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UNITARITY ANALYSIS
OF πN ELASTIC SCATTERING AMPLITUDES
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The pionÄnucleon scattering phase shifts in s and p waves are analyzed using PKU unitarization
approach that can separate the phase shifts into different contributions from poles and branch cuts. It is
found that in S11 and P11 channels there are large and positive missing contributions when one compares
the phase shift from known resonances plus branch cuts with the experimental data. It indicates that
these two channels may contain sizable effects from N∗(1535) and N∗(1440) shadow poles. These
results are obtained using tree-level results of the πN amplitude.

” §Ò ¶¨μ´-´Ê±²μ´´μ£μ · ¸¸¥Ö´¨Ö ¢ s- ¨ p-¢μ²´ Ì  ´ ²¨§¨·ÊÕÉ¸Ö ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ PKU Ê´¨É ·-
´μ£μ ¶μ¤Ìμ¤ , ±μÉμ·Ò° ³μ¦¥É · §¤¥²¨ÉÓ Ë §Ò ´  · §²¨Î´Ò¥ ¢±² ¤Ò μÉ ¶μ²Õ¸μ¢ ¨ ¢¥É¢¥° · §·¥§μ¢.
�¡´ ·Ê¦¥´μ, ÎÉμ ¢ ± ´ ² Ì S11 ¨ P11 ¸ÊÐ¥¸É¢ÊÕÉ ¡μ²ÓÏ¨¥ ¨ ¶μ²μ¦¨É¥²Ó´Ò¥ ´¥¤μ¸É ÕÐ¨¥ ¢±² ¤Ò,
¥¸²¨ ¸· ¢´¨¢ ÉÓ Ë §Ò μÉ ¨§¢¥¸É´ÒÌ ·¥§μ´ ´¸μ¢ ¶²Õ¸ ¢¥É¢¨ · §·¥§μ¢ ¸ Ô±¸¶¥·¨³¥´É ²Ó´Ò³¨ ¤ ´-
´Ò³¨, ÎÉμ Ê± §Ò¢ ¥É ´  Éμ, ÎÉμ ÔÉ¨ ¤¢  ± ´ ²  ³μ£ÊÉ ¸μ¤¥·¦ ÉÓ §´ Î¨É¥²Ó´Ò¥ ÔËË¥±ÉÒ μÉ É¥´¥¢ÒÌ
¶μ²Õ¸μ¢ N∗(1535) ¨ N∗(1440). �É¨ ·¥§Ê²ÓÉ ÉÒ ¶μ²ÊÎ¥´Ò ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ ·¥§Ê²ÓÉ Éμ¢ ¤·¥¢¥¸´μ°
πN- ³¶²¨ÉÊ¤Ò.
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