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NJL model study of effects of 
axial anomaly in quark matter
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What does axial anomaly bring?
HA, G. Baym, T. Hatsuda, N. Yamamoto, arXiv:1003.0408
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What is the BEC-BCS crossover?
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Crossover observed in UCA
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K40: Regal et al., Nature 424, 47 (03), PRL92 (04): JILA group
Li6: Strecker et al., PRL91 (03): Rice group; Zwierlen et al., PRL91 (03): 
MIT group; Chin et al., Science 305, 1128 (04): Austrian group
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In general relativistic systems?
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NJL model with axial anomaly (1)
HA, G. Baym, T. Hatsuda, N. Yamamoto, arXiv:1003.0408
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Yamamoto, Tachibana,  Baym, Hatsuda, PRL97  (06)

(r,g,b)(u,d,s)



NJL model with axial anomaly (2)
HA, G. Baym, T. Hatsuda, N. Yamamoto, arXiv:1003.0408
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NJL model with axial anomaly (3)
HA, G. Baym, T. Hatsuda, N. Yamamoto, arXiv:1003.0408
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Chiral transition w/o ��� interplay
HA, G. Baym, T. Hatsuda, N. Yamamoto, arXiv:1003.0408
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Chiral transition with ��� interplay
HA, G. Baym, T. Hatsuda, N. Yamamoto, arXiv:1003.0408
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Chiral transition; current quark mass
HA, G. Baym, T. Hatsuda, N. Yamamoto, arXiv:1003.0408
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Asakawa, Yazaki (89)

!���0��&+������0�

�11��/�&�������

CFL

�SB

��



�����

CFL

BEC-BCS crossover in the CFL?
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Development of precursory to CSC:
2-flavor case:
Kitazawa, Kunihiro, Koide, Nemoto (02)
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BEC-BCS crossover in the CFL?
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BEC of bound diquarks:
Nishida,Abuki (PRD05, NPA07)
Kitazawa,Rischke,Shovkovy (08)
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BEC-BCS crossover in the CFL; Why?
HA, G. Baym, T. Hatsuda, N. Yamamoto, arXiv:1003.0408
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Effect of KD term; phase diagram
HA, G. Baym, T. Hatsuda, N. Yamamoto, arXiv:1003.0408
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GL prediction: Hatsuda, Tachibana, Yamamoto, Baym (06)

c.f. Crossover by increasing H: Nishida, Abuki (05,07)
NJL phase diagram: Kitazawa, Rischke, Shovkovy (08)
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BEC-BCS crossover in quark matter?
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inter-quark spacing

HA, T. Hatsuda, K. Itakura, PRD 65 (02)
See also M. Matsuzaki, PRD62 (00) for pair size
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NJL model with axial anomaly (4)
HA, G. Baym, T. Hatsuda, N. Yamamoto, arXiv:1003.0408

� �����F �G�����&����5��&������

.



What does axial anomaly bring?
HA, G. Baym, T. Hatsuda, N. Yamamoto, arXiv:1003.0408

�����
����� �����

�����

CFL(BCS)

�SB

���>��
����%�H�



Chiral transition at �����;
a role of quark mass
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c.f. Fukushima, PLB04, Ratti, Thaler, Weise,  PRD06
Roessner, Ratti, Weise, PRD07, Abuki, Ruggieri et al., PRD08

Maeda, Baym, Hatsuda, PRL103 (09)


