#) 32 % 3R Acta Phys. Sin. Vol. 74, No. 21 (2025) 210301

SFSEHEELRENS T

B 4 A V291

1) (IWARTRIFEBECE S5E BRE%0, A 264005)
fi A

2) (& T RKR A S R AT TR S =

M& 264005)

3) (VURFEAR SN ILAE TRBIS G, G 264005)
(2025 4 7 H 4 HigF; 2025 4 9 H 12 HYZRIENUH)

TEE T HEIRPIE h, R GE P AN R sl G A7 70 4 MR P (005 ) 2 R A B 7 W2 DRV 15 IR XE. O T s R A -
GEURAS I IR [ 520, 5 PR B A p B BTIR HARAS o IR AL AETE % 182 00 ) 46 A5 51 22 0y H b 25 ) 00 e
e WL AL R R (p — p') AT LAZ W5 25 Al i f2 v T B R BE T, O HE B0 O HARES M B S 918540
B LO(EL. — e, 2075 200 e AL R A DR RMERY . 7E— B 20K B 7 B IRBIE b, AR SCHESE T P i Al
Iy P FAL R B AT RE: 2 o > 1 R (p — p') BN BACHE S 2250, I ELIE W3 21 0 P e R Fdn e 4
HEAL T AL AR AR N L3R 20 A AL . G 46 56 R AR WY 224K R 48 vt 1 WU 20 A LA K 7 2 06 i et 1 B DAY

PE B e A7 AE A

REIR: BT RIRENE, Wb, BT CR
PACS: 03.67.-a, 03.65.Ta, 03.65.Yz
CSTR: 32037.14.aps.74.20250877

1 g

RO HESR (40 2 I B GE R 1Y) ) B
SER— AT A T AR A TRAERE SR, X
MES R A HSESF . HHEEES O s E
G TR H R SRS R g
JEE M BEUR (magic resource)™ | & AT B0
F EHL (quantum scrambling)' 55 . 2 B i (1) 5
A AR R R B 5 DL BRI A5 T R e
VR PRV EVE S S 0 M BT, X Seii e ir iy
HTRIE A € OFR O A MRAE; —Bo, KRG
AMILERFHFENERNARE o e F, HpMhE
TEPRARBEL, BT A(o) e F. HWLHY A H
PRAVEAT 2 20 52 IR G P Y R R S 2
(LOCC) ., AT SIS AR AR T4 ESE. fE—i

i

DOI: 10.7498/aps.74.20250877

BT RIS (general quantum resource theory)
HEZErh ) — AN BRI (R X 25 2 i) 4f &
BpH5BWETEp , BEATEAMBRE A, 15
Alp)=p'?

fi%ilt, Shiraishi 5 Takagil'? 25 i #)) No-Go &
R R TR p P AIE 0 E T I G (p) £ 02
ST AR B, T A A HRERE A
PR B A, (R, B0y e JRASTE A
VE A AT LIS iR i BARAS. g (1514
WA 21 25 55 Y5 RIS TR A

) = ? I11) + @ 122) + 1£00 133)
WEABERE LOCC #:4bh Hbrds
\gzb) = \/TTS |11> + ? |22> + ? \33) .

— P 5 22 03 AR TR] B9 B0 A5 BE RS 4R i 1 A E)

*ER A RPIASSE (S 61771294) FILLZR T RI2ABE R G sh 4 (i 014-306518) ¥ B iAEL.

1 E-mail: gaomei8006@126.com
© 2025 FEYIEZS Chinese Physical Society

http://wulixb.iphy.ac.cn

210301-1


http://doi.org/10.7498/aps.74.20250877
https://cstr.cn/32037.14.aps.74.20250877
mailto:gaomei8006@126.com
mailto:gaomei8006@126.com
http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

#) 32 % 3R Acta Phys. Sin. Vol. 74, No. 21 (2025) 210301

TR AT REPE, XFMEZ MBI Glh) ik h £
1y HARSHUIRAE, BPR by it 28 8] B e Ak 1117,
R E AR 0 RIS rn Y235, Horprr
SRR, TR T B B Er6E
BEIR A ASTE B 130 A5 A i 5 R 47
FEEEME, BREET A R ERRE S S 4
IR — M RXE Y I AR 55 0 Tk 55 % B2 A 1
17 () B2 A, Marvianl™® iff 5% 7 & 1401
TE R HH I X A A I B Ak IRl R, A8 R B O
#E (covariant operation) AT fa] 4 Fir &5 8% % 1k
R A S W e A R IR 00 3 g2 PR Dy RV
G (p) ~ O}, W% p B HFRZS p WAL R BENRM:

