.a��f��� O   �6� �Ö� V �×e W �"p'	g��]ihk���^c�o�a�Z»dAa�o�a _Ù��	q�^c 	q�>hkc�o��Va��Ù]i�>� 4È� s©� 6Es Z\hkcA�7�

j���]i]i�9��	g�>cAdfo`�XdAh��;�^]i��c�o�*�,.-%/�0~2 ��� d½��Zb� W

���



Neutron energy (GeV)
-210 -110 1 10 210

C
ro

s
s
-s

e
c
ti

o
n

 (
m

b
)

1000

1500

2000

2500

3000

3500
Geisha total

totσBarashenkov 

G-G total

dubna-exp db data

n-Cu total cross-section

� Õ��
Neutron energy (GeV)

-210 -110

C
ro

s
s
-s

e
c
ti

o
n

 (
m

b
)

1000

1500

2000

2500

3000

3500

Geisha total

totσBarashenkov 

G-G total

dubna-exp db data

n-Cu total cross-section

� Á��
Y hk[��A]i�,����<�&�c�o`�^[>]`a�Z,oi��o�a�ZXj^]i���������z��j×o`h\��c�� ���*cA�7�½oi]i�>c�� �>cIj���	�	g��] o�a�]z[>�^o7< _�aTa#� ��� O   �

��� � V �^e!s�_�p.a�� ��� O   �Q� �Ö� V �^e W �"p�	g��]zh\����c�o�a�Z@dµa�o`a?_���	g��ch	g�>h\c�o��Va �Ù]z�>� 4î� sµ��6Es
Z\hkcA�7�Âj^�>]i]z�7��	q�>c½doi��d½h��q��]i�^c�o
*�,.-%/1032 ����dA��Z�� W

Neutron energy (GeV)
-210 -110 1 10 210

C
ro

s
s
-s

e
c
ti

o
n

 (
m

b
)

2000

3000

4000

5000

6000 Geisha total

totσBarashenkov 

G-G total

ihep-exp db data

dubna-exp db data

n-W total cross-section

� Õ��
Neutron energy (GeV)

-210 -110 1 10 210

C
ro

s
s
-s

e
c
ti

o
n

 (
m

b
)

2000

2500

3000

3500

4000

4500

5000

5500

6000

6500

Geisha total

totσBarashenkov 

G-G total

ihep-exp db data

dubna-exp db data

n-Pb total cross-section

� Á��
Y hk[��A]i�,���'<�&�c�o`�^[>]`a�Zto`��o�a�Zgj�]z����� ���i�^j^oih\�>c��	���äcA�9�½o`]z�>c��©�>c�o��AcA[��zo`�^c�_0aTa�a�cAd9Z\��a�d�_�p.a�o�a�]i[>�×o�� W

�"p'	q�^]ih\����c�o`a�ZÊdAa�o�a�_Ù��	g��c�	g�>h\c�o���a��Ù]z�>� 4È� sw� 60sÂZ\hkcA�7��j��>]z]i�7��	q��cAd o`�Qd½h��q��]i�^c�o
*�,.-%/�0~2 ��� d½��Zb� W

�>�



Neutron energy (GeV)
-110 1 10 210

C
ro

s
s
-s

e
c
ti

o
n

 (
m

b
)

2200

2400

2600

2800

3000

3200

3400

3600

3800

4000

4200
Geisha total

totσBarashenkov 

G-G total

ihep-exp db data

dubna-exp db data

n-Pb total cross-section

� Õ��
Neutron energy (GeV)

-210 -110

C
ro

s
s
-s

e
c
ti

o
n

 (
m

b
)

2000

2500

3000

3500

4000

4500

5000

5500

6000

6500

Geisha total

totσBarashenkov 

G-G total

ihep-exp db data

dubna-exp db data

n-Pb total cross-section

� Á��
Y hk[��A]i�,��v�<�&�c�o`�^[>]`a�Zµoi��o�a�Zµj^]i�������8�i��j×o`hk�>c��	� �@cA�9�½o`]z�>c��·�>c9Zk��a�dXo�a�]z[>�^o7< _�aTaD�	��� O � �����>� V �^e4s

_�p.a��f��� O   �6� �Ö� V �×e W �"p'	g��]ihk���^c�o�a�Z»dAa�o�a _Ù��	q�^c 	q�>hkc�o��Va��Ù]i�>� 4È� s©� 6Es Z\hkcA�7�
j���]i]i�9��	g�>cAdfo`�XdAh��;�^]i��c�o�*�,.-%/�0~2 ��� d½��Zb� W

Proton energy (GeV)
-210 -110 1 10 210

C
ro

s
s
-s

e
c
ti

o
n

 (
m

b
)

