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�. ‚. Œ¨§Õ± ∗, �. ‚. �¥Ë¥¤Ó¥¢
� Í¨μ´ ²Ó´Ò° ¨¸¸²¥¤μ¢ É¥²Ó¸±¨° Ö¤¥·´Ò° Ê´¨¢¥·¸¨É¥É ®Œˆ”ˆ¯, Œμ¸±¢ 

�·¥¤¸É ¢²¥´Ò ·¥§Ê²ÓÉ ÉÒ ¨§³¥·¥´¨Ö Ô´¥·£¥É¨Î¥¸±μ° § ¢¨¸¨³μ¸É¨ ¸¥Î¥´¨°
e+e− → Υ(nS)π+π− (n = 1, 2, 3) ¨ e+e− → hb(nP )π+π− (n = 1, 2) μÉ ¶μ·μ-
£μ¢ ¤μ 11,02 ƒÔ‚ ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ ¤ ´´ÒÌ Ô±¸¶¥·¨³¥´É  Belle, ´ ¡· ´´ÒÌ ´  e+e−-
±μ²² °¤¥·¥ KEKB. ‚ ¸¥Î¥´¨ÖÌ μ¡´ ·Ê¦¥´Ò ¶¨±¨ ·¥§μ´ ´¸μ¢ Υ(10860) ¨ Υ(11020) ¡¥§
§´ Î¨³μ£μ ¢±² ¤  ±μ´É¨´ÊÊ³ . � °¤¥´μ, ÎÉμ · ¸¶ ¤Ò Υ(11020) → hb(nP )π+π− ¨¤ÊÉ
¨¸±²ÕÎ¨É¥²Ó´μ Î¥·¥§ ¶·μ³¥¦ÊÉμÎ´Ò¥ ¨§μ¢¥±Éμ·´Ò¥ ¸μ¸ÉμÖ´¨Ö Zb(10610) ¨ Zb(10650).

We report on the energy scan of the cross sections e+e− → Υ(nS)π+π− (n =
1, 2, 3) and e+e− → hb(nP )π+π− (n = 1, 2) from respective thresholds up to 11.02 GeV
using data collected by the Belle experiment at the KEKB asymmetric energy e+e−

collider. The cross sections exhibit clear Υ(10860) and Υ(11020) peaks without signiˇcant
continuum contribution. The decays Υ(11020) → hb(nP )π+π− are found to proceed
entirely via intermediate isovector states Zb(10610) and Zb(10650).

