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Non-Fermi Liquid Charge Transport Properties and Quantum Critical Point 
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Non-Fermi liquid like charge transport properties and quantum critical behaviors observed in high-quality 

single crystals of BaFe2(As1-xPx)2 are reviewed. Near the SDW end point, charge transport coefficients, including 

resistivity, Hall coefficient and magnetoresistance, exhibit striking deviations from the conventional Fermi liquid 

properties. De Haas-van Alphen effect measurements in a wide range of superconducting dome reveal that the 

volume of the Fermi surfaces shrink and the effective masses are enhanced as x approaches the critical 

concentration with highest Tc.. It is also shown that antiferromagnetic fluctuations deduced from 31P-NMR 

measurements are notably enhanced near this optimal composition, where magnetically ordered temperature � 
deduced from relaxation rate is found to vanish. It is likely that these trends originate from the many-body 

interaction which gives rise to high-temperature superconductivity in iron-pnictides.  
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�� 55 K�Ë�F£�9�¤æÀ�%¶QàGæ9J"#�$�C�'Ú�9G�µ�, �]� @

P´�I9�S"#�àá$!�µ�æ2�åÓõ�µ�¤�!"#�$�\]��9 Tc��-�Ç

	<�·9�0K G�HI, I, È���, ���S��"#��n�LGý�#�Ú, à�,�

aß�9�¹1GåÓõ�ª�æ2´Jnª2ã�¤Ì�æ�!��, Ï3�íyGæß, Kàá´�

�I�L
�õÓM
��� Ã�gh2�&jL,}Ý{cÝN(SDW)���ghGÖI, æÀ�

OPI�"#�´±0ª�¤�È,��, æ�!���I�ÉÊª�|D)2-�õÓã�&½¾'

()*ï¨��"}�Q{��ÜèIJ�&jL1Ó2G@I�, R'()*ï¨�"#�*+'e

�S�´ëã£J s±v;2�{À��I9"#�Çv;´°(ËÚã� Í¿À�9�[2,3]¤æ�

�×ã1Ó22"#���'G��#�Ú, H#�v;�./01´(è�'()*+$,ãÚ�

õ, ÈÀ2ÚæÀÓõÓ�ß�yÀJ&'()*+$,Ñ=GÖª�õ�ê�ã´µ2ã£�9�¤ 

Ð�ãÙf ÃG8T�aæ��!"#��à�G�Hª�U��, È�CõÓåVã\�)àá

2ã�Ú�G°±I, W·, à��áGXªæ2�ã9ÔÌã÷¾�G8T2IJ9È´JnY2

ã�¤æ�06õÓ AEFe2As2 (AE = Ba, Sr, Ca)GKàá2IJ“122”!�]� @P�÷¾��ÅGì

êª�, �!"#�G�Hª�U�ê�ã!2I�Z���´ã¿À�9�¤ü 1� BaFe2As2GK

àá2IJNj,�L$Elm�¢[ü�µ�¤Ba%@�GK�$Eª�æ2���|D)´, Fe%

@�G Co \�$Eª�æ2���-�´yzNO2I�PDZ¿À, æÀ�½£� Ã�gh2

SDWgh´]4¿À"#�´±0ª�[4,5]¤æ��, æ�!��Kàá��^_^ñ��£�Ú"#

�´`a¿À�æ2´ÊÓÀ�\�[6], _�, �L$E�\9�ÚAs%@�G\;�`�P�$ßE

��æ2�QR,^_´!���¿À"#�´±0ª�[7]¤I, Feï¦G Ru�$EIJ-.�Ú"

#�´±0ª�æ2´ÊÓÀ�9�[8]¤¬Ó�æ�×E BaFe2(As1-xPx)2 �8�I, ÔÌ÷¾��ç

a2H#�v;��./01, "#�PzDZ Ã�'ª�1bG¢ã£�ßJ[9-18]¤\;�`��

L$E� SDW �õÓ"#��Ë��cv;GìQn�ãæ�!�, ��yzNOPDZ`a�Ú�

2�ëã�, x �G��ÓÎdebcTU´<�

�E, �!"#�$�./01ãaG9Èª�

#�ê�ã\�)àá2ã�¤È�'ö$E�Å

��"#�gh��!"#�$�C�ÚÞ��

Æf�µ�, _�, "#�G`aª�U���L

$E´��ã�AL!�"#�$�C�µ£�, 

Ó9$Ego�jI3�7=(dHvA 7=)´0®

¿À�üa�ÔÌ¿GÖª¤(£�, æ�!��

!"#��à�G�Hª�#�Þ��höã!