0

20

40

60

80

100

120

140

160
Geisha total

elσBarashenkov 

G-G total

dubna-exp db data

p-He elastic cross-section

� Õ��
Proton energy (GeV)

-210 -110 1 10 210

C
ro

s
s
-s

e
c
ti

o
n

 (
m

b
)

50

100

150

200

250 Geisha total

elσBarashenkov 

G-G total

dubna-exp db data

p-C elastic cross-section

� Á��
Y hk[��A]i�,� c <�&�c�o`�^[>]`a�Z���Z\a��zoih\jwj�]i�������8�i�^j^o`hk�>c���� �n	A]i��oi�>c��D�>c4lA�^Z\hb�½��_�aTaDa�cAd4j�a�]ipg�>c?_�p.aÏo�a�]i[>�×o�� W

�"p'	q�^]ih\����c�o`a�ZÊdAa�o�a�_Ù��	g��c�	g�>h\c�o���a��Ù]z�>� 4È� sw� 60sÂZ\hkcA�7��j��>]z]i�7��	q��cAd o`�Qd½h��q��]i�^c�o
*�,.-%/�0~2 ��� d½��Zb� W

���



Neutron energy (GeV)
-110 1 10 210

C
ro

s
s
-s

e
c
ti

o
n

 (
m

b
)

800

1000

1200

1400

1600

1800

2000

2200

2400

2600

Geisha total

totσBarashenkov 

G-G total

dubna-exp db data

n-Cu total cross-section

� Õ��
Neutron energy (GeV)

-210 -110 1 10 210

C
ro

s
s
-s

e
c
ti

o
n

 (
m

b
)

0

200

400

600

800

1000

1200

1400

1600 Geisha total

elσBarashenkov 

G-G total

dubna-exp db data

n-Cu elastic cross-section

� Á��
Y hk[��A]i�,�;�'<�&�c�o`�^[>]`a�Z>oi��o�a�Z _0aTaq�D��� O � �
���>� V �^eèa�cAd<��Z a �zo`hkjg_�pna@j^]i���������z��j×o`h\��c��¤��� cA�9�½o`]z�>c��¤��c

j�a�]ipg�>c*o�a�]z[>�^o W �"p�	g��]zh\����c�o�a�Z;dµa�o`a?_���	g��ch	g�>hkc�o��Va �Ù]z�>� 4È� s½� 60s½Z\hkcA�7�	j��>]z]i�7��	q��cAd
o`�XdAh��;�^]i�^c�o�*�,.-%/1032 ����dA��Z�� W

� 6 '�5!8�-�7</�C¡'95</
�ÂlA���Ù�>Z\Zk�;� h\cA[.j��>cAj^Zb���zh\�>c�� j�a�cpq�r��a�dA�|�Ù]i���2o`l½�<j^�>�	µa�]ih��i�>c`� hºo`l��p'	g��]ihk���^c�o�a�Z@dAa�o�a�<
� WÊV�cTl h�m�og�Aj�Zk���>c�o��Aj^Z\��a�]Ve	]i�����V$���j^oih\�>c¦j^Z a����i�9�Âpµa��i�^df�>c �©a�]ia��ilA�^c�(�� � 	Aa�]`a����^oi]ih�s�a�oih\�>c

�zlA�;� [>� ��d¸a�[>]i�^������c�og� hko`l¸��p'	g��]ihk���^c�o�a�ZÏdµa�o`a�Ù�>]Âoi��o�a�Z0sµh\cA�^Z a���o`hkjra�cAd¶�^Z a���o`hkj.j^]i�����
�z��j^oih\�>c�� hkc¦o`lA��� h\d½�<�^cA��]z[��¦]ia�cA[>�X����
¸�×e � �<�?�^e W

� W $ hk��	½Z\h��A��d V Z a��½pq�^]���� dA�^Z�j�a�c pg�J���z��dQa ��	A]i�>Zk�>cA[�aSo`h\��c¶���Q�©a�]ia��ilA�^c�(�� � j^]i�����
�z��j��
oih\�>c��y�Ù��]©o`lA�r��c½��]i[ �f]`a�cA[��J� ����� V �^e W

v W $ hk��	½Z\h��A��d V Z\a��Apg��]	����dA��Zn�©a �©��p�o`�^cAdA�^d:�Ù�>]·o`lA��dA�7�zj�]ih�	½o`hk�>c¦���Ïl �8!K	A]z� d��Aj^oih\�>c¦a�cAd
�zh\cA[>Zk�×�¡dAh��q]`a�j×o`hk�>c9j^]i�������z��j^oih\�>c�� W

cAW �ÂlA�\��µa��zhº���^Z a���o`hkj;m�hkcA��Z\a��zoih\j.a�cAd��ih\c½[>Z\����dAh��;]ia�j^oih\�>cnmSh\cA�^Z a���o`h\j�j^]i�����R�z��j×o`h\��c ]ia�o`hk����a�]z�
a � a�h\Z\a�pAZk���Ù�>]rdAh��q��]z��c�o
	A]i�@�z��j^oih\Zk�7�<a�cAd o�a�]z[>�^o�� W �Âl½�9� a�]i�Xhkc�\��µa�Z\hko`a�o`h � �Xa�[�]i���^���^c�o� hºo`l�e d & l $:	½]i��d½h\j^oih\�>c��Âh\c¦o`lA�r�^cA��]z[��f]`a�c½[>�,�^�����>� V �×e W