0<R(p—p)<

Horb G R ATINAY TR IR &, 28 AR U
FSCHR [19] B2 BE 4. 75 28 A0S, XA
3 T HAT g nl i S al v 5T
DR (HU R 2 B 1 BT R o A i A a2
PRI

BEARTEIAT S Br i B TAE S I 2 55—
FARGE (WAE), ASCK B 56 Ganardi 55 19
KT A AR I I R AR A A R = —
e PR BHR LS T, 155 A RN R BT
RSB IRTR A H AR 8 5% AL 5 10l n]
A SRE A R = — R 2R TR
e, AR T A AR I A PE R 25 2R, LA
PIFERRI 5> B o > 1 R (p — p') IR B BCHE G
FIER. XL R AR ARG b 1 3R
f8 731 LK 2R G ) 1 B A T R A7 A SR A
(. FATEHITE T A PREEAL RN PRAY AR (R
S5 HABSETIFLAL R I 0 A RFAL.

2 EAMA

AR R B S R A A

1) & ny

XTRFEERG, # G(pa®pp) =G (pa)+
G (pp) WIFR G J&KFATINEY; 75 G (pa) =G (pa) +
G (pp) MFK G RPIKRSG HEBATINRY, Hrh pa =
trg [paBl, pB =tra[pas].

2) PR CR K (CKW A%

BT I R AR AN A 2 W 2 R T R 5
Hh iR A R — R T, R T

o R S A A BRI 022 X T N-qubit 2%
PAB,..By_, METHRIRER G, 7TEERRI A |B, - - -
By_1 I, lRM Coffman-Kundu-Wootters (CKW)
R
Rap,..By_, 2 Rap, + Rap, + -+ Rapy_y,
Rap,=R(paB,),
RAlBl"'BN—l :R(pAlBl"‘BN—l)’
PAB; =B ..B, 1B i1 Bx_1(PAB1-Bx_1)s
i=1,2, .. N—1. (1)
AR E R G AN CKW A4S, (HZ
R AT SCHA) PR P AN A 28] X P — 2 e R
MIESCE o, A
Ro\gy By, = Rap, + Rap, + -+ Rip, .- (2)

#il4n: Concurrence 5% B 24 J5 AN I A FATE 14 AN 55
., fHJ& Concurrence i o (o > 2) K 5T 2
Y o (o > V2) YCREAE N-qubit F 58 I A LT 14
P

3) Wik ik

iCpHp AHERGE SH S PHETFS. X
FAL B R T RE/ N IR e R 6, EATAEIE LK m,
FIEHBE A §on — o8] {75

HA (p®™) — p'®kH1 <e, JH % +d>r, (3)

lim
n— 00

=0,
1

WIFR - 2 A FHARAE AT p B of BT HIE 5 1L,
Horft Ty =t [VITT| 2 ReF 405 T 0l e i
— A, —FI AR (A, ) F TR L
r B9 LSRR p B of HOMTTEE AL R

R(p—p')= sup {r},
{An)

’A (p%") — p/®LrnJ

] ISEH R

R(p—p')= sup {r
{A.)

n— oo

lim HAn <p®n)_p/®\_7‘nj

1 } '

(4)
4) HPrFEILE

1 br %46 (marginal transformation) *% R,
(p— p') &SRy 10

R, (p — p') = maxr, (5)

HAp X FALE R IEE e F 6, FAAEIEEEE ke, m FTH

HEE A, (15

210301-2


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

¥ 1B ¥ Acta Phys. Sin.

Vol. 74, No. 21 (2025)

210301

A (p)
5) HBrEEE LR
1 Br 1) 48 4L F 4k (marginal-catalytic trans-
formation) & Ry (p— p') XA Ry (p—p') =
maxr , HHPXF AL B A IER < F1 6, fA7F IE 34K
kym, H AR AT 7, (75
A (p®*
HHpe=1c, m/k+d5>r.

m
= p1zem, llp; — P'lly <, & +6>r. (6)

® TC) = P12---mC, ||pz - p,”l <§g, (7)

3 WL EE AR A

295 B A )2 R RE R PO SR TE
N R BEIR BRI h SR AR BT TR T S AT
TP S5 26 Ja P A i R R A HUR, E— 24
THEIRIE T, A AE B 8 TN i i R
i U E— R B IR IR RS, AR I
RN Z A 8 R G0 BRI o B i Ak % 1 45
AR, S — 200, X TR BARES o/, B HIZE
LA BIF 5 3R WS TR T 0 B e Ak B8 R B ) A 5 Ak
BRAE T A FHIE.

