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Fig. 1. The spin autocorrelation function C (t) and corresponding spectral density @ (w) for r = 0 are given in graphs (a) and (b),

and for r = 0.2 are given in graphs (c) and (d), respectively. The parameters Bp, and By in the tri-modal distribution are 0.5 and

1.5, respectively.
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Fig. 2. The spectral densities for r = 0.4, 0.6, 0.8 and 0.96 are given in (a)-(d), respectively. The parameters B, and By in the

tri-modal distribution are 0.5 and 1.5, respectively.

FEXFIMG B, = 0.5 7, PRI g 32 AT I U 0
WIAEw ~ B, = 0.54b, 1B — A B A Ui
MAEw ~ 2.04b. 24 ¢ = 0.2, 0.3, 0.4 B, FEIZHUH
By = L5 HE R B W 35 K, REGTF IR 44h
By = 150 R, I B 3 06 45 T A9 U UG M B A
w = By~ 154N, T 55 — R BTE w ~ 2.5 4k,
R RGRR T XM A N 2 46, S BT
F IO R T AN A< 1 OB T o o s R | B 2K e
Z 0 b R T3, MR RG2S T S R 2 A
SEP MBI, 25 R AT AR L, I
WEFT A, F 2(c) (r=0.8) W H TZRLIAEER.
RYRSEIE R r (B, RIS B O, (H R I 20
25, WA 2(d) Fi7R. XM TR M ARRE T 2% 5 i
L BRI R GEX R I

MK 2(a)—(d) FTLAE H, 3% B A2 RKEB 1%
O RIS WERRAE (DGR =), (A7ERESE SRR
RIA (AT . X e SR AT T,
—ANREIR R, BRIk e S H0H R ¢ By = pBy. N
T RE X — SRR B o, PRI T Z2415
B, RIE LM T RGO OEA T AT AR
FRAF I IREE, (BAEMBECT, REFERAN

ZUEAT . WE 3 i, B 3(a)—(d) h a2k
XoF I 1) S8 e g By = pBy. BRI HTIN R, =A%
ST SHOH R qBy = pBy (¢ #0H p#0) X — 5%
1, R A IEA T AR B R A R SRR A
BeErgei ny i BER S, BRI AT DL P A
X qBy = pBy i, SMINEESHTCT, RGN 7
SN N ES , A AR REME S B R GE R B 2
T3 R 32 AR, R AR 7 4 B 4.

BT 4 Ik Az O Rl i i E i R B AL 15
B RS H e RECRE 3R PHIA 7 2 i
Tt qB, = pBy N % 43 R B 2 AL A, D)
[l 3(c) T2 5% B R ], 25 A N 1 3% 03X R
B WA 4(a) FoR. B 4(b)—(d) 435145 T ¢ = 0.1,
0.2, 0.3 B X RIS MR, IR
R 1 ABAE ¢B, = pBy 5500, 50U R B
PUA BIbRIE R 2Z BN, WA BT, WE 4(b) Br
N R e s U S S AR D)
(LIl 4(a) P BB H A AR IR 25 R, HRRR AT
1), HBm i 5 i 1210, Jg T oI (EA TR
AR, qB, = pB, I 15 R (32 BE 45 430 T
Hraegi, TR PR oM E il 18 3(a), (b), (d)

087501-5


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 % 3R Acta Phys. Sin. Vol. 72, No. 8 (2023) 087501

B,=1.6; B,=0.4 ; B,=0.5
r=0.5; g+p=0.5 +p=0.5
—q=0,p=0.5 =0.5
---¢q=0.1,p=04 p=04
q=0.2,p=0.3 p=0.3
----q¢q=0.3,p=0.2 p=0.2
------- q=04,p=0.1 p=0.1
et n
1.5 20 25 3.0 3.5 0 0.5 1.0 1.5 20 25 3.0 3.5
w w
4
(c) B,=12; B,=0.4 B,=1.8; B,=0.6
0.6; g+p=0.4 r=0.6; g+p=0.4
0,p=0.4 —q=0,p=04
p=0.3 ---q=0.1,p=0.3
p=0.2 q=0.2,p=0.2
3 p=0.1 3 — = q=0.3,p=0.1
=) p=0 s (e q=04,p=0
./- \.-.- .
. P R e NI
3.0 3.5 1.0 1.5 20 25 3.0 3.5
w w