�µ�2Á��¤>��\;�`�L$E!�

µ� BaFe2(As1-xPx)2G\�)àá2I�, &'(

)*+$,./0123�456,ã7�89

G?@IJ9¤ 

 

W�XIY=WZ[6V8H4H\W]^_,`a�

æ�!��ëHã./01�·9�¾�º

�, ËÎ��ü�·9�ÖÀ�\ßJ9¤ü 2(a)

��(b)�BaFe2(As1-xPx)2�R�<�Å�\]�ï
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¦-IklÀ�SÝmÉL�xx(T)�µ�¤x = 0�

BaFe2As2��, T0 = TSDW = 137 K �\9� Ã�

� SDW ��»gh�½×ëH´°ÓÀ�¤As

%@�� P �L��$E���, æ� Ã/jI

�gh�RS¥�2]4¿À, ÈÀwÀ T0 �\

]��xx(T)�n�2, TSDW �\]�ÝD� Ã2

9×	�0À�¤�Ð�7�89�-�PDZú

� Ba(Fe1-xCox)2As2�\9�Ú¸¹¿À�9�´, 

 Ã/jI�gh��RS�Ú�xx(T)´o¿I�9

�Ð���¿ëã�[19-21]¤x ~ 0.2ïÝ�\9�"#����_Bkl´0®¿À, x > 0.3� Ã/j

I�gh´°ÓÀÎ Tc  p Tc max � 31 K�"#�ghGÖª¤ü 2(c)�"#�gh�/�\]��xx(T)2, 

dcjQ�SÝmÉLM(T)�µ�¤"#�gh�Þ��Æf�µ�, e����!"#�$�C�Ú'

Ì�Ú��µ�¤���qÝ� P$E��£� Tc�r��RÕI, x ~ 0.71ïÝ�\9�"#��´,

-ª�¤ü 2(d)�|D)se�SÝmÉL RH(T)�µ�¤a��<��Å�·9�Ú RH(T)�t�G�

µ�, yzNOGu�I�9���-��µ�¤P$E3´¿ã9�Å��, TSDW�\9� RH(T)��

ßãn�´%ÓÀ, æÀ�'()*ï�\9� SDW PzDZ´	<¿À�9�æ2G�<I�9�

20�ÓÀ�¤J<I, RH(T)�&jLv;�\9�Ú&9SÝmÉLGÖI�9�æ2���I�\

ßJ9¤ 

ü 3��xx(T)���v¯IJ BaFe2(As1-xPx)2� T-x�ü�µ�¤0.14 p x p 0.71�Ó9$Ego�\9

�"#��´ÉÊI, 0.14 p x p 0.3�� SDW2"#�, ð��gh´%ÓÀ�¤x ~ 0.3��/�\

9� Ã/jI�gh�,-ª�¤ 

 

b�cdef�ghijklm�

ææ���GIJ9�´ Ã/jI�g

h�]4¿ÀJ&jLH#�v;�\]�

�xx(T)�ìQ�µ�¤Tc´'�GGÖª'ö

$E�/, wE,  Ã/jI�gh,-�x

���, ��xx(T)´SÝ�Ïy�iíª�ëH

ã7�89(�xx ~ T)´0®¿À�[ü 4(a)]¤ 

-IklÀ�SÝìQG 

�xx(T) = � 0 + AT� (1) 
2jª2�z1�µ�, æÀ�[{{ô�'

