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https://journals.aps.org/rmp/abstract/10.1103/RevModPhys.86.419
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https://arxiv.org/pdf/2309.03108.pdf
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Process - Universal Quankum Cumpu@aémn

Non-skabilizerness

Magic




Process =- Universal QMQMEMMCQMPMEQ&QM

Hinder UQC —>

aic-breaking channels

arxiv: 2409.04425

A. Patra, R.G., A. Ferraro, A. Sen (De) THING AS MAGIC.



https://arxiv.org/abs/2409.04425
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M&giﬂ-ﬂbr@ﬂw&v\g channels : Definition

convert any input state to stabilizer state at output

necessary for fault tolerance

efficiently simulable on
classical computers

Group22: Procs. of the XXII Int. Coll. on Group Theoretical Methods in Physics



https://arxiv.org/abs/quant-ph/9807006

M&giﬂ-ﬂbr@ﬂw&v\g channels : Definition

~yy

T = {Aﬁd"“:d Uy o A=) € STAB(CHYp € a:d}

convert any input state to stabilizer state at output even with non-Clifford
post-processing

(similar to absolute separable states Phys. Rev. A. 63, 032307 (2001))


https://journals.aps.org/pra/abstract/10.1103/PhysRevA.63.032307
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Pro rtie

$ Unitaries can never be MB

STAB is a discrete and finite set in any dimension

Unitaries involve infinitesimal rotations as well
=> cannot always transform any state to a stabilizer
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¥ Channels destroying magic of pure states can do so for all states

P = Zp,-h/fi)(l/fil and STAB is convex

Does not hold for breaking channels in non-convex resource theories
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% STAB IS convex



Pro rtie

¥. MB channels form a convex and compact set

Limit point of {MB}
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Unitaries can never be MB

Channels destroying magic of pure states can do so for all states

sfe MB channels form a convex and compact set

€ B,(Ag) N MB)

open ball of radius 1/n



..'.. o h."‘ ‘».. L h.,v.
' v o ‘ v o
. .
SRR IR ;
. - o .
: »
=
oA o _. 5 - win
3 X ‘ ; { < T
= [
: : A
y -y v -

Unitaries can never be MB
Channels destroying magic of pure states can do so for all states

sfe MB channels form a convex and compact set

€ B,(Ay) N MB) _ | A, = Ag

open ball of radius 1/n
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Unitaries can never be MB

Channels destroying magic of pure states can dO saiBy &l states e

sfe MB channels form a convex and compact set

e B,(Ay) N MB) {7, = Ay(p) € STAB}



Unitaries can never be MB
Channels destroying magic of pure states can do so for all states

sfe MB channels form a convex and compact set

I

e B (Ay) N MB} {7, = A,(p) € STAB}
Iim A, = A, ”
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lim 7, = 7, = Ay(p) € STAB (closed)
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nitaries can never be MB

Channels destroying magic of pure states can do so for all states

sfe MB channels form a convex and compact set

= Bn(AO) M MB} {Tn fic An(p) = STAB}
Iim A, = A, ”

Limit point of {MB}

lim 7, = 7, = Ay(p) € STAB (closed)

n— Qoo
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4 Extreme points of {MB} contain measure-preapre channels preparing non-
orthogonal stabilizer states

Z [ )| Ce L p | ) <ej‘6k> =00 & <’”lj|’7k> # 0
k

Extreme CQ channels preparing non-orthogonal states are extreme CPTP maps
Rev. Math. Phys. 15, 629 (2003)



https://www.worldscientific.com/doi/abs/10.1142/S0129055X03001709
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https://www.sciencedirect.com/science/article/pii/S002437950100547X

ub b channels - gqeome Eric
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Lin. Alg. Appl. 347 159 (2002)
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post pre.
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https://www.sciencedirect.com/science/article/pii/S002437950100547X

Mb b channels - gqeome Eric
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Lin. Alg. Appl. 347 159 (2002)
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https://www.sciencedirect.com/science/article/pii/S002437950100547X
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Condition for M3

Simultaneously solve the rotated shifted ellipsoid and the stabilizer polytope equations



Condition for MB

Simultaneously solve the rotated shifted ellipsoid and the stabilizer polytope equations

W Solve ellipsoid with mj + m) + m3y = 1

m;’ = f(mis {4 .}, 0, p, ) £ \/ amfz + pm| +vy



Condition for M3

Simultaneously solve the rotated shifted ellipsoid and the stabilizer polytope equations

W Magic broken iff ellipsoid entirely within the polytope - finite or no simultaneous solutions

//2 17,
am,“+ pm{+y <0



Condition for MB

Simultaneously solve the rotated shifted ellipsoid and the stabilizer polytope equations

W Magic broken iff ellipsoid entirely within the polytope - finite or no simultaneous solutions

//2 17,
o M + pm +y <0

d

Bz —4ay <0 ifoc<0and\ﬁ\ <1
a+ B+ <0 otherwise. ‘

Necessary and Sufﬁcient s



Condition for M3

Simultaneously solve the rotated shifted ellipsoid and the stabilizer polytope equations

T TR f Wy Repeat for all polytope faces
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Classes of MB channe
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Classes of MB channe
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Channels with Clifford post-processing [

Final ellipsoid within stabilizer polytope



Class

A

s of MB ch

03- Channels with Clifford post-processing




Classes Q“f MB channe

03— Channels with Clifford post-processing .