3 BEHLEBRJLASH, B RRSETMEEE () r=05, Bg=16, B, =04; (b) r=0.5, By =20, B, =0.5;
(¢) 7=06, By=12, B, =0.4;(d) r=0.6, B, =1.8, B, =0.6. (a)—(d) " &L S5 & ¢B, = pBp
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lines in graphs (a)—(d) satisty ¢Bq = pBp .

12 12

(a) Bg=1.2; B,=0.4 Value Standard error (b)
0k r=0.6; g+p=0.4 10k Slope: 1.05164 0.17944 -
+qfoé7pf0'g m ¢=0.1,p=03
8t ¢=0.2,p=0. 8 + — F'it curve
—-4-q¢=0.3,p=0.1
N —&— Linear result N
< 6f < 6
4r 4
2+ 2
0 0
0 2 4 6 8 10 0 2 4 6 8 10
v v
12 12 'S
Value Standard error o (c) Value  Standard error (d)
10k Slope: 1.02648 0.23966 10k Slope: 0.98301 0.28843
e ¢q=02p=02 A ¢=03,p=01
8 — Fit curve ° 8+ — Fit curve
g 6t q 6¢f A
4+ 4r
2F 2F
A
0 0 . . . .
0 2 4 6 8 10 0 2 4 6 8 10
v v

B4 (a) B 3(c) IS HTRIES RN RB AL, Az, - A9, (VAT ¢ # 0 H p # O KIZR, ZHIME N r =06, By = 1.2,
Bp =0.4; (b)—(d) ¢ =0.1, 0.2, 0.3 i} % /33X R B PRI A 1O 245 51

Fig. 4. (a) The first nine recurrents Ay, Ag,---,Ag for the parameters r = 0.6, By =12 and B, = 0.4 given in Fig. 3(c);
(b)—(d) the linear fit results of the recurrents for ¢ = 0.1, 0.2 and 0.3, respectively.

087501-6


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 % 3R Acta Phys. Sin. Vol. 72, No. 8 (2023) 087501

JIEXF L P e R I R R AR PRI =
BT ZHH L By = pB, (¢ # 0 Hop # 0) B H]
T T M EREE. LI B SRTTUE, =
BEIRIBENLRE S sl e SRk s, HARREM:
Z= IR A AE T LA RGE Y 3N T 24

4 ZAEE AL A 3 A 2 i

P& R HE A = BB NN T 13 T
PR, B RS UE R H 2 T5 ZEURA A, aX HE
BIRTHEINT I, (HRETA BE 2 sl U
F. N RPN, W ARG A

1 & 1 &
H:—iJzi:afafH—izi:Bme- (21)

S B T A 7 T L A o T
B of 5 otk 5, K S B e BB C () =
(O ) = 1, WEHi— Y Bios Kt
2. KR e — b A B U S Bi=1.
TR R IR 1E, P 2B i 2
B =B, B S AR A I R M2 I
7 5 1 L, TR

ERTITAE PR ATBF5E T SR HLA S T
BB 32 R 19, S T 5 B A 2 AT e, e
SHEUES 2R T, G0, A A
FEFIELT = 0.5 < Bis, PIWTESHR AL F A GAS
ORIV R TR . =B S
fi B, =0.5 < Bi, M B, = 1.5 > B;,, Wi K
B, 0 /N T B 0 5 25 S TR 5 e
Wl T SEHE AT TRE, BSR4 = ORY
SHE (LI 5), IL =B J B, [ 5
AL I AR 9 eI R, g = 0 (skp = 1)
N, 2256 B S RMIAT S, WA
U By = 0.5 MR, MA TR, 25
Hysh o R £ 5. % — 0250, AL
WAETTH, Flw = 0w £ 0L AN LT
HIR, LA R % T . B2 o 10
HEEERS K (g = 0.75), w = O AL VG T,
o 4 O 4 B (6 425 1, 6 0 G 0060 7 49 T
RSN, AR 1 TR 5 H T
S, SR F 5 T3 ),

