
���������
	����������	�������	������������������ �!�������"�#��$%�&�������('*)*+-,/.102�3��45��� ��	����36&�#78���#�9�:�������
	��;$<�>=?� �
@BA�C�DFEGD�HJI K�L�MNA�C?O8PRQTS-D�U:D8V�L�D8W�XYCBA�Z[O8S�Q\HH^]?_^`a_Jb-c#dJegf�_ah�i3_^c�j^kFc�l�m�danT_Jb-c?o�e�p�`Jqrd^`ts\]Nf
l�o[u�v&wx`abzyGbg{[h|q~}�_acJ`*q~i�p�v��a�Jb-c#b�y-q�v�w�`ab�y8b��G���z���8�a�
�^v>��bR��b-hK���_���b-c*i���_ah�i:k�j?�xh��Fq~h�_J_^c*q~h���o�e�p�`*qrd*`Jv��xnT_Jd^i�c#kFh�qrd^`Rv�bFh!����_RdJe�bFh�qrd^`Jv�l�bz�GkFp8bN�^h�`*i�q~i�m�i3_Bk�j���_JdJe�h!kFnTkR�Fp�v���e�kF��b-��yFm�vlNba��k-p8bN�!�G���� G�G�8�-v:��bR��b-hV���_���b-c*i���_ah�i:k�j?o�e�p�`*qrd*`Jvx��m�h|i�_ah!�Gk¡{[h|q~}�_acJ`*q~i�p�v��^h!�Jb-�r�8m�h�v>f e�qr�Jbt¢����-��£G�F¤G�-v:��bR��b-hC&Q¥E8¦�§�¨�PR©zªaQ¥«#Q¥O8WY¬�©zD8«#�PR©a¬�©aW�®J«:OF¯�®#¦�©�¬��OGW�Q¥ª°©zW�©aPRE8±�²T©z³8©z²¥«>PR©z´��Q¥PR©°¯\O8P>®R¦�©�®#¦�©aO8PR©^®RQ¥ªzDF² ªzDF²�ª^�²�D-®RQTOGW�®#O�ª^OGW�«#Q¥X�©zP®R¦�©�©aµ!©�ª*®�®#¦�DF®N®R¦�©�¶|OG�W�X·¬N�O8W2X�Q¥«�®#OGP�®J«B®R¦�©�W�|ª^²¥©zDFP�«�®RP#|ª*®#�P#©GAg@?²¸®R¦�O8�E8¦¹®R¦�©�³-D8P#Q¥O8�«NW�OGW�P#©z²¥DF®#Q¥³�Q¥«�®#Q�ªºW��ª^²¥©zD8P¬�O�X�©a²�«:¦�D�³G©�¶!©a©zW»©a¬�¨�²¥O-±8©zXtQTW�®R¦�©�W��ª^²¥©zD8P�§�¨|OG²¥D8P#Q¥¼zDF®#Q¥O8W�½�¾?¿xÀ:ªaDF²�ª^�²¥DF®#Q¥O8W
L�®#¦�©BX�Q¥«RDFEGP#©z©a¬�©aW�®>¶!©^®�Ux©a©aW�®#¦�©°®#¦�©zO8PR±D8W�X�®#¦�©�©^Á�¨!©aPRQT¬�©aW�®�¦|D8«�¶!©a©zW�«�®RQT²¥²!P#©z¬�D8QTW�©zX
ÂTÃ*Ä�A�Å3W�®R¦�Q�«�PR©a¨!O8P#®zLGU�©?«�®#|X�±�®#¦�©Æ¾?¿·ªaO8PRP#©�ª*®#Q¥O8W�Q¥Wº¬��OGW�Q�ª K�ÇJÈ ¿�¶ºU>QT®#¦PR©a²�D-®RQT³�Q�«�®RQ¥ª�W��ª^²¥©zD8P>¬�O�X�©z²�AZ:¦�©�W��ªa²T©�DFP#§�¨!O8²�DFPRQT¼�D-®RQTOGWº©aW�©zP#EG±t«�¦�Q¸¯~®?X��©°®#O�®#¦�©°®�UxOF§�¨�¦�O8®#OGW�©aÁ�ªJ¦|DFW�EG©�¨�PRO�ª^©�«#«xQ�«>E8Q¥³8©zWt¶�±É�Ê&Ë:Ì·ÍÏÎJ½rÐ8Ñ
Ò�À K~Ó�Ô8ÕzÖ HØ×a×a× Ô8Õ�Ö ÕxÙÚ�Û ½ Ö H À�Ü�Ý�Þ Ûß ½ Ö H�à Ö K À�Ü
á Ú�Û ½ Ö K À�â Ý�ã ½ Ö H-à Ö V À�ä ãRåË ½ Ö VGà Ö Õ À�â å*á ½ Ö Õ�à Ö K À à ½�Ã�À