PACS: 13.66.Bc

Š¢ ´Éμ¢ Ö Ì·μ³μ¤¨´ ³¨±  ¶·¥¤¸± §Ò¢ ¥É ¸ÊÐ¥¸É¢μ¢ ´¨¥  ¤·μ´´ÒÌ ¸μ-
¸ÉμÖ´¨° · §´μ£μ É¨¶ , μ¤´¨³ ¨§ ±μÉμ·ÒÌ Ö¢²Ö¥É¸Ö ±¢ ·±μ´¨° Å ¸¢Ö§ ´´μ¥
¸μ¸ÉμÖ´¨¥ ±¢ ·±  ¨  ´É¨±¢ ·± . ‚ ¸²ÊÎ ¥ ÉÖ¦¥²ÒÌ ±¢ ·±μ´¨¥¢ (cc̄ ¨²¨ bb̄)
ÉÖ¦¥²Ò¥ ±¢ ·±¨ ¤¢¨¦ÊÉ¸Ö μÉ´μ¸¨É¥²Ó´μ ³¥¤²¥´´μ, ¶μÔÉμ³Ê μ¸´μ¢´Ò¥ Î¥·ÉÒ
É ±μ° ¸¨¸É¥³Ò ¤μ¸É ÉμÎ´μ Ìμ·μÏμ μ¶¨¸Ò¢ ÕÉ¸Ö ¢ · ³± Ì ´¥·¥²ÖÉ¨¢¨¸É¸±¨Ì
¶μÉ¥´Í¨ ²Ó´ÒÌ ±¢ ·±μ¢ÒÌ ³μ¤¥²¥° [1]. �¥·¢μ¥ ¸μ¸ÉμÖ´¨¥ ¢ ¸¶¥±É·¥ ÉÖ¦¥²ÒÌ
±¢ ·±μ¢, ¸¢μ°¸É¢  ±μÉμ·μ£μ ´¥ μ¶¨¸Ò¢ ²¨¸Ó ¶μÉ¥´Í¨ ²Ó´μ° ±¢ ·±μ¢μ° ³μ¤¥-
²ÓÕ, ¡Ò²μ μ¡´ ·Ê¦¥´μ ¢ Ô±¸¶¥·¨³¥´É¥ Belle ¢ 2003 £. [2]. �  ¸¥£μ¤´ÖÏ´¨°
¤¥´Ó ±μ²¨Î¥¸É¢μ É ±¨Ì ¸μ¸ÉμÖ´¨° ¤μ¸É¨£ ¥É Ê¦¥ ¤¢ÊÌ ¤¥¸ÖÉ±μ¢ [3], ¶·¨Î¥³ ¢¸¥
μ´¨ ²¥¦ É ¢ÒÏ¥ ¶μ·μ£  ·μ¦¤¥´¨Ö μÉ±·ÒÉμ£μ  ·μ³ É .

‡´ Î¨É¥²Ó´μ¥ ±μ²¨Î¥¸É¢μ Ô±§μÉ¨Î¥¸±¨Ì ±¢ ·±μ´¨¥¶μ¤μ¡´ÒÌ ¸μ¸ÉμÖ´¨°
¡Ò²μ μ¡´ ·Ê¦¥´μ ¶·¨ ¸± ´¨·μ¢ ´¨¨ ¸¥Î¥´¨° e+e−- ´´¨£¨²ÖÍ¨¨ ¢ ±μ´¥Î-
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´Ò¥ ¸μ¸ÉμÖ´¨Ö ¸ μ¡ÒÎ´Ò³ ±¢ ·±μ´¨¥³ ¨ ²¥£±¨³¨  ¤·μ´ ³¨. ’ ±, ¢ ¸¶¥±-
É·¥ Î ·³μ´¨Ö ÔÉμ Y (4008) ¨ Y (4260), μ¡´ ·Ê¦¥´´Ò¥ ¢ ±μ´¥Î´μ³ ¸μ¸ÉμÖ´¨¨
J/ψ π+π− [4], § É¥³ Y (4360) ¨ Y (4660) ¢ ±μ´¥Î´μ³ ¸μ¸ÉμÖ´¨¨
ψ(2S)π+π− [5], ψ(4040) ¨ ψ(4160) ¢ J/ψ η [6] ¨, ¢μ§³μ¦´μ, Y (4220) ¢
hcπ

