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À\[^]_]_[y·Íf�[vS�W¯´¹f$UV] QR®P�n�fd[^²A�Y�UVQW f$U8lP�±�R�lÊi�Sm±�U^Wd]oY�±T·Íf�[vS4f$U^n�UVQÅY�Q�n�R®f�[^±Tn�YeUVQW¯°¯Yen�X ���H	
X�[vÁVRJijR�R®Q4fdR®lY�±Tn�R�l«ndU�lUV]oY�Q[Cn�R n�XR�l�YeÈ¸PWdR\À\[^²�[^±®ndY�± R�]oY�WdW$Y�UVQ_Y�Q¶ndXR�W$Pi8·#ÀJR®Ò,n�UoÀJR®Ò»i�[CQl
WdYeQ±�RJî����Vå�� W�Â
Ú�[^f$²eSÑY�U^QR�R®fdW�Y�Q±®²�Pl�Y�Qµ\ÀJY�Q���iPf$µ Ø î
����ñVÜ([^Q�l_ÓG[vS�[^ày[v°/[ Ø î�������ÜAX[�Á^RGR®W$ndY�]_[Cn�R®l
n�X�RkµV[^]_]_[y·Íf�[vS���P8Õ4´¹fdU^] ½ ¾ n�UVµ^R®n�X�R�fÄ°¯YendXmUCn�XR®f Ye]_jUVf#nc[^Q�n/]oR�±cX[^QY�W$]_W [^f$UVPQl¦ndX�[Cn¯n�Ye]_RCÂ

Ë(YefdW$n���P�[^Q�n�YÉnc[CndYeÁ^R�UViW$R�f#Á^[yn�Y�U^Q8·�i�[CWdR�lHW$n�P�lY�R®W�U^´�n�X�R/lYeÈ¸PW$R�µ�[^]o]_[y·�fd[�S�WdjR�±®ndfdP]Î±�U�Á^R�fdYeQµ
n�X�R=WdPi8·�À\RTÒ'[^Ql�ÀJR®Ò i[^QlÊ°�R®fdR=]_[^lRCbhR�µÂki�S ��ndfdUVQ�µ¦R®n\[^²ûÂ Ø î
��ñ^ë�ÜÖb���ndR�X�R�QW! #"/[^lX�°�[^f
Ø î��Vë�îaÜÖb�$�R®fd]oR�f Ø î
�Vë���ÜTb�[^Ql ��n�R�±càCR�f Ø î
�Vë���ÜÖÂ(OÄXRTS«±®UV]_[^fdR®l¶n�XRGl�[Cn�[Ñ´¹fdUV] ï&% ��·'" Ø "�YeµVQ�[^]oY
R®n5[^²ûÂhî
��ñVè^Ü/°¯YÉn�X4n�XR®Y�f¯]oU8lR®²�WÄi�[CWdR�lNUVQÅRÖÕ8¸R®fdY�]oR�Q�n�[^²�ºVº4¼ ½h¾5l�[Cn�[Ç´¹f$UV] [^±®±�R�²eR�fd[Cn�UVf$W�bndXR�Yef
RTÕ�ndR�QW$Y�UVQ�ndU�XY�µ^XR�fAR�QR®fdµVYeR�W�UVQÑn�XR�ËIRTS�Q]¶[CQ�Wd±�[^²�YeQµ5X�S�¸UCn�XR®WdY�W Ø Ë�R®S�Q]_[^Q«î
������ÜTbCR�W$ndY�]_[Cn�YeUVQW
UVQä±�U^Wd]oY�±�fd[�SNfdUCn�UVQä[^Q�lLR®²�R®±®n�f$UVQ(��P8Õ8R®W�bA[^QlÊn�XRL���
	 l�Y�W$ndfdYeiP�n�YeUVQÔUVi8nc[^YeQR�lÊi�SÔfd[^lYeU¦WdPf�·
ÁVRTS�W�Â�¬ Yen�X�Y�Q«n�X�RkP�Q±�R®f$nc[CY�Q�n�YeR�WÄY�Q¦ndXR\l�[Cnc[=[CQlÅ]oU�lR�²eY�Qµb�n�X�RJW$n�P�lY�R®W ±®YendR�lm[^ijUaÁ^R\±�UVQ±®²�Pl�R�l
n�X[Cn5µV[^]_]_[y·Íf�[vS�W/´¹fdUV]í½!¾�[^fdRÑ[ol�UV]_YeQ�[^Q�n ±�UV]ojUVQR�Q�nGY�Qmn�XRHÀk[C²³[^±Tn�Y�±Jf$Y�lµ^RÑW$¸R®±®n�f$P]â[^ijUaÁ^R
î�åVå 	ÅR®ÒHÂ�OÄXR=if$R�]oWdW#n�f�[CX²�PQ�µ«R�]oY�W$WdY�U^QNi�SÊô õ�) ôCöLU^È����
	Ð[Cn�UV]oW�[CQlNn�X�R�Y�Q�ÁVR®fdW$RT·#ï�U^]_�ndUVQ
Wd±�[CndndR�f$Y�Qµ_U^´
Y�Q8´¹f�[y·ÍfdR�lN[^QlÅUV�n�Ye±v[^²7X�U^n�UVQ�W5i�SÔô õ ) ô ö [^f$R�[^²eWdU_RTÕ8¸R®±®ndR�lÔn�U_±�UVQ�ndfdY�i�P�n�RÑWdY�µ^QYe´³·
Y�±�[^Q�n�²ÉS4Y�QNndXRHW$Pi8·#ÀJR®Ò�n�U4ÀJR®Ò�R�QR®fdµ^SÅf�[^Q�µVR Ø Ó5[vS�[^ày[v°�[äî�������*C	ÅPf#n�X�S+ ×¬�UV²e´¹R®Ql�[^²eR_î����Vé�*
�8±cXU�R�Q8´¹R�²�l�R�fGð^åVå�î�Ü

