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DEFFGHF IJFKELJFHM EM E NJOILGPO PN LQH R PLHOLGES TGUJMGK GLVW NPF XHEYSV EOT MLFPOZSV
[ PJOT OJISHG W EFH MLJTGHT KGE HSEMLGI MIELLHFGOZ TELE EL OHEF [EFFGHF HOHFZGHM NPF \ ]^_ G
EOT `abc `\d PO MGSGIPO e f REFEg HLFGhELGPO PN IJFKELJFH EM E NJOILGPO PN TGUJMGK GLV
GM Z GKHO EOT IFGLGIES T GMLEOIHM NPF LQH [EFFGHF RPMGLGPO EFH THLHFg GOHT e iQH FHMJ SLM
GOTGIELH MGg GSEF [ HQEK GPJF NPF [PLQ XHEYSV EOT MLFPOZSV [ PJOT RFPj HILGSHM e fTTGc
LGPOESSVW [V MLJTGOZ LPLES FHEILGPO IFPMM MHILGPOM NPF \_ G EOT ^_G PO MGSGIPO LEFZHLM W
IJFKELJFHM EOT [EFFGHF SP IELGPOM EFH THLHFg GOHT EL OHEF [EFFGHF HOHFZGHM e iQH FHMJ SLM
GOTGIELH E MLFPOZHF E[MPFRLGPO NPF \_ G LQEO NPF ^_ G e

klmnop nm q r orlsqt mluv wxy zot mw{wtqs |wxq|wm tw{nmnyw| po}|q~m } ny� y�w
myl|~ oz }wq�s~ u olp| myqusw ot tq|noqxyn{w m~myw� m � �~myw� qynx myl|nwm oz
w�r wtn� wpyqs zlmnop w�xnyqynop zlpxynopm �q{w twmlsyw| np rqtq�wytn�qynopm oz
y�w uqttnwt tq|nlm qp| �wn��y � kot npywtrtwynp� zlmnop |qyq � qp|�ot rtw|nxynp�
zlmnop xtomm mwxynopm � u oy� mn�rsn�w| qp| twqsnmynx xolrsw| x�qppws xo|wm �q{w
u wwp lmw| � �pwt�~�np|wr wp|wpy �oo|m �q�op �� �� zot� zot y�w twqs plxswqt
r oywpynqs qtw lmw| �

�� �� � � � ��
� � ��� ������ � ���

 uo{w uqttnwt w�xnyqynop zlpxynopm �q{w u wwp twrto|lxw| u~ mn� rs~ oryn� n��
np� y�w |n¡lmn{ ny~ ¢ }�nsmy xopmytqnp np� y�w uqttnwt �wn��y yo w�rwtn� wpyqs
{qslwm £�¤ � ¥�w qtomwp ¦lwmynop nm nz y�wmw |n¡lmn{ nynwm xqp |wmxtnu w }wss wsqmynx
mxqyywtnp� |qyq qp| yoyqs twqxynop xtomm mwxynopm �

§p y�nm rqrwt }w myl|~ y�w w{oslynop oz uqttnwt } n|y�m qp| |n¡lmn{ nynwm zot ¨
m~myw� m � y}o oz y�w� } ny� }wq�s~ uolp| rtov wxynswm qp| y}o } ny� }wss u olp|
rtov wxynswm }�nsw lmnp� y�w mq�w yqt�wy � � sqmynx mxqyywtnp� |qyq qy pwqt uqt�
tnwt wpwt�nwm qtw qpqs~mw| zot \©n�ª«�n � ^© n�ª«�n � `a¬�ª« �n qp| `\­�ª«�n £®¯¨¤



ho
m

eg
a 

(M
eV

)

α(fm)

