
���������	��
��������
��������
�����������
 �!�#"$��%&���	�����'���(�*)+
,#�-
�'���'.��/
0�	�1�'2�
�3(�'
�
4�5��
�!���
6+����7���%&���-
98:��%;�'.��'


<>=�?�@BA�@DC(@ @FE'G5?-='H�G;@BA�@FI�J
K�LNMO@FP�Q�RSLNE�Q(TBU�V�W�X�Y	J[ZNY]\/^_X�`'Y	W�`�a�E'J[bcLNP	Y�J[QdX�\'<'`'I�`'TeIc@gf/h]ikjlfemcf'he\cn�@BMO@FE

?(W'L>LNE'LoP�AcX�P�LNY	MOTeE'Y�L>WO@BY�p;LNLNE+Y�Q	`'G'J[LNGg@FYqQ	W'L�RSL]@Dj
Y	`'P�LoRrLNE�QTFU'Q�W'LshNY	QTcP	G'LNP�@BZ�Y�M;LNZNJutOZ(W'L]@FQ&UvTeP&Q�W'L>Acwx@FY�Y
UyTcP�RSJ[E'A5Y�X�Y�Q	LNRz=�{�TBC|LNbeLNP]\>Q	W'LNX0@FP�L5w[J[RrJ[Q�LNG}C(J[Q	W'J[E
Q	W'L~w[J[E'L]@BP�P�LNAeJ�TeE=~�}Lr@FEO@Bw[X�Y�L+Q�W'LSE'TcE/w�J[E'LD@BPsLNE'LNP	AcX
P	LNY�M;TcE/Y�L�Q�T$TeY�ZNJ[w[wx@BQ	J�E/AzQ	LNRrM;LNP�@FQ�`'P	L5UvTePrQ�W/L:Y�X�Y�Q	LNR
G/LNY�ZNP	J[pOLNG9p�X�Q�W'L5UyP�LNL�LNE'LNP	AcX�wx@BE'G/Y�Z]@FMOL�M'J[ZNQ�`/P�Lc\(J[E
C(W/J�Z�W�Q	W'L�Q�J[RrL5LNbeTcw[`'Q�J[TeE0TFUgQ�W/L:Y�X�Y�Q	LNR�TepOLoX�Y5Q	W'L
R5@BY	Q�LNP-Lo��`;@BQ�J[TeE0�[h��(@BE'G}Y	W'TBC1Q�W;@BQ-Q	W'L�iFE'G$@BZ~Y	MOL�j
ZoJ�t;Z_W/L]@BQ�G'J[bcLNP	AcLNY�@FQ(Q�W'LsAcwx@FY�Y(Q�P�@BE'Y	J[Q�J[TcESMOTeJ�E�QD=
?(W'L(iBE/G-TcP	G'LNP�P�LNY	MOTeE'Y�L(ZoTcE'Y	J�Y	Q�Y�TBU;QdC|T�Q�LNP	RrY]�FTcE'L

J[Y�Q�J[RSL�G'LNM;LNE'G'LoE�Q(@BE/GgQ	W'L|TeQ�W'LoP�J[YqQ	J[RrL�J[E'G'LoMOLNE/G'LNE�Q]=
?(W/L+UvTcP	RrLNP-TeY�ZNJ[w[wx@BQ	LNYsC(J�Q	W�UvP�Lo��`/LNE'ZNX}QdC(J[ZNL5@BY-wx@BP	AcL
@FYgQ	W'LSUvP�Lo��`/LNE'ZNX�TBU_Q	W'L5MOLoP�Q�`/P�pO@FQ�J[TcE\�C(W'TcY	L5ZNT�L��~j
ZoJ�LoE�Q>G'L�t;E'LNY(Q�W/L_iBE/GrTcP	G'LNP(@BZ�Y�M;LNZNJutOZsW'L]@FQ]=�?(W'LsiBE'G
TeP�G'LoP�@BZsY�M;LNZNJutOZ-W/L]@BQ(WO@FY|Lo��Q	P�LNR5@-C(W/J�Z�W5G'J[bcLoP�AcLoY�@BY
Q	W'L5Q�LNRSMOLoP�@BQ	`'P�L�G'LNZNP	L]@BY	LNY5Q�TBC(@BP�G�Q�W'L5Aew�@FY�Y~Q	P�@BE/Y�Juj
Q	J[TcE�MOTeJ[E�QD=��dE�@FG'G'J[Q�J[TeE\�Q	W'L:wx@BQ	Q�LNPSG'J[bcLNP	AcLNYSJ�E�Q	W'L
W/J�AeW~UvP	LN��`'LNE'ZoX�w[J[RrJ[Q�@BQ(Q	W'L-Aew�@FY�Y>Q�P�@BE'Y	J�Q	J[TcE5MOTeJ[E�QD=
{�LNP�Lc\�C|L-Y	W'TBC4Q�W/LgiBE'G�TcP�G/LNP-@BZ-Y	MOLNZoJ�t;ZgW'LD@BQ(UyTcP

