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 We discovered two novel chiral orders stabilized by the Dzyaloshinsky-Moriya (DM) interaction in the metallic 

magnet MnP. One is the canted antiferromagnetic order, which is the antiferro-vector-chiral order, in 47 K < T < 

282 K. The other is the alternate tilted helical order, which is the modulated ferro-vector-chiral order, below 47 K. 

Moreover, a quite peculiar temperature-hysteresis was observed in the canted antiferromagnetic phase. The 

temperature-hysteresis can be realized by the lattice-distortion due to the inverse effect of the DM interaction. 

This is the first observation of the inverse effect of the DM interaction in metallic magnets. 
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1~DM�¼çF�klm�´0®¿À�9�¤DM�¼çF�klm��£���´ô�2`-�Þ
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�&jL,ãÇ��¼çF~}Ý{�¦k�	�1õÀ��¼çF��`.��£�ö¯Qª�20�
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� ü 4(a)�Wb�
ù�jQ�SÝmÉL�µ�¤ü��W350 K�ÞRj- 3 OeG^n(W¡S�

ï~ZB[}(A)�,TN���S� 55 KË�=>IJ(�¸S�ï~ZB[}(B)�WTN��RS� 5 K, \
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À�9�¤IõIWTN < T < T*�C¨SÝ~��W®¯ZB[}��£�jQ�G´VI�ëã£�

9�æ2´�õ�¤ZB[}(A)2(B)WÚI��ZB[}(C)2(D)�jQ�7�89Gi�2WÈÀ

wÀü°�Ð�7�89GÖI�9�¤2æ�´W�Å´ TN ÔÕ�iN>)SÝ�~G�Ü�Î�
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ÅGÏ? TNÔÕ�=>IJõAõW���v9´0®¿À�9�¤ZB[}(A’)�i�2WZB[

}(C’)�®¯IJ-.�ÛjQ� 5�ïÝÚn&¿À�9�~2�9�ß10-3 mBïÝ�¤ªãYEW

C¨SÝ~� b �¾&jL��WjQ�g¿ãv;(SM-state)2W�ÅGÏ? TNÔÕË�=>IJ(

�0À�jQ��ßãv;(LM-state)W��·�v;´0À�9�Y]�µ�¤ 

� ��WSM-state2 LM-state�aEÓ´A��Bv;�µ�×õ¤ÈÀGÚÛª�J�W#�� (A’)

2(C’)�ÈÀwÀ�ZB[}�\9�W H = 30 Oe�j-G^ñIJv;�	BIWjQ�»¨ìQ

G�J¤È�¾m�Wü 4(c)�Öª�×�WaEÓ�v;�\9�ÚjQ� V�0®¿ÀÎWa

EÓ´A��Bv;ã�õGC/�ßãõ£J¤æÀ�WSM-state2 LM-state2´&H��9O")
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(b) 

(c) 

ü 4 (a) Ð�ã®¯ZB[}�®¯IJ b�
ù�jQ�SÝmÉL¤(b) �ÅGÏ? TNÔÕË�

=>ª�º(ZB[}A’)2((ZB[} C’) � 100 K �®¯IJ b�
ù�jQ�ï¤(c) LM-state
2 SM-state�®¯IJ b�
ù�jQ�»¨ìQ¤
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iN>)��ºÓõ���ô%´²�WÈ�¾m�Å�¾�L´§�ã�W��,Glm´Ho¿À

�9�J�W20��æ2´�ß�¤SÝGiN>)SÝÔ#�#Ò�Úæ�ô%� V¿Àã9J

�W&956&Ý´È�ËË0®¿ÀW¾m2I�¦}�Nò}´0®¿À�¤J<IWæ���ô

%�&H�@gãÚ��µ�20�ÓÀW�CCL�³ô1b��W¡S�ï2¸S�ï�¨�RÝ
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�Hæ��×ãjI�E�WK4�E�L��0Àã9¤IõIW���W MnP �¾� ÃõÓ�
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� ËÎWjI Ã´�£ß�IJRS��·9�9Èª�¤2.�¾JÐ�WMnP�'�PMn}Ý

{ Si, Sj¨�� c���¢ãDM^��)Dij = (0,0,Dij
c)´çFIWEDM = Dij

c (Si
aSj

b- Si
bSj

a) = Dij
c�ij

c�	

�DM�¼çFO")PD´Q�¤ÈÀ.�Wbcï¦�µ�}Ý{<�� b�<�G a�
ù�M]