Final ellipsoid within stabilizer polytope

Necessary and sufficient
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Classes of MB channe

03{- Channels with Clifford post-processing - Pauli channels and unital EBT




Classes ()“f MR channe

03.— Channels with Clifford post-processing - Pauli channels and unital EBT

Dephasing /
P
p— 1 —=pl2)p+ EUZ'DGZ p=1 .




Classes of MB channe

03— Channels with Clifford post-processing - Pauli channels and unital EBT

Depolarising
po>pll2+(1=pyp:p>1—-1//3 |




oS Channels with Clifford post-processing - Pauli channels and unital EBT

Unital EBT
DA< = Y A2<1 (|4 <D
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o, T-distillability breaking channels (£, > 3/\/7 . T-distillable)

Solve for no simultaneous solution of final ellipsoid and Z |m; | = 3/\/7
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T-distillability breaking channels (%, > 3/\/7 . T-distillable)

Solve for no simultaneous solution of final ellipsoid and Z |m; | = 3/\/7
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Clifford post-processing IS
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Multiq ubit MB channels

.
Necessary ¢

QY , A, € MB only if A, € MBYV i

Tr7| @iy AdPia,. jo1jj+1..W) | = Afp) & STAB

Resource generation through
free operation!!

STAB



Multiq ubit MB channels
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R(A® | n)) =1.0212 : R(|n)) = 1.834



Multiq ubit MB channels
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@Y, A, € MB onlyif ;€ MBY i |

@(®2In>) = 1.0212 : %(|n)) = 1.834
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Insufficient
@Y, A, € MB onlyif ;€ MBY i |

@(®2In>) = 1.0212 : R(|n)) = 1.834

AC = (/11 — ().9,/12 = ().3,,,13 — {952 - 0); Up |

0St
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Mulkiqubit MB channe
Consequences of insufficiency

¥ ®§\;1 AyB(Zpipil ® ... Qp;") € STAB

e
Tensor product of MB channels cannot destroy magic present in correlations




Mulkiqubit MB channe
Conse quences Oﬂf LIS wfﬂf LeLene i
¥ ®§\;1 A;mg(zpiﬂil ... ®PZN) € SIAB .

e
Tensor product of MB channels cannot destroy magic present in correlations
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Mulkiqubit MB channe
Consequences of insufficiency

¢
{® Dynamical resource theory of magic preservability :"activation of resource
preservability

‘Quantum 4, 244 (2020)



https://quantum-journal.org/papers/q-2020-03-19-244/

Mulkiqubit MB channe
Consequences of insufficiency

&
U Dynamical resource theory of magic preservability :"activation of esource]
preservability

T Quantum 4, 244 (2020)
A X, ,OZ-STAB € STAB : {STAB} contitutes absolutely free states

no resource activation like non-locality


https://quantum-journal.org/papers/q-2020-03-19-244/
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&
U Dynamical resource theory of magic preservability :"activation of esource]
preservability

4 ~ Quantum 4, 244 (2020)
no resource activation like non-locality

A O(B) := Po(EQ® A)o @ - superchannel with stabilizer pre- and post-processing
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Mulkiqubit MB channe
Consequences of insufficiency

&
U Dynamical resource theory of magic preservability :"activation of esource]
preservability

4 ~ Quantum 4, 244 (2020)
no resource activation like non-locality

A O(B) := Po(EQ® A)o @ - superchannel with stabilizer pre- and post-processing

P

aﬁsofuw@ magic-ﬁreaﬁing channels : A X RS e MB


https://quantum-journal.org/papers/q-2020-03-19-244/

Mulkiqubit MB channe
Consequences of insufficiency

&
U Dynamical resource theory of magic preservability :"activation of esource]
preservability

4 ~ Quantum 4, 244 (2020)
no resource activation like non-locality

4

absolutely magic-breaking channels g,

can destroy m'?agic in correlations - detrimental for UQC


https://quantum-journal.org/papers/q-2020-03-19-244/
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-

Devise distance-based dynamical resource monotnes
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Limitations in practical QC applications

distributed QC : links between quantum processors
blind QC : noisy channel between client and server
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