T et Ganardi 45 19 3¢ T 24 2 7% 18 1 47 i
AR BB AT 2 — R r P A R R
.

I 1 X TR HIRETE pf AR
PR R TR pro, A (WA 1)

R(piz—=p )2 R(p1—p)+R(p2—p). (8)
iIEEH ﬁ"’l ﬂ:‘n’f'g ﬁ‘%”%pl — p/*ﬂpg — p/ E(J

©

95

®
©

@
@3@

9%

R(p12—p’)

Bl 1
FIRMETAERRE T RE P

EIES

\Y

ZARR G, PR T AR M R C R A BRI A KA B T AARR S BT R IIA,

Tﬁ?%ﬂﬁ% Ij”J'rz\ (pz%p)v/\t'jle{l 2}
N 7 R RAR R DL R (3) ST X AR RS
e € (0,1/2), 177E 6; € (0,1)  IEHEKL ks, ml, FIE
BAE AL (15
HA’i (pf@k) — p’®m/i . < &2, % +8>r. (9)
Wk =k ko, WX TAEREM € € (0,1), fETE
§ = {01,020}  IEEEEU m,; F1 A HERE A, , 15

H (10) A=A RE XA, X AT RS
IEEES po = |0) (0],

(p(l@Qk) I®m1

<A e L (p55)

<é? (10)

® ps H
Ny

e ot 0,

< HAI ® L (pfy) — pi™ ® (tf3w23)®kH1

+ HP?W ® (trzwa3)®* — p§™ ® PéekHl +e,

(11)

Hoop I B4 A T RGO T, was 2 pro
e G LRI PIATS, I HLtrgwns # py . LT

HA1 ® I (p(%k) - p?ml ® (tr3w23)®kH1

<ot P (Ao s (6) P © (i)™,

(12)

JEH

©

OL0_ f

ele e

R(%'w) +  R(pp)
D F

i ece

Fig. 1. In any multiple quantum resource theory, the bipartite asymptomatic transformation rates obey monogamy relations. These

left gray and right white states in the top-right image are quantum states in the first subsystem, and these left white and right gray

states in the below-right image are quantum states in the second subsystem.
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Abstract

In quantum resource theories, manipulating and transforming resource states are often challenging due to
the presence of noise. The resource manipulation process from a high resource state p to a low resource state
p' involves asymptotic multiple state replicas, which can be considered as overcoming this problem. Here, the
asymptomatic transformation rate R (p — p’) can characterize the corresponding quantum manipulation power,
and can be calculated as the ratio of the copy number of initial states to the copy number of target states.
Generally, the precise computations of asymptotic transformation rates are challenging, so it is important to
establish rigorous and computable boundaries for them. Recently, Ganardi et al. have shown that the
transformation rate to any pure state is superadditive for the distillable entanglement. However, it remains a
question whether the transformation rate to any noise state is also superadditive in the general resource theory.
Firstly, we study the general superadditive inequality satisfied by the transformation rate R(p — p’) of any
noise state p’. In any multiple quantum resource theory, we also show that the bipartite asymptomatic
transformation rate obeys a distributed relationship: when o > 1, R* (p — p’) satisfies monogamy relationship.

Using similar methods, we demonstrate that both the marginal asymptotic transformation rate and marginal
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catalytic transformation rate satisfies these relationships. As a byproduct, we show an equivalence among the

asymptomatic transformation rate, marginal asymptotic transformations, and marginal catalytic
transformations under some restrictions. Here marginal asymptotic transformations and marginal catalytic
transformations are special asymptotic transformations, where the initial state can be reduced into target state
at a nonzero rate. These inequality relationships impose a new constraint on the quantum resource distribution
and trade off among subsystems. Recently, reversible quantum resource manipulations have been studied, and it
is conjectured that transformations can be reversibly executed in an asymptotic regime. In the future, we will

explore a conclusive proof of this conjecture and then study the distributions of these reversible manipulations.
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