� GZ e � e iQH HKPSJLGPO PN LQH [EFFGHF IJFKELJFH ��� EM E NJOILGPO PN LQH R PLHOLGES
TGUJMGKGLV NPF \_ G� ª«� G �LPR � EOT ^_ G� ª«� G �[PLLPg � W EL MHKHFES [EFFGHF HOHFZGHM e

u~ lmnp� q �oo|��q�op roywpynqs � k nym qtw r wtzot� w| zot {qtnolm {qslwm oz
|n¡lmn{ nynwm �wwrnp� ¢ �� ¢	 zot y�w u wmy {qslw oz t��t	 zot qss |n¡lmn{ nynwm �
ouyqnpw| uwzotw � qp| �qp|snp� 
 � qp| � � qm ztww rqtq�wywtm � ¥�w twmlsym � np
zqxy y�w xlt{qyltwm ��� � oz y�w u wmy �yyw| r oywpynqsm yo y�w wsqmynx mxqyywtnp�
|qyq � qm q zlpxynop oz y�w |n¡lmn{ ny~ ¢ � qtw m�o}p np kn�ltwm � qp| ® � �w
ronpy oly q mn� nsqt u w�q{nolt zot u oy� }wq�s~ qp| mytop�s~ u olp| rtov wxynswm
}�nsw np qss xqmwm y�w wpwt�~ |wr wp|wpxw nm }wq� � �w m�ols| �wpynop y�qy y�w
qpqs~�w| |qyq twzwt yo y�w wpwt�~ tw�n� w oz ���
 �� �� �� ��� � ¥o ouyqnp q m~m�
yw� qynx |wmxtnrynop�rqtq�wytn�qynop oz xlt{qyltwm qm q zlpxynop oz |n¡lmn{ ny~�
}w rto xww| qm zosso} m �

�npxw y�w wsqmynx mxqyywtnp� nm mwpmnyn{w yo y�w yqns oz y�w r oywpynqs }w xqp } tnyw
w¦lqynop ��� qy sqt�w |nmyqpxwm qm

�� �� � � �� ��� ���� �� � � ��
¢ � �®�

}�wtw �� nm y�w romnynop oz y�w uqttnwt �  y �� y�w |wtn{qyn{w oz y�w yoyqs

®



RFPj HILGSH �� �� H� � �� �Ng � F� �� � � �� 
 �Ng �
\_ G �� e� ����� �� ��` c���� �ª � 	 e�� � e
	 
 e��
^_ G � � e�
 ���� �� ��` c���� �ª � 	 e�� � e
� 	 e� �
`ab �� e�� ���� �� ��` c���� �ª � � e�� � e
� 	 e��
`\d �� e
� ���� �� ��` c���� �ª � �� e�� � e	
 	 e��

iE[SH �
iQH REFEgHLFGhELGPO PN �� EM E NJOILGPO PN LQH TGUJMGK GLV NPF XHSS EOT XHEYSV [ PJOT
RFPj HILGSHM e iQH [EFFGHF R PMGLGPO �� XEM QEOTSHT EM E NFHH REFEgHLHF EOT GL XEM
NPJOT LP P[ HV LQH FHSELGPO ��� � e
	 �f� `���f� `�� � Ng e �PF IPgREFGMPO FHEMPOM
LQH [EFFGHF SP IELGPO EIIPFTGOZ LP �QFGMLHOMHO ��� W �� 
� � e�
 �f� `���f� `�� � � � e
�
Ng GM ESMP ZGKHO e

ho
m

eg
a(

M
eV

)

α(fm)

� GZ e � e iQH HKPSJLGPO PN LQH [EFFGHF IJFKELJFH ��� EM E NJOILGPO PN LQH R PLHOLGES
TGUJMGKGLV NPF `ab� ª«� G �LPR � EOT `\d� ª«� G �[PLLPg � W EL MHKHFES [EFFGHF HOHFZGHM e

r oywpynqs 
�
 � �

 �lmy {qpnm� qp| y�lm

� � ��� � � � �
¢ �� ��� � � �� �� �ª

� ª� � � ���

�



RFPj HILGSH � � �� H� � �� �Ng � �� �� H� � � �Ng �
\_ G � e
� 	 e	� 
 e�� � e
�
^_ G � e�� � e�� � e�� � e�	

iE[SH �
DHML �LLHT REFEg HLHFM ��� W �� W �� � LP LQH LPLES FHEILGPO IFPMM MHILGPO TELE e � GUJc
MGK GLHM QEKH [ HHO H� LFEILHT KGE H�JELGPO �	� c MHH iE[SH � e
qp|