¢ or=0ig+p=10 10
' 0.8
\
4_\: 0.6F &% e -
. s oaf N o7
, = L
" O 02Ff o7 -
3 ; 0
— \: —0.2
3/ ‘l 0.4 L
S ‘_= : 1 2 3 4 5 6
2+ t
‘.;\ —q=0,p=1.00
"

---¢=0.25p=0.75
--+-qg=0.50, p=0.50
----q=0.75, p=0.25

/"\‘\ ....... g=1.00, p=0
0 A e
0 0.5 1.0 1.5 2.0 2.5 3.0

5 = HETIREHLN 7 0 Ak D BURE L B AL YN 10 A 3
BE A BE I pR B (R IR, SR R Er =0, B8
B, =05, B4=15

Fig. 5. Spectral density and spin autocorrelation function
for trimodal-type random longitudinal magnetic field when
r = 0. The inset is the corresponding result of C(t). The
parameters B, and By in the tri-modal distribution are

0.5 and 1.5, respectively.

PRAFF A ZEORAZ, B r (TR, Sithir = 0.2,
0.4, 0.6 1 0.8 I A5 %5 B2, anl&l 6(a)—(d) Fr.
Y8 /NE, e = 0.2, 0.4, REET T ERBAT
SRR RUEFT R IIASES, S r = OB AYLE R —2k. A
2, B r B3GR, XUEAT R w = 0 4 AU (E %
WA /N, w # 0 b IR IZ AR K, X R r 1K
ANHN TS 7, 5 = AERENLET T - B
SEAASCIN. BEAE r BRSO, AR e 1 32 T
1T 5 AU 15 32 WA, Ul e = 0.8 FF, REE BN J12#
F1 AR BT R, AN B — B4
MR PR, B r B3GR, IS HUE S 2 B3
K, BGEE N, RGN 12547 ik &
S AT, FESRERELAS T, SR S T
WG R, AR FAR R AR R 2 T (5 Y
M.

B2, SRR A = AR AL\ %t 5
TR AR M 225, B =850 10 T i3 2
EE QA 8 T N RESE S 1 S S ey 1 o
o e SRS IR AR B, B e 43 SCAERE N S R
BEDLIN T B BEA TR [R]. AE — B R B AL 3
o, A3 SARERAERE MR 26 BT o 1 LU, A A
BIBEHLIN I T, r 43 SCAASCES 31 98 57 9\ 37 98 5 11
YEH.

087501-7


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 % 3R Acta Phys. Sin. Vol. 72, No. 8 (2023) 087501
4 4
: (a) r=0.2; g+p=0.8 (b) r=0.4; g+p=0.6
: —q=0,p=0.8 —q=0,p=0.6
3l ---q=02,p=06 3| ---q=0.15,p=0.45
Vi -...q=04,p=04 -...q=0.30, p=0.30
N - - --q=06,p=0.2 N ---.q=045,p=0.15
3 o9l e q=0.8,p=0 35l e q=0.60,p=0
S S

. 3.0
w
4
(c) r=0.6; g+p=0.4
—q=0,p=04
3F ---q=0.1,p=0.3
----q=0.2,p=0.2
---q=03,p=0.1
§ ol e q=04,p=0

3.0

] 3.0
w
4
(d) r=0.8; g+p=0.2
—q=0,p=0.20
3l ---¢g=0.05p=0.15
. -.q=0.10, p=0.10
- - q=0.15, p=10.05
@2_ ....... q=0.20,p=0
S

K6 FEHLZ R =B AT B (a)—(d) BEr = 0.2, 04,06, 0.8. =BT HZH B, =05, By =1.5
Fig. 6. Spectral densities for tri-modal-type random longitudinal magnetic field: (a)—(d)r = 0.2, 0.4, 0.6, 0.8. The parameters B)p

and By in the tri-modal distribution are 0.5 and 1.5, respectively.

