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assay (MDA) based on neutron measurements play an
important role in the assay of plutonium in various stages of the nuclear fuel cycle.
The MDA techniques find wide ranging applications in quality control of finished
praducts, nuclear material accounting, process control and safeguards. The nen-
destructive assay techniques are direct, fast and amenable lo automation. These
techniques are versatile with respect to chemical composition and physical
confiqurations, unlike the tional chemical techni which are more accurate
but slow and need more rigorous sampling, The non-destructive assay techniques
can be classified as passive or acfive depending on how the response is obtained. In
{he passive mode, the radiations from the natural radioactive decay of the isotopes of
interest are monitored. [n the active mode, the delayed neutrons/prompt neutrons or
gamma rays from the samples imadiated by the neutrons are monitored. The passive
mode based on neutron counting is best suited for heterogeneous samples of various
configurations compared to passive gamma counting because of the associated
problems of self attenuation and low abundance of gamma rays. In Radiochemistry
Division, extensive work has been camed out for the development of Neufran Well
Coincidence Counters (NWCC). Follawing is an overview of the development work,
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wide ranging applicaions &t Fuel Fabrication
Faciliies, reprocessing plants and Radiochemical
Laboratories.

Origin of Neutrons in Plutonium Samples

The neutrons emitted by a plutonium-bearing
sample consist of spontaneous fission (SF)
neutrons  from  even-even plutonium  isotopes
(#35240.242Py) as well as (i, n) neutrons induced by
interaclion of alpha particles with low Z elements
like, O, C, F, Al ete,

Neutron Detectors

Meutrons are defected through nuclear reactions
which may resull in energetic charged particles,
caplure gamma rays, fast recoils, conversion
electrons or fission products. The thermal neutron
reactions with He, %8 and 5L result in charged
patticles which can be defected by ionisation or
soinfilations in a suitable medwm. Most of the
neulron sources also emit gamma rays and it is
required to discriminate against gamma response of
the neufron counlers. The gas filled counters based
on *He and "B and fisslle materials offer more
effective gamma discrimination. The Q value of the
reaction is also important which determines the
energy liberated in the reacfion. The higher the Q
value, the greater is the energy liberated and it is
possible to discriminata against the gamma rays by
simple pulse height discrimination. He detectors
have higher efficiency because of high neutron
absarption cross section for thermal neutrons and
higher possible fill pressures up to 4 atm
Comparatively, BF: delectors are less efficient
because pulsa degradation limits fill pressures and
Iowers thermal neutron absorption cross section and
natural abundance of "B, though the Q value for
neutron reaction with *He (0.760 MeV) is lower than
that of 198 [2.310 MeV). For neutron measuremant

of highly gamma active samples, BF; detectors are
preferred  as  befter gamma  discrimination i
possible. For the passive neulron assay of
pluterium, He counters are used because af
availabifity of high efficiency compact detectors. The
neutron absorption cross section decreases rapidly
as ihe neutron energy increases and hence
maderation of neutrons is necessary 1 increase the
detection efficiency of the counting system. The
neutron detectors are required 1o be housed in a
suitable moderator assembly for enhancing the
detection efficiency of the counting system.

Moderator Assembly and Counter
Configuration

The important characlenstics of a goad moderator
are high moderaling rafio, ease of fabrication and
low cost. In early development, paraffin was used
for the fabncaton of moderator assemblies for
neutron  counters,  Presently, High  Density
Polyethylene {HDPE) sheets are avalable and

derat bly is f using this
material. Thermal neutron absorption cross section
of hydrogen is significant {0.32 b) and hence a
thickness af HDPE sheet of about 3 cm is aptimum
for moderation. A thickness of about § cm can be
used as reflector to enhance fhe detection
efficiency. The design of neutron well counter
provides the highest possible counting efficiency
and the best configuration for biological shielding
The sample to be assayed is placed in the central
well of the counter. An important feature of the well
counter is also the reasonably ooad flat response
over the volume of the well, which is important for
heterogeneous sampies. Typically 6-24 counters
are arranged in a circular array around the central
well [2]

A schematic of the associated electronics of the
neutron counting setup is given in Fig. 1.

