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Without a successful implementation of fault-tolerant quantum error
correction, calculations on quantum computers are subject to noise that
limits their capabilities. Here, motivated by realistic near-term hardware
considerations, we study the impact of uncorrected local noise on logical
quantum circuits. We first show that, in the task of estimating observable
expectation values, any noise effectively truncates most quantum circuits
to logarithmic depth. We then prove that quantum circuits under any
non-unital noise do not exhibit barren plateaus for cost functions composed
oflocal observables. However, by using the effective shallowness, we also
design an efficient classical algorithm to estimate observable expectation
values within any constant additive accuracy, with high probability over
the choice of the circuit, in any circuit architecture. Taken together, our
results establish that, unless we carefully engineer quantum circuits to
take advantage of the noise, noisy quantum circuits are unlikely to offer
an advantage over shallow ones for algorithms that output observable
expectation value estimates, such as many variational quantum machine
learning proposals.

™ Check for updates


https://www.nature.com/articles/s41567-026-03245-z
https://www.nature.com/articles/s41567-026-03245-z

EXRAXELEERREN, TEEAET, MavRHH - EARARE
B R A AZATEMENART, ETHEXRALEREL D ELH
r#H?

— RESRKETLBERE(L]

HELEF, ETHHIR N EETAE “AoETHE” . EWEARRE
ATRSG: GETHHAITEIN-HA58, BLTHRAE, ERHERES
BIE AT, K— REGHEF T Pyl EAM.

BRE, — I THEEIL K. HERaAELm, BLTBEEERNER:
SHEEANEGRERABRTAL, LFLEART —FZoMAE. IMHARE
WA “BEHRKT [2].

EXHEFERET, —IMENGENARZHY k: wRM “EURL” B
| FpE e e, ALETHERTLA A ERE—RWNER,

KRR E AR, EANE AT EHR W TEEFRH LT
WAy, MAELFHAERNET —F: BAXEELFHT, BHEREER
BRIANUAABENERE——ETARRE, ELLRITAHRE TR?

=, ABREFAR

BXA—AMEEIAZHAREL: EAZAMENERLT, EFHELT
#MEMZEEREDH, MAXFTHRELrREFNIETHE LN, I3t
W, FMEAETHLEEXEDH,

EX—FHT, FEFRI - RBEL, TTAREANESF—TEX
NERHEER, MARCEESZRZENFHER —UHELBEFREL
EWEE, ERHAARTER. FRE, TREANUHHELIBERSRE, K
FREBH RAERTFEERAN, RRTREIHILS. NERALE, — 1A
AMEKMTHAR, 280 —IEY K7 BEE2],

BB ERNET BFUEE—ARA N EF BEMMG S At
SEERAES. EAZREAET, ZIRREFTLEARE TR, WA
LR EG.



R ERE, #XEH-IFURERANER: EXMFEHT, RAUTEHF
Tedd “FerErmE” WER, waill, FERA “HEHK A
ZRTMAEHE,

EX—g AT EERAGTHE. REBEET AN ERKL: FTR
ARV BSRIANERAD W, AES5RENHL, EERNERD . #
FER, ZHU “BHREE, ATREARRER, MEAAANCEEER
EEET

MZANREE, RUERES, FTREREEAR, KW RERHREAK
MEREHNITEE T CEHT BT,

ZVREXRRFNETHEENEREET RS
WRATREANAZE-ARELEBH “KE” EMH, Ar—"A 8RR
T BHEWIUHE, LFEETRED?

WXHEAEMY EEE, EAE TRMEN LA, = LIAGE HAE N E #
ik, EeBREAREATREFNTFHETE. XRRE, ELMEFLK
BT, —RKRENETHEHFTLAEERZANRS .

Edt—F, EERURTIARAXRBNRE. TETD MK — MR NER
R R, MAXLRARFTHREFEEEEMRESR. —MERANHFE, 8N
ALBEREEE, 2haw kA AEEZERAMNWER.

WXL g Rz, ERTRNEFEEN, KETERBHNEE EYRL
RAEME, HLIFEUTALBHERERNLNN KB &8, BRAEEL L
AR QR RAARE, NTR/RERARLS, EXMFEILFTE
G- L

%k

SeXE, RRUEXELNEEMLAR: EXAERHENHIRET, 27
WHEAT2BERARERE “RELSE” . BR, ERFEHT, x—HhHEE
BES, ERABREFUHAFREARR LERN-—NPRERNEREEM, ©
17T DA 2 38 5 i 8 R



HETUHEAARY, REFARUPHE - ERNRERTE . FERAF
M FHR Gil Kalal 2 ETHHEIBF 28 “PRLE" . faTE 0N
RIFEETIEZIAWEE, MEANRFEZEMITEELENAZEH A, L
AEANEZR G T, ®F (Noise) RAAMMHYER(3]. S HRXEL XL
5t % Gil Kalai B9 RRHET HAVILE, R, RFHLETE T HEY
DLER BE B9 KB

ERE

[1] EF4BRE
HETUHETRESRNER. RERA, BRFTHLIEMRL,

(2] #EHK
ERAEES, BEEEWMERNT W ADN, HERLTH, KL

S 15 I X
[3] #4%# Gil Kalai M EFiHEFENEOE S,

1. 7 AR XM T A

ERMNENAEE ML ey, 7 LE 45K H. B Kalal A,
EAABRETRAGT, REXARZTHEMERN. IMHHEREE 2 HEAEEFE
BREK, RAMREITITE,

2. ETHMEH “IIEFER”
LHETHEFERRRELE AW EWEE. Kalai ls, WEF LA
E—MRETR, IATREGTHEAMFHAE. ZERERNKTLEE
AN “BREBEE” MK,

3. WHaehw “FREMN”

AT EEREE R, X%FTHWETRAREAR L REAEH 2 W
HFEM, aAEERESH, ARAATRTEETEN, N “ET
AR ISR A o R LASEE .

4. #FE XPE

ETARENT, MBI EREHEE RGE, Kalai WA, AEAE
ANBERGFREFHETE, REEERNTEERET, 287 T BANELRN
£,

N R

Gil Kalai NAEFUHHEARR LETT ZEW, tANNEE TLEH
B, B ANE, TRNEEE T ITENENEREFTHE ERMETT
1 Y o






