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Abstract: Using a Cat state as the pointer state of the macro system or the measuring device and a pre and a post selected
state of the micro system with common eigenstates . We show that traces of four fold kitten state can be found by spatial
distribution of the final device states. Towards the end we elucidate techniques in order to generate a cat state both physi-

cally and algebraically with an unknown pointer state.
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1. Introduction

The idea of Weak Measurements was initially given by
aharanov,Albert and Vaidman (AAV) in 1988[1].For a weak
interaction between the microsystem and the measuring
device , the macrosystem,they show that the measurement
results can be much larger than the eigen values of respec-
tive observables by correctly selecting the initial and final
state of the system .By these measurements results one is
able to infer the behaviour of microsystems.This theoretical
observation has been shown in various experiments as rota-
tion of photon polarization[2],spin hall effect of
light[3];Weak measurements implemented for high fidelity
measurements used by Dixon etal[4-5]to detect very small
transverse beam reflection.

The interaction between the measuring apparatus and
system under consideration is quite weak , such that linear
approximation up to few orders of coupling parameter suf-
fices to depict the interaction , such that coherence in the
microsystem remains intact.

The system and measuring apparatus is //,, =—g(t)Aq,

where coupling strength | (1)dr = g the Unitary evolution

U(tl 9 t/‘) ’

definedas exp=i([H()dr) = exp(-gAZ).

Thus if initial state of the system is eigenstate of A ob-

servable,such that 4¢:(y) = a:¢(y) . Then

U (1,19 () (p) = $i(y) exp (= goai L)W (p) =
Py (P~ goai) » Pi(y)d(p ~ (po ~ goai)) ,we will be able
to read off value @i unambiguously provided

(¢ (p—goai), @ (p—goai)) = 0 that is initial spread in mo-
mentum is very less than change in momentum . To study
intrinsically the disturbance in device pointer’s states , it is
necessary to select a particular ensemble aptly called post
selection,An observable’s weak value can be witnessed by
a successful post selection.

A quantum weak value could be put as a conditional av-
erage of ideally weak measurements ,catering to which a
weak value can be strange and lie outside the eigen values
of observable,strange weak can be used to amplify a sig-
nal,amplification of which lowers technical noise[6].

The pointer of a measuring apparatus is fundamental to
quantum measure theory because the values of measures
observables are determined from it’s properties , use of post
and pres selection techniquesintroduces by Schrodinger
more than 75 years ago[7][8],PPs techniques have found
utility in wide areas of studyas quantum system-
environment interactions,[9] quantum eraser[10].Studies
have been carried onpointer shifts irrespective of the coupl-
ing strength between the system and the measuring appara-
tus.[11].There have been intense works on generation of
entangled compass states with sub-planck structures[12].

In this paper we make use of a modified pointer state and
analyze the generation of kitten states.

This paper is organised as follows ,In section 1 we will
give the general shifts of pointer using Gaussian pointer
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state. Section II deals with initialising cat state as initial
pointer state, Section III deals with generationof the cat
state for Section II implementation

2. Section |

In this section we derive expression for device
state .Interaction Hamiltonian between the system and
measuring apparatus is ;, =-g(t)4q ,where Ais a dimension-
less operator with unit norm,completeeigen states of ob-

servable A are |am) ,corresponding eigen values

{an} preselected state ‘@:za"‘a’>,overall state of system and

measuring device is“”zgl‘}’"‘am> 9, after evolution Utt,0)|¢)| @)

where Ue,r)=exp(-i], A (dn) =exp(-2.4 9 ) overall state evolves

into ,

—i_[Hdt

wy=e ) =Y et jan) | @)

post selected states can be written as

@) =2 Bolam)

After post selection final device state is given as

(@) =@l )2 anBn*e | @)

Where A is variable of measuring device.Here initial
state of pointer device is assumed to be a Gaussian wave
function centered on g=0 and p=0,

Where ‘q’ and ‘p’ signify the position and momentum
representation respectively.

In position representation the Gaussian pointer represen-
tation is:

2

- 1 q
@(q) = 7 exp(——=)
(27TA2)/4 x 4AN-

In momentum representation the Gaussian pointer repre-
sentation is:

)/

op) = F2) 7 exp(-a p?)

Which can be easily found by taking the fourier trans-
form of the position space representation.
For our convenience initialize:

1
Ap=—-.p, =
Here we take the initialize state as a Gaussian as the
things are symmetrical ,an enthusiastic reader can reformu-
late using log normal distribution ,which is not symmetrical
along it’s centre but rather shows biased distribution.

3. Section 11

In this section ,we improvise upon the initial
ter ,state which was earlier a Gaussian peaked at
p=0 ,g=0 ,to a cat state ,well known by two Gaussians one
centered at —q and other at +q.

The spatial distribution of cat state , coordinate basis

<x‘ ia’t> =¢*(x)

<x‘ iia’i> =¢*(x)

Where [ £a*) :%q a)|-a))

These states do not generically satisfy
Cat state in spatial position representation is given by :

_ e
o= NEY SC2el)

For a particular set of pre and post selection as :

—(x+xy)2/20? + e—(,r—,n,)z/ZJZ

4o /8 ]%

1 _i? V;Z
\/2—(6 2‘T>+162‘l>)
o) = Dl i)

‘l//,->=

Where the global phase defined for each state.
The final device state is given by:

:<wf‘l//i>|¢>

After weak interaction the device state after post selec-
tion as given in previous section:

Bl @i lg

Solving further for final device state:

Li(eigq/Zei(ﬂ/Z _ eigq/Ze—i¢/2)|¢>

2

The above equation in position representation

1 ) .
. /2 /2 /2
l(e’g‘I e’“’ _elgfi

2 ) (x]0)

The above equation results in two kicks , a couple in po-
sition representation and a couple in momentum represen-
tation .

This confirms the generation of cat states

(@) +|-a)+|ia)+|-ia)
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4. Section 111

In the previous section we used a well defined cat
state .In this section we derive a way to generate a cat state
by simple manipulation and algebraic properties. For a ran-
dom initial pointer state that shall end up with the cat state
as a final state of device .Here we calculate the random
initial pointer state.

For the same pre and post selection as in the previous
section ,

|(0i>= Idx|x>(0i(x)

Therefore ,

D _
dx l

The final state now is a cat state and we intend to calcu-
late the unknown initial pointer state as witnessed below

e—(x+x0)2/252 +
NGy L T R e

. —igl2 igq/2 —ig/2 -igq/2
_d(fie™ " + e | )

dq

+ e—(x—x0)2/252

Here | @> is the initial pointer state of the measuring ap-
paratus. Also the q and the x represents the position spatial
representation.

e_(x+x0)2/252 +e—(x—x0)2/2(52

d( 1 1 - 2,52 1 )
J N R E TR

. —igl2 _igq/2 —-ig/2 _—igql/2
{le Uz elgq +e i@ e 189 }

=|g)

If we initialize the initial pointer state of the measuring
device as one above , for various parameters ‘g’ coupling
strength of the interaction and the global phase angle , we
are likely to get a cat state.

5. Conclusion

Provided the given post and pre selected states , can be
synthesized using optics, the generation of quantum kitten
states would be quite lucid,subject to conditions that the
interactions considered are weak enough such that it
doesn’t distort the system.
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