Fig 1. A schematic of ihe neutron counting system



Total Neutron Counting

Gross neutron counting i adequate for sotopically
well charactensed plutonium in homogeneous and
well defined chemical marix. For higher amounts of
plutonium, multiplication effects come into play
because of the fissions induced by source neutrons
in fissile plutonium isotopes (2920Py), The SF
neutrons are mainly from 228280.242Py jsotopes and
effective #%Puwr mass is defined as

40P g = 2,43 Ma + Mo + 1.69 M2 i

where, Mz, My, M: are the weight percentages of
the isotopes, 8Py | ¥0Py and 2Py respectively.
The constants 243 and 1.69 account for specific
spontaneous fission neutron production in 28Ry and
HiPy relative to 20Py The (o, n) yields per g/s are
calculated from the knowledge of isolopic and
chemical composition of plutonium in the sample.
The absolute detection efficiency of the counter is
determined using the standard 25Cf nautron source.
The total neutron counting is caried out routinely for
the assay af plulonium in low level nuclear waste
packets for iaking a decision on disposal or
recavery. However, in the case of heterogeneous
samples having unknown chemical composition, the
(o, n) yields cannot be accurately esiimatad and
coincidence counting of neutrons has to be used for
the estimation of plutanium.

Coincidence Counting of Neutrons

Fission evenis yield multiple neutrons that are
comelated in time, whereas {a,n} reacbons and
background events yield single neutrons that are
uncorrelated or random in fime. Coincidence
counting of time comelated fission neutrons is a
powerful technique for distinguishing the fission
neutrons from (e, nj and background neutrons. The
Rossi Alpha distribution [2] obtained fram the
distribution of arrival times of the neutran pulses
from a detector is the basis for obtaining the random
(4} and real coincidences (R).  This is the
distribution in fime of events that follow after an
arbitrarily chosen starting event. If only random

events are being detected, the distibution is
constant with time. If real coincidences are also
present, the distribulion is given by

S{ty= A+ Rexp (-tt) 2

where © is the mean fife time of the neutron in the
counter, called or die away fime of the system. Die
away time depends upon size, shape, compasilion
of the counting system. Typical values are in the
rarge of 30 — 100 ps for neutron Well Coincidence
Counters. Therefore, the cor ional coincid
circuils require large dead ltime comections. An
altemative approach is the Shift Register Logic [3, 4,
5] which eliminates the dead time effect and allows
aperation at higher count rates. The sum of real and
accidantal (R+A), only accidental (A) and total [T)
are obiained by the shift register based coincidence
logic. The difierence of (R+A) and (A) gives the real
coincidences (R) and is proportional to the effective
Py mass.

Multiplication Correction

For samples coniaining larger than few fens of
grams of plutonium, the SF and (e,n) neutrons may
induce fissions in 292Py. The neutron induced
fissions may also be caused by slow neulrons
reentering the sample placed inside the neutron well
counter, These fissions are having higher neutron
multiplicity than the  SF evenis. Hence they
contribute to the enhancement of coincidence
response and introduce non linearity in the
response  for higher amounts. The standard
methods have been developed for multiplication
cormections [5]

Development of a Neutron Well
Coincidence Counters in Radio-
chemistry Division

The development was staried in early 1950 and the
first High Level Neutran Well Caincidence Counter
{HLNCC) was developed in 1985 [1). Shift Register
based coincidence logic units were fabricated and
tested for the first time. Companents were designed



and fabricated for the parallel connection of multiple
*He couniers io ensure safe application of detector
bias and proper grounding fo minimise noise and
pickup contributions. The linearity of the coincidence
response of the HLNCC using CIRUS grade
Pu; standards (100-1200g) is shown in Fig. 2.
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Fig 2 Linearily of coincidence response far HLNGC