5 &

AR SCH s 4 6 R OJT T 58 1 — A R B A L
Yy =ML N Tsing #5590 5 74 ok 14 1]
P e = ARRIBENLRE Y T, A =B A0 18 r 3 5C
W ARRE AR BT | AR B rh, BFSE T ARG 2R
JiXf R G s S e B R s . B B ARGV
J R R B, A8 28 e AT I A B A, o (R
Ao ARG AR B S M Z e S 5
KER, MAFRGER T XM e N 2 S, id
TR N N, SR 22 AT O (R AR
TEPEAR BT A 23 BRI R GE X  (gme 7 . BEAG 2 S
e, DFFE R I T RERS 1l i O e (AT A B AR R Y
A R A BEBLRS 3 1) =553 4 S 85006 12 g B, =
pB,.
TE = RBIEEILANG T, h TR R, =8
O3A Y T 53 SO PHCERAERE A B BT Y LU F
FERW, 7 o3 AR BRI B VE R, Hor
AR RN TR e 17, 5 = AR BEA LR T r Y
PR AR . B2, =BT 18 )2 4s
RARH EE, P =R AT v 73 30T LAAR S 3

BRGNS S AR W R, AR T AR
BEDLE S ML ) AR B S 1Y, R
TR AR LSRR, i BEHLR 7 IR LA 73 R s i
B AR A, WIS BC N 2%, 5 tt— 2B 5E.

S 30k

[1] Kenzelmann M, Coldea R, Tennant D A, Visser D, Hofmann
M, Smeibidl P, Tylczynski Z 2002 Phys. Rev. B 65 144432
[2] Zhao Z Y, Liu X G, He Z Z, Wang X M, Fan C, Ke W P, Li
Q J, Chen L M, Zhao X, Sun X F 2012 Phys. Rev. B 85
134412
[3] CulY, Zou H, Xi N, He Z, Yang Y X, Shu L, Zhang G H, Hu
Z, Chen T, Yu R, Wu J and Yu W 2019 Phys. Rev. Lett. 123
067203
[4] Simon J, Bakr W S, Ma R, Tai M E, Preiss P M, Greiner M
2011 Nature 472 307
(5] Dmitriev D V, Krivnov V'Y 2004 Phys. Rev. B 70 144414
[6] Neto M A, De Sousa J R 2013 Physica A 392 1
[7] Corréa Silva E V, Skea J E F, Rojas O, De Souza S M,
Thomaz M T 2008 Physica A 387 5117
[8] Do Nascimento D A, Neto M A, De Sousa J R, Pacobahyba J
T 2012 J. Magn. Magn. Mater. 324 2429
[9] Do Nascimento D A, Pacobahyba J T, Neto M A, Salmon O
D R, Plascak J A 2017 Physica A 474 224
[10] Senthil T 1998 Phys. Rev. B 57 8375
[11] Liu Z Q, Jiang S R, Kong X M, Xu Y L 2017 Physica A 473
536
[12] Florencio J, S& Barreto F C 1999 Phys. Rev. B 60 9555