()*+$È�\9�-�--�56��

£��õÀ� �z1 õÓ�ß�)�I�9

�¤x´�ß�ã�, Tc´R�ã�2, ��G� 2�2����Òß, '()*+$,ã7�89�2h

¢ª�¤ü 3� T-x�ü#�, ^y ��ìQG@GDCZBD�2I�jIJ¤x = 0.33�'ö$E�

/GCõ� � = 1.0 � 2.0��ìQ´RSõÓV|v�Ó´£�9�¤}, 'ö$E�/��Å�\9

�T > 150 K��S~��xx ~ TõÓCõ�ÎÀ���#��7�89´0À� ,́ æÀ�yzNO�5

6ÞÂ~Ioffery-Regel ÞÂ���Ò9�9�J�2%�æ2´�ß�¤Ï��bc��S�-Ikl´

56��£��VI, æ�2ßkFlmfp ~ 1��J� ~kF�'()*Ne, lmfp�yzNO���ÛÜ¢ï�¤
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�0��2I�÷Ôã����'()*ïG0�ª�2, æ�!�5·�'()*ï���#�Ý�� 

= 5×(e2/h)kFlmfp2°kÚÓÀ, ��� ~ 350 ��cm� kFlmfp ~ 12ã�20�ÓÀ�[22]¤  

#¾��×����xx(T)�'ö$E�/�(è�'()*+$,./01õÓ)�IJ7�89GÖª¤ 

��, ÈÀÔy�./se�a×�µ�×õ¤���./01�ëH2I�, ��xx ~ T´0®¿À��<

~��, &jLH#�v;�Ú|D)se RH´RS�ù]�, |RH(T)| = C1/T+C2���¿À��×ãn

�GÖªæ2´ÑÒÓÀ�[ü4(a)��ü]¤æ�SÝmÉL�x´�ß�ã��(9g¿�ã£�9�¤ 

æ��×ã��xx,(T) RH(T)�7�89����!"#�$�Ú¸¹¿À�9�´[19-21,23], �!"#�$

��e�-�\��L����'()*ïGB·�)`?{Pàá�µ�, æ��×ã�)`?{P

!��|D)se´SÝ�mÉI�ÚÌ92�9È´¿À�9�¤��, #���×ãSÝ�iíI

JklÀ�ìQê|D)se�n��, ��(è��?{P���lmõ, ÈÀ2Ú�!"#�$

�ÌÍG�<IJ&(èú�./01ã��µ�×õ¤ 

� ËÎ?÷ã\�)2I�-�, ��|D)õÓã� 2?{P�!G0��¤ \;�`$E!�µ�

BaFe2(As1-xPx)2 �-., yzNOPDZ���"#�´`a¿À�Ú�2�ëã�, a��<�\9�

Ú!�debcTUG	·29×&94�´ÉÊª�¤ æ�-., |D)se�-�~L���-I#

�Ý�e (�h)GF9� RH = 1/ne×(�h - �e)/(��h + �e)29×ò{Z)ã	��¾�ß�¤æ�é�9õã�v

w�Ú|RH| � 1/ne�µ�æ2G4�I�\�, |D)se�eÇG�'I�#ÂGr��æ2�ã�¤ 

IõI1b�0®¿À�eÇG�?{P��õÓ°kÓÀ�yzNOqÝ�lm¿À�Ú���Úe

��ß�, �H��?{P�lm���å´�z�µ�[7]¤I, ��ã9È�Iã9´, ��æ�!�

ëHã./01G�?{P�lm��åI�×2ª�ãÓ{, �·õ�ëã�?{P´ÈÀwÀëã

�SÝmÉLGÖI, _�ÈÀ´yzNOPDZ�`a¿À��!"#�ê, \;�`$Eê^_`

a�!, ÈÀÔ#�Ð�ãëã�Ùf Ãàá�<��J·29×JÛ�ã�¯GIã]À{ãÓã

�ã£�IË×¤ 

_�, �!"#�$�ëHãH#�v;GÌÍ�]����./012I�jIklÀ	�xx(H)/��xx 

= [�xx(H) - �xx(H=0)]/��xx�(H
��´ÑÒÓÀ�¤(è�'()*+$��, 	�xx(H)/��xx�yzNO����

�ilm��£�²�, %@�B�B{�Nec256»¨���GF9�	�xx(H)/��xx = F(c�)2ã�9D