A large number of Pu(; lols, waste packets,
{UPu)C samples, plutonium bearing graphite
crucibles from Radiometallurgy Division, BARC
were assayed for plulonium. Assay of plutonium in
fuel materials and waste packets in Radiochemistry
Division and Fuel Chemistry Division laboratories is
being camied out routinely. Assay of 73U in fuel
plates of KAMIN| reactor was camed out for the
quality control during the fabncation at RMD, BARC.
A similar unit was fabricated for Fue! Reprocessing
Division, BARC and is being used routinely for the
assay of PuQ; lots. The know how developed was
useful in setting up similar units at Advanced Fuel
Fabrication Facility (AFFF), Tarapur and FCO,
IGCAR In A3F, NWCC is being extensively used for
the determination of plulonium in MOX blends to
ascertain Pu enrichment at the powder mixing stage
[6]. It is also proposed in AJF to qualify the sintered
peliets by NWCC instead of chemical analysis. The
proposal is intended to reduce liquid wasle

generafion, process time as well as man power
requirement. The method is also used for rapid
identification of PHWR: and Research Reactor grade
plutonium oxide kots [6).

A mobile neutron slab coincidence counter was
also developed for in-silu assay of large amounts of
plutonium in sealed containers which cannat be
brought o the neutron counting station. The unit
has been calitrated for coincidence and gross
neutron  efficiency and s being wused in
Radiometallurgy Division.

Assay of Plutonium in FBTR Sub
Assemblies

A new type of Neutron Well Coincidence Counter
was developed (7] for non-destruciive assay of
piutonium in FBTR fuel pins and sub assemblies.
The plutonium in the pins is of PHWR grade (#0Pu
in the range of 18-24%) and the amount of
plutonium in a sub assembly is about 16 kg. The
total neutron emission rate of the subassembly

isting P and |a,n} i5
about 104nis. The precision of coincidence counting
of fission neutrons is affected by the presence of
{ax,n) neutrons in the sample. Also the large amount
of plutonium in the sample leads to mulbplication
effects giving rise to nonlinear response, So il is
necessary to take Into account the multiplication and
minimise the effect of (e,n) neutrons in coincidence
counting. The active length of the fuel pn is 320 mm
and the axial response of the counter should be fiat
over the active region. Incorporating  these
considerations, 3 HOPE moderated, *He detector
based system has been designed and fabricated
for the 1 ive assay of p in FBTR
fuel sub assembly. Reduction of ambient
background, multipication effects and the die away
fime were achieved by suitable positioning of
cadmium sheets of 0.4 mm thick in the moderalor
assembly. The die away time is reduced to enhance
the real coincidences relative to the random
coincidences. Six He neutron detectors (50 cm
sensitive length, 2.54 em dia | fill pressure 4 atm.)




are arranged symmetrically in & circular aray
pins. In order to facilitate smooth handling of a large
number of pins for the assay purpose, a FBTR fuel
pin holder was specially designed and fabricated in
collaboration with RMD and Central Workshops,
BARC. The fuel pin holder (fig.3) can hold a total of
61 pins in hexagonal lattice. A total of &1 pins
containing plutonium of similar isolopic composition

around a well of 120 mm. dia. for positioning the fuel
were made available in RMD for camying out the
measurements. Extensive experimental data was
obtained using different combinations of available
pins. The linearity of total and coincidence response
as a function of #%Pug (fig.4), which comesponds to
plutonium amounts in the region of 27g - 1600g.
was established.
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Recent Development in Data Acquisition
System for Neutron Counting

