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Motivation

magnetic properties of low-D spin systems with
anisotropy, e.g. high-
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Hamiltonian
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easy-plane region: DFEHG ; GIE

XY model: ; �KJ
AFM interplane coupling ? = � � =,L �MGNEO magnetic short-range order effects!O Néel transitions: effects of spatial

and spin anisotropy!O quantum-classical crossover at ; G J
!

MethodsP Green’s-function projection approach [1,2]P exact diagonalizations (up to 36 sites; PBC)

GoalP complete wave vector,
�

, ; , and ? = depen-
dences of transverseQ 6 7R �TSU�V� DXWYW 4 6RHZ 4877 R\[Y[^]and longitudinalQ =	=R �.SU�V� D_W`W 43=RCZ 43=7 R [`[ ]spin susceptibilitiesP comparison with experiments:
correlation length, Néel temperatures

3D XXZ model

Ground-state long-range order

? = D ; phase diagram
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P phase I: a 6 7cb J
, a =	= �KJP new phase II: a 6 7 b J

, a =	= b JP combined influence of spatial and
spin anisotropy!P phase boundary with:dfehgi @kjml ; � � ? = �n� Epo dfeqgr jts ? = ( � � ; �V�KJ

Finite-temperature results

transition temperatures
�Huv vs. ? =
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staggered magnetizations and correlation
lengths
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O second-order transitions at
� 6 7v and

� =	=v
Comparison with experiments
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symbols – neutron scattering experiments [4]

phase transition to longitudinal LRO
( � =	=C�  ����a =	= b J

)

; �C���x��
���� ��� l � �Y� ��� l � s � �U
����� =	= �T����J��  �¡ zX¢ E J 7 � �£� J�¡ E   �£�� =	=v y z|{ Ex¤ J {��� l � �`� ��� l � s � ��

��� (
� 6 7v � z�¥ J {~} z �

):¦£§�¨ �  X¢ E J 7 ��© ? = �
z ¡ J ¢ E J 7 � [ � � E  ,z gFª�« ]O prediction has to be confirmed!

2D XXZ model

spin correlators
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(filled circles − ED results)

O observation of a quantum-classical crossover
for DFEHG ; G J

: sign change ¬ =	=­ G J¯® ¬ =	=­ b J
with increasing

� L�° ( °±L � fixed) at
� l � ; Z ° �

; � l � ; Z ° �° �I� E�² J5� ° �³� E�²´E � ° �I�  ² J5�
-0.1 2.98 [2.540] 1.76 1.76 [1.520]
-0.3 0.96 [0.931] 0.74 0.72 [0.713]
-0.5 0.66 [0.605] 0.52 [0.527] 0.50 [0.476]
-0.7 0.46 [0.391] 0.36 [0.303] 0.34 [0.301]
-0.9 G 0.2 [0.125] G 0.2 [0.106] G 0.2 [0.106]} ¡�¡�¡ �

- ED data for 4
¢

4 lattice

temperature dependence of uniform and
staggered susceptibilities
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2D XY model

uniform susceptibilities
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O quantum effects
©�»�»

-correlations

1D XXZ model

zero-temperature uniform susceptibilities
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Summary

P two Néel transitions with
� 6 7v b � =	=v ¼ new!P excellent agreement of ½ 6 7§5¨ �T���with experiments on

�C�±�	��
����P complete calculation of all static magnetic
properties in good agreement with numerical
(ED, QMC) dataP quantum-classical crossover in the ferromag-
netic region of the 2D easy-plane XXZ modelP maximum in uniform static susceptibilities as
an effect of magnetic short-range order
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Appendix: Green’s-function theory

P basis: ¾ s �³� 4 6R ²`¿8À4 6R �^Á & ¾ �8�I� 4 =R ²`¿8À4 =R �^ÁWYWk¾ Z ¾tÂ [Y[k] � } S DÄÃ³ÅhÃ 7 s � 7 s Ã
with Ã � W } ¾Æ²Y¾ Â � [ and Ã Å � W } ¿8À¾Æ²Y¾ Â � [