U>¦�©zP#©Æä ãRåË Q�«�®#¦�©ÆW��ª^²¥©zD8P�§�¨!O8²�DFPRQT¼�D-®#Q¥O8WN®#©zW�«#O8PxU>¦�Q¥ªJ¦�ª^OGWG®JDFQ¥W�«xDF²¥²|Q¥W�¯\O8PR¬ºD-®RQTOGW�OF¯ W��ªa²T©�DFPxX�±�W�DF¬�Q�ªa«zA�Å3Wt®#¦�©Æ¨�PR©z«#©aW�®UxO8PRS�L�Ux©Yª^O8W|«�®RP#�ª^®�®R¦�©YW�|ª^²¥©zDFPN©^Á�ª^QT®RDF®#Q¥O8W9«�®JD-®#©�«�æGçx¶�±¹P#©z²¥DF®#Q¥³�Q¥«�®#Q�ª�¬�©zD8W�§�è�©a²�X·DF¨�¨�P#O�D8ªJ¦
AgZ:¦�©zW
L�®R¦�©�«#O8²¥�®RQTOGW�«¯\OGP&®#¦�©�Q¥WG®R©aPR¬�©zX�Q�D-®R©�«�®JD-®R©z«�U>Q¸®R¦»®#¦�©NW�©aE�D-®RQT³G©B©aW�©zP#EG±/½�DFW�®#Q¥W��ª^²¥©aOGW�«�®JD-®R©z«JÀ:¨�²�D�±�D8WéQT¬�¨!O8P#®RD8WG®�P#OG²T©�®ROtOG¶�®RD8QTWY®R¦�©E�DF�EG©^§�QTW�³-DFPRQ¥D8W�®xPR©z«#�²T®�Â ê�Ä�A?ë/©�®RDFSG©�®#¦�©�ª^�®ROFµg©aW�©zP#EGQT©�«>¶�±»ì8íºî»©zïð¯\O8P�¨|O�«�QT®#Q¥³8©a§�©zW�©aPRE8±tW�|ª^²¥©aO8Wé«�®RDF®#©�«?DFW|X�ñ!Ã�ì8í8íî»©zïò¯\O8P>W�©zEGDF®#Q¥³8©^§�©aW�©aPRE8±�W�|ª^²¥©aO8W»«�®RDF®#©z«zAZ:¦�©»®ROF®JDF²�¾�¿óª^OGP#PR©zª^®#Q¥O8W�«�Q¥W(¬��O8W�Q�ªé«�®RD-®R©z«�D8P#©»²¥Q�«�®R©zX;Q¥WÏZ[D8¶�²T©¡ê�Aõô�QTEG�P#©�ê¹QT²¥²T|«�®RPRDF®#©z«�¦�O-U5¬N�ªJ¦(OF¯°®R¦�©X�Q�«Rª^PR©a¨�D8W�ª^±/Q¥«NP#©�«�OG²T³G©zX¡¶�±�®R¦�©t¨�P#©�«�©zWG®�¾?¿ðªzDF²�ª^�²�D-®RQTOGW
A�Z:¦�©t«#¦�DGX�©zX·D8P#©�D»«�¦�O-U&«°®#¦�©�©^Á�¨!©aPRQT¬�©aW�®JDF²¥²T±gDF²¥²TO-U:DF¶�²T©PR©aEGQTOGW¹OF¯&®R¦�©»¾?¿öª^O8PRPR©zª*®RQTOGW Â ÷�Ä�A·@�«�¯\OG�W�X2QTW9ô�QTE|AØê�L�Ux©�¦�D�³G©�DGªJ¦�QT©z³8©�Xg®#O¡©^Á�¨�²�DFQ¥W¹®#¦�©»É�ø;«�¨�²TQT®�®RQTW�E¡©aW�©aPRE8±gOF¯¬N�O8W�Q�ª�K#ÇJÈz¿�¶�U>QT®#¦é¯\�²T²T§�PR©a²�D-®RQT³�Q�«�®RQ¥ª�ªaD8²¥ªa�²�D-®#Q¥O8W AÆÅ3W/®#¦�Q¥«°DFW|DF²¥±�«#Q�«aL�Ux©�¯\OG�W�X»®R¦�D-®Æ®#¦�©N®RPRD8W�«#³8©aPJ«#©�ª^�PRPR©aW�®ÆD8W�X»®R¦�©©aµ!©�ª*®#Q¥³8©°¬ºD8«R«:©^µ�©zª^®&U�©zP#©°Q¥W�X�Q�«�¨!©aW|«#D8¶�²T©Æ®ROº©^Á�¨�²�DFQ¥Wt®R¦�©z«#©BDFW�OG¬ºDF²¥QT©�«aAC&O-Ux©a³G©aP�L