A PC based data acquisiion system is recently
developed for sequential recording of the arrival
times of the pulses from a neutron well counter (8],
The system consists of a Personal computer (PIIl
700 MHz and 128 MB RAM) with PC compatible
card PCL-B30 which is a multifunction counterftimer
and digital /0 card. Two Advanced Micro Devices
(AMDS513) system fiming and confroller chips are
used for all counting and timing functions. The
hardware configuration of the system is given in
fig 5. Methodology was developed for the analysis
of the data to oblain the real time corelated
events as well as the die away time of the sysiem

Fig. § Mardwave configuration of PC based data aoquisition
sysiem

Standard *2Cf neufron sources were used to lest
the linearity of the response of real time correlated
neutrons and PuFs (o, n) source was used to obtain
the random neutron response (Fig.6). The new data
acquisition system is more versatile altemative to
the conventional shift register based neutron
coincidence counting system

In conclusion, the development of the non-
destructive assay lechniques is need based and
has to be carmed out to meet the specific
requirements of the users.

oot wann

Fig. & Rossi Alpha Curve for PuFs and #2Cf sources
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QUANTUM INFORMATION, COMPUTATION AND

FUNDAMENTAL LIMITATION

Anun K, Pati
Thearetical Physics Divisien

Introduction

Cuantum information theory is a mamage between
twio scienfific pillars of the twentieth century science,
namely, quantum theary and classical information
theary. Quantum theory as developed by Planck,
Einstein, Schrodinger, Dirac, Heisenberg, and many
others in early part of the last century is one of the
finest thearies that explains phenomena ranging
from molecules to electrons, protons, neutrons and
other micro parlicles. Mathematical theary of
classical information was also propounded by C.
Shannon in the midpart of the last century.
Whatever revalution in information technology we
see at present is parily due lo the ground-breaking
work by C. Shannan, A. Turing, A. Church and
many others.

When the ideas from classical information theory

[see for example: A, Zeilinger, Phys. World (March),
35-40 (1988)]. Here, we plan to give a brief
averview of recent excitement in  guantum
computation and some fund | limitations an

quanium information.

Quantum Computation

Physics of information and computation are
intimately related. Information is encoded in a state
of a physical system. Computafion is processing of
information on actual physical system that obeys
cerain laws. Therefore, the study of information and
computation are linked through a study of
underfying physical processes. If the physical
processes obey the rules of classical physics, the
comesponding  computation is classical. If the
underlying processes are subjected fo guanium

rules, the lting ¢ tation will be

are carrled over to quantum theory thers ges a
revalution in our ability fo process information. The
very basic ways of expressing and manipulaling
information require physical stales and processes.
In guantum theory we know that the physical
processes are fundamentally different than those of

q tafion”. The Ioglc thal lies at the
heart of ordinary computers and guantum
compulers is  completely  direct.  Quantum
computation is a parficular way of processing
information  which  utllises pnnmple of linear
sliperposition, b and

classical physics.  Therefors ipulation  of
information based on quantum physical processes
has to be also fundamentally different than their
classical counterparts [R. Feynman, Found. of
Physics 16 (1986) 5071 [t is this urge to understand
what we can do wilh the new ways of expressing
nformation, which has led to several surprising
discoveries in |ast two decades or so. The subject of
Quantum |nformation is quite vast, and very broadly
deals with topics such as Cuantum Cornputmg.

In conventional computers (present-day-compulers)
information is stored in bits such as 0's or 1. To
represent a bit, 1.e., 0 or 1 one can use any physical
system like a voltage in & circuil is at zero or al a
positive bias, or curent in a circuit in positive or
negative direction, or by saying that a switch is on or
off. & two bit information can be in any one of the
22 = 4 possible slates (e.g.00; 01; 10; 11). A three

Quantum Cryptography, Quantum Entang
New pratocols for information processing and many
more tasks which cannot be achleved classically

bit i ion can be in any one of the 2% = 8§
possible logical states (e.g. 000; 111; 011; 110; 101,
001; 100; 010}, An n bit information can exist in any



one of the 2 possible logical states one at a time.
Information stored in these binary digits can be
manipulated using elementary logic gates that obey
Boolean algebra. For example, in a classical
computers one can manipulate information using
sequence of logical operations such as AND, OR,
NOT, and XOR gates. Computations that are done
in our desk top computers basically use these |ogic
gates.