087501-8


http://doi.org/10.1103/PhysRevB.65.144432
http://doi.org/10.1103/PhysRevB.65.144432
http://doi.org/10.1103/PhysRevB.65.144432
http://doi.org/10.1103/PhysRevB.65.144432
http://doi.org/10.1103/PhysRevB.65.144432
http://doi.org/10.1103/PhysRevB.85.134412
http://doi.org/10.1103/PhysRevB.85.134412
http://doi.org/10.1103/PhysRevB.85.134412
http://doi.org/10.1103/PhysRevB.85.134412
http://doi.org/10.1103/PhysRevLett.123.067203
http://doi.org/10.1103/PhysRevLett.123.067203
http://doi.org/10.1103/PhysRevLett.123.067203
http://doi.org/10.1103/PhysRevLett.123.067203
http://doi.org/10.1038/nature09994
http://doi.org/10.1038/nature09994
http://doi.org/10.1038/nature09994
http://doi.org/10.1038/nature09994
http://doi.org/10.1038/nature09994
http://doi.org/10.1103/PhysRevB.70.144414
http://doi.org/10.1103/PhysRevB.70.144414
http://doi.org/10.1103/PhysRevB.70.144414
http://doi.org/10.1103/PhysRevB.70.144414
http://doi.org/10.1103/PhysRevB.70.144414
http://doi.org/10.1016/j.physa.2012.07.073
http://doi.org/10.1016/j.physa.2012.07.073
http://doi.org/10.1016/j.physa.2012.07.073
http://doi.org/10.1016/j.physa.2012.07.073
http://doi.org/10.1016/j.physa.2012.07.073
http://doi.org/10.1016/j.physa.2008.05.033
http://doi.org/10.1016/j.physa.2008.05.033
http://doi.org/10.1016/j.physa.2008.05.033
http://doi.org/10.1016/j.physa.2008.05.033
http://doi.org/10.1016/j.physa.2008.05.033
http://doi.org/10.1016/j.jmmm.2012.02.039
http://doi.org/10.1016/j.jmmm.2012.02.039
http://doi.org/10.1016/j.jmmm.2012.02.039
http://doi.org/10.1016/j.jmmm.2012.02.039
http://doi.org/10.1016/j.jmmm.2012.02.039
http://doi.org/10.1016/j.physa.2017.01.078
http://doi.org/10.1016/j.physa.2017.01.078
http://doi.org/10.1016/j.physa.2017.01.078
http://doi.org/10.1016/j.physa.2017.01.078
http://doi.org/10.1016/j.physa.2017.01.078
http://doi.org/10.1103/PhysRevB.57.8375
http://doi.org/10.1103/PhysRevB.57.8375
http://doi.org/10.1103/PhysRevB.57.8375
http://doi.org/10.1103/PhysRevB.57.8375
http://doi.org/10.1103/PhysRevB.57.8375
http://doi.org/10.1016/j.physa.2016.12.057
http://doi.org/10.1016/j.physa.2016.12.057
http://doi.org/10.1016/j.physa.2016.12.057
http://doi.org/10.1016/j.physa.2016.12.057
http://doi.org/10.1103/PhysRevB.60.9555
http://doi.org/10.1103/PhysRevB.60.9555
http://doi.org/10.1103/PhysRevB.60.9555
http://doi.org/10.1103/PhysRevB.60.9555
http://doi.org/10.1103/PhysRevB.60.9555
http://doi.org/10.1103/PhysRevB.65.144432
http://doi.org/10.1103/PhysRevB.65.144432
http://doi.org/10.1103/PhysRevB.65.144432
http://doi.org/10.1103/PhysRevB.65.144432
http://doi.org/10.1103/PhysRevB.65.144432
http://doi.org/10.1103/PhysRevB.85.134412
http://doi.org/10.1103/PhysRevB.85.134412
http://doi.org/10.1103/PhysRevB.85.134412
http://doi.org/10.1103/PhysRevB.85.134412
http://doi.org/10.1103/PhysRevLett.123.067203
http://doi.org/10.1103/PhysRevLett.123.067203
http://doi.org/10.1103/PhysRevLett.123.067203
http://doi.org/10.1103/PhysRevLett.123.067203
http://doi.org/10.1038/nature09994
http://doi.org/10.1038/nature09994
http://doi.org/10.1038/nature09994
http://doi.org/10.1038/nature09994
http://doi.org/10.1038/nature09994
http://doi.org/10.1103/PhysRevB.70.144414
http://doi.org/10.1103/PhysRevB.70.144414
http://doi.org/10.1103/PhysRevB.70.144414
http://doi.org/10.1103/PhysRevB.70.144414
http://doi.org/10.1103/PhysRevB.70.144414
http://doi.org/10.1016/j.physa.2012.07.073
http://doi.org/10.1016/j.physa.2012.07.073
http://doi.org/10.1016/j.physa.2012.07.073
http://doi.org/10.1016/j.physa.2012.07.073
http://doi.org/10.1016/j.physa.2012.07.073
http://doi.org/10.1016/j.physa.2008.05.033
http://doi.org/10.1016/j.physa.2008.05.033
http://doi.org/10.1016/j.physa.2008.05.033
http://doi.org/10.1016/j.physa.2008.05.033
http://doi.org/10.1016/j.physa.2008.05.033
http://doi.org/10.1016/j.jmmm.2012.02.039
http://doi.org/10.1016/j.jmmm.2012.02.039
http://doi.org/10.1016/j.jmmm.2012.02.039
http://doi.org/10.1016/j.jmmm.2012.02.039
http://doi.org/10.1016/j.jmmm.2012.02.039
http://doi.org/10.1016/j.physa.2017.01.078
http://doi.org/10.1016/j.physa.2017.01.078
http://doi.org/10.1016/j.physa.2017.01.078
http://doi.org/10.1016/j.physa.2017.01.078
http://doi.org/10.1016/j.physa.2017.01.078
http://doi.org/10.1103/PhysRevB.57.8375
http://doi.org/10.1103/PhysRevB.57.8375
http://doi.org/10.1103/PhysRevB.57.8375
http://doi.org/10.1103/PhysRevB.57.8375
http://doi.org/10.1103/PhysRevB.57.8375
http://doi.org/10.1016/j.physa.2016.12.057
http://doi.org/10.1016/j.physa.2016.12.057
http://doi.org/10.1016/j.physa.2016.12.057
http://doi.org/10.1016/j.physa.2016.12.057
http://doi.org/10.1103/PhysRevB.60.9555
http://doi.org/10.1103/PhysRevB.60.9555
http://doi.org/10.1103/PhysRevB.60.9555
http://doi.org/10.1103/PhysRevB.60.9555
http://doi.org/10.1103/PhysRevB.60.9555
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

