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QUANTUM METROLOGY: QUANTUM CHANNEL ESTIMATION

Input probe | Output probe

Tr(po) = 1 =3, Kigo K}, Ag
| p=0 / 'A9 21 Kig=1 ) ), |




QUANTUM METROLOGY: QUANTUM CHANNEL ESTIMATION

~ Output probe

Tr(po) =1 =Y Kipo K, Ay
| =0 / 'AO ZI Kig=1 J | po = Rolpo) ‘

What is the best precision of estimation?

Input probe




(UANTUM METROLOGY: QUANTUM (RANNEL ESTIMATION

Input probe Signal + noise | Output probe

Tr(po) =1 =), Kige f\f A
‘ po = 0 ‘ 'AH Z[\‘K() I | Gpo “

What is the best precision of estimation?

min A =7
,00,].\/.[,6




(UANTUM METROLOGY: QUANTUM (RANNEL ESTIMATION

Input probe

S

Tr(po) =
‘ po = 0

1

Ae

Signal + noise Output probe

|@$@

=Y. Kige K/,
21\119 |

= Ag(po)

What is the best precision of estimation?

min Af =?

p07M7é

max F'(Ag(pg)) =7

PO



QUANTUM METROLOGY: QUANTUM CHANNELS ESTIMATION

Hl AQ ,Cl |_____A9 ,CN—l HN AQM

) —




QUANTUM METROLOGY: QUANTUM CHANNELS ESTIMATION

Hq Ay K4 “"‘_AQ Ky_d Hy A()M

P =

Choi-Jamiotkowski operator of a strategy comb satisfies:
Pelin(H1®.QHNQHARK, ® ... Kn_1)
P>0, Try,eous P =PY V@i |

N—1

(k) = ple=1) 1) =
1</<V<NTrH’“P P ® Licy,_,, Try, P 1



QUANTUM METROLOGY: QUANTUM CHANNELS ESTIMATION

&1 _EN-2 En_1 :
: N) :
: P A_<__~_. _________________ : For correlated
o AH:Kl'——W_fi_;-Aekwl ?ﬁ¢‘A91KN noise:AgwgéAEN
- "
P RAZ:Y

Choi-Jamiotkowski operator of a strategy comb satisfies:
Pelin(H1®.QHNQHARK, ® ... Kn_1)
P>0, Try,eous P =PY V@i |

N—1

(k) = ple=1) 1) =
1<kV<NTerP P ® Licy,_,, Try, P 1



OPTIMIZATION QF FISHER INFORMATION OVER COMBS

& _ EN—2) En
! N) :
; e A< ----------------- :
Hi: Mg Ky __9__; Ag K s Hny! Ag Kn
5 E ‘ E | ; ; = (V)
L - e ' b ¥ Po
_}_3" |1




OPTIMIZATION QF FISHER INFORMATION OVER COMBS

& _En—2 En
! N) :
; e A< R I U EEEE PR E R R T :
Hi: Mg Ky __9__; Ag K s Hny! Ag Kn
: : : : : : =] (N)
L - ‘ e ' b ¥ Po
_}_3" |1




OPTIMIZATION QF FISHER INFORMATION OVER COMBS

: & _EN-2 En
§ (N) ;
] 2ol ] Y] Mol ] Moy
— ) | = PéN)
P | Ha
_ A N N
Py Ae/*P FY _ mng(pg )

Link product, linear in both
arguments (index contraction)



OPTIMIZATION QF FISHER INFORMATION OVER COMBS

16 Ena— En-1 §

! N) :

1 AN .

: : 7 M ' : : .

Hq Ag Ky R Ag KCn 1 Hy Ag Kn

: { f : : : = (N)

L - ‘ e ' b ¥ Po
- »
P L4 I

(V) — ALY (N) (N)
Po A}'*P FaD :mBXF(Pe )
Link product, linear in both

Can be formulated as
arguments (index contraction) semidefinite programme!

A. Altherr, Y. Yang, PRL 127, 060501 (2021)
Q. Liu, Z. Hu, H.Yuan, Y. Yang, PRL 130, 070803 (2023)



OPTIMIZATION OF FISH

ER INFORMATION OVER COMBS

, & _ &N En—1

! N) :

1 AN .

' ; 0 ; ' -
Hi Ag K1 1] Ag Kon_ H Ag Kn

; : : ; : = (N)

wwens - ‘ --------------- Po

(N) (V)
pg =N, x P
/

Link product, linear in both
arguments (index contraction)

(N) _ (N)
Fiap = mlz}XF(pg )
Can be formulated as
semidefinite programme!
Practical limitations: N<5

A. Altherr, Y. Yang, PRL 127, 060501 (2021)
Q. Liu, Z. Hu, H.Yuan, Y. Yang, PRL 130, 070803 (2023)



OPTIMIZATION OF FISH

ER INFORMATION OVER COMBS

, & _ &N En—1
! N) :
O AN .
: ; 0 ; . -
My Aoy, U Do, 1y Aoy
: : : : : = (N)
== ‘ ............... : Py
- o
P L4 —
(N) _ A(V)
= x P (N) _ (V)
P v FAD —mf}XF(Pe ) N>>1
Link product, linear in both Can be formulated as Go and no-go theorems

arguments (index contraction)

semidefinite programme!
Practical limitations: N<§
A. Altherr, Y. Yang, PRL 127, 060501 (2021)

Q. Liu, Z. Hu, H.Yuan, Y. Yang, PRL 130, 070803 (2023)



OPTIMIZATION OF FISH

ER INFORMATION OVER COMBS

, & _ &N En—1
! N) :
| . AN L .
: ; 0 ; - -
My Aoy, U Do, 1y Aoy
: : : : : = (N)
e ‘ ............... i Pg
- i
P L4 —
(N) _ A(V)
= x P (N) _ (V)
P v FAD —mf}XF(Pe ) N>>1
Link product, linear in both Can be formulated as Go and no-go theorems

arguments (index contraction)

semidefinite programme!
Practical limitations: N<§
A. Altherr, Y. Yang, PRL 127, 060501 (2021)

Q. Liu, Z. Hu, H.Yuan, Y. Yang, PRL 130, 070803 (2023)



QUR IDEA: BREAK COMB INTO TEETH

(V)




QUR IDEA: BREAK COMB INTO TEETH

o | ey ——rn | Aol B
=1 (v
P2 PN Po
A An_1 An .

dy, = dic, = dy



QUR IDEA: BREAK COMB INTO TEETH

Storing P requires d;)’ *d% variables

& B2 En1
w | Aol — | Aoy | Aol B
=1 (™)
P1 P2 PN Po
A 4, Ay Ay B
dy, = dic, = dy

Storing Py« Py x ... Py requires d3,d% + (N — 1)d;,d% variables

Exponential gain for limited ancilla size!
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EXAMPLE: T0Y MODEL OF FLUCTUATING MAGNETIC FIELD
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