Quantum Bit or Qubif

Suppose we represent a bit O or 1 by saying that the
spin of a neutren is up or down, or we could say an
atom is in ground or in an excited state, or a photon
is horizontally or vertically polanzed. Al these
systems are called two-state quanium systems
because they can remain in any of these two logical
states. Therefore, when a photon s in a defnite
polarization state it carries classical information (as
it represents a 0 or & 1). However, quantum theory
alsp allows a slate of a spin-haif particle, which is in
a linear combination of spin up and down. This
Implies a new possibility for representing infarmation
by a two-state quantum system which can be bath 0
and 1, e, 2 slate of the type &0)+ A1) with &
and /4 being complex numbers in general and
|2 + |42 = 1. {According to Dirac a quantum

siate is denoted by a ket |--). which for a two-state
system is a calumn matrix with two entries). This is
called a quantum bit or “qublt’. As we will see in
subsequent section an arbitrary qubit contains a
large amount of information. It is possible to design
several new type of logic gates acting on qubits
which can perform many computational tasks in
paraliel {due to linear superposition principle} which
cannot be realised with classical computers [D.
Deutsch, Proc. R. Sac. London. A, 400, 87-117
(1985)). One may recall that i is this linear
superposition that lies at the heart of interferance of
quantum parficies when they are made fo pass
through a Young's double sit experimental setup.

Quantum Registar

It is a coflection of qubits on which a program is to
be executed. For example, if we have two qubits,
they can exist in four logical states 00; 01; 10 and
11 and they can also exist in a finear superposition
of afl four fogical sfates. in the lalter case a typical
state wil be al00)+ Bl01)+ 8[10)+ (1) i
there are n qubits they can exist in any one of the 2n
possible logical states and also can exist in a linear
superposition of all 20 logical states. This latter
property in case of two or more quantum systems
can give rise to quantum enlanglement (inter-
twinedness). A composite state is entangled i it s
not & product of individual states. A simplest
example of entangled stale is Einstein-Podolsky-
Rosen stale 1/vZ(OU-10) for o qubits
which is familiar spin-singlet for two spin-half
pariicles. In this stale there is equal probability of
finding the spins {ups and downs) for twe qubits.
Further, if spin of one particle is found up then the
ofher is in down state. If two particles are in an
entangled states then measuring one will affect the
olfer inslantaneously even though they are far
separated in space. Spalial distance is immaterial
because there is correlation in internal degrees of
freedom, One can imagine that ‘samehow' two
patticles fove so much thal even if they are far
apart, still they are in contact! Physicists are still
trying to understand the mechanism of this
‘somehow’,

Quantum Paraltelism and Quantum Algorthm

Like in a classical compuler, to run a program in &
quantum computer {QC) algonthms have fo be
devised. Algorithms on a quantum computer can be
implemented by sequential application of quantum
lagic gates, which are nothing, but a set of unitary
operations on n quits. An important resull in this
area is that any arbitrary operation (2" = 2" matrix)
on n-gubits can be designed from single-qubit
operator (2 x 2 matrix) and two-gqubit operators
(4 x 4 matni).



The stiking fealure of QC is its compulational
potential ~ called "guantum parallelism®. Suppose
{here is a black box that computes a function from
an input bit ; (x = 0; 1; ... 21), Le., It takes a single
bit x to a single bit f{x). Classically one has to do
N=2»  funcion evaluaions. But  quantum
mechanically all the N function evaluation can be
done in one go because a QC can remaln in a
superposition of all N possible logical states (see
fig 1). However, to know the answer we have o do
a measurement on the output register and that will
destroy the caherence. The result will be obtained
according 1o certain probabilities. Thus it is a highly
non-frivial task fo design a quantum computer and
gel an answer for a desired problem,
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Fig. 1 Paratiglism in quantum compufing: F & wiltary oparatar U
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action of U on equal superposition of logic stales evaluales ihe
function for all possible inputs of X.