@�RrT�G'LNw'wx@FE'G'Y�ZD@BM;L�ZNTeE'Y�J[Y�Q	J[E'AgTFU�QdC>T-pO@FY�J[E'YD\�J�E~C(W/J�Z�W
Q	W'LspO@BP	P�J[LNP(p;LNQdC>LNLNE:pO@FY�J[E'Y(AeP�TBC(Y(`'M5@BE'G5G'J[bcLoP�AcLoY�@BQ
Q	W'LsQ�LNRSMOLoP�@BQ	`'P�L����(��hc���'=
<�J[Ac`'P	L-h(Y�W/TBC(Y�Q�W'L>UyP�LN��`'LNE/ZNX~pOLoWO@Db�J�TeP�TBUQ�W/L�iBE'G

TeP�G'LoP�@BZ�Y	MOLoZNJutOZsW'L]@BQD=���Y(Q	W'L�Q	LNRrM;LNP�@FQ�`'P	LsG'LNZNP	L]@BY	LNY
Q	TBC�@FP�G}� � \�Q	W'LrJ[R5@BAcJ[EO@FP�X5MO@FP�Q+TBU�Q�W/L�iBE/G}TcP�G/LNPr@BZ
Y	MOLoZNJutOZrW'LD@BQ-Y	W'TBC(YgQdC>T5AcP	TBC(J�E/A�Lo��Q	P�LNR5@'=r<�J[Ac`/P�Lri
Y	W'TBC(YrQ	W'L�Q�LNRSMOLNP�@BQ	`'P�L�G'LNM;LNE'G'LoE'ZNL$TFU-Q�W'L�QdC|T�LN�ej
Q	P�LNR5@'=&��Y&Q�W'L�Q�LNRSMOLNP�@BQ	`'P�L>G'LNZNP	L]@BY	LNY�Q	TBC�@FP�Gs� � \]Q	W'LNX
G/J�beLNP�AeLNY]=�?(W'J[Y(J�Y�G'`'L-Q	T~Q�W'L�G'J[bcLNP	AcLNE'ZoLgTFU�Q	W'L-P	LNwx@B�ej
@FQ�J[TcESQ�J[RrLs@BQ>� � =
��J[Q	WzQ	W'J[Y-P�LNY	`'w[Q]\�C>L~Y�W'TBC�Q	W'Lr�>Tcw[L�j��>Tcw[L+M'w[TcQsTBU

Q	W'L�iBE/GgTeP�G'LNP>@BZ>Y�M;LNZNJutOZ�W/L]@BQ�@BE/GgQ	W'L(W'J[AcW�UvP�Lo��`/LNE'ZNX
w[J[RrJ[Q(p;LNWO@Db�J[TcP-TFU�Q	W'L~Q�J[RSLgJ[E'G'LoMOLNE/G'LNE�QgQ	LNP�R TFU�Q	W'L
iFE'G5TcP	G'LNP(LNE'LoP�AcX5P	LNY�M;TcE'Y	Lc=

¡£¢�¤c¢�¥�¢�¦r§(¢�¨

�[h©��?-=DH�GO@BA�@BI�Jd\]?-=©ª|TcY	W'J[G'TcRSLc\N?-=o?�@BTO\B@FE'G-�g=oª|TeY�W'Juj
RSTcP	J«\FnO=O�>W/LNRz=�V�W�X�Y]=&¬;¬;�\[h]�/h]m/h�jNh]�'hDmcm/®viB�c�eic¯o=

10−2 100 102

−0.5

0

C
’’ 2

(iω
,iω

)/
C

’ 2
(0

,0
)

ωτ(T)

kBT/ε=10.0
3.0
2.0
1.8

<J[Ae`'P�L�hc°S?(W'L5J�R5@BAeJ�E;@BP�X�MO@BP	QgTFU_Q�W/L±iFE'G$TeP�G'LoP�@BZ
Y�M;LNZNJutOZsW'L]@FQ]°�²&®x��¯�J[Y�Q	W'L�P	LNwx@B�'@BQ	J[TcE+Q�J[RrL(@BQ�Q	W'L�Q	LNR~j
MOLNP�@BQ	`'P�LS�³@BE/G�´µJ[YsQ�W'Lr@FE'Ac`/w�@FP�UvP�LN��`'LoE'ZNX�=~��Y-Q	W'L
Q�LNRSMOLNP�@BQ	`'P�LSG'LNZNP	L]@BY	LNY5Q�TBC(@BP�G}� � \�Q�W'L5QdC>T:LN��Q�P	LNR�@
AcP�TBC(Y(`/M=

10−2 10010−2

100

102

104

T−T0

Max of C’’2/C2’(0,0)
−Min of C’’2/C2’(0,0)

<J[Ae`'P�L5i'°S?(W'L5Q�LNRSMOLNP�@BQ	`'P�L5G'LNM;LNE'G/LNE'ZNL�TBU�Q	W'L5QdC|T
LN��Q�P�LoR�@5TFU�Q	W'L�iFE'G}TcP	G'LNP~@BZrY	MOLoZNJutOZ5W'L]@BQD°~¶���`O@BP	LNY
@BE'GSQ�P�Jx@FE'Acw[LNY(P	LNM'P�LoY�LNE�QsQ�W'LsR5@B��J[Rg`'R�@BE'GSRrJ[E'J[R+`'R
bc@Bw[`'Lc\BP	LNY�M;LNZNQ	J[bcLNw[X�=���Y�Q�W'L(Q	LNRrM;LNP�@BQ�`/P�L(G'LNZoP�L]@FY�LNY(Q	TBj
C�@FP�G5���e\�Q�W/L_QdC>T~LN��Q�P	LNR�@�G'J[bcLoP�AcLe=