[D�´<�ª�¤c �H, ����xx
-1�µ�õÓ, '()*+$v;��9D[D���£�	�xx(H)/��xx  

= F(�0H���xx�H
�����×�jIkl´}=D)¿Àã��9]ã9¤æÀGF9� x = 0.33�'ö$E

�Å�\]�jIklGZBD�IJÚ�´ü 4(b)�µ�¤RSÝ��	�xx(H)/��xx�}=D)¿À�

9ã9¤åÓõ�9D[D���À�9�¤1�, æ��×ã&'()*+$,./01GÖª&�

'-�!�\9��, jIkl�|D)����� tan-�(�xy/�xx)]GF9�}=D)¿À, 	�xx(H)/��xx � 

tan2�H�	�¶L9D[D�´<��·æ2´ÊÓÀ�9�[24, 25]¤Èæ�ü 4(b)��ü�|D)�

�Çª�ZBD�GÖIJ¤9D[D��ÇI��}=D)¿Àã9	�xx(H)/��xx´�Ïj#�y�, æ

�!�\9�¶L9D[D�´<��·æ2´Ö¿À�¤ 

ææË�ÖIJ�×��!"#�$ BaFe2(As1-xPx)2�, �xx(T)�, RH(T),� ��	�xx(H)/��xx����./0

1�\9�, (è�'()*+$,7�89õÓ)�IJÑ=GÖªæ2´åÓõ�ã£J¤æ��

×ã&'()*+$,./01�, %¶Qà"#�$ê3���ê9-�!Q.àãa9Y.��&

jL�/�µ�&�'-�!�\9����0®¿À�9�ÌÍ�µ�[26,,27]¤æÀ´�!"#�$

�'ö$E�/�\9�Ú0®¿ÀJæ2�Þ��A�:9¤I, Ù��!2I�, ^_Õ�µ�

CaFe2As2êQR,^_���¿ÀJ!�µ� CaFe2(As1-xPx)2��, collapsed tetragonal (cT)�29×¾�

Ç�L����µ�ã´Ó��´ c�
ù��ÀJ Ã�RS��ghGÖª ,́ æ� cT���"#
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(a) BaFe2As2 (x=0) (b) BaFe2P2 (x=1)

(c) (d) (e)

 
ü 5. (a)BaFe2As2, (b)BaFe2AP2 �'()*ï2(c)x=0, 
(d)x=0.3, (e)x=1.0�(110)
ù�7ïü[9, 10]. 

�´aæÓÎ, #�����./01®¯��H�'()*+$,v;´10I�9�æ2´'��

����£�åÓõ�ã£�9�[28]¤æ�æ2õÓÚ�!"#�2&'()*+$,./01GÚ

JÓª�×ã&(èú�56K �¨��, &9�'´ÉÊI�9�æ2´åÓõ�µ�¤ê9-�

!ê%¶Qà�S"#�$��, æ��×ã&'()*+$,./01�aQ2I�, 34�´Ì¯

�Ne��&jL1Ó2��£�&�56¿À�æ2���, ?D�'BD29× V»¨���\

]�-¡¢��dL´²�, æÀ��£���´�ån��µ�2�9È´ã¿À�9�[24,27]¤æ

ÀÓ�!2����&jL�/��$ª��!"#�$�\9�, æ��×ãlm´a��×�ñ�

�ÀÓÀ���õ, ²(���´mJÀ�2æ��µ�×¤ 

 

n�Jop[qrst(uvwiqxy*�

`e£ç���yzNOPDZG½YÎ��cv;´ìQn�ã BaFe2(As1-xPx)2 ��, ¾� Ã�

ìQ2, æÀ�½×'()*ï��MBCD�ìQ´ê�ã¤ëGmJI�9�20�ÓÀ�¤ü

5(a)-(b)�O{Pàá�µ� BaFe2As2�� BaFe2P2�·9�, LDA?{P�����ìÓÀJ'()*

ï�ü�µ�¤ðO{P�aEÓÚ 2¥�-�ïGB·´, BaFe2As2����,ã 3¥�|D)ïGB

E, Ï
 BaFe2P2�|D)ï´ 2¥�×E 1¥´&9���LGB·6´ëã�¤}Ý{1Ó2K �

�-�J£�÷ÔãH¦Gª�ãÓ{, P$E�½9ü5(c)-(e)��×�|D)ï����L´0À, "