+π− [7]. �·¨³¥Î É¥²Ó´μ, ÎÉμ ¶ ·Í¨ ²Ó´Ò¥ Ï¨·¨´Ò ¸μμÉ¢¥É¸É¢ÊÕÐ¨Ì
¶¥·¥Ìμ¤μ¢ ¸ÊÐ¥¸É¢¥´´μ ¶·¥¢ÒÏ ÕÉ μÍ¥´±¨ ¤²Ö · ¸¶ ¤μ¢ μ¡ÒÎ´μ£μ ±¢ ·±μ-
´¨Ö [8], ¶·¨Î¥³ ± ¦¤μ¥ ¨§ ¸μ¸ÉμÖ´¨° Y ¨²¨ ψ · ¸¶ ¤ ¥É¸Ö Éμ²Ó±μ ¶μ μ¤´μ³Ê
± ´ ²Ê ¸ Î ·³μ´¨¥³ ¢ ±μ´¥Î´μ³ ¸μ¸ÉμÖ´¨¨. ’¥μ·¥É¨Î¥¸±μ¥ μ¡μ¸´μ¢ ´¨¥ É ±μ°
®¨§¡¨· É¥²Ó´μ¸É¨¯ Ö¢²Ö¥É¸Ö ¸¥·Ó¥§´Ò³ ¢Ò§μ¢μ³ ¤²Ö Ë¥´μ³¥´μ²μ£¨¨ ¸¨²Ó´ÒÌ
¢§ ¨³μ¤¥°¸É¢¨°. � ¶·¨³¥·, ¢ · ¡μÉ¥ [9] ¶·¥¤²μ¦¥´  ³μ¤¥²Ó  ¤·μÎ ·³μ´¨Ö Å
¸¢Ö§ ´´μ£μ ¸μ¸ÉμÖ´¨Ö ¡¥¸Í¢¥É´μ£μ Î ·³μ´¨Ö ¨ ²¥£±¨Ì  ¤·μ´μ¢. „²Ö ¶μ¤μ¡´μ°
¸¨¸É¥³Ò, ¤¥°¸É¢¨É¥²Ó´μ, ¢¶μ²´¥ ¥¸É¥¸É¢¥´´μ · ¸¶ ¤ ÉÓ¸Ö ¢ μ¸´μ¢´μ³ ´  ¸¢μ¨
¸μ¸É ¢²ÖÕÐ¨¥.

ˆ§³¥·¥´¨¥ Ô´¥·£¥É¨Î¥¸±μ° § ¢¨¸¨³μ¸É¨ ¸¥Î¥´¨° e+e− → Υ(nS)π+π−

(n = 1, 2, 3) ¨ e+e− → hb(nP )π+π− (n = 1, 2) ¢ Ô±¸¶¥·¨³¥´É¥ Belle [10Ä12]
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�¨¸. 1. ‘¥Î¥´¨Ö ¶·μÍ¥¸¸μ¢ e+e− → hb(1P )π+π− ¨ e+e− → hb(2P )π+π− ¢ § ¢¨¸¨-
³μ¸É¨ μÉ Ô´¥·£¨¨ ¸É ²±¨¢ ÕÐ¨Ì¸Ö ¶ÊÎ±μ¢. ’μÎ± ³¨ ¸ μÏ¨¡± ³¨ ¶μ± § ´Ò Ô±¸¶¥·¨-
³¥´É ²Ó´Ò¥ ¤ ´´Ò¥, ¶·¨Î¥³ ¢´¥Ï´¨¥ μÏ¨¡±¨ § ¤ ÕÉ ¸É É¨¸É¨Î¥¸±¨¥ ´¥μ¶·¥¤¥²¥´´μ¸-
É¨,   ¢´ÊÉ·¥´´¨¥ Å ´¥±μ··¥²¨·μ¢ ´´Ò¥ ¸¨¸É¥³ É¨Î¥¸±¨¥ ´¥μ¶·¥¤¥²¥´´μ¸É¨. ‘¶²μÏ-
´μ° ±·¨¢μ° μÉ³¥Î¥´ ·¥§Ê²ÓÉ É Ë¨É¨·μ¢ ´¨Ö ¸Ê³³μ°  ³¶²¨ÉÊ¤ 
·¥°É Ä‚¨£´¥· 
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�¨¸. 2. ‚ÒÌμ¤ hb(1P )π+π− (a) ¨ hb(2P )π+π− (¡) ¢ § ¢¨¸¨³μ¸É¨ μÉ Mmiss(π
±) ≡

