
�

� � � � ��� � �� �
�

�
�

	 
�� 
���������� ������� �!���#"#��$�% % & '�
�(*),+ -�(.+0/ )213�04543687 (�9:+.�;/=<

> ? @ ACB!DEGF D
H I E JLKNME KNMEGO D�P KRQE KRQEGO DTS P U KWVE KWVEGO DYX

K ? Z[ \ ] ^ U ^ Z \ _ ? ]
I E `badcfe�g#h i

Zkj l ^ I ^ Z P l
−1 0 1 2 3

λ

0.0

P(λ)

mon h iqpra�s=tu`ba=vut=w v#`xg#ydcfeuzr{T|}a~|Tt ��g�`r`�t���a~| n g#c={ i���K��E K���8� J�� ? ����� S� U ? ] i��N� �f�fa n c�i> ? c=g#c n c�|�t�`ba���| n c=v ��a�|�| n ��t���tu`rh n g#c={�� n |�� `�adcfe�g#h �=g#��� n c v*¡¢ t�s=tu`,|��=tu�£t¤{}{¤¥#��g�`r`�t���a~| n g#c={¦au`�t c=g#c�|�` n s n a��§¡� l ? ] iq¨�©�ª«©�¬®­ ¯�­ ©±°�²k�N�k³ ���fa n c;i´.µ·¶¹¸L¶»º�¼u½ v#`�g#y�cfe {T|}a~|Tt�i*{}g#h¾t a�c�a��À¿�| n � ad�#`�t {�y��À|�{ ¡� U Á? ] Á? l Â ÃÅÄ Æ8Ç

	 
�� '�4T)»/ )§'�(!ÈkÉq
�(*Ê¤� -5Ë )»/=
�68Ì*/ 43(.+�ÍÎ687 +��#Ê¤Ê=<
¡¹¡¹¡*{��=g��Ï{ �Ðg��Ntu`,z5��a�� ��g�`·`�tu��a�| n g#c={ n c |��=t v#`xg#ydcfe {3|�a�|Ttp�ÑÓÒÕÔÕÖ�×ÎØ¦ÙWÚ ×�Û�ÜÝÖ�×ÎÞ ß àuáuâ�w�i
ã ��K �E K �� �Åä ã£å j æ ã B±ç�è
é M ? é B!DV ? Zêj ë B!D0ì~í}î�î�ï�ð U

0 1
∆

0

1

ηx

XXX

XX

	 
�� 
���������� �rñ�ò��#"±óô�öõkÉÎ
�(*Ê �
ÆÎ÷�Æ8Ç |�`�t�a�|�høtuc�|ùp�ú ûxüÏû�ýÿþYÛ=Ö�×qØ ß àuà���¥ ß àuà���w� � �=t {3|�`�g#c=vut {T| �Ðg#cfe gf�N|��=t ���fa n c n { n c n |�{ �£g±�¤a���v#`�g#y�cfe {T|}a~|Tt p Â { n c=v#�£t�|�fa n ` w��Õt	�Ît���| n s=t ��g#y���� n c v gf�ÿ|��=t |L�Ng c=t n v#�
�ug�` n c=v {�� n c={ �T`xg#h �utu`,|�y�`��fa~| n g#c|�� t g�`,¿¤¡� 
�� yfa { n z5�£g�� ad� n�� t e
� `ba�cfe�g#h { n c=v#�£t�| ���fa {}t�i

(rather) strong

(rather) weak

pL{ n c=v#�£t�|ø�fa n `x{Ïg#c a��»�*�£tuc=vf|�� {5�¤a��£t¤{ w� {T|}a~| n �ÿ��g�`r`�t���a~| n g#c={ù��K �E K �� � e�t�|Ttu`rh n c=t�e ��¿ hÿa�c�¿ �Rt�a
���À¿ ��g#y����£t�e a�cfe ��t��{T|�`�g#c=v#�À¿ ��g#y����£t�e �fa n `�{ J å � æ S ¡m s t�`ba=vut ��g�`·`�tu��a�| n g#c n c |�� t `�{ ���fa {}t�i
ã ��K �E K �� ������� � ã ä ã£å j æ ã B � J�� ? ��������� S� tu�fa~s n g�` � n ��t ã ��K VE K V� � ã n c |��=t c=g#c�`ba�c�e�g#h % % z Ä g±e�tu��� ��y�| |�� t�`�tã ��K ME K M� � ã ä ã£å j æ ã B D  � ¥*e�t �¤a�¿ n c v h yf�f� h¾g;`�t {��£g �ø�À¿ ¡� �Î� ��g�`r`�t���a~| n g#c {��=g#y���e {��=g�� e*`ba {3| n � `ba�cfe�g#h c=t¤{}{oe�t��Ðt�cfe�t�cf��t�¡

! ÌÎ7 �!43)§'�(!È#" �;/=
�6 ÍqÊ $ g�`be�adc�z&% n v#c=t�`�hÿa���� n c v
÷ � n c={K OE � K B�K VEI E @ JLK ME K MEGO D P K QE K QEGO D SU @ K VE K VEGO D' K VE