}�Q{�TU´§Qª�æ2�SDW�gh´]4¿À"#�´`a¿À�20��æ2´�ß�¤ 

� ¿�, ?{P��õÓ¨®¿À�-�v

;�ÇI, 12�!´a��×�ã£�9

�õG1b,�åÓõ�I, È�©ëG�

�æ2�-���$lm�'ª�ê�ã

ª¸Gì�æ2´±è�¤æ��×ã'(

)*ï�ª¸Gì�«��Ï·�3�7=

�0®´µ�¤¬Ó� BaFe2(As1-xPx)2�·

9��@�B>{`�?DGF9J�j-

jI�)�®¯G¢9, x = 0.41«129×

1�Ó9$EgoûTc p 0.8Tc
Maxý�\9�, 

P¬D}~'ä{~O)'({(dHvA)7=

G0®ª�æ2�<�IJ[10]¤ 

� ü 6(a)�'DNOìE¿ÀJjI�)��7=}!��)�µ�¤dHvA�Ne F�, A{%D6D

�'sé F = (�/2�e)Ak��£�'()*ï�ÞG7ïk AkGr��¤I, dHvA7=�7õÓ�, N

'òD®-9[ÜD`�é���34��ºlá3´�±¿À�[29]¤1b�� 2·� dHvA�Ne´

0®¿ÀJ¤È�j-
ùmÉL�, ¯���'()*ï�ÇI�lm¿À� F ~ 1/cos���� c�õÓ

j-^ñ�Ý��y�, ?{P��õÓ¨®¿À� 2 ·�-�ïG0®I�9�2O%@{¿À�¤I

õIã´Ó, ?{P����-�ï�ÞG7ïk´, x �ü°mÉIã92¨®¿À���ÇI, 1b

¾m��ß�ëã�, x ´g¿�ã�2��ÞG7ïk´½�,�o¿I�9�¤�»�, 1bõÓ±

�ÓÀ�34��ºlá3�Ú?{P��2��ßã©ë´°ÓÀ�¤R x��Å�·9�ºlá3

G°kÚ�2, ?{P��õÓ°kÚÓÀ�á3 mb20®¿ÀJºlá3 m*�i� x = 1 �\9�

m*/mb ~ 2�µ£JÚ� ,́ x�o¿22Ú�½�,��ß�ã�, x = 0.41��m*/mb ~ 42ã�(ü 3)¤ 

æ��×ã'()*ï�²g2ºlá3�n��, ÷ÔãLDA��2�ß�ëã£�\�, �9TcG
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ü 7. BaFe2(As1-xPx)2R�<�Å��

31P-1/T1T�SÝì
Q[11]. 

���

��� ��� ��� ��� �	�

 
 

ü 6. (a)jI�)��'DNO}!��)¤(b)BaFe2P2�?{P��õÓ¨®¿À� dHvA �NeW��
(c)-(f)x = 1.0 - 0.41�0®¿ÀJ dHvA�Ne�j-
ùmÉL[8].

Ú·�×ã�!"#�$��, -�!�Çª��$lm´ê��µ�æ2GÖòI�9�¤}, dHvA

7=õÓ�õÀ�-�v;2��³´´, 'ö$E�Å�Çª��Ý�Hù-��ù®¯õÓÚìÓ

À�9�[14]¤æ��×ãºlá3�n��, &'()*+$,./01GÖª3���ê9-�!�

�&jL3�456�/�\9�Ú0®¿À�9�[30]¤  

 

