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P is known from injected current I
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—our-point thermal conductance:

Oroof

Appendix C: Proof of the universality of G for
equal thermal equilibration on top and bottom edges

Here. we prove Eq. (27), namely that the thermal Hall
conductance (26) is universal as long as the two edges
have the same degree of equilibration (even if it is poor).

We consider a generic edge structure with & down-
stream (ds) and N — k upstream (us) modes, and write
the heat transport equation (6) (with §V = 0, since we
assume no voltage bias) as

8.8(z) = M7é(z). (C1)

Here, we defined #(z) = T%(z), and the matrix Mr (7)

satisfies the heat current conservation law

Z(Mr)a,' =0, Vi (C2)

The general solution of Eq. (C1) for an edge segment
with length L > 0 can be written as

—

(L) = e“M7g(0), (C3)

which we express in ds and us blockform as

(0 - (715) (0)- o

Here, the block matrices A € R*** B ¢ R¥* Nk ¢ ¢
RNV-Mxk and D € RIWN-R*IN-K)  In terms of these
matrices, the heat conservation law ((C2) translates to

YA, LE -l W ()
) J
Yoo +Y D=1, i (C6)
) )

Next, we rearrange the terms in Eq. (C4) as

(od.,(m) A-BDC| 5D~ (é‘d,m)) (€
8,5(0) -p-¢ | D! 8, (L)

Let us now consider the top edge, for which the boundary
conditions read 0‘1,(0) = (T + AT)* x (1.....1)] and
(L) =T? x (1,...,1)%_, (see Fig. 4). Plugging these

quantitites into Eq ((""' ). we write the top edge heat
current (20) as

ngz%q( Y (L) -T" Y n,)

L =+1 xi=—1

% ((T + AT)? z: ni{A—BD 'C);;

io)'-x.-"'l

+1% Y w(BD ), -1 Y n). (C8)

‘v Jixi=+1 xe=-1

Jt0p

vxe=+I1 uxy=-1

we combine the two currents as

J5P — et — "—2“- ((T + AT)?) + T%)
x ( z ni(A - BD'C +8’D—l):‘j - Z n.').
£,):xim41 fixim=1
(C10)
Now, by using Eqs. (C5)-(C6), and identifying
Y ni=e (C11)
a4l
Yy ni=g (C12)

the dependence on A, B.C, and D cancels out, and we
find that Eq. (C10) reduces to

I — J5* = % (T +AT)? +T?) (c—&). (C13)

Finally, inserting this expression into the definition of
Gi‘;, given in Eq. (26). gives our desired result (27). Our
proof generalizes the theoretical analysis for v = 2/3 in
Ref. [37] to any edge structure.

JoP = Z: J(LYy— Y K(L), (20)

tixim~1

= Y L)y - Y Ji(o), (21)
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Jt0p *

—our-point thermal conductance:
Droof

where in the second line we used Eq. (C7). For the bot-
tom edge, we have reversed boundary conditions 4, (0) =
T?x(1,...,.1)] and G, (L) = (T+AT)?* x(1,....1)% _,.
The bottom edge heat current (21) then reads

we combine the two currents as

TP — ot = % (T + AT)?) + T%)

) x( Y m(A-BDC+BD ) - Y ).

£,):Xi™41 fixim=1

(C10)

J3°‘=—%°-( Y ndy (L) -T* ) n

vy =+1 ixy=-—1

_ ko (T" Z ni(A — BD'C),, Now, by using Egs. (C5)-(C6), and identifying

2 L =+1 Z ni = ¢, (C11)
2 1 Lxim41
+(T'+AT) Z n(BD™7);, Y omi=¢ (C12)
L) Xe=+1 pxe=-1
—_ (f‘ + AT)2 Z m) (C9) the dependence on A,B,C, and D cancels out, and we
find that Eq. (C10) reduces to

i:x.--l
AEEEEEEEEEEEEEEEEEEEEEEEEENEEEEEEEEEEEEEEEEEENEENETRN

The crucial next step is the assumption that the degrees
of thermal egquilibration on the fop and bottom edges are
identical. This translates to identical block matrices A,
B, C. and D for the two edges. Then, and only then, can

J® — Jioot = % (T + AT +T%) (e —8). (C13)

Finally, inserting this expression into the definition of
C?,, given in Eq. (26), gives our desired result (27). Our
proof generalizes the theoretical analysis for v = 2/3 in
Ref. [37] to any edge structure.
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Complementary experiment at higher Tillings

(b)

v=5/3=14+2/3=2-1/3
v="7/3=2+1/3
v=38/3=242/3=3-1/3
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Complementary experiment at higher Tillings

—~~
Q)
~—

— 5 — v=8/3 T ~30mK
a — v=15/3
<C
?\,I\ 4
o
= 2t
—
O .
-2 1 0 1 2
IS (hA)
These are the values for non-equilibrated channels!
Gy
—_— — nd + nu
K()T

v=>5/3: n;4+n,=2+1=73
v=T/3: n;+n,=2+1=3
v=38/3: n;+n,=3+1=4

(b)
e v=5/3
81 ev=7/3
_ 6l o v=8/3

T, ~ 30 mK

0 1 2

2 2 -3 2

Tl\/l -TO (10 K )

BUT, charge transport is quantized!
G
= U
e?/h

Big difference in charge
and heat equilibration!

CeK LKLY
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