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Table S1 Default training parameters of MTP.

Parameters Value
Radial functions 6
Radial basis size 8
Alpha moments count 2,621
Alpha index basic count 421
Alpha index times count 15,431
Alpha scalar count 500
Cutoff 5A
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Fig. S1 PDOS obtained from temperature renormalized lattice dynamics using MTPs: (a): La2Zr207;
(b): La2SrAl207; (c): LaPOa.
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Fig. S2 The predicted multi-phonon scattering phase spaces including 3ph process on the upper
panel and 4ph process of lower panel using perturbative LBTE approach at 300 K: (a) and (c):
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LaxZr207; (b) and (d): La2SrAL207; (c) and (f): LaPOa.
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Fig. S3 Phonon model Griineisen constants and phonon group velocity with the inclusion of three
and four-phonon scattering processes for the three crystal structures within the perturbative LBTE
method: (a)-(b): La2Zr207; (¢)-(d): La2SrAl207; (e)-(f): LaPOa.
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Fig. S4 Convergence behavior of lattice thermal conductivity versus correlation time in non-
perturbative EMD-KG method for La>Zr207: (2)300 K; (b) 500 K; (c) 800 K; (d) 1100 K; (e) 1500 K.
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Fig. SS Convergence behavior of lattice thermal conductivity versus correlation time in non-
perturbative EMD-KG method for La>SrAl207: (2)300 K; (b) 500 K; (¢) 800 K; (d) 1100 K; (e) 1500
K.



(al 50 - (b,)._ 50 (C‘L -
~ Unfiltered e ' Unfiltered
£ 40 l=rFiterd | E 40 _[g*ﬂ 25 —Filtered_|
= =3 = 20

30 J }
Fry Fr =10
s = = ST
5 s S 5. | N
o T =] 20 22 24 26 ™
5 §1° - & Lo
o o ) . 0 . i
— — 0 L _|I - - =
£ £ £
= 5101 o 5
= £ -
= = 0 =
30 0 5 10 15 20 25 30 0 5 10 15 20 25 30
Time (ps) Time (ps) Time (ps)
(d)_ 20 (e) _ 40
< Unfiltered & ! m‘
—— Filtered 1= ——Filtered

§ 15 2.0 § 30- 2.017 L

= 1 5] = 1 15

Z 10 I — = 204 1ol

.E | us1 % 05

5 5 P I 3 10+ 0@ W -

f = — f= —

Q + .. [=] | |

(SR Lo O 04 L

© ©

E 5| E 10

[ [

£ K=

F 0 . . . . . F 20 . ‘ ‘ ‘

0 5 10 15 20 25 30 0 5 10 15 20 25 30
Time (ps) Time (ps)

Fig. S6 Convergence behavior of lattice thermal conductivity versus correlation time in non-
perturbative EMD-KG method for LaPOs: (2)300K; (b) 500K; (c) 800K; (d) 1100K; (e) 1500K.
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Fig. S7 Fitting curves and results of lattice thermal conductivity versus temperature for EMD and
experimental values using 1/T* relation: (a): La2Zr207; (b): La2SrAl207; (¢): LaPOa.
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Fig. S8 All g-Slices of pSED results at 300 K and the Lorentzian fitting curves of LaxZr207: (a): q =
0; (b): q=10; (c): q=15; (d): g = 20; (e): q =25; (f): q = 30.
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Fig. S9 All g-Slices of pSED results at 1500 K and the Lorentzian fitting curves of LaxZr207: (a): q =
0; (b): q=10; (c): q=15; (d): 9= 20; (e): q = 25; (f): q = 30.
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Fig. S10 All g-Slices of pSED results at 300 K and the Lorentzian fitting curves of La>SrAl2O7: (a):
q=12; (b): q=20; (c): q=24; (d): q=36; (e): q =48; (f): q=T72.
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Fig. S11 All g-Slices of pSED results at 1500 K and the Lorentzian fitting curves of La2SrA12O7: (a):
q=12; (b): q=20; (c): q=24; (d): q=36; (e): q =48; (f): q=72.
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Fig. S12 All g-Slices of pSED results at 300 K and the Lorentzian fitting curves of LaPOa4: (a): q = 0;
(b): q=10; (c): g =26; (d): g =36; (e): q =40; (f): q = 56.
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Fig. S13 All g-Slices of pSED results at 300 K and the Lorentzian fitting curves of LaPOu: (a): q = 0;
(b): q=10; (c): g =26; (d): g =36; (e): q =40; (f): q = 56.