M [hb(nP )π∓] ¤²Ö ¤ ´´ÒÌ ¢ μ¡² ¸É¨ ¶¨±  Υ(11020). ‘¶²μÏ´ Ö £¨¸Éμ£· ³³  Å ·¥-
§Ê²ÓÉ É Ë¨É¨·μ¢ ´¨Ö ¤²Ö £¨¶μÉ¥§Ò ¤¢ÊÌ ¸μ¸ÉμÖ´¨° Zb ¸ ¶ · ³¥É· ³¨ ¨§ · ¡μÉÒ [15],
ÏÉ·¨Ìμ¢ Ö ²¨´¨Ö Å ·¥§Ê²ÓÉ É Ë¨É¨·μ¢ ´¨Ö Ë §μ¢Ò³ μ¡Ñ¥³μ³

¶μ± § ²μ, ÎÉμ ¢ ¸¥±Éμ·¥ ¡μÉÉμ³μ´¨Ö ¸¨ÉÊ Í¨Ö ¨´ Ö: ¢μ ¢¸¥Ì ¸¥Î¥´¨ÖÌ ¢¨¤´Ò
¶¨±¨ ·¥§μ´ ´¸μ¢ Υ(10860) ¨ Υ(11020), ¶·¨Î¥³ ¡¥§ § ³¥É´μ£μ ¢±² ¤  ±μ´É¨-
´ÊÊ³  (·¨¸. 1). �·¨Î¨´  ¸Éμ²Ó ¤· ³ É¨Î¥¸±μ£μ · §²¨Î¨Ö ³¥¦¤Ê Î ·³μ´¨¥¶μ-
¤μ¡´Ò³¨ ¨ ¡μÉÉμ³μ´¨¥¶μ¤μ¡´Ò³¨ ¸μ¸ÉμÖ´¨Ö³¨ ¶μ±  ´¥ ¶·μÖ¸´¥´ .

� ´¥¥ ¶·μÍ¥¸¸Ò e+e− → hb(nP )π+π− (n = 1, 2) ´ ¡²Õ¤ ²¨¸Ó ²¨ÏÓ ¶·¨
Ô´¥·£¨¨ ¢¡²¨§¨ ¶¨±  ·¥§μ´ ´¸  Υ(10860) [14]. �·¨ ÔÉμ³ ¡Ò²μ μ¡´ ·Ê¦¥´μ,
ÎÉμ μ´¨ ¨¤ÊÉ ¨¸±²ÕÎ¨É¥²Ó´μ Î¥·¥§ ¶·μ³¥¦ÊÉμÎ´Ò¥ ¨§μ¢¥±Éμ·´Ò¥ ¸μ¸ÉμÖ´¨Ö
Zb(10610) ¨ Zb(10650), · ¸¶μ²μ¦¥´´Ò¥ ¢¡²¨§¨ ¶μ·μ£μ¢ ·μ¦¤¥´¨Ö BB̄∗ ¨
B∗B̄∗ [15] ¨, ¶μ-¢¨¤¨³μ³Ê, ¨³¥ÕÐ¨¥ ¸μμÉ¢¥É¸É¢ÊÕÐÊÕ ³μ²¥±Ê²Ö·´ÊÕ ¸É·Ê±-
ÉÊ·Ê [16].

‘ ¨¸¶μ²Ó§μ¢ ´¨¥³ ¤ ´´ÒÌ ¸± ´¨·μ¢ ´¨Ö ¢ μ¡² ¸É¨ Υ(11020) ¡Ò²  ¨§Ê-
Î¥´  ·¥§μ´ ´¸´ Ö ¸É·Ê±ÉÊ·  · ¸¶ ¤  Υ(11020) → hb(nP )π+π−, ¶·¨Î¥³ ¢¸¥
¸μ¡ÒÉ¨Ö μ± § ²¨¸Ó ¸±μ´Í¥´É·¨·μ¢ ´Ò ¢ Ê§±μ° μ¡² ¸É¨, É ±¦¥ μÉ¢¥Î ÕÐ¥°
·μ¦¤¥´¨Õ ¶·μ³¥¦ÊÉμÎ´ÒÌ ¸μ¸ÉμÖ´¨° Zb(10610) ¨ Zb(10650) [12] (·¨¸. 2).