But why is it 5o interesting? It is not that a QC can
solve some problem which cannot be solved in a
classical camputer (though this question is still an
open). A guanfum compuler can sclve all those
prablems that can be done on a classical compuler.
In addiion, it can solve compuiationally hard
problems with ease. 'Computationally hard’ is
measured through computational complexity —
which says how the number of staps s required in a
computation scales with the size of the input. If we
feed an input number N, the information ar lengh of
the input is L = logal. If § is & palynomial function of
L (such as say s =al + bL? |, then the problem is
tractable and if s grows exponentially with L (such
as say 5 = expffiL)] where fiL] is some non-

exponantial function of L), then the problem is
“hard'.

In recent years fhere have been three imporiant
algorithms discovered. One is the Deutsch-Josza
(DJ) algorithm where one aims to know some
‘global’ information about a binary function f{x), ie.,
fo know whether the funclion is balanced o
constant, & balanced function is one which is 0 for
half of the case and 1 for other half or vice versa, A
constant function is one which is either 0 or 1 for all
values of x Since x takes N possible values a
classical computer will take O[N) steps to decide it.
But Deutsch and Jozsa found an algorithm on a
quantum computer which can decide it in one step!
So there is an exponential speed-up in a quantum
computer [D. Deutsch and R. Jozsa, Proc R
Society (London), Ser. A 439 (1992) 553] The
second is the Shor algorithm where one aims 1o
factorise @ composite (2 non-prime) number . In
general it is an intractable problem. In & classical
computer the best known algorithm takes an
exponentially large number of steps. Shor
discovered that a QC can do the job in a palynomial
number of steps. For example, to facior a number
of size L ~ 600, the number of steps it takes is
s = 1025 It will take million years in a classical
superfast computer but a quantum computer can do
the factorisation in s ~10% steps, ie, in few
seconds! Shor's algorithm is one of the land-mark
papers in quantum computation that generated a
widespread interest among physicisis, computer
scientists, mathematicians and others alike [P. Sher,
Proc. 35th Annual Symp. on Found, of Comp. Sci.
IEEE Computer Society Press, 1994]. The third is
the Grover algorithm, where one aims to find one
particular item from a large unsored data base
containing N items. Classically, one needs to search
QfN) times to find a particular item but quanium
mechanically one can search in O{J}\TJ steps L
K. Grover, Phys, Rev. Laff. 79 (1997) 325], There is
a square-root improvement (ie., the speed-up is
polynomial} which can be a greal advantage for
large data base searches. For example, to find 8
person's name in a directory containing 102 entries,



a classical computer will take so many steps
whereas a quantum computer can do only in 104
sleps.

These discoveries are imporiant nol only for
physicists but also for computer scientists because
they provide radical way of thinking about
computation, information, and programming  in
general. It is worlh menfioning thal DJ's and
Grover's algorithms have been implemented an
‘primitive quantum computers’. There have been
various proposals to build a quanium computer but
a full scale QC is far from scene. The experimental
proposals include isolating and manipulating qubits
in ion fraps, solid state based devices such as
SQUIDS, quantum dots, NMR technigues and many
more [see for latest progress in experimental QC:
“Scalable Quantum Computers® by H. K. Lo and
3, L. Braunstein (Eds], Wiley-VCH Publisher, 2000].