Y B ¥ R Acta Phys. Sin.

Vol.

72, No. 8 (2023) 087501

Chen S X, Shen Y Y, Kong X M 2010 Phys. Rev. B 82
174404

Da Conceigao C M S, Maia R N P 2017 Phys. Rev. E 96
032121

von Ohr S, Manssen M, Hartmann A K 2017 Phys. Rev. E 96
013315

Liu Z Q, Kong X M, Chen X S 2006 Phys. Rev. B 73 224412
Theodorakis P E, Georgiou I, Fytas N G 2013 Phys. Rev. E
87 032119

Crokidakis N, Nobre F D 2008 J. Phys. Condens. Matter 20
145211

Liu Z Q, Jiang S R, Kong X M 2014 Chin. Phys. B 23 087505
Hadjiagapiou I A 2011 Physica A 390 2229

Hadjiagapiou I A, Velonakis I N 2018 Physica A 505 965
Hadjiagapiou I A, Velonakis I N 2021 Physica A 578 126112
Kaufman M, Klunzinger P E, Khurana A 1986 Phys. Rev. B
34 4766

Saxena V K 1987 Phys. Rev. B 35 2055

Hadjiagapiou I A, Velonakis I N 2019 Physica A 534 122065
Mattis D C 1985 Phys. Rev. Lett. 55 3009

[27]
28]
[29]

30]

Sebastianes R M, Saxena V K 1987 Phys. Rev. B 35 2058
Fogedby H C 1978 J. Phys. C Solid State Phys. 11 2801
Kope¢ T K, Usadel K D, Biittner G 1989 Phys. Rev. B 39
12418

Ovchinnikov A A, Dmitriev D V, Krivnov V' Y, Cheranovskii
V O 2003 Phys. Rev. B 68 214406

Yuan X J, Zhao J F, Wang H, Bu H X, Yuan H M, Zhao B
Y, Kong X M 2021 Physica A 583 126279

Viswanath V S, Miiller G 1994 The Recursion Method —
Application to Many-body Dynamics (Berlin: Springe-Verlag)
Mezei F, Murani A P 1979 J. Magn. Magn. Mater. 14 211