®R¦�©aPR©�Q�«�DFWg�W|ª^©aP#®RD8QTW�®�±¡U>Q¸®R¦¹P#©�«�¨!©zª^®B®#Oé®#¦�©�©aµ!©�ª*®RQT³G©�¬ºD8«R«aùØQT®�Q�«BUx©a²¥²�S�W�O-U>W¡®#¦�DF®�®R¦�©�PR©a²�D-®#Q¥³�Q¥«�®#Q�ªC�DFP#®#PR©a©�DF¨�¨�PROGDGªJ¦éU>QT®#¦/®#¦�©º³-D8ªa��¬ú¨!O8²�DFPRQ¥¼zD-®RQTOGWéQ¥W/®R¦�©�W��ª^²¥©aOGW�§�D8W�®#Q¥W�|ª^²¥©aO8W�è�©a²�X¡«��¨�¨�P#©�«#«#©z«�®R¦�©ºªJ¦�DFW�EG©NO8¯�®R¦�©W��ªa²T©zO8Wû¬ºDG«#«�Â Ð�Ä�A2Z:¦�©Y¾�¿<ªzDF²�ª^�²�D-®RQTOGWû¶�DG«�©�X·OGW·®#¦�Q¥«ºD8¨�¨�PROGD8ªJ¦ûQ¥«�DF²�«#O/Q¥¬�¨|OGP�®JDFW�®N®RO¹«�©z©t®R¦�©YP#©�DF²¥Q¥«�®#Q�ª�©aµ!©�ª*®ºOF¯©aµ!©�ª*®#Q¥³8©°¬ºD8«R«zAZ:¦�Q�«>UxO8PRSºUxDG«x«#�¨�¨!O8P#®#©�X�¶�±�îéD-®J«��Oºô�O8�W�X�D-®#Q¥O8W L|ü��EGQTW�D8¬�Q�L�Z[O8S�±8O|AZ�DF¶�²T©�Ã8ý�þ[ÿ��������	��
�������	�������������������������������������������! "���#��$%�'&�(�)�*�+-, '�. )�*�+/, '�.�0 *�+-,�1 . )�*�+-,2�	�%341 .�0 *�+!5���������56�	798�ÿ�������� +;:�<	=9> ?ü�®RD-®R©A@>©a²�D-®RQT³�Q�«�®RQ¥ªG½rZ>î¹Ã�ÀB@>©a²�D-®RQT³�Q�«�®RQ¥ªG½r¾DC[ü�CÆÀ ¾&OGW�P#©z²¥DF®#Q¥³�Q¥«�®#Q�ª8Â ê�ÄE@>Q¥W�SG©aP!F¹ü�¨!©^®#¦[Â ÷FÄ Z[D8W�DFS-D�FgC&O8PRQ¥S�D�U:D�Â GzÄÃ�H H�IRK F&ìKJ í�Ãzí FLGKJ M8ÐGí F>Ð9J ÐON�Ð F>ÐPJ êQGGê F>Ð9J MGí8ìê^ø H�IRK F?êOJ�G�MFÐ F?êKJ ÷RMRG F�ÃRJ ìRMRG F�ÃQJ ì�Ã�ì F�ÃRJ�NF÷�Ãê^ø V	IRK F?êOJ�N2MGê F?êKJ ÐTS8÷ F�ÃRJ ìTGFì F�ÃQJ ÐRSTG F�ÃRJ ìGì8ì÷aø H�IRK F&íKJ SRG�Ã F�ÃRJTÃzÐRS F&íPJ G8í�Ã F&íKJ�G-Ð�í F&íPJ G�Ã%G÷aø V	IRK F�ÃQJ�G�S8í F�ÃRJ Ð�ìGê F&íPJ GRG-Ð F&íKJ�GF÷Gì F&íPJ GRGFí

-500

-400
-300

-200
-100

0
100
200

N
P2

p 1
/2

 - 
N

P
2p

3/
2 

[e
V

]

121086420
NP1s1/2 [keV]

(a)

 Rinker - Speth
 Tanaka - Horikawa
 Nonrelativistic nuclear model
 Relativistic nuclear model (TM1)
 Relativistic nuclear model (NLSH)
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(b)
 Rinker - Speth
 Tanaka - Horikawa
 Nonrelativistic nuclear model
 Relativistic nuclear model (TM1)
 Relativistic nuclear model (NLSH)
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