Fundamental Limitations on Quantum
Information

‘known' and Cunknown'. But classically the
information about a state can be knawn in principle,
We know ihat in classical world the state of a
particle is described by its position and momentum
and there are no fundamental limitations on the
precision  with  which we can measure these
vanables. Therefore, even if we do not know the
state of a classical particle, we can always design
an apparalus which can measure its state precisely
withoul disturbing the parlicle. However, in the
quantum world a state of a particle is not described
by its position and momentum but by a
wavefunclion [in absiract 4 nofion it is 8 state vector
in a camplex, linear, complete vector space called a
Hilbert space). An imporant question is can we
‘know’ the state of a pariicle if we are given just a
single quantum system? The answer is o’ To
determine the state of a system completely one
needs infinite number of identically prepared
particles. For example, for a qubit described by a

[ .
state ') = cos—|0) +sin =1} if we say ‘we

know the sfate’ — this means, we know precisely the
value of & and ¢{see fig, 2).

As we have discussad, gantum ¢ ion is a
certaln way of processing quantum information to
achieve starting speed-ups in some class of
problems. But there are much more amazing tasks
one can do with quantum information. On the other
hand there are some fmitations on quantum
infermation toa. Therefore, it is important to know
what type of operations are allowed in quantum
world and what are not. These limitations are sign
posts on the progress mad of quantum information,
fn future when we build gquantum information
processing units we woukd know what type of
machines we need lo design.

Knowiedge of a Quantum siate

Quantum information has certain unique proparties,
which distinguish it from their classical counterpart,
The knowledge' of a quantum state is very crucial in
deciding what operations one can do and what
cannot. There is a vast differenca between the
information content of a guantum stale being

z

Fig 2 Geometrical way of represening @ qubd on & Bloch
sphave. AN the pounts on this sphere rpresen! possibie sfates
of @ qubl. The &ip of the arrow repressntig 1he poinl is & quiit
paramairised by polar angle & and azimuthal angle o

That is 1o say we "know' the exact point on the
Bloch sphere. This is possible only when we have



prepared the qubit ourselves by a suilable machine.
But if some one else has prepared the qubit and
given It to us, then the qubit is "unknown' to us
What it means is that we do not know the value of
twa real parameters @ and ¢, and if we do not know
them, there can be infinite number of possible value
that they can assume. In other wards if we do not
know the exact point on the Bloch sphera, the point
can lig any where (which has infinite number of
possibilities). Therefore, to specify an unknown
qubit ane needs infinite number of bits (which Is
nothing but logarithm of number of possibilities), On
the other hand we do not need any extra bils to
specify a known qubil, because we have the
complete knowledge (ie. we do not lack any
information).

One may wonder is it nol possible to extract the
information aboul the unknown numbers @ and ¢
by measurement? But i one performs
measurements on a qubit one will get anly two

possible outcomes, 1@, it will project either to |0}

3 : i U a
or 1) with probablity cos’~ and sint 5,

respectively, Therefore, ane can extract only one bit
of Information (lagz 2 = 1) by a measurement!
M . after a t the state of the
qubit s no longer the same. It has imeversibly
changed to one of the two distinct states. This is a
riddie of quatum information: even though an
unknown qubit contains infinite amaunt of bits ane
can exiract only one bit of infarmation, Surprisingly,
this ‘unknowability' of a quantum state has important
implications in quanfum information processing. It is
precisely this nature of a guanium object that
prohibits us o copy a quantum state, to delete a
copy from two copies or 1o a slate to its orthoganal
state and many more