OÄXR4²�Ye]_YÉn�R®lóW$n�[Cn�YeW$n�Ye±�W=[CQl R®QR�f$µ^SÆ±®UaÁ^R�fd[^µVR4U^´ n�XRÅï&% ��·," µ�[C]_]_[y·�fd[vS�l[Cnc[ÊjR�fd]oYen$n�R®l
UVQ²ÉS4[_±®fdPl�RH±�U^QWdYeW$n�R®Q±®SÅ±cXR®±càÅU^´An�XR¯ºVºm¼ ½ ¾ ¼ ÏäX�S8jU^ndXR�W$Y�WG°¯YÉn�XYeQN[=´ [^±Tn�UVf5ã ðo[^QlÅ²�R®´}n
²³[CfdµVR�[^]�iYeµVPYÉn�S\UVQHn�X�R/]_Y ÕkU^´�R®]_YeWdWdYeUVQH]oR�±cX[^QY�W$]_W Ø ��ndR�X�R�QW- ."/[^l�X�°�[^f/î��Vë�îaÜÖÂAOÄXRÄW$�[CndY³[^²
lYeW$n�f$Y�iP8n�Y�U^Q«U^´7n�XR\R®QR�f$µ^S�·�Y�Q�ndR�µVfd[Cn�R®lmµV[^]_]_[y·Íf�[vSÇY�Q�n�R®QWdYÉn�SVb�UVQ«ndXR\U^n�X�R�fÄX�[^Q�lhbµ�[vÁVRk[�XYeµVXR®f
W$n�[Cn�YeW$ndY�±v[C²�[^±�±®Pf�[C±®S\UVQJ°¯XYe±cXL	N[vSVR®f#·�Ó5[^W$WdR�²É°/[CQlR�fAR®nA[^²ûÂ Ø î��Vë�ðVÜÖb ��n�fdU^QµGRTnA[^²sÂ Ø î
�VëVðVÜTb/"�²eU8R®]_R®Q
R®n_[^²ûÂ Ø î��Vë�0�ÜÖb1"�²�U�R�]oR�QÆR®n_[^²ûÂ Ø î��Vë�èVÜÖb�[CQl UCn�XR®fdWoWdR®nÇndXR4�[Cn�X¿n�UÊndXRÅÀk[^²�[^±®ndY�±«µV[^]_]_[y·Íf�[vS
[^W#n�fdU^QUV]HS^Â�¬ßRkfdRT´¹R�f¯n�U 	ÅPf#n�X�S( Î¬ßUV²É´¹R�Ql[^²�R Ø î����Vé�ÜÖb%�8±cXU�R�Q�´¹R®²�lR®f Ø ð^åVå�îaÜÖbI[^Ql �8±cX²�Ye±cà^R®Y�WdR®f
Ø ðCåVå�ðVÜÝ´¹U^f µ^R�QR®f�[^²!f$R®´¹R�f$R�Q±®R�W UVQ4n�XRJn�U^Y�±®WÄU^´AndXY�W/°�UVf$àjÂ

¬ XR®Q ndXR¦]�P±cX¿Y�]of$UaÁ^R�l¿l�[Cn�[ÔUVi�n�[^Y�QR®ló°¯YendX¿Ú�À\Þ Ú�O Ø OÄXU^]_W$UVQÆR®no[C²sÂ�î����Vé�Ük°�R�f$R
W$ndPlYeR�l¿i�S2"�R�f#n�W$±cX RTno[^²sÂ Ø î
���Vé�ÜH[^Q�l¿ÓGPQ�n�R®fÇR®no[^²ûÂ Ø î
����ñVÜÖb�[^Q¿RTÕ8±�R®WdWoU^´G[^ijUVP�n43 Ø îVæòèoê ð^Ü
ijR�±v[C]_R\[^��[^fdR®Q�nGYeQ¦n�XR\l�[Cn�[=Y�Q¦n�XRÑÀJR®Ò;i�[CQlÅf$R�²�[Cn�YÉÁVR�n�U=ndXRÑÀk[^²�[^±®ndY�±Gµ�[^]o]¶[y·Íf�[vSoR�]oY�W$WdY�U^Q
]oU8lR®²�W\±�YÉn�R®lÆ[^ijUaÁ^R^ÂmOÄXY�WkRTÕ8±®R�WdW=YeWkÁ�YeWdY�i�²�R_[^²�UVQ�µmndXR¶R®Q�ndY�f$R«À\[^²³[C±®n�Ye±=²³[CQR Ø êÑî�å658795 î�å
lR®µÂß[CQlDê:�^å;58<45>=?�VåÔlR®µÂòÜ;iP8nÇ]_UVW#n=f$UVQUVPQ�±�R�l¿YeQón�XR«±®R�Q�n�fd[^²ÄfdR®µVY�U^QóU^´¯n�XR¶²³[^Q�R
Ø ê@0�åA5B<C5D=E0�å«lR®µÂòÜTÂ�Ó R�f$RC7Ñ[^Ql(<�[^fdR�ndXRoÀk[C²³[^±Tn�Y�±Ñ²³[CndYendPlR�[CQlä²�UVQµ^Yen�P�lR^b¸fdR�W$¸R®±®ndYeÁVR®²eS^Â
��Qm²�YendR�fd[Cn�Pf$R^b�n�XR\RTÕ8±®R�WdWGY�WÄf$R®´¹R�f$fdR®lÅn�Uo[^WÄndXR Ù À\RTÒÎÚ(Õ�±®R�W$WdÛÂ

