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KBaHTOBas cynepno3uuusa — 3ato 6asa

Kot LWWpéauHrepa |\If> —

a1 |cat alive) ® |atom radioactive) +
+a |cat dead) ® |atom decayed)
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It's the EPR paradox! 9

U) = ay |Uy) + az |¥g)

BonHoBas pyHKUMSA Kak
Ccynepnosnuma pasindHbIxX

SHLWTENHa-MNoaonsckoro-Po3seHa
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UHTepchepeHUns — 3KCNEepUMEHT C ABYMS LeNSMU
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KapTuHKa ansa yactu,

n . v |
[MocmoTpuTe BuAeo Ha Veritasium| VertDider R /7 BOnR:
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UHTepchepeHUns — 3KCNEepUMEHT C ABYMS LeNSMU

VNHTEHCMBHOCTL = MIOTHOCTbL BEPOSTHOCTM ) .
= KBafIpaT Moyl BO/IHOBO (oyHKLM W) |" = (g cos(kairy) + az cos(kars))

Ha camom aene Tak:

2 . . 2
- H m- )| = |ag exp(ikyry) + as exp(ikars)|
% ?éj\ \ i
a% yepes Obipky T
£ =
2 %\
'a
I
KapTnHka ansa 4actul, TOYHO Kak A5 BO/H?
Hy He coscem.... Hukakon nHtepdpepeHumn HeT, eC/In TOYHO

M3BECTHO NO KaKoMy MyTu npoLusia yactuua!
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[lapapgokc ¢ coneHougom. Pasa AapoHoBa-boma

Incident
electron

a8

Mapagokc:

Hukakas cuna He AeCTBYET Ha
3/1EKTPOH

Ho cuna aencTByeT Ha KpacHbIid
UWANHAP, N OHa 3aBUCUT OT TOrO, C Kakow
CTOPOHbI OT HEro NPOSIETEN 3/1EKTPOH.
(3akoH ®apanesn)

3Ha4nT, Mbl MOXEM Y3HaTb MyTb, He
paspyLmB MHTepdepeHLMOHHYIO
KapTuHy??! Ha camom faene HeT.

I BCce-Taku MOXXEM BO3/1ENCTBOBATL HA
NHTEephepeHuunto dpason AapoHoBa-boma

W) =y [Wq) + e Pas [Ps)
® =e/h- | Bdxdy



Pepmu mope. INEKTPOH. [bipka.

iIMNyNbCHOE NPOCTPAaHCTBO

OCHOBHOE COCTOsIHME «B036Y)/AEeHHbIE» COCTOSAHMSA C OAHOW KBa3uyacTuuen

OuyeHb MHOrO 3/1eKTPOHOB KBa3Wn-3/1EKTPOH KBa3u-AblpkKa
HO HM OQHOW KBa3N4acTULbl

depmn Mmope
N 3/1eKTpoHOB

a Py

depmum
NOBEPXHOCTb
- KBasnuyactuubl BegyT ceds1 BO MHOIroM Kak OOblYHbIe YacTuUlbl
Px Y AbIPKN, 0gHaKO, 3apaa NPOTUBONOMOXHbLIA U CKOPOCTb TOXEe

Cynepnosuums anektpoHa u gbipkn:  |U) = o [N + 1) + ap [N — 1)



InekTpoH. [Ibipka. AHApeeBCKoe OTpaxeHue

i Maeact AHOpeesckoe ompadiceHue
ompaiceHue
@ n @

npocmo CMeHKa Ceepxnpo8odHuK
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AHapeeBCKoe OTpaXeHue B MarHUTHOM none

[IByMEpHbIli cyyaii, 3/M1eKTPOHbI B NepneHaAnKyISpHOM MarHMTHOM nosie

HopmanbHoe oTpaxeHune,
«CKauyLume» opobunTbl KpaeBble KaHasbl

O

AHlpeeBCKoe OTpaXeHue,
«CKauyLume» opounTsl
AHZpeeBCKMe KpaeBble KaHasbl

AHOpeesckoe
_omjpaniceHue

Ceepxnpoe00HUK
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Recent data for semi-super in Quantum Hall

phene-hBN stack with MoRe superconductor

B=3Tuv=2
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~ \
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© 50} ‘
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5.2 5.4 5.6
Ve (V)

Relatively small and random non-local response

Zhao et al., Nature Physics 2020



Recent theory of Andreev scattering in Quantum Hall

(@) G=1/V
9DEG QB
o KN ZA < h G = G21 — 262/h (T2€16 — Tth)
—> ) i o ?o—*
P> = ié
N1 ‘SC ‘ NZ\L
| Y AVt
I 2 e IA / Gmax Ia = L/90

i AL

At L > [, conductance G is distributed uniformly G G

in the interval [—-Gg,Gg] with (G) = 0 and variance lA z_riai . _ _ LA___ ‘E /_19 _
(G*)) = G3 /3. Thus, the conductance fluctuations pat- n_ n n (\q N/\" h /\
tern is sign-alternating and evenly distributed between A A m {\ {\M M

positive and negative values, see Fig. 1(c). L WU_U U_UM N_V | W UUUWU WJ[\IM \9[1 n