�� �� � � �� �� �ª¢
� ª� ��� �� � � ��

¢ � �¨�

¥q�np� npyo qxxolpy q rqtquosnx qrrto� n� qynop oz y�w roywpynqs qy y�w yor rz
y�w �olso�u uqttnwt

� �� � � �� � �
® �� ª �� � �� �ª ���

qp| u~ lmnp� w¦lqynop �¨� }w ouyqnp zot y�w xlt{qyltw oz y�w r oywpynqs

�� ª � � �� �� � � �
 � � �� �� �ª
¢� ª� �� � ®¢

�� � ���
qp|

�� � �� �� �� �ª
�¢� ª� �� � ®¢

�� � �	�
 rrs~np� q ¥q~sot w�rqpmnop np y�w mwxop| rqty oz y�w w¦lqynop qp| �wwrnp�
y�w �tmy y}o ywt� m }w ouyqnp

�� � 
�¢ � � �¢ �
�
}�wtw   qp| � qtw zlpxynopm oz ��


 � �
�� � �� �� �ª

� ��� � � �
� ª� � �� �� �ª

� ���
kto� w¦lqynop �
� qp| ��� }w mww y�qy y�w xlt{qyltw �� nm q zlpxynop oz �¢
} ny� ops~ lp�po}p y�w uqttnwt r omnynop �� � ¥�wtwzotw y�w |qyq |nmrsq~w| np
kn�ltwm � qp| ® xqp u w �yyw| } ny� q zlpxynop oz y�w zot� oz w¦lqynop �
� �
�qp|snp� �� qm q ztww rqtq� wywt � ¥�w twmlsym oz y�w �y qtw npxsl|w| np ¥qusw § �

¨



�qttnwt romnynopm qtw zolp| q�op�my y�w� mws{wm np �oo| xo�rqynunsny~ qm sop�
qm }w w�rtwmm y�nm tq|nlm qm

�� � �� �
 `��� � 
 `��� � � � �	
 �
 `��� � 
 `��� �� � ����

uly poy zolp| np xopmnmywpx~ } ny� y�w ��tnmywpmwp rqtq� wytn�qynop

�� � � ��	 �
 `��� � 
 `��� � � ® �	�� � ����

�lumw¦lwpys~ }w } nss zo xlm op y�w qpqs~mnm oz yoyqs twqxynop xtomm mwxynopm ou�
yqnpw| rtw{nolms~ £� �	¤ qy pwqt uqttnwt wpwt�nwm �� �
 yo ��� �
 �� �� zot \ ]^© n�ª«�n �
¥�w |qyq }wtw qpqs~mw| u~ lmnp� y�w �op� zot�lsq £
¤