H 8���5<' 72-0+»)��,+<&(+.5rB
�ÂlAh����w�>]�(Lhb�J����	�	q��]zo`�^dèpT�Lo`l½��e	������hb���ih\��cQ����oilA��i�A]i��	g��a�c e	�>�����Ac½hko`hk�7���½cAdA��]Xo`l½�
) @ � Y ]ia������	��]�( l ]i��[>]`a�����$�o`]��Aj^o��A]ihkcA[fo`lA���i�A]i��	g��a�c I �7�z��a�]zj�l=!�]z��a��As?j���c�oi]`a�j×o!c��A�!pq�^]It&�&©vS������)½��� ) W �Âl½��a�� o`lA�>]��	a�]i�Âo`lµa�c�(T�£�AZµo`�	� W !�	q���zo`��Z a�(�hb�^s�� W q ]zh\[>l�owa�cAd���oilA��]·���^�4pg��]��
��� *�,.-f/1032 lµa�d½]i�>cAhkj�[>]i����	:�Ù��]y�Ù]��Ahºo��£�AZqdAhb�zj7�����ih\��c���a�cAdflA��Z�	 W

�;v



Proton energy (GeV)
-110 1 10 210 310

in
σ/

q
e

σ

-210

-110

1
helium

carbon
iron
copper

lead
helium, CHIPS

lead, CHIPS

p-A quasi-elastic/inelastic cross-section ratio

� Õ��
Neutron energy (GeV)

-110 1 10 210 310

in
σ/

q
e

σ

-210

-110

1
helium

carbon

iron

copper

lead

n-A quasi-elastic/inelastic cross-section ratio

� Á��
Y hk[��A]i�,��)�< x �µa��zhº���^Z a���o`hkjoi� hkcA��Z\a��zoih\j¸j�]i�������8�i�^j^o`hk�>c ]`a�oih\�����Ù�>]`	A]z��o`�>c���_0aTa9a�cAdçcA�7� o`]i��c��

_�p.a��>c dAh��q��]z��c�o�o�a�]i[>�×o�� W �ÂlAh\jV(¸Z\h\c½�7��j���]i]i�9��	g�>cAd o`�¦oilA�J	A]i�^dAh\j×o`hk�>c ���Ye d & l $
	µa�]ia����^o`]zhbs�a�o`hk�>c W

 energy (GeV)+π
-110 1 10 210 310

in
σ/

q
e

σ

-210

-110

1
helium
carbon
iron
copper

lead
helium, CHIPS
lead, CHIPS

-A quasi-elastic/inelastic cross-section ratio+π

� Õ��
 energy (GeV)-π

-110 1 10 210 310

in
σ/

q
e

σ

-210

-110

1

helium

carbon

iron

copper

lead

-A quasi-elastic/inelastic cross-section ratio-π

� Á��
Y hk[��A]i�,���'< x �µa��zhº���^Z a���o`hkj�o`� h\cA�^Z a���o`h\j�j^]i���������z��j×o`h\��c!]`aSo`h\�����Ù��]%� ; _0aTaäa�c½dR� O _�pnaä�>c!d½h��q��]i�^c�o

o�a�]i[>�×o�� W �Âl½h\jV(¦Z\hkcA�7�Âj^�>]i]z�7��	q�>c½doi�XoilA��	A]i�^dAh\j×o`hk�>cf���ie d & l $:	µa�]ia����^o`]zhbs�a�o`hk�>c W

� c



 energy (GeV)+K
-110 1 10 210 310

C
ro

s
s
-s

e
c
ti

o
n

 (
m

b
)

0

5

10

15

20

25

30
Coh_el_GG 

FTF inelastic 

CHIPS inelastic 

ihep-exp db data

-p inelastic cross-section+K

� Õ��
 energy (GeV)+K

-110 1 10 210 310

in
σ/

q
e

σ

-210

-110

1
helium
carbon
iron
copper

lead
helium, CHIPS
lead, CHIPS

-A quasi-elastic/inelastic cross-section ratio+K

� Á��
Y hk[��A]i�,����<µ�»h��q��]z��c�o�*�,.-f/1032u	µa�]ia����^o`�^]ih�s�a�oih\�>c��y�Ù��] " ; �¶hkcA��Z\a��zoih\j�j�]z����� ���z��j^oih\�>c=_0aTa©a�cAd