J
´ö¯2ã�J�WiN>)ï´ bcïõÓ a�
ù�M�¤(£�Wü 3��×� DM^��

)´ c���¢ÚI����¢�»¼�þ;�9�MnP��WER×aü 6(a)��×ãjI Ã´ö

¯Qª�æ2´�õ�¤ËJWæ�jI Ã�WDM �¼çFO")PD�^��)>@[N�Q�

��jé EDM = Dij
c�ij

cG0��2W�&,�þ;<^��)>@[N�Q�ij
cG`aIJWì�>@[

)*+�µ�2°�æ2´�ß�¤ 

� #���×�WMnP�\]�DM�¼çF�pq´Î��°±¿ÀJY]�µ�´WC¨SÝ~�

b�
ù�°ÓÀJ¾&jLÚWæ�DM�¼çF��£�²�JÚ��µ�W2���0��9�¤

ææ�����ëSª�´W���jQ®¯�¾mWa�
ù�jQ�Wc�ê b�
ù2�ëã�W

Tc�9>}ZëHGÖI�\�W�&jL,ã a �<��ÉÊGÖòI�9�¤Èæ�WMn }Ý

{� c�<��(è��&jL,�ã£�9�´Wa �<�´'�P Mn ¨��&jL,�þ;<v

;G TcÔÕ��¯ª�2Wa�
ù��&jL,ã*+\DG{�´DM�¼çF��£� b�
ù

ü 6. MnP �\9�W(a) (d,1,0)jI�E�ÉÊõÓ0�ÓÀ� TNÔÕ��jI Ã¤iN>)ï´

bcïõÓ a�
ù�»¼�M9�9�¤(b) TN <T< T* �¨�¿À�jI*+\DG{�� abï¦<
�� Ã¤æÀÓ�WüC�Öª�×ã DM^��)��£�}Ý{´M]ÓÀ�æ2��£�ö
¯Qª�¤ 

(a) (b)
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�M]ÓÀWb�
ù�¾&jL´Û��²��(ü 6 (b))¤æÀ�W9Y.�M��&jL(é²&j

L2ÚÁ×)v;�µ�¤æ�M��&jLÚWê��ü 3�Öª�×ãDM�¼çF��£�^��

)>@[N�Q´`a¿ÀJW�&>@[)*+2%�æ2´�ß�¤Ï�,�WDM �¼çF��

£�}Ý{�Mß� q� tan-1 (D/J)W·Ë�Ç�~&Ç��¼çF�i�vË�¤RS���iN>)

ï�Mß��� 6Ý�µ�´Wæ�GõÓD/J N 0.12±Ë�WæÀ�DM�¼çF2Ç��¼çF

�i2I�»�ãG�µ�¤  

� 3. 4. 5.�?@IJ1b¾m�C�W'ÚÌ¬ªß�C¨SÝ~�M��&jL��°ÓÀ�W�

ÅGÏ?RS�iN>)�Ë�=>IJõAõ�0À�SÝ5�01�µ�¤CL�561b�\]

�ø�E&Ý�SÝ5�õÓWRS����ô%´²��9�æ2�·9��
�¾J¤È�¹G

IË�J#�WC¨SÝ~�M��&jLêRS�»PMMiN>) Ã´WDM�¼çF��£�

^��)>@[N�Q� c �<��ij
c´`a¿ÀJ>@[)*+�µ�¹���ª�2WMnP �SÝ

5�01�WÔÕ��×�H¦ª�¹´±è�¤ 

� �ÅG�SõÓ=>IJ2ßWC¨SÝ~��WMnP�B·DM�¼çF� c�<� Dij
c��£�W

0.01 mBïÝ� a���¢ã�&jL*+\DG{�´M]ÓÀWCõ��ij
c´`a¿ÀJ�&>@[

)*+v;2ã�¤¿Ó� TNÔÕË�=>IJ2ßWê�� DM �¼çF��£�iN>)ï´M

]ÓÀJjI Ã´0ª�¤æ�2ßWDM �¼çF��£�M]ÓÀ�}Ý{(� b �)<���

1.3 mB�µ�Ẁ a¿À�^��)>@[N�Q� c<��ij
c �WC¨SÝ~�ÈÀ�i�2�v9

��ß9¤ÈÀ.�WDM �¼çFO")PD�¤ì�Ú&H��ß�ã�¤æ�¤ì�´ÚI��

GôË��TLO")PD��-���Ú�ß]À{WDM ^��)Gn&ª��×���´ô�¤

·Ë�W�ÅG TNÔÕ�=>IJ2ß�0À���ô%�WDM�¼çF�klm��£�aæ£J

20��æ2´�ß�Y]�µ�¤ðÝWC¨SÝ~Ë�¸SIJ2ßWCL�561bõÓ���

ô%´�£�9�æ2´Öò¿À�9���Wæ�2ßÚDM^��)´n&¿ÀJv;�µ�20
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¿Ó��ÅGHjLSÝ~Ë�¸Sª�2W��ô%� VI���v;�2U�¤ 

� Ô#��×�WRS�DM�¼çF�klm��£���ô%´²�WÈ���ô%´�SË��
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