( tu`rh n g#c={) *,+E � ) * �*,+E * E j Z.- [/ J *0+E * EGO D P 132 î 2 S �=g#�d� n c=v4 5 E 5 EGO D ¶ ¯ ¸ ­ µY¼uºö¸L¶ ©�¯6 5 E �f� t�h n � ad�*�ugf|Ttuc�| n a��� �R� � a {}t p U ? ] wn w Ã t�|Ttu`rh n c=t v#`�g#y�cfe {T|}a~|Tt gf� A � c=g#c n c�|�t�`baf��| n c v ��tu`·h n g#c={¤¥n»n w y={}t7% n ���38�{Å|��=t¤g�`xtuh |Tg �¤a�����y���a�|�t ª ¼ ¯	9;:�<,­ µ ª ¶ ©�¯ ��g�`r`�t���a~| n g#c={¤i) ? = J Zêj [ * += * = S
� �R�¦³ � a {}t p U Á? ] w> c�|Ttu`baf��| n c=v ��t�`rh n g#c={¦g?�Îtu`Wc=g a�eusfa�c~|}a=vut gfs=tu` {�� n c={¤¡@ {�t ÃÅÄ Æ8Ç n c {�� n c {��fa���t�¡

A " BDC ÍÎ��/ (*) È Ê
Ä gu{3|��À¿ g#�utuc ���38�{¤¥�â�E {T|}a~|Tt¤{ ¥GF ? H ]� y n ��e y�� |��=t {T¿={T|Ttuh iI� { n |Tt¤{ Â F { n |Tt¤{¤¡

÷ �Rt tu� �faf��� a�cfe ��g�`,|�� ydc�| n �*�£g��Rt {T|Ïtuc=t�`�vf¿ ��g#c�s t�`�vut¤{ ¡J Þ*Û�KML pON�� {T|}a�|�t {�woadcfe ú PRQ�þTSWÛ�KML h¾t�|��=g±e�{¦��g�`Õe n a vug#cfa�� n�� a~| n g#c;¡U g�`r`�t���a~| n g#c={¦au`�t �ut¤{T|���g�`�|�� n {Ó��g#cWV#v#yd`�a~| n g#c�i
p U g#h �faÐ` n {�g#c |Tg tYX���� n � n | e n a=vug#cfad� n�� a�| n g#c ��g�`ÿ{�hùad�»�ZF a~| U Á? ] g;`ø�T`�t¤t�z��tu`·h n g#c `xt¤{�y��À|T{¦a�| U ? ] ��g;`W��aÐ`xvutu`[F ¡ w\ tu` n g�e n � ���38�{ `�t � y n `�t h¾g�`xt {T|}a~|Tt¤{ê��g�` ��g#c�s t�`�vutucf��t Â �u`�g#� n � n | n s=t�¡m s t�`ba=vut gfs=tu`]�uâ�E�¡¹¡¹¡ ß^E_E�E `�t���� n �¤a={N��g�` t�s=tu` ¿ J U � l S ¡Ä g;`�tù|��fa�c ß^`�E�E�E `�tu��� n � a {^�d{}g#h¾t ����y�z5�=g#yd`x{Ït�af����¡p > c��=g#h¾guvut�c=t¤g#y={ >a� Ä ÷ \ ��w

	 
.� � '�604543�*È»(�/ )§68+ ),+ /=
�� % % 7 6 ÍÎ�*È
¡¹¡¹¡�{5�¤a��£t¤{�af�¤��g;`be n c v |Tg |��=t tYX��ut���|Tt�e �ug��Rtu`N��a��ÿi

��K�VE K�VEGOIb � ? c B�ç�d�e J c - F S ? F B±ç�d f cF g B�ç�d e J c - 5 S \ é V ? [
� F ç�d ��K VE K VEGOhb � {��=g#yd��e �Ðt«a y�c n s=tu`�{ ad���Ty�cf��| n g#c gf� c - F ��g�`�a��»�iF ¥��ø� n ��� n {�fc=g��øc ��g�`�|��=t c=g#c�`ba�c�e�g#h % % � a {}t�¡

10
−2

10
−1

r/N

10
0

10
1

10
2

10
3

N
2 |<

Sz (0
)S

z (r
)>

|

w=0.5
w=1
w=2
σ=2j

Ç ady={}{ n a�c adcfe �ug^X e n {T|�` n ��y~| n g#c={¤¥,F ? k [ �^lWm#� Z [ H ¡n 9�o ¶»º�¼�½ ��g�`r`�t���a~| n g#c e�gdt { ¯�© ¸ { �¤a��£t p n c |�� n {��Wa�¿Ðw�¡
	 
�� � Ê�/=45Ì�'�/=ÌÎ43� 13(*'�/ 604«)ô+ /=
�� % % 7 6 Íq�®È
K V JTp S ? F B!D ACB�Db FIq ��K Vq K Vbu�sr Eutvbc=g#c�`ba�c�e�g#h �¤a={�t � m K V JTp S ? ��twÆ a�c�e�g#h c=t¤{�{¾e�g�t { �faÐ`�e®�À¿ ax�Ît���|�|��=t {3|�`·y���|�y�`�tù�Yaf��|Tg�`�¡

0
y

1z 2
{

3
|

q

0.0

0.5

1.0

1.5

2.0

4S
z (q

)

w=0.5}
w=1}
w=2}
σ=2

Ç ady={}{ n a�c adcfe �ug^X e n {T|�` n ��y~| n g#c={¤¥,F ? k [ �^lWm#� Z [ H ¡
	 
.� � '�604543�*È»(�/ )§68+ ),+ /=
�� % % 7 6 ÍÎ�*È
¡¹¡¹¡ e�g�t¤{ c=gf| ��g#�»�£g�� a �Ðg��Ntu`W��a��ÿ¥#a�|ÿ�£t�a={T| n �Wc=t¤v�a�| n s=t I E au`�t �u`�t {�t�c~|�¡

1~ 10� 100�
r

10
−4

10
−3

10
−2

10
−1

10
0

|<
Sα 0S

α r>
|

x and z correlations 
Disordered XX chain, box disorder, half−widths 0.5, 0.9, 1, 1.1
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