
 

Tomography

You have probably heardof maybeeven had a CTCATscan
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J t
Computed Axial Italy

Also in geophysics seismology earthquakes

In general tomography refers to anyformofimagingor
measurements usedto reconstructe a description of anobjectviathe
imagingmeasurements
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Objectof interest is a quantumsystem suppose it consistsof nque
Wewant to determine estimate thestaeofthesystem

suppose the unknown state is p pso pt p trip 1

We want an estimate satisfying

11ft p Hermitian

2 ps0 positivesemidefinite This requirement is sometimes

relaxed
13 Trp 1



141 Ipl E Estimate should beclose in tracenorm
withhighprobability

Recall tracenorm HMM sumofsingularvalues

Theorems ftp all ftptt trlmnlpip.D1Tptimize
over

all
measurements

perms

It llp pill e thenfor all measurements tests Mil

weobtain irMap TrMap e

Let In general we needmultipleopian ofp togetan estimate

B c measuring the state destroys it

We also want to minimize the samplecomplexity N

p

pon in Algorithm

p

What is the optimal tradeoff bw n ofqubits N ofsamples
accuracy



a Pauli based tomography algorithm

Recall Everyp can be written as

p In A EppP a 1 ix t feelP 1
Pauli expectationvalues

Emer 1 ftp.ppp

Recall algorithmfrombefore

For i 1 2 N NE ofsamples

1 Preparethestatep
2Measure eachqubit in the basisdefinedby P
3Collecttheoutcome x ̅ ele Tem

Take the sampleeman Ephin tw I di
Basis defined by P P P P oh PE 1 XYZ

If P X measure in 1741,14 1 basis A lostin

9 My th if outcome 1,4 0

Ani 1 if outcome 1k 1

If P Y measure in Hiktil l ist il basis
day 1 if t's outcome 71 0

Aai 1 if ill outcome a 1

If 1 Z measure in 1001 lisa basis

Mai 1 if o outcome of e

dat I if ill outcome ki l



Analysism Howgoodis our estimate accuracy whatisthesample complexity

g
The Recall that Ip is an endeavor ofToPp

Elif If
estimator forasinglesample

tempestsa'mpiemean

The estimators are iid Independentand identicallydistributed
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Nowrecall the tedequaty



Xi independent bounded randomvariables areXisbi it 42 N

x ̅ ÉXi m iElx ̅ Prl x ̅Matt exp l to

In our case a I i bi l i x ̅ Ep µ TrPp

erllip IFHFexpl.isf l 2expl tl e

Prl cp Tripp 25ᵗʰ pep.UA

Wenantomatastatement
like prlllp.pl ee stl

consider first the Erm Ilp pll Tr pp pp
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Suppose lip cplet 4 21 PERISH
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Now let d 2ⁿ Not 4 1N 4N IN N Not
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One morething We need to ensure our is PSD

use a fraction I f argmin up o 030 trot

canalsouse2norm here

Themap It takes any inputandfinds the closestdensity operatortoit

Observin if w is a density operator already then

ITw w Forany M M t.IMtyipteih
IT i e projection

I llp pll ce then Ellf 119111 min 11 oh 030 tolot i

Efi on
E

It M pl teeththfl 2s
Triangle

inequality

Sochange in above inequality
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Sample complexity Howmany samplesdowe needtogeterror with

prob at least 1 d

Prl 1111Mpll e 1 2dé is i or
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log far 142
Nate log far log
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Forthe optimalvaluewe
needto go beyond

single copy measurements



b Otherestimation procedures

Leastsquares withprojection

Maximum likelihood no projeitionneeded

Maximumentropy principle mirrordescent noprojection needed

Projected leastsquares

Mp inpYmYr r descent

Maximum likelihood