	ÅUVf$Y Ø î
����ñVÜ�W$ndPlYeR�l4n�XR\lYÉÈ�PW$R\µ�[^]o]¶[y·Íf�[vS_R�]oY�WdW$Y�UVQ4i�S¦PW$Y�Qµ 	ÅUVQ�ndR�ï/[^f$²�U�º�·�ºNYeQ�n�R�fd[^±T·
n�YeUVQmWdY�]HP²³[CndUVfdWÄl�R®Á�²�UVjR�lm´¹UVf [^±�±®R�²eR�f�[yn�UVf¯RTÕ8jR�f$Y�]oR�Q�n�W5[^QlN±®UVQ�Ì�f$]_R®lmndX�[Cn n�XRÑÚÝÀkÞ Ú
O�WdjR�±Ö·
n�f$P]í±�[^QÅQ�U^n¯i¸R\f$R�f$U8lP�±�R�lm°¯YendX4ndXR\±�UVQ�Á^R�Q�n�YeUVQ�[^²!±®UVWd]oY�±Jf$U^n�U^QÅW$¸R®±®n�f$P]mÂ
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��ndfdUVQµ¶[^Ql 	mUVWdày[^²eR�QàCU«lR®Á^R�²eUV¸R®lÊ[_±®UV]oP�n�R®fG�fdUVµVfd[^]mb�ÀJg�����Þ&%��Ab�°¯XR®fdRHndXRH±®UVWd]oY�±
f�[vS¶fdUV[^µ�[CndY�UVQ¶[^Ql¦Y�Q�ndR�f�[C±®n�YeUVQ¦[^f$R�Q�P]oR�fdYe±v[^²e²eSo±v[C²�±�P�²³[CndR�l«YeQ¦[�]_U�lR®²hÀ\[^²³[aÕ8Son�UHUVi�nc[CY�Q«n�X�R
Wd[Cn�Y�[^²/lYeW$n�f$Y�iP8n�Y�U^Q [CQl W$¸R®±®ndfdP] U^´GWdR®±�UVQl[^f$S �[^f#n�Ye±�²�R®W=Y�Q±®²�Pl�Y�QµÊµ�[C]_]_[y·�fd[vS8WÇ[CQl fd[^lYeU
Y�W$U^n�U^¸R®W Ø ��ndfdUVQ�µ  	ÅU^Wdày[^²�R®Qà^Uäî
����ñ8b!ðCåVå�îaÜÖÂJOÄXRÇlYeÈ¸PWdR=Àk[^²�[^±®ndY�±kµ�[^]o]¶[a·�f�[vSmWdjR�±Tn�fd[4X[�Á^R
ijR�R�Q1±v[^²e±�P²�[Cn�R®l WdR�[^f�[CndR�²ÉS9´¹UVf«n�X�Rä½ ¾ lR®±v[vSVbJi�fdR�]oWdW#n�fd[^X²�P�QµbJ[^Q�l1YeQ�Á^R�f$WdRT·�ï�UV]o�n�UVQ °¯YendX
ÁC[^fdYeUVPW �[^fd[^]_RTn�R®f5WdRTndndY�QµVWGU^´�ÀJg�����Þ&%�� i�S ��n�f$UVQµ«RTnJ[^²ûÂ Ø ð^åVå^å�ÜTÂ OÄXR®SÅQU^ndR�lÔndX�[Cn"�¯[VÜ¯n�X�R
²�U�±v[C²8YeQ�ndR�f$W$n�R®²�²�[^f(W$¸R®±®n�fd[JU^´IR�²eR�±®ndfdUVQ�W�[^Ql=f$U^n�UVQ�W Ø jUa°�R�f�·�²�[�° YeQlRTÕ�� ð8æòè�[^i¸U�Á^RJî�åAê_ð^å\ÀJR®ÒJÜ
lU¦QUCn\fdR��fdU�lP±�R�ndXR=µ�[^]o]_[y·�fd[�S4W$¸R®±®ndfdP]�[C²�UVQµ_n�XRÇÀ\[^²�[^±®ndY�±H�²³[^QRHUViWdR®f$Á^R�lLi�SÔÚÝÀkÞ Ú
O?*
iIÜ�[HÁ^R�f#S«X�[^f$l¦R�²eR�±®ndfdUVQ¦W$¸R®±®ndfdP] Ø jUa°�R�f�·�²�[�° YeQlRTÕ¦ã�îVæçë�Ü�[^Q�l4[�]_U�lYeÌR�l¶Q�P±®²�R®UVQ4WdjR�±®ndfdP]
°¯Y�²e²AijR=QR®R�lR®lLndU¦]_YeQY�]oY �®R\ndXR=lYÉÈ�R®fdR�Q�±�R=ijR®n�°�R�R�Qän�X�R=fdR®lY�±Tn�Y�U^QÊ[^QlÊn�X�R=l�[Cnc[«YeQNn�X�RoÀ\RTÒ
