




















































































Repiprojectedle quarquantum steomography

aee nitiiaEent term
tomographically completemeasurement

Mil is a measurement Poum i.e Misio i EMi 1
suchthat sep 1 11 called a fame in mathematics

Estimate Least squares estimator

R argmin fi Trimin HHermitian

Relative frequenciesofmeasurementoutcomes
Wrt IC POUM 5mi
IncredetimatorsofPrMip

theorem let MIHI Trmitt likil F E fi likil

Then R utm Mt F MtlI Etill 1 ismi























































































Protest toget a density operatorestimator

argmin 111 0112 0 0 tolot

Wethenwant todo asamplecomplexity analysis Forthis we need

specific examples of ICPerm

EEIIfffIimensions
a finite sett.mil iisanIc Poumiff

M are Hermitian Mizo i E Mia seMilit is a Porm and there

iiiinfestation.it iiiii rhtoxleimomill

eE.fiaalitiepenetnt
contains a elements

Known to exist in all dimensions

Explicitconstruction consider the following setofd density
operators layal if a b 12 131

M Malak Pa Hasktla.at if acb 141am la b

Itiabiktilaal if a b tilabi la tilby
Then for arb

197461 pain 1Pa a bis i Pba Para Pbb

1bKal pain 1Pa a pb.is i Pb.a Paia Pbib

L d span lakbl of a bed 1 span pain Osasbed 1























































































Now Q Pain invertible by linear independenceof pain

Maps Qtpa.net
This is an example of a

main

Mais

Park

Leslit
a the Pauli basmeaurmets foronequbit

1299 1

flexel ill 47425141 tilltil istil
t

Moro 0 01 Mon 1117411 Milo Ktl Min 51111

Mao Hiktil Ma ist il

Recallthat 10101411711 4 1 1711 Hi tilt tilt il 1

Let NELLEY N 201 2 224 232

20 3mn 3M 42 3Mt 3min

22 3m20 3Man α 3Moo 3Mon

Kota Mao α 9 Ma

322Myo αMin 22M2,0
2222Man

Theseare mtually unbiaedbasesIMUB.SI

X basis 17,17 y basis 177 till Z basis 101,112























































































Observe thatK l ilF Kolt potti 4111 ltist t

measuring a state fromone basis Wrttoanother basis leadsto

uniformly random outcomes

Two ONBs 17 D lds are calledmutuall

yunbiaedifkcldst.tlfor all CEC and dfD

No explicit construction is knownfor all d

161 Mateys

f1setanm.ee nmue canexistforany d Anexample is

arXiv:quant-ph/0610216

arXiv:1004.3348









 





 







































































Intact Maximal MUBS form a 1 lex projectiv2

degn.liIx projectivegns Similarto unitary 2 designsthat
we saw earlier

Consider a set Irikvil of rankone projectors

It is called a complexprojectivonegdein if

toko
I vivil trikrilli is a Poum

It is called a mplex projectivtwo

deignift.filvikvil aatn 1 1tetswapoperator Recall
t.tt uputxlupuyt dHAtpF FÉlj.iki.gl

Asiden Complex projective h design if

visual 1dg
1474110h

Fubini Studymeasure

similartoHaarmeasure

https://sumeetkhatri.wordpress.com/wp-content/uploads/2020/05/random_pure_states.pdf























































































Let U be aunitary 2 design e.g Cliffordunitaries Then

set Iv Hilo Then

HElike HE
Miles ailes solutecoluit

vikrilow.lt
tnEluiouil Le uioUilt

Mani V4
A AtPFForevery unitary 2design

441 the set unest α atilefftdf.it atli at
is a complex projective
2design till looked

may.my
ll t atom

datt101 F

Let E 63,1 bethe nqubitCliffordunitaries whichforms a unitary
2 design

The States Vi Cite are calledstabiliterstates

d Stabilierstates seeNielsen Chuang Gottesmanbooks

Prominent in quantumerrorcorrection

Consider n qubit Pauligroup with phases

Pn 1 IIA IX tix Y it It it























































































Consider a subgroup S Pn whichis abelian all elementsmutually
commute and 145

Vs 14 E 440h P4 14 PES

This is a subspace of stabilizer states

If S has r generators then dimVg 2n r

Total of n qubit stabilizerstates is 2nF 2nh 1 2

RecallthatCliffordunitaries
aregeneratedby HCNOTS

iloon Wil arestabilizerStates
StabilizerStates form a complex

projective2design

e SIGIL symmetric Etait 1
AMIC Perm d elements

Iris such that Kuilv Fequiangular lines
Not known whether they exist for all d But tenjecturedto exist
forall d Zauner's conjecture



















































Also form a complex projective 2 design

ETomogplexProjesirphywitedleatsquashcomctiv de

Letflv.SI be a complex projective 2design

Mi Anvitrit is an IC Porm

HE wikvil data 1 1 F Takepartialtraceover second

tensorfactor
F j.liiki.itIn Tr lrikvilollill dtd.tnTra 101 F TCF f likil 1



J

HEvikvil m data da E.EEl 1

Recall framecondition

atrlxtxtEIFEFax.EE Yiiiii rllxtoxttim.mil

It canbeshown that a bedfi

Least squares estimator is I Mtm MFI F E.fi
ikilM1HItrlm
thhhEhmth Etittllismi

Now Mtm 11 1TrMitimi TriLehi Hoa
tmwixvile.tnvikril

An tmE lvikuill

I data 1 1 5

it iiiii.ie
tamttitiiitii iii nlik a j il

TrABIC

É.tl ikii likil ffflikil



EEinsilheil.my
it

H

MIEEII.tt
Essentially a depolarizing
channel

Inverse IMM H 1 1141H TrHIA

Verify Lm'Ll mtm
n trHla Hl

mtatnltrltllmtmila.ltmtmiltil

Tf 194111 d 11
Han TRH Fatma Ident trna

oh ld1 H

HV

Therefore R mtm mtF1 E.fimtml mi Mi fluissuil

MTIFIE.fi.mil fiAa 1d41mi Trmil1

I



Efinalldtntnluixvil E.at

R d 1 filristril 1

Qerve R is an unbiased estimatorof p
Proof E R latilE.EE Ip trIpmi fromlasttime

dtilE.irp lvixril lviscril 1

anatalle
hffff.itI

1Tr pea 101 Fl 1
A
IFEE

a

Ir



Samplecomplexityanaslysi

R Rj Rj dellEdx i trikvil D f ÉAgri
iidrandemmatristfrit.pe

Set A R p IEA 0 b c R unbiased