Lee M H 1982 Phys. Rev. Lett. 49 1072

Lee M H 1982 Phys. Rev. B 26 2547

Lee M H 2000 Phys. Rev. E 62 1769

Florencio J, De Alcantara Bonfim O F 2020 Front. Phys. 8
557277

Yuan X J, Wang H, Zhao B Y, Zhao J F, Ming J, Geng Y L,
Zhang K Y 2021 Acta Phys. Sin. 70 197501 (in Chinese) [ /%
5, ENE, O Y, DI, BOES, S 2021 HFIAEIR
70 197501]

Effects of trimodal random magnetic field on spin
dynamics of quantum Ising chain”

Yuan Xiao-Juan f

(College of Physics and Electronic Engineering, Qilu Normal University, Jinan 250200, China)

( Received 10 January 2023; revised manuscript received 11 February 2023 )

Abstract

It is of fundamental importance to know the dynamics of quantum spin systems immersed in external

magnetic fields. In this work, the dynamical properties of one-dimensional quantum Ising model with trimodal

random transverse and longitudinal magnetic fields are investigated by the recursion method. The spin

correlation function C'(t) = (o7 (t)o? (0)) and the corresponding spectral density @ (w)= /

calculated. The model Hamiltonian can be written as

1 1 1 ¢
H = —EJZJZ-IUZ”H - 5231'20'2‘2 - EZBmcrf,

@ i i
where of (o = z,y,2) are Pauli matrices at site ¢, Jis the nearest-neighbor exchange coupling. B;. and Bi.

+oo .
dte'C (t) are

—oo

denote the transverse and longitudinal magnetic field, respectively. They satisfy the following trimodal

distribution,

p(Biz) = pd(Biz — Bp) + qd(Bi-

- BQ) + Ta(Biz) ’

p (Biz) = pd(Biz — Bp) + q8(Biz — Bq) + 76(Bix).

The value intervals of the coefficients p, ¢ and r are all [0,1], and the coefficients satisfy the constraint

condition p+qg+r=1.

For the case of trimodal random B;. (consider B;, =0 for simplicity), the exchange couplings are assumed

to be J =1 to fix the energy scale, and the reference values are set as follows: B, =0.5<J and B, =1.5>J.
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The coefficient r can be considered as the proportion of non-magnetic impurities. When r =0, the trimodal
distribution reduces into the bimodal distribution. The dynamics of the system exhibits a crossover from the
central-peak behavior to the collective-mode behavior as ¢ increases, which is consistent with the value
reported previously. As r increases, the crossover between different dynamical behaviors changes obviously (e.g.
the crossover from central-peak to double-peak when r =0.2), and the presence of non-magnetic impurities
favors low-frequency response. Owing to the competition between the non-magnetic impurities and transverse
magnetic field, the system tends to exhibit multi-peak behavior in most cases, e.g. » = 0.4, 0.6 or 0.8. However,
the multi-peak behavior disappears when r — 1. That is because the system's response to the transverse field is
limited when the proportion of non-magnetic impurities is large enough. Interestingly, when the parameters
satisfy ¢Bg = pB,, the central-peak behavior can be maintained. What makes sense is that the conclusion is
universal.

For the case of trimodal random B, , the coefficient r no longer represents the proportion of non-magnetic
impurities when B, and B;. (B =1) coexist here. In the case of weak exchange coupling, the effect of
longitudinal magnetic field on spin dynamics is obvious, so J = 0.5 is set here. The reference values are set
below: B, =0.5< B;. and By =15> B;,. When r is small (r=0, 0.2 or 0.4), the system undergoes a
crossover from the collective-mode behavior to the double-peak behavior as ¢ increases. However, the low-
frequency responses gradually disappear, while the high-frequency responses are maintained as r increases.
Take the case of r = 0.8 for example, the system only presents a collective-mode behavior. The results indicate
that increasing r is no longer conducive to the low-frequency response, which is contrary to the case of trimodal
random B;.. The r branch only regulates the intensity of the trimodal random B;,. Our results indicate that

using trimodal random magnetic field to manipulate the spin dynamics of the Ising system may be a new try.
Keywords: Ising model, trimodal distribution, spin correlation function, spectral density
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