Š ¸μ¦ ²¥´¨Õ, ¸ÊÐ¥¸É¢ÊÕÐ¨¥ ¤ ´´Ò¥ ´¥ ¶μ§¢μ²ÖÕÉ ´ ¤¥¦´μ Ê¸É ´μ¢¨ÉÓ
¸μμÉ´μÏ¥´¨¥ ³¥¦¤Ê ¢¥·μÖÉ´μ¸ÉÖ³¨ ·μ¦¤¥´¨Ö Zb(10610) ¨ Zb(10650). ’ ±,
£¨¶μÉ¥§ , ÎÉμ ·μ¦¤ ¥É¸Ö Éμ²Ó±μ Zb(10610), ¨¸±²ÕÎ¥´  ´  Ê·μ¢´¥ 3,3 ¸É ´-
¤ ·É´ÒÌ μÉ±²μ´¥´¨°, Éμ£¤  ± ± £¨¶μÉ¥§ , ÎÉμ ·μ¦¤ ¥É¸Ö Éμ²Ó±μ Zb(10650), ´ 
§´ Î¨³μ³ Ê·μ¢´¥ ´¥ ¨¸±²ÕÎ¥´ .

� ¡μÉ  ¶μ¤¤¥·¦ ´  �μ¸¸¨°¸±¨³ ´ ÊÎ´Ò³ Ëμ´¤μ³ (£· ´É 15-12-30014).



796 Œˆ‡	Š �.‚., �…”…„œ…‚ �.‚.

‘�ˆ‘�Š ‹ˆ’…��’“�›

1. Brambilla N. et al. // Eur. Phys. J. C. 2011. V. 71. P. 1534.

2. Choi S. K. et al. (Belle Collab.) // Phys. Rev. Lett. 2003. V. 91. P. 262001.

3. Olive K. A. et al. (Particle Data Group) // Chin. Phys. C. 2014. V. 38. P. 090001.

4. Lees J. P. et al. (BaBar Collab.) // Phys. Rev. D. 2012. V. 86. P. 051102;

Liu Z.Q. et al. (Belle Collab.) // Phys. Rev. Lett. 2013. V. 110. P. 252002.

5. Lees J. P. et al. (BaBar Collab.) // Phys. Rev. D. 2014. V. 89. P. 111103;

Wang X. L. et al. (Belle Collab.) // Phys. Rev. D. 2015. V. 91. P. 112007.

6. Wang X. L. et al. (Belle Collab.) // Phys. Rev. D. 2013. V. 87. P. 051101;

Ablikim M. et al. (BESIII Collab.) // Phys. Rev. D. 2015. V. 91. P. 112005.

7. Ablikim M. et al. (BESIII Collab.) // Phys. Rev. Lett. 2013. V. 111. P. 242001;

Yuan C. Z. // Chin. Phys. C. 2014. V. 38. P. 043001.

8. Brambilla N. et al. // Eur. Phys. J. C. 2014. V. 74. P. 2981.

9. Dubynskiy S., Voloshin M. B. // Phys. Lett. B. 2008. V. 666. P. 344.

10. Chen K.-F. et al. (Belle Collab.) // Phys. Rev. D. 2010. V. 82. P. 091106.

11. Santel D. et al. (Belle Collab.) // Phys. Rev. D. 2016. V. 93. P. 011101.

12. Abdesselam A. et al. (Belle Collab.). arXiv:1508.06562 [hep-ex].

13. Voloshin M. B. // Phys. Rev. D. 2012. V. 85. P. 034024.

14. Adachi I. et al. (Belle Collab.) // Phys. Rev. Lett. 2012. V. 108. P. 032001.

15. Bondar A. et al. (Belle Collab.) // Ibid. P. 122001.

16. Bondar A. et al. // Phys. Rev. D. 2011. V. 84. P. 054010.