i�[^Q�l *�[^Ql¦±vÜÝn�X�RkÀ\RTÒ»RTÕ8±�R®WdW Y�Q¶ndXR�±®R�Q�n�fd[^²7À\[^²³[^±Tn�Ye±Gf$Y�lµVR5±v[^Q¦QUCnÄi¸R5fdR��fdU�lP±�R®lm°¯YÉn�XYeQ¶n�X�R
±�U^QW$ndf�[^YeQ�n�UVQ¶ndXR5f$U^n�U^Q«WdjR�±Tn�f�[C²¸YeQlRTÕ_Ye]_jUVWdR®l¶i�S_fdR�±®R�Q�nÄ±®UVWd]oY�± fdUCn�UVQ«]oRv[CWdPf$R�]oR�Q�n�WÄ[CQl
n�X�R ²eY�]oYen�UVQÇn�XRÄR®²�R®±®n�f$UVQoWdjR�±®ndf�[^²�YeQlRÖÕ Ø ã�î^æ ��ÜA´¹f$UV]�fd[^lYeU\[^Qlo²�U�±v[^²8±�UVW$]_Ye±/f�[vS=UVi�WdR�f#ÁC[Cn�YeUVQW�Â
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Ø À\RTÒ\Ü � Ø�� U^Q $�YeÈÝÜ � Ø $�YeÈÝÜ � Ø�� UVQ $�YÉÈÝÜ ��Ql �\ð8Âçå ����� OAf$Y³[^² 0�À\Þ
0�ÂòëVë^Ú�·�å�î è å è ð8ÂòåVè^Ú =\å^é è8Âòè 0�Ú =Jå�0 é8Âòå�èCÚ1=Jå�0
�8Â �Vå^Ú�·�å�î ð^å å ð^å îVÂ 0�è^Ú =\å^é 0Âòè^ëVÚ =Jå�0 ð�Âòå�îvÚ1=Jå�0
�8ÂòëVå^Ú�·�å�î ð^é�Â 0 å ð^é8Â 0 îVÂòåVð^Ú =\å^é é�ÂòñVð^Ú =Jå�0 î^Âòé�ðCÚ1=Jå�0
îVÂçéVëVÚ =JåVå ðVè å ð 0 ñ8Â ð^è^Ú =\åVð ð8Â ��î�Ú =Jå�0 ë8Â ñVèCÚ1=JåVé
îVÂ ��è^Ú =JåVå ðVñ8ÂòèVñ å ð 0�Â � è8ÂeîvéVÚ =\åVð ð8ÂÉî�éVÚ =Jå�0 è�Â ñ^ë^Ú1=JåVé
ð8Âòñ��VÚ =JåVå ð^ë�ÂòèVñ å ð 0�Â 0 é�Â �Vð^Ú =\åVð îVÂ 0 �VÚ =Jå�0 é8Âòë�îvÚ1=JåVé
é�Â ��î�Ú =JåVå ð���ÂòðVñ å ð 0�Âeî ð8Â è �VÚ =\åVð ��Âòè 0�Ú =JåVé ð�Â è8îvÚ1=JåVé
è8ÂòèVð^Ú =JåVå ð���Âòñ�� å ð^é8Âòë îVÂòë8î�Ú =\åVð è8Âçë�è^Ú =JåVé î^Â ���^Ú1=JåVé
ñ8Âçë�î�Ú =JåVå ð^é�Â ��� ��ÂÉî�é ð^é8Â 0 îVÂ ðCëVÚ =\åVð é�Âòè8î�Ú =JåVé î^Âòå��^Ú1=JåVé
îVÂÉîVî�Ú =Jå�î ð^é�Â ��è ��Â �Vë ð^é ��ÂòåVè^Ú =\å8î ð8Âçå�0�Ú =JåVé ñ�Â ð8îvÚ1=Jå�ð
îVÂòè��VÚ =Jå�î ð^é�Âòð�� ñ8ÂòðVð ðVð�Â � ��Â 0VåVÚ =\å8î îVÂÉî�ëVÚ =JåVé 0�Â ñVèCÚ1=Jå�ð
ð8Âòð8î�Ú =Jå�î ðVð8Â ��î ñ8Âòñ�� ðVð 0Â èCéVÚ =\å8î ��ÂòèVð^Ú =Jå�ð é8Âòå�0VÚ1=Jå�ð
é�ÂÉî�éVÚ =Jå�î ðVð8Âòè^é ë�Âòð�� ð8î^Â � é�Â ðCåVÚ =\å8î é�Â ��ð^Ú =Jå�ð î^Âòë�îvÚ1=Jå�ð
0Â 0�ð^Ú =Jå�î ðVð8ÂòðVñ ë�ÂòñVð ð8î^Â � ð8Â ð �VÚ =\å8î ð8Âçå�î�Ú =Jå�ð î^ÂòåVë^Ú1=Jå�ð
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Thin lines: Non-Diffractive
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(b) Model A: Diffractive vs. Non-Diffractive