�� � �� � ª�
®�� �� ��

�� � ��� 	 ®
�� £�� �� � �� ¤�� ��®�

}�wtw �� nm y�w xlt{qyltw oz y�w r oywpynqs 
� nm y�w uqttnwt �wn��y � qp| ��
y�w tq|nlm oz y�w roywpynqs qy uqttnwt �   u wmy �y yo y�wmw |qyq qm q zlpxynop
oz wpwt�~� } ny� ztww rqtq�wywtm 
� � �� qp| �� qtw r wtzot� w| qp| y�w twmlsym
qtw rtwmwpyw| np ¥qusw §§ � kto� y�w ouyqnpw| xlt{qyltwm � m�o}p np ¥qusw ® � ny
nm ou{nolm y�qy zot \©n y�w ylppwsnp� yn� w nm m�otywt y�qp zot ^©n � ot y�qy \©n nm
� otw qumotryn{w y�qp ^©n � ¥�nm nm qsmo y�w xopxslmnop zto� wsqmynx mxqyywtnp� np
ª^  s qy �lx� �n��wt wpwt�nwm �� � ���
 �� �� oumwt{w| u~ �oo� wy qs � £�¤ � §p y�nm
twmr wxy ny nm w�r wxyw| y�qy zlmnop xtomm mwxynopm zot \© n op mnsnxop } nss u w sqt�wt
y�qp zot ^©n � q zqxy }�nx� tw� qnpm yo u w rto{w| � ¥�w xottwmr op|np� |n¡lmn{ nynwm
yo y�wmw xlt{qyltwm � w�ytqxyw| {nq y�w rqtq�wytn�qynop ouyqnpw| u wzotw zto�
wsqmynx mxqyywtnp� |qyq nm qsmo |nmrsq~w| np ¥qusw §§ � ¥�wmw |n¡lmn{ nynwm �n{w
{wt~ �oo| �ym yo y�w wsqmynx mxqyywtnp� |qyq � ¥�nm twmlsy mww� m yo xop�t� y�w
opw ¦loyw| np £��¤ y�qy zot pwqt mr�wtnxqs plxswn m� qss | n¡lmn{ nynwm � � �� xqp
|wmxtnu w uoy� wsqmynx mxqyywtnp� qp| zlmnop |qyq �

�l��qtn�np� � }w �q{w qpqs~�w| q{qnsqusw wsqmynx mxqyywtnp� |qyq zot }wq�s~
qp| mytop�s~ u olp| rtov wxynswm np ª« �n qp| yoyqs twqxynop xtomm mwxynopm zot
\ ]^©n�ª«�n qy pwqt uqttnwt wpwt�nwm � ¥�w xlt{qyltwm oz y�w roywpynqs qm q zlpx�
ynop oz y�w mltzqxw |n¡lmpwmm }wtw rqtq� wytn�w| {nq y�w uqttnwt tq|nlm � ¥�w
uqttnwt so xqynop � { nq y�nm rqtq�wytn�qynop }qm zolp| mn� nsqt zot uoy� }wq�s~
qp| mytop�s~ u olp| rtov wxynswm � }�nsw nm zolp| xo�rqynusw } ny� y�w {qslw
��� ��	
 � � `���  � `�� � � ¥�w qpqs~mnm oz y�w yoyqs xtomm mwxynopm �n{wm roywpynqs
rqtq� wywtm xo�rqynusw } ny� y�w wsqmynx mxqyywtnp� twmlsym � }�nsw y�w ouyqnpw|
xlt{qyltwm np|nxqyw q mytop�wt qumotrynop zot \©n y�qp zot ^©n xo�rqynusw } ny�
rtw{nolm �p|np�m �

�



����������

��� � e � EMZJRLE HL ES eW fOOJ e �HK e bJIS e �EFL e �IG e �	 W 
� � ����	� EOT FHNHFHOIHM
LQHFHGO e

��� f e �EYPJ HL ES eW �QVM e _HLL e 
 ��� W � � ������ e
��� f e �EYPJ HL ES eW �QVM e �HK e 
 �� W ��
��� ����
 � e
�
� � e� e �IY W i e� e � FEVW EOT � e� �EFTOHF W �QVM e � HK e 
 �� W �	
� ���

�
��� � e � e �QFGMLHOMHO W EOT f e � GOLQHF W �QVM e _HLL e 
 �� W �� ���
�� e
��� f e �EYPJ HL ES e bJIS e �QVM e = �	� W�� ����
�
�
� f e �EYPJ HL ES eW MJ[g GLLHT NPF RJ[SGIELGPO GO ��� e
�	� � e � e �POZ W �QVM e �HK e _HLL e �� W 
�� ���
�� e
��� � e �PPY W � e � e � SEFYH EOT � e � e � FG� LQM W � e �QVM e � � bJIS e �QVM e � W ��� ����	� � e
���� � e �EMQGVEgE W � e � EZGOP W EOT � e � EMZJRLE W �QVM e � HK e 
�� W ��
��
 ������ e

�

Powered by TCPDF (www.tcpdf.org)

http://www.tcpdf.org

