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Excitation spectrum in high-field phase |

THz spectroscopy Heat transport
| 40 v . | 0 0 | v ; . | . . | . . | 0 . I 90
[ 5 |
| max 35 | regime | :C regime | 1 80
< | : '
@ 30 170
g | |
3 17 ¢
Q N
> | g min =4 50 xm
ol 1 % _ 40 =
GCJ Kitaev-Heisenberg | §
> paramagnons {130
c s :
O L ;
el g = 20
o I o S o 1: ° |
& —
e h' LB 1
. — T — — — — : — 0
0 4 3 12 0 3 6 BQ(T) 12 15 18
Magnetic field B (T) [Wang et al., PRL '18] [Hentrich et al., PRL '18]

. H ich, ..., LJ, l., PRB ‘2
... consistent with ESR [Ponomaryov et al., PRB ’17, PRL 20 [Hentric J, et a 0]

[Wellm et al., PRB '18]

Gap @ 13.5T: A(Q =T) ~ 4.5meV vs. "g“ A(Q) ~ 32K ~ 2.8 meV




Excitation spectrum in high-field phase |

Photon energy 7im (meV)

THz spectroscopy

-
O o Lu
° o 0 Y
> o

e
0 4 8
Magnetic field B (T)

9

3
Q
X

min

=
~_w

12
[Wang et al., PRL '18

... consistent with ESR [Ponomaryov et al., PRB '17, PRL ’20]

[Wellm et al., PRB '18]

Gap © 13.5T: A(C_j =T) ~45meV

VS.

7

Heat transport

40 . 0 I 0 . I L | 0 -
' B

¢ regime |

|

. |
regime | !
|

1

Kitaev-Heisenberg
paramagnons

5 05 03 00 -03 -05 |
‘ & aTKab
0 . . . . . 1. | . . | . . | . . |
0 3 6 9 12 15 18

B (T)

[Hentrich et al., PRL "18]
[Hentrich, ..., LJ, et al., PRB ‘20]

min A(Q) ~ 32K ~ 2.8 meV

Q




Excitation spectrum in high-field phase Il

Inelastic neutron scattering R3

TN
9
%

Erergy (meV)
w
/
I
\
e
|




Excitation spectrum in high-field phase Il
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Inelastic neutron scattering
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Dynamical structure factor (LSWT)
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Temperature-field phase diagram

LN e e o e e e I (1/GPa)

) 2.0
7 1.5 B
] I 1.0
H0.5 \
H0.0
QPM | C

1-05
% [Wolter, Corredor, LJ, et al., PRB "17]
/ /. 1.0 [Gass, Cbnsoli, ..., LJ, et al., PRB '20]
0 1.5

10 12 14
-2.
ﬂoH (T) 0

Temperature (K)

N




Temperature-field phase diagram

LN e e o e e e I (1/GPa)
2.0

8 2 1.5
< ¢ - B
) 71.0
S 6 3
© H05
0,
e 4f {00 ¢
GE, QPM C '
|_

2 % / I AC susceptibility Thermal conductivity
-1.0
0! / / 15 sample 3 sample 4 ‘
10 12 14
,UoH (T) 20 ;V
J 2 K
' 5K 3

X © ko
ac m
2 | E
B || {1,1,0} o __ 4K| © |ak
O “
3¢ | . 5K ¥y
6 K
2K

02 46 8101214 2 4 6 8 10
B (T) B (T)

[Balz, LJ, et al., PRB '21 (Editors’ Suggestion)]




Temperature-field phase diagram

LN e e o e e e I (1/GPa)
| o-RuCl, ] 2.0

F 1.5

-11.0

los \ Neutron diffraction
—10.0 “ ] Im

A

"}l ,
QPM | C

Temperature (K)

—— 35T
L T | & —— 6.6T
’ / ' / : 1.0 low B | ‘ 4 4)
0 £ 2 14 ! ,A 1.5 JE—— i -;~-~ e ‘
0 2 4 6 8 10 12 14 P L) (&#&
toH (T) 20 o O - f

1
i
l
\
|
J
. 4
~}';
<4 N
|
N
.
P/
[N
v ! ”
4

B || {1,1,0}

Intensity (|ng'§}

T(K)

-1.5 -10 -05 00 05 1.0 15
(0.5, 0, L)

[Balz, LJ, et al., PRB '21 (Editors’ Suggestion)]




Temperature-field phase diagram

LN e e o e e e I (1/GPa)

| o-RuCl, ] 2.0
8 - 15
”:1\ -11.0 _ ]
A } .. \ Neutron diffraction
1 .
QPM C‘ 1°° “ ' Ibf&

—4— 35T

/' ' ?Z Low B N ‘ —— 6.6T

A -

Temperature (K)

N

|

’ New zigzag phase with different out-of-plane stacking! T

L 20 ;
14 2 =
B 1] {1,1,0) > B 2
2 b
c
10 _
=
o \ ,
: ~15 -10 -05 0.0 05 1.0 1.5
2 (0'51 Or L)
0 2 4 6 8 10 12

B (T) [Balz, LJ, et al., PRB '21 (Editors’ Suggestion)]



/igzag stackings

B<6T: "“3-fold zigzag”

Frontview ||a+b
*—@ o—@ ®

12

Frontview ||a+b
*— —@ ®

N =

)



/igzag stackings
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Comparison model vs. experiment
Field-angle phase diagram

Ki <0
Ko, 0.6 ct c2 [ rl/ Kl P
S
CE) g .5 Jl/ Kl — 01
GL>)\ 3‘% J3/ K]_ _ O 1
— @ o4
O
E 3f-zz J, >0
" KJ_/JJ_ — —1.14
so4{ T=2K © Bei (Xac) © Bez (Xac)
0 ® B (Xdc)
W,
7 75 B
8 ~~
2 £ 70-
e O /
o 6.5 - <
o
X
LU zz1
6.0 -

I I
0 30 60 120 150 180

90
¢() Y [Balz, LJ, et al., PRB '21 (Editors’ Suggestion)]



Comparison model vs. experiment
Field-angle phase diagram
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Bragg peak intensity vs. field
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