\��µa��zhº���^Z a���o`hkj<oi�¦h\cA�^Z a���o`h\j.j�]z����� ���i�^j^oih\�>c ]ia�o`hk�����Ù�>] " ; _�pnaÊ��c dAh��q��]z��c�o»o�a�]i[>�×o�� W
�ÂlAhkjV(*Z\hkcA�7�Âj^�>]i]z�7��	g�>cAdfo`�Xo`l½�
	½]i��d½h\j^oih\�>c¦� �ie d & l $?	µa�]ia����×o`]zhbs�aSo`h\��c W

Proton energy (GeV)
-110 1 10 210 310

in
σ/

s
d

σ

-110

helium

carbon

iron

copper

lead

p-A single-diffraction/inelastic cross-section ratio

� Õ��
 energy (GeV)+π

-110 1 10 210 310

in
σ/

s
d

σ

-110

helium

carbon

iron

copper

lead

-A single-diffraction/inelastic cross-section ratio+π

� Á �
Y hk[��A]i�,�6��<n$ hkcA[>Z\����dAh��;]ia�j^oih\�>c¦oi�¦h\cA�^Z a���o`h\j<j�]z����� ���z��j^oih\�>c ]ia�o`hk�����Ù�>]�	A]i��oi�>c���_�aTaÊa�cAd�� ; _�p.a

�>cfdAh��;�^]i��c�o o�a�]i[>�×o�� W

���



� +Ê1�+.3>+<5.8©+�/
4��76�*�,.-f/1032�e	�>ZkZ a�pg�>]`aSo`h\��c@s%*�,.-%/1032 <�! $ h\���½Z a�oih\�>c#�?���>Zb(�hko�s��������
	����������	��������������	

 "!$#&% �����:_E���>��vTa�'��i�^�!a�Zb�i�Xl�oio�	3<Hm�m�j��^]ic W j�lnm�[���a�c�o c m W
4î�Z6 d.WµY �9�i�9�Ù�^Z\d@sµ�Âl½��$ hk���AZ\a�o`hk�>c9��� d a�dA]i�>c½h\j
$ lA�;�w��]���s l ]z�7	A]zh\c�o l &�� d ! �T��m��>� W
4wv 6 d.W lDW q �^Z\Zkhb�ij�l;sq� W !gp �^c@s;�?��o�a�ZD]z��a�j×o`h\��c¶j�]z�������i��j×o`hk�>c���hkc�	A]z��o`��c ��c��Aj^Z\�7���|�ij�a�oioi��]ihkcA[As

()�+*,��-.�/���&01��23-.��465 !$7 _��J� ��)Ta��;v��S�S���;v�v�� W
4 c 6 lDW e W �»�^[�o���]i�^c�(��AsD
 W e W98 �����i� � a�cAd d.W lDW q ��ZkZ\h��ij�l@s;�z�½] W1l lT�^� W �����A]zc W s1!»�u_E���>�>�Ta

� ��� W
4��Z6re W $ �	a�]`a��zlA��c�(�� � s l hk�>c �©og�Aj�Zk�7����e	]z����� ���i�^j^oih\�>c��^s l ]i�7	½]ih\c�o l �������S�������½sA�|�Ap½cµa¦�J� �>� W
4w) 6re W $ �	a�]`a��zlA��c�(�� � s�o��Aj^Z\�^�>c �©og�Aj�Zk�7��� e	]i�������8�i�^j^o`hk�>c��^s l ]i�9	A]ihkc�o l ����� �S�������½sf�|�ApAcAa

�J�>� � W
4î�Z6<l�oio�	~<Qm�m�� � �t	�	qd�� W h\lA�9	 W ��� W
4 � 6<l�oio�	~<Qm�m�� � � cA��a W �Ù]VmSl�oi��Z m�dApgdµa�o`aTm�pµa�]ia W l�oi��Z W
4�� 6 � W;:¤W<8 ��	g��Zkh\� � hkoij�l@s��D]ia�c���	Aa�]i�^c�oio��Aj^Z\��h�a�c½d4�»�7� o`��]z�>c � V �>Zkd�e	��Z\Z\h��ihk�>c��äa�o d It&je�sSc^�½j�Zº�

o`lnm���v>��)>� c�c s.$��7	��¦sg���>��v W
4���� 6<l�oio�	~<Qm�mZ	qdA[ W ZkpAZ W [>� � m>���>��)�m�]i� � hk�9�t��m�lµa�dA]z�>cAhkj�]�	�	 W 	gd�� W

�;)