512TeV8TeVTp=125GeV

Thin lines: Model B
Thick lines: Model A

(a) Non-Diffractive: Model A vs. Model B
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Dash: Model B

Data: UA5 (Ecm=200GeV)
Solid: Model A All
Dot-dash: Model A Non-Diff
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QU^nÝ[CÈ¸R�±Tn
n�XRÄf$R�WdP�²en�W
�fdR�W$R�Q�n�R®l¶XR®fdRCÂ
Ë�UVf�[ � �Ç±cX�UVWdR®Qhb�[Å±cX�[^fdµ^R¦]�P²endY�²eY�±®Yen�SÔYeWHW$R�²�R®±®ndR�lÆ´¹fdUV] n�X�R«QUVf$]¶[^²ÝlYeW$n�f$Y�iP8n�Y�U^Q�°¯YendX

[vÁVR®f�[^µVR�U^´�� ¾ ��ð�æòå�� � � ê �  Ø ]_[^WdW$R�WAY�QHÀ\RTÒ\Ü7[^Ql���� � U^´�� ¾ ) ð Ø ï�U8U^²�R®n
[C²sÂ�î
�VëVð *yÀ\U^P²�Y�[^QUVWî
�Vë^é�ÜTÂ¿¬ßR4n�X�R�QÃ±cX�U8UVW$RN[Ê½ ¾ ]�P²Én�Y��²�Y�±®Yen�Sä°¯YendXÃ[vÁ^R�f�[CµVRÅUC´	� ¾ ) ðL[^Q�l
��� � U^´�� ¾ ) 0Â Ë(YeµÂ 0^iWdX�Ua°¯W=ndXR¦±cX�[^f$µVR�l¿]�P²Én�Ye²�Ye±�Yen�SÔlY�W#n�fdYeiP�ndY�UVQL´¹UVfHn�X�R¦WdY�Q�µV²�R«l�YeÈ¸f�[^±Tn�Y�U^QßU^´ �� �áð�îVæòéÔO�R®Ò U^f
����� � ð^åVåäÀJR®ÒHÂ�OÄXY�WÇ±�[^Q ijR¦±�U^]_�[CfdR�lÆ°¯YÉn�XÆn�X�[yn=´¹UVf�n�XR4QU^Q8·�lYÉÈ�fd[^±®ndYeÁ^R«fdU�±�R®WdW_[Cn=n�X�R
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OÄXRk±cX�[^f$µVR�lÅ]�P²endY�²eY�±®Yen�SÇY�W¯lYÉÁ�Y�lR®lmijR®n�°�R�R®QN½7õL[^Ql4½ ö PQlR®f ndXR\±cX�[^fdµ^RÑ±®UVQWdR®f$ÁC[CndY�UVQ �
´¹UVfG[^QÔU�llÔ±cX�[CfdµVR®lÊ]�P²endY�²eY�±®Yen�So°�R�]_[^àCRHUVQRÑ]_U^fdR\½ õ n�X[^QN½(ö *j´¹UVf�[CQNR®Á^R�Qä±cX�[^f$µVR�lÊ]HP²endYÉ·
²eY�±�YÉn�SVb�°�R�]¶[Cà^R=[^QNR���P�[^²AQ�P�]�i¸R®f5U^´
½ õ [^QlN½ ö b�Ye]_²ÉS�Y�Qµ=n�X�R=[^WdW$U8±®Y³[CndR�lÔi[^f$S^UVQÔY�WGfdUCn�UVQhÂ
gGÁC[^Ye²³[^i�²�R�R®QR�f$µ^SVb�� �Iê�� �ê�� ��b�°¯Y�²e²�ijR l�YeÁ�Y�lR®lÇf�[^Ql�UV]_²ÉS=[^]oUVQµ�ndXR¯Y�U^QW�Â � U^ndR¯ndX�[Cn�n�X�R
à�Y�QRTn�Ye±ÑR®QR�f$µ^SNµ^UVY�Qµon�Uon�XR�Q�P±®²�R®UVQÔ±v[CQÔi¸RÑQR�µ^²�R�±Tn�R®lÊi¸R®±v[^PW$R �  � ��¶YeQÅndXR=ï�	�W#S8W#n�R®]
U^´ � �vÂ
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YeWh±v[C²�±�P�²³[CndR�lJUVQ�ndXR�i�[^WdYeWhU^´8R�QR®fdµ^S�·Í]_UV]oR�Q�ndP]
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Y�QÅn�XYeW�±v[^W$R^b�ð8î^Âòé¶O�R®Ò �C±=Y�QÔndXR�²�[^i¸U^f�[CndUVf$S¦´¹fd[^]_RCÂ\OÄXR=Y�U^QÔ]_U^]_R®Q�n�[¶Y�QÅn�XRoï�	�W#S8W#n�R®] U^´
� ��[CfdR=n�XR®Qßn�fd[^QW#´¹UVfd]oR�län�U4n�XRo²³[Ci¸UVfd[Cn�U^f$SN´¹fd[^]oR^b�[^QlLn�XRoQR�P8n�f�[C²Ý�Y�UVQWk[^]oUVQµ4n�X�R�] [^f$R
´¹UVf$±�R�l4n�UÇlR®±v[vS¦n�UÇµ�[C]_]_[y·�fd[vS8W®Â

À\[^]_]_[y·Íf�[vS�W$¸R®±®n�fd[5f$U8lP�±�R�lHi�SÑUVPf�lYÉÈ�fd[^±®ndYeÁVR�YeQ�ndR�fd[^±®ndY�UVQÑWdY�]HP²³[CndUVf7[^f$R�±®UV]_[^fdR®lÑ°¯YendX
n�X�UVWdRÑi�S4ndXRÑ]oU�lR�²7gÎQUVQ8·ÍlYeÈ¸f�[^±Tn�YÉÁVR\fdU�±�R®WdWGY�QÅË(Y�µÂòðCihÂ � U^ndRkndX�[Cn n�XRkfdU � R�±®ndY�²eRÑlYÉÈ�fd[^±®ndY�UVQ
±�U^Q�ndfdYeiP�n�R®W�Y�QÔ[¶Q�[^f$fdU�°ÎR�QR®fdµ^SNi�[^Qlä[Cn�[^fdU^PQlÔUVQ�RT·ÍndR�Q�n�XÊUC´ ���°¯XYe²�RÑndXRHn�[^fdµVRTn�lYÉÈ�fd[^±®ndY�UVQ
Ye²�R�W=P�ÃY�Q [ÊQ�[^f$fdU�° R®QR�f$µ^S¿i�[^Ql [^f$UVPQl î�åVå 	ÅRTÒ [^²e]_U^W$nÇY�Q�lR�jR�Ql�R�Q�n�²ÉSÆU^´5ndXR4Y�Q±®Y�lR®Q�n
f$U^n�UVQ4R®QR�f$µ^SVÂ