'(�, �&jL1Ó2��ß¿�ìQ�·9�¾J9¤æÀ�'I��øjI�µ(NMR)®¯

���, ø}Ý{-�� VÀ 1/T1G���=,¶jÀ�RO")PD<��'ª�ª¸Gì�æ2´

�ß�¤Ì�, BaFe2(As1-xPx)2�-., �<���v;cÝ�ìQ´·aã�, 1/T1TõÓ�&jL1Ó2

��ß¿�·9��åVã9È´n�2ã�¤1b¾m� 1/T1T ´�S��<��ÓÎü°Ï¯GG

ÖI, 'ö$E�/��RS�ùõ£��ß

ã#¸GÖª¤æÀ�ÇI� x ´�ß�ã�

Tc´R�ã�2 1/T1T �#¸´]�ÓÀ�¾

m´ìÓÀ�9�(ü¹)¤æ�¾mG 1/T1T = a 

+ b(T + �)-129×é�'QD�ª�æ2��

�, jI1Ó2��ß¿GÌÍ�]�SÝ

~� : �@}SÝ�´±�ÓÀ, A�:9æ2�, 

'ö$E�/�� � 0 2ã�æ2´Ö¿À�

(ü 3)¤æÀ� BaFe2(As1-xPx)2�jI3�45

6(� � 0)´ÉÊª�æ2�9{ò}�{�ã

³´Gr��9�[11]¤  

Ô#�ÖIJ�×��!"#�$ BaFe2(As1-xPx)2 � Ã/jI�gh,-�x��, (è�'()*

+$,./012��ß�ëã�&'()*+$,ã./01GÖª¤�»�, æ��×ã�~��

ºlá3�n�2'()*ï�²g, �&jL1Ó2�n�, �@}SÝ�,-´0®¿À, Èæ�

"#��'�� TcGÖª¤æÀÓ�ºÀÚ-�!�Çª����$lm, wE�&jL1Ó2GaQ

�ª�2	YÀ,  Ã/jI�gh�,-6�3�456´µ�20��³´�9{ò}�{��µ�¤

æ�!�"#�2�&jL1Ó22�¨��&9�''s´ÉÊI, -�Ç	<´}Ý{1Ó2��

�2ª�K 2»¼Iã9¤½I, '�, �!"#��/��È\�)2I�, Ï
�, ¾9 shear'¿

F{´��1Ó2�45,ãn�GÚJÓI, æ���1Ó2´S��g�ã9 s++ N"#�G10
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I�9����ã9õ2�HÀÚã¿À�9�[31-34]¤æ��×ã��1Ó2��£�Ú&'()*

+$,./01´0À�2�HÀ´ã¿À�\�, �!"#�$�-�Ç	<K G�Hª���, 

²(, "#���Á����.Ó2�ÉÊG1b,�åÓõ�I, ÈÀ´a×"#�2�'I�9�

õGåÚ�ª�æ2´Ï·�ê�ãÂ2ã�<�×¤ 

 

3�zM�#�

>��, �!"#�$BaFe2(As1-xPx)2Gí�I�, ÔÌ÷¾��%�&'()*+$,ã./01

23�456,ã7�89�Ã6G���?@GIJ¤æ��×ã7�89�%¶Qà"#�$ê, 

3���ê9-�!Q.à�Ú0®¿À�9�01�µ�, �!"#�$��æÀÓ�!2���ã

ëH´Ð�%ÓÀ�¤Ï
, >��?@Iãõ£J´, BaFe2(As1-xPx)2��'()*ï#�"#�Pz

DZ Ã´Ä�JFDP~Å� ÃGBE, �!"#�$�àá��£�FD{)2FDP�}� 2 Ø

Ù�"#�PzDZ Ã´10I�9�29×, æÀË��"#�$!��ã9�I9¥ï´åÓõ

�ã£�9�[10,11,35-47]¤¬Ó�, �!"#�G�Hª�J���"#���Á��ëHãH#�

v;��H2�ÐãPzDZ ÃGr��Æ���6GåÓõ�ª�æ2´, ²(����Â2ã�

20��9�¤ 

 

{|�

���, ÇÈÉÊ, Ë�ÌÍ, Î¦ÉÏ, èÐÏÑ, �ÕÒ, ÓÔÕå, Ö�×x, CØÌ@, Ù

�Ú�û���R�, A. Carrrington (Bristrol Univ.), A. Coldea (Oxford Univ.), x���, ÛÜÝ, ÕÞßà

#, áâ ~T��R��R®, ��R��ã��R�²2�������Ò�Ú��ª¤I, ºäåæ, 

çBèa, é�ê~���R��R�²
��1bï�����%MD�Gë£�\�Ëª¤ìí×~�

��, îïVð~-����ð�²��àêãñ9ÈG��I�òßËIJ¤���WRSàá�R�

�[{ D���¤FKó�µ��BD�}D�}êXj³ôõ$WÈI�ö¯õ·�3�rstu

�5÷_�#�<��£�\�Ëª¤ææ�:�ó�GøIËª¤ 
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