Kurilovich et al., arXiv 2022
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Edge propagation as a rotation in e-h hasis

~ A (b) electron
€ _K % h G>0
IN Ju) g o ouT &
£ Kurilovich et al., arXiv 2022 \s
4 l
The change of the wave function across ecach eclement is G <0
hole

small. Therefore, we can describe the wave function evo-
lution by a differential equation:

zi ac(x)\  [—0(x) o (2)\ [ac(x) (10)
Ox \an(z))  \ alz) J(x) an(x) /)’ '
Here ao(x) and ay(x) are the electron and hole compo-
nents of the quasiparticle wave function, respectively. ( a ) N ( a )
e A e
out m

Andreev and normal scattering in the proximity region: an an
A . A t ten 2 2
1. random rotation in the e-h basis S = (_ei ti )3 Leel” + [ten|” =1
eh ee

(like a g-bit on a Bloch sphere)
2. conserve the total number of quasiparticles
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e-h interferometer in QH edge channels

gates gates




How propagation matrices look like

gates gates

-« - —€
C g_ tee ten . 2 2 4
] . -4l iy _*h +* ’ |tee| +|teh| =1
1 1 1 e ee
RO
-} -1
| l' A ‘\
[ ]
] \_)
___ A : P
] ﬂﬁﬁ: ] l@w:
2 141 g 1 2042 |
1 1 1 1
- / ' - "/ 1
E ﬂ’ E LM
"R, T 1 . T 1
Y o Y

. ipa L
free propagation along the edge: A = (6 0 6_9¢ A); B, C similar
reflection f triction: By =( . 0 & 2
rom constriction: 1 ={ . Ry = |ri|"; T1 = |t1]
. Ri+Ty =1
transmission through constriction: 17 = (01 t*)
1
ot — 0 NOW SOLVE!

usual QH symmetry relations:
r’t+t"r' =0



Calculate the interference

one-full-turn matrix

AN AN A

My = R,CR,BSA

propagation matrices from N; to Ny and from N; to N

A

(15 2) = AB§A<1+MO+M02+...)T1
A N A ~\ 1 " ~ A

~\ —1 " " ~
_R_R1+T’(R’1) <1+M0+M02+...)T1
1



Interference of all turns

" ~ 9 ]

-\ -1 1
1= M) = .
( ’ 1+ RiRy — 2v/R1Ro |tee‘ COS((I) + CL?“g(tee))
1 — |rire| tie™™® — P 7o tenet(®—204)
— |riro| £, e E204) 1 — |rirotee| €®
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Block matrices and conductance matrix

The full quasiparticle scattering amplitudes are ob-
tained by taking a sum over all possible trajectories inside

the interferometer and are contained in the blocks:

~ 1 -
1 1) = —
(1—1) RRl

[1 (- MO)—lT}}
1

(1 —2)=ToBSA(1 - My)~'T}

where, in the notations of Ref. [3], 3%’8 represents a

scattering amplitude of a quasiparticle of the type f
from terminal N; to a quasiparticle of the type «

in the terminal N; (a,5 € e/h). Also I defined
~ s ~ —1 ~ ~ s

above M} =C"1R] MyR|C and used the identity
~ ~ ~ 2

(1—=My)~ ' = (14+ Mo+ My +...). Without the loss

of generality, the phases accumulated by a quasiparti-

cle before entering the interferometer and after leaving

it are assumed zero and corresponding evolution is given
by identity matrices.

@52 = By [L-BTy - M) YL (30
af __ |.aB2
with i — |Sz‘j |
. sgf &5
he Jhh R i __ z€ . ree eh)
UL Gij = dV; — h (95 Li; — 15




Backsattering (1— 1)

. — | 1
(15 1) =5 By + T} (Rg) (1 d Mo) i —
— | -1 e
R —42@) @—M) T
R 1+ R 1 1 0 1

normal backscattering amplitude:

(1 —; o T (1= VR R Jtec| ™)
11 Ry 1+ R{Ry — 2\/@ ’tee‘ COS((I))

Andreev backscattering amplitude:

r1 Tl\/mteh ’L'((I)—QQSA_QaTg(tee))

R —
( Iz Ri 14+ RiRy — 2/ R1 R |tee| cos(P) )
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Some results

(b) Gor |

gates gates

7 0.5 \}
o

: [IJR’l,Tl’ 1
1
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Main features:

* Diagonal conductance may
exceed quantized value
Py \ / \ / \ /
i05— \x_// \\_al \\_,/ ]
S * Non-local conductance may
-0'5—’/—_~\\ ”—-\\\ /,’_\\\- . . 5 o
o, = - - : * A-B oscillation clearly visible
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