¬�R=QU^n�R�ndX�[Cn�ndXR=lYÉÈ�fd[^±®ndYeÁVRÑlY�W$WdU�±�Y�[Cn�YeUVQÔX�[^W�[^²�W$U¦i¸R®R�QäY�]o²�R®]_R®Q�n�R�lNY�Q ��S�n�XY�[9��Âeî�����Âòð
Ø � ���UVW$ndf�[^QlHR®n([^²sÂCð^åVå8îaÜ![^Ql�YeQ ��ÓE% !VÚ
O Ø WdR®R�´¹U�U^n�Q�U^n�R1��ÜTÂ�OÄXR/[^f$ndY�±�²eR�Y�Q�n�R®f�[^±Tn�Y�U^QÑ]oU8l�R�²�YeQµ¯U^´
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�!Y�QJ´ [^±Tn�ndXR�n�U^n�[^²�±cX�[^f$µVR�]�P²endY�²eY�±®Yen�S lY�W#n�f$Y�iP�ndY�UVQ
Y�Q�±�²�P�lY�QµÑn�XRJlU^Pi²�R5lYeÈ¸f�[^±Tn�YeUVQ«i�S ��S�n�XY�[ ��ÂòðÑ°¯Yen�X¦ndXRJXY�µ^XR�f/U^fdlR®f�n�R®fd]oWÄY�W/W$Y�]oY�²³[Cf�ndU�n�X�[yn
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(b) No. of Charge Pions (c) Momentum Distribution

Proton energy = 21.3 TeV

(a) Mass-Squared of Excited State

2Mass-Squared of Excited State [Bin Width 0.01 GeV  ]
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²³[Ci¸UVfd[Cn�U^f$Sm]_U^]_R®Q�ndP]âU^´ � �vÂ � U^n�RHndX�[Cnk[«W$X�[^fdäW$Y�àCRoYeQ Ø [VÜ�[CnJ]_[^WdW�·�W ��P�[CfdR�l¿îVÂòð¦ÀJR®Ò �\YeW
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"�RT´¹UVfdRÇf$U8±®R�R�l�Y�Qµ¦n�U4±�[^²�±®P²³[CndRHn�X�RoµV[^]_]_[y·Íf�[vSmWdjR�±®ndf�[4fdU�lP±®R�lLi�SäfdU^ndUVQW�°¯YÉn�Xä±�UVQ�·
n�YeQ�PP]áW$¸R®±®ndf�[�b!°�R_X�[vÁ^RoW$P]o]_R®ländXR=½ ¾ S�Y�R�²elW�´¹fdU^] n�X�R=QUVQ8·ÍlYeÈ¸f�[^±Tn�YÉÁVR=[^Q�l�lYÉÈ�fd[^±®ndYeÁ^R�Y�Q8·
n�R®f�[^±Tn�YeUVQWÄn�U_±�UV]o�[^f$R\°¯YÉn�X4n�XRkRTÕ8jR�f$Y�]oR�Q�nc[^²7l�[ync[Ç²�Y�W#n�R®lmYeQA$�R®fd]oR�f Ø î��Vë���ÜÖÂ�Ë(YeµÂòè=W$XU�°¯W5n�X�R
Y�Q�±�²�P�WdYeÁ^Rk½ ¾ ±�f$UVWdW�·�WdR®±®ndY�UVQÊUVf®b¸R ��PYeÁC[^²eR�Q�n�²ÉSVb�n�XRH[vÁVR�fd[^µVR�]HP²endY�²eY�±�YÉn�S¶UC´�½ ¾ jR�fÝº�·³ºNY�Q�n�R®f�[^±Tn�Y�U^Q
]�P²Én�Ye²�YeR�lói�SÆn�X�RÅ±®fdUVW$W#·�W$R�±Tn�Y�U^QWo´¹U^f\º^º Ø ÷ºVºIÜ=±®UV²�²eY�W$Y�UVQW��«n�XR4W$UV²�Yel ²eY�QRCb�²�[^ijR�²�R®l [^WÇ]_U�lR�² Ù g
g5²e²�Ûb�Y�W/n�X�RÑW$P] U^´(ndXRkQUVQ8·ÍlYeÈ¸f�[^±Tn�YÉÁVR\[^QlmlUVP�i²�R\lYÉÈ�fd[^±®ndYeÁVR\±®UVQ�n�fdYeiP�ndY�UVQW *n�XRkl�[^W$XR�lÅ²�YeQR^b
²³[Ci¸R®²�R�lm[^W¯]oU8l�R�²�"5b�f$R�f$R�W$R�Q�n�W n�XR\QUVQ�·�lYÉÈ�fd[^±®ndYeÁVRJ±®UVQ�n�f$Y�iP�ndY�UVQ¦°¯YÉn�XUVP8n ndXR\]�P²Én�Y��²�R5[^f$ndUVQ
Y�Q�ndR�f�[C±®n�YeUVQ�n�R®fd]oW�Â(¬�RÄQU^ndRÄn�X�[Cn�±®UVQ�n�f$Y�iP�ndY�UVQ=UC´jndXR¯lYeÈ¸f�[C±®n�YÉÁVRÄf$U8±®R�W$W�b�]_U�lR®²gDlYeÈAb�Y�W(Wd]_[^²�²
Y�Qmn�XRH]�P²endY�²eY�±®Yen�SVb � PW$n�[^W�Y�Qmn�XRÑ±cX�[^f$µVR�lÊ]�P�²en�Ye²�Ye±�YÉn�S«WdX�Ua°¯QÊYeQÔË(YeµÂçé�Â 	mU8lR®²Ag�fdR��fdU�lP±�R®W
n�X�R�]_R�[^WdP�fdR�lÔ½ ¾ ]�P²endY�²eY�±®Yen�S ��PYÉn�Rk°�R®²�²�[Ci¸U�ÁVR�ndXRHf$R�W$UVQ�[^Q±®R=fdR®µVY�UVQ Ø �� 	 é«À\RTÒ\ÜTÂj¬ßR�[^²�W$U
QU^ndR_ndX�[CnHndXR¶W$±v[^²eY�Qµm]oU8lR®²�UC´ $�R�f$]_R®f Ø î
�Vë���Ü\[^Wk°�R®²�²�[^WHUVP�fÑ]oU8l�R�²1" fdR®fdU�lP±®R¶n�X�R¶l�[Cn�[
°�R�²�²ûÂ