P dynamic spin susceptibilities ( Ç � 9 DX² »�» ):
Q uR �.SU�n� D È uRS � D �TS uR � �

where

È 6 7R � D ¥�} ¬ 6 7s�( lx( l � E8D ;¯É R � 9  ¬ =	=s�( lx( l � ; D É R �k�D  ? =
} ¬ 6 7l	( lx(Ês � E8D ;$Ë�Ì,ÍÏÎ = �9  ¬ =	=l	( lx(Ês � ; D Ë�Ì,Í�Î = �k� ²È =	=R � D ¥ ¬ 6 7s�( l	( l � E8D É R � D  ? = ¬ 6 7l	( lx(Ês � E8D Ë�Ì,ÍÏÎ = � ²É R �I� Ë�Ì,ÍÏÎ § 9$Ë�Ì,Í\Î ¨ � L

 ²¬ u¶±ÐHÑ � ¬ u­ , ¬ 6 7­ � W 4 6l 4 7­ [ , ¬ =	=­ � W 4 =l 4 =­ [ ,
¬ u­ � EÒ # R È uR S uRHÓ E 9  `Ô �.S uR �kÕ e & RÖ­

with
Ô �TS uR �V�I�

e
]�×ØYÙ Á D�E � 7 sand ° � µ�Ú § 9 a Ú ¨ 9ÄÛ Ú =P decoupling of products of 3 spins in D�Ü4 6& andD Ü4 =& along the NN sequence W)¿`²)Ý�² Û [ by use of

vertex parameters [9]:

4 6& 4 6* 487Ñ � ¦ 6 7s § (Ês = W 4 6* 4�7Ñ [ 4 6& 9 ¦ 6 7� W 4 6& 487Ñ [ 4 6* ²4 =& 4 6* 487Ñ � ¦ =	=s § (Ês = W 4 6* 4�7Ñ [ 4 =& ²4 6& 4 =* 487Ñ � ¦ =	=� W 4 6& 487Ñ [ 4 =*
P ¿ P Ý P Û P ¿ P Ý P Û

¦ 6 7s § ¦ 6 7�DpÜ4 6R �I�.S 6 7R � � 4 6R and DÞÜ4 =R �I�.S =	=R � � 4 =R
P spectra

S uR :�TS =	=R � � �  � E�D É R �
! E 9  ¦ =x=� � ¬ 6 7� ( l	( l 9  ¬ 6 7s�(Ês�( l �D  ; ¦ =	=s § ¬ 6 7s�( l	( l � E 9 ¥ É R � B9�? �= � E8D Ë�Ì,Í\Î = � ! E 9
 ¦ =	=� ¬ 6 7l	( l	( �D  ; ¦ =	=s = ¬ 6 7l	( l	(Ês � E 9

 Ë�Ì,Í�Î = � B9 ¸ ? = ! ¦ =	=� ¬ 6 7s�( l	(Ês �
 D É R D ËYÌ�Í\Î = �9�; ¦ =	=s = ¬ 6 7lx( lx(Ês É R � Ë�Ì,Í\Î = D�E �9�; ¦ =	=s § ¬ 6 7s�( lx( l Ë�Ì,Í�Î = � É R D�E � B

P LRO:
dfeqg Á j Á ×ß } Q u à � 7 s �KJ

;S uà �KJ
at
�Ná:� uvO magnetization
�kâã�³�Aä ² ä ² ä���� :� a u � � � EÒ # ­ ¬ u­ e 7 & à ­ � ¬ u

P ¬ u – condensation part in

¬ u­ � EÒ #R�å� à È
uR S uR e
& R�­ 9 ¬ u e & à ­

P determination of vertex parameters:

– ¦ 6 7� �T���
& ¦ =	=s § �A��� : sum rules ¬ 6 7l � E L

 
& ¬ =	=l � E L

¥
)

– ¦ =	=s = �T��� : ��æ =¹L æ §�¨ �
� � ? = ¬ 6 7lx( l	(Ês L ¬ 6 7s�( lx( l– ¦ 6 7s § �TJ��

: data for ground-state
energy ç [2,6,10,11]¦ 6 7s § �T���

:
�
è �é -�ê Á�ë 7 s� @.@é - ê Á£ë 7 s � Ë�Ì�ì�Í0í ¡

– ¦ =	=� �TJ�� : data for î�ç L î ;¦ =	=� �T��� : �
@.@ï ê Á�ë 7 s� @.@é - ê Á�ë 7 s � Ë�Ì�ì�Í^í ¡

– ¦ 6 7s = �T���
: ansatz
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