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Overview of weak measurements

Signal to noise ratio in weak measurements
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Time and frequency as a meter for weak measurements

New derivation for imaginary weak values



Weak Measurements

* Three-step procedure:

1. System preparation (preselection): | )
2. Weak coupling to a meter: H = g(t)PC
3. Postselection on the system: (|
* The final state of the meter f
is given by the weak value: | — <(P\q7/)>
()

* For example: 5Q = gReC,,
0P = 2¢gVar(P)ImC,,



The Von Neumann Scheme
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The Von Neumann Scheme
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Weak Measurements

small AQ — large AP — large H — “strong”
System ‘\P> large AQ — small AP — small H — “weak”

H:ké(t—to)éﬁ !
—ikCP
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How does it happen?
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Slightly more rigorous derivation

) [in(Q))

The meter’s final state is its initial state after it
was operated on by the evolution operator:

<! 2—lk€*p|t/)> ~ <@|1/)>€_?kcwlﬁ

For example, a Gaussian meter:

_ (Q_f‘ﬁcw)Q 5@ — gReC’IU
Ui (@) ~e _MQ :> Urin(Q) ~ € 242 (o19)

I S 0 @F ~

242 2A2
Uin(P) ~ e™ 3 5D Wy (P) ~ o= T —HCwP 5P — 90Var( P)ImC,,

:> ‘qu'i'?l(P)‘z ~ E’_(P_kﬂ_ghnc*w)gﬂﬂ
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SNR in weak measurements
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X"’ noise
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Technical "P” noise




|II

"Mathematical” derivation

_ e—ikﬁ’@

2
— \(o|1>\2 (1 -+ QkilTnpr)+O(kp)2

Prob (|0)[p) = |(¢le*7|y)

f(p) = f(p) =~ f(p) (1 + 2kImCyp)

. [dpf(p)(1 4 2kTmCyp)p
— [dpf(p)(1 + 2kImChyp)

(P = / ipf(p) ~ (p)1+2KTmCoy (021 — (p)?)

Ny — T 2
Y. K. PRA 85, 060102 (2012) op = 2kImCu (Ap)



Conclusions

# The concept of Weak Value offers intuition regarding
a measurement process

# A clear view of an experimental setup can help

overcoming technical difficulties

# Uncertainty can be seen as a resource in some
scenarios
# Results derived from the basic structure of QM are

applicable in many contexts



Can time be a meter?
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Measuring Small Longitudinal Phase Shifts: Weak Measurements or Standard Interferometry?

Nicolas Brunner' and Christoph Simon®
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Can time be a meter?
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Demonstration of Weak Measurement Based on Atomic Spontaneous Emission

Itay Shomroni, Orel Bechler, Serge Rosenblum, and Barak Davan™
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Alternative derivation

Consider the simple(st?) Hamiltonian:
H = g(+)C. / gt =k = U= e=kC
Starting with |¥), the probability to find |®), in the end is
P (|@)[k) = [(@le= C[0)|" = [([)]* (1 + 2kImCy) + O(k?)

If  had an initial distributionf (k), after a postselection to|®), it
is distributed as PP (‘@

ffl) (;L) - P(|‘I’>)

The new average of & is given by Ok ~ 2ImC',Var (’lb)
ro Sl '

(k) 4+ 2(k*)ImC,
<k>f1> = AT,
1+ 2(k)ImC,

k’) F (k) (14 2KImCy)
1+ 2(B)ImCy,

~ (k) + 2ImC', (<;Lf2> . <k>2)



Applying to experiments
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” h H = AC B = At

1 iIs the time the atom
H i, was in an excited state

(c) ‘ -
A | +L‘ Ok ~ 2ImC\,Var (k)
| = ot ~ 2ImC,,AVar (t)

)
f tP(1)d1 — f tPo(1)dt = j‘l"’f[E 2A VarPy Im(6, )y
)



Applying to experiments
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Applying to experiments
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Phase Estimation with Weak Measurement
Using a White Light Source (LED)

Two problems: 1. Linear polarizers — real weak value
2. The average frequency is large

" B 1
Q—:’T ~400 THz, 7~ 1 as (107'%) = woT ~ oo

C| ~ 1000 = wor|Cly| > 1

One solution: we separate the known average and the
uncertainty. The average produce an imaginary part and
the uncertainty is smaller than the average

[ = E—igéﬁ’ — E—igé(ﬁ’—Pg}e—igéPD “L) N h.-}f) _ e_igépﬂ‘t;i’>

o (IOl (@lCem TP I




Phase Estimation with Weak Measurement
Using a White Light Source (LED)
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Phase Estimation with Weak Measurement
Using a White Light Source (LED)
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New concept, New technique
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Conclusions

# An alternative derivation for the effect of an
Imaginary weak value

# The new formalism does not require the meter to
be a quantum variable

# A method based on this effect is described by a
new measurement model

# Possible applications for a wide range of tasks
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