O�U�n�X�RÔ[^±®±�Pfd[^±®S QR�R®lR�l9´¹U^fÇndXRN�fdR�W$R�Q�n¦W#n�Pl�S^b¯±�UVQ�n�YeQ�PP] WdjR�±Tn�f�[�U^´Jf$U^n�UVQ�W_±�[^Q9ijR
[^�fdUvÕ8Y�]_[Cn�R®l=i�S�[�WdP] U^´¸[�WdR®fdY�R®W
U^´j]_U^QUC·�R®QR�f$µVR®ndY�±�fdU^ndUVQ=ijRv[^]oW�Â�¬ßRÄ±cXU�UVW$R¯[�µVR�UV]oR®ndfdYe±v[^²
WdR®fdYeR�WÝU^´ �� �;î�åVåVå8æòå@3Çð��
	�ö5� ��� � �¯À\RTÒ °¯XR�f$R� �,å�ê90�å�Â
Ú�[^±cX_fdUCn�UVQoR�QR®fdµ^SÇi�Y�QÇ±�U�ÁVR®fdWÝ´¹fdUV]
ð�ö ¾�� � � ��GndU�ð ¾�� � � � �Â(OÄXRGµV[^]_]_[y·Íf�[vSHW$¸R®±®ndf�[k´¹U^fÝ]oUVQUy·�R�Q�R�fdµ^R®n�Ye±ÄfdUCn�UVQW�U^´�à�Y�QRTn�Y�±¯R®QR�f$µVY�R®W ��
²�YeW$ndR�lkY�QÑï�UV²�P�]_Qoî�UC´OA[^i²�R¯î�[^fdR�°�R�Y�µ^X�ndR�lÑi�SJndXR�[^f$UVfdY�[Cn�R!º�·�ºH±®fdUVW$W#·ÍWdR�±Tn�YeUVQW7´¹UVf!n�XRÝR�QR®fdµ^S
µVYÉÁVR�Q¶Y�Q¦ï�U^²�P]oQWÄð�·'0Â(Ë(Y�µVW®Â ðC[H[^Ql¦ðCi¶W$XU�°,W$P±cX¦W�[^]o²eR�W�´¹UVf/é �  � W�´¹UVfÝ]_U�lR®²�WÝg�[^Ql "5b�[CQl
´¹UVf\n�XR_QUVQ8·ÍlYeÈ¸f�[C±®n�YÉÁVR_[^Qlól�YeÈ¸f�[^±Tn�YeÁ^R_YeQ�n�R�fd[^±®ndY�UVQ�W�ÂmOÄXR¶±®fdUVW$W#·�W$R�±Tn�Y�U^Q8·Í°�R�YeµVX�n�R�lÆµV[^]_]_[y·Íf�[vS
WdjR�±Tn�fd[4´¹UVf\]oUVQUC·ÍR�QR®fdµVRTn�Ye±�fdUCn�UVQW\U^´ ��¶Y�W�ndXR�Q�]�P²Én�Y��²�Y�R®lÅ°¯YÉn�XL[m�fdU^ndUVQäWdjR�±®ndfdP] ´ [C±®n�U^f
U^´JndXRÔn�Xf$R�RÔ²eY�W#n�R�lÃY�Q ï�UV²eP]oQ èa·#ñ�Â "�SÃW$P]o]_YeQµßU�ÁVR®f4[^²�² �� �çW¶°�RÊUVi�n�[^Y�Q n�XRÔµV[^]_]_[y·Íf�[vS
WdjR�±Tn�f$P]Ð´¹UVf�n�X�Rm�fdU^ndUVQ¿WdjR�±®ndfdP]mÂó¬�RmQ�U^n�R4XR®fdR¦n�X�[yn=n�XR4WdP�]ÐU�ÁVR�f_[ÊµVR�U^]_RTn�fdYe±v[^²�WdR®fdY�R®W
U^´Ä�fdU^ndUVQ�à�YeQR®ndY�±oR�QR®fdµVYeR�W Ø ��yÜ\]_[^à^R®WÑndXR_µV[^]_]_[y·Íf�[vSÔW$¸R®±®n�f$P])±�UVf$fdR�W$¸U^QlY�Q�µÅn�UÅ[Å�fdU^ndUVQ
WdjR�±Tn�f$P] °¯Yen�XÇjU�°�R®f#·�²�[v°DY�Ql�RTÕ4îVÂçå�Â�OÄX�R5é\fdUCn�UVQoWdjR�±Tn�f�[C²I´ [C±®n�U^fdW�Y�QoO([Ci²�R\îG[^fdR [^±®±�UVf$lY�Qµ^²eS
[^l � P�W$n�R®lL[^QlÊ]�P�ndP�[^²e²eS4QUVf$]_Y ��R®lNn�UÔî^Âòå¦[Cn �  � î�O�R®Ò �¸n�XRTSN°¯Y�²e²7i¸R�Q�UVfd]_[^²�Y ��R®lNlYÉÈ�R®fdR�Q�nd²eSVb
[^WÄ°¯Y�²e²�ijR\lR�W$±�fdYei¸R®lÅijR�²eU�°\b°¯XR�Q4n�XR\µ�[C]_]_[y·�fd[vSC��P�Õ�R®W5[CfdR\UVi�n�[^Y�QR®lhÂ

g5]oUVQµß]¶[^Q�S ]oU8lR®²GW$¸R®±®ndf�[óf$UV¸U^WdR�l9´¹U^f_n�X�RäÀk[C²³[^±Tn�Y�±4f$U^n�U^QW�bÄ°�RÊX�[vÁVRÔ±cXU^WdR�Q n�X�R
jUa°�R�f�·�²�[�°×WdjR�±®ndfdP])U^´�Y�QlRÖÕóð8Âòå8b�ndXR¶²eU8±�[^²�Y�Q�ndR�fdW#n�R®²�²³[CfkW$¸R®±®ndfdP]mb�[^Q�ló[mndfdY�[^²
WdjR�±Tn�fdP�] ´¹U^f
n�X�RHÀ\[^²�[^±®ndY�±5f$Y�lµ^RJfdR�µ^Y�UVQhÂ�¬�R\µVYeÁ^RJWdXU^f$n lR�W$±�f$Y��ndY�UVQ4UVQ4n�XR®]íijR�²�U�°\Â
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Solid: Model A

Dash: Model B

o: Exp. Data

Dot-Dash: Model A Diff. only
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OÄXR ¸U^Y�Q�n$·ÍWdUVPf$±�RÖ·�WdP�i�n�fd[^±®ndR�loY�Q�n�R®QWdYÉn�S=]¶[CoX[^W�i¸R®R�Q¶±cX�R�±cà^R®l«n�U\ijR ±®UVQW$Y�W$ndR�Q�nÝ°¯Yen�XÇn�X�R
WdYe]_Ye²³[^fG]¶[C�µVYÉÁVR®QßY�Q���ndfdUVQµÅR®nÑ[^²ûÂ Ø ð^åVå^å�ÜTÂ_OÄXR_YeQ�n�R�Q�WdYen�SäYeWkndXR�Q�lYeÁ�YelR�lLi�SLndXRoiY�Qä°¯Y�l�ndX
[^Ql4]�P�²en�Ye²�YeR�l_i�S � �

���
	
bUVf/ndXRJ]_Yel8·�R®QR�f$µ^S_W ��P�[^f$R�lhÂÝOÄXR\fdR®WdP²Én�W [^fdRJµ^YeÁVR®Q4Y�Q¦n�XR?0Cn�X4±�UV²eP]oQ

U^´AO([Ci²�R\é�Â
g WdR®±�UVQ�lóÚÝÀkÞ Ú
O�W$¸R®±®n�f$P] X�[CWkijR�R®Q�±�[^²�±®P²³[yn�R�lÊYeQÊn�XRÇW�[C]_R=]_[^QQR®f\[^W\[^ijU�ÁVRÇRTÕ8±�R®�n

n�X[Cn¶ndXRNjUVY�Q�n#·�WdU^Pfd±®RT·�W$Pi�ndf�[^±Tn�R�lD±®UVPQ�n«]_[^9YeW_�fdU�±�R�W$WdR®l ´¹P�f$n�X�R�f_ndUólR®±�UVQ�ÁVU^²eÁVRÅn�XRÔjUVYeQ�n
Wd�fdRv[ClL´¹PQ�±®n�YeUVQ Ø �?��Ë�Ü2�hR®QR�f$µ^SÔlR®¸R®QlR®Q±®SäU^´Ýn�X�R � �8Ë P�WdR�läYeQÔn�XR=lR®±�UVQ�Á^UV²�P�ndY�UVQäX�[CWJi¸R®R�Q
lR®fdYeÁ^R�lÊ[CWdWdP�]_YeQµ¶[o¸U�°�R�f�·�²³[v°»YeQ±�YelR�Q�n µ�[^]o]_[y·�fd[�S Ø YeQlRTÕNð�ÂeîaÜÖÂ&$�R®n�[^Y�²eW/°¯Y�²e²!i¸RklR�W$±�f$Y�ijR�lÔYeQ
[_W$R��[Cf�[CndR�Pi²eY�±�[Cn�YeUVQ Ø OJÂhZ\[^]_[^R\R®n�[^²sÂGð^å^å�è8bIY�QÅfdR®�[^f�[yn�Y�U^QIÜTÂ¯OÄXR�l�R�±�U^Q�Á^UV²�P8n�Y�U^QÔfdR®]_U�ÁVR®W
[^f#n�Ye´ [C±®n�WÝY�Q�ndfdU�lP±�R®l¦i�S_ndXR5if$U�[^l¦ÚÝÀ\ÞGÚ
O �?��Ë�b�Y�Q«[^f$ndY�±�P�²³[^f®b�´¹U^f �

�
51îaè^åL	ÅRTÒ;[^Ql«[^²�²eUa°¯W



� î
� �

(a) Power-Law Proton (Index=2.0)

2.03

Index=1.96

Solid: Model A
Dash: Model B

(b) LIS Proton

Solid: Model A
Dash: Model B

(c) Trial4GR Proton

Solid: Model A
Dash: Model B
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Filled Circle: EGRET Data (Deconv)
Open Circle: EGRET Data

Pi-Zero Gamma Rays

Solid: Model A with LIS

Dash: Model B with LIS

Dot: Galprop (galdef 44_500180)

Dot-Dash: SB81
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ICS (galdef 44_500180)

Filled circle: EGRET data (Deconv)
Open circle: EGRET data
Solid: Model A with Trial4GR
Dash: Model A with LIS
Dot: Galprop (galdef 44_500180)

Brems (galdef 44_500180)
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Dash: Model B (LIS)

Solid: Model A (LIS)

Kinetic Energy of p-bar [GeV]
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Diffraction Process (Tp=512 TeV)

Solid: Positron

Dash: Electron 
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1.95GeV

Tp=44.19GeV

Dot: Model A Total

Dash: Model A Diffractive
Solid: Model A Non-Diff(b)

Tp=512TeV

125GeV

Dot: Model A Total
Dash: Model A Diffractive
Solid: Model A Non-Diff(a)
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