No-cloming principle

We know thal in classical world all information can
be copied perfectly. A pedagogical (but crude)
example is an ordinary xerox machine, where we
feed & page containing some classical information

and few blank sheels at input port and at the output
port we get twa or more copies. The xerox maching
is ‘universal' in the sense whatever information you
feed you will get exact copies of an input. Mareover,
the company which has designed a xerox maching
does not know what information we will be copying.
This means the information at users hand is
apparenlly unknown o the person who has
designed a xerox machine, Yet, it works equally well
for all classical information. This is ane example,
which shows that in the classical world it possible to
produce exact copies (in fact as many as we wani)
of any information. The other example is in a
conventional computer we can always copy bils of
information. This can again be done by designing
suitabde logic gates such as cantralled NOT (CNOT)
gates. A CNOT gate, for example, takes two bits as
an input and produced two bits at the output such
that the second bit is flipped if and only if the first bit
is 1 {ie; 00 — 00; 01 — 01, 10 — 11, 11 — 10).
Take 0 and 1 as inputs and 0 as a blank bit then by
applying CNOT ane can get 00 — 00 and 10 — 11,
which is a copying aperation. Everybody is familiar
with making copies of some files in an ordinary
compuler.

Copy ? |
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Fig.3 Cuantum xarox maching

Bul can one design a xerox maching for a quantum
state fhal will produce an exacl copy of an
unknown' state? Surprisingly the answer is na. We
cannot copy an unknown guanium stale! This is a
consequence of linearity of quantum evolulion
discovered by Wootters, Zurek and Dieks [W. K
Waotters and W, H. Zurek, Mature 299 (1582) 802
0. Dieks, Phys. Lett. A 92 {1982) 271]. In quantum
worlds copying process for an ‘unknown' qubit
would invalve the following action

[PHZ} = ), where [F) s the state of the



qubit, |Z} is the blank state (analogous to blank
paper in a xerox machine, see fig. 3).

If a qubit is in any one of the orthogonal state [0} or

[} then it cares classical information and one
can design a xerox machine that can copy it
perfecily. For example, a photon in a horizontal or
vertical polarization state can be copied perfectly.
But when a qubit s in an arbirary finear
superposition of two distinct bits then the hi

a qubit and gives to Bob. Now the infarmation about
the qubit is known to Alice but unknown to Bob.
Then Alice asks Bob o design a deletion machine.
Can Bob design a all purpose deletion machine?
Mot so. The very basic structure of quantum theory
puts strong limitations on the complete deleting of
the quantum information of an unknown state.

Here ona should distinguish the process of erasure
from deletion. Classically, erasure refers to getting
nd of last bit of information from a collection of

fails. However, if we "know' a qubit we can copy It
perfectly. No-cloning principle is in agreement with
established principles. For example, if we could
clone an unknown state perfectly then by making
two sels of identical bles one can

! hits deletion refers fo resetiing
the last bit to a standard bit from a collection of
identical ordered bits. Classical deletion takes an
ordered set of bits to another ordered set of bits and
this is logically reversible. But erasure is an

position on one and momentum on the other
precisely. This will allow us to measure two
conjugate properies of a system, which, in tum
violates  Heisenberg's  uncertainty  relation.
Morgover, f we can clone an arbifrary state then
using spin-singlet entangled state one can send
signals faster than light. Because Alice at one end
can measure her particle onto two orthogonal basis
(she can get 1 bit) and Bob at the other end can use
a cloning machine to produce infinite number of
copies of his particle and can infer the measurement
out come of Alice. This will aliow a ication

i ible operation. In classical informatian theory
there is Landauer's principle of erasure, which says
that if you throw away one bit of information it must
dissipate energy £ = kT log 2 at temperature T.
Thus erasure of a single bit leads to increase of
entropy of the surrounding by an amount klag 2,

|'¥ }—> ¥ )
Deleting ?|
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of 1 bit faster than light. But we know that we cannot
send signals faster than light and this is another
reason why cloning of ‘'unknown' states must be an
impossible aperation.

No-geletion principle

Yet, another fund | limitation on b

Fig. 4 Quantum deiefing maching

The quantum deletion is fundamentally different
than erasure [W. H. Zurek, Nature, 404 (2000) 130)
Quantum deletion as defined aims to create a blank
state and original copy states from two copies by a
linear aperation acting jointly on all the copies. For

information has been discovered recently. In
classical information theory deleting copies of some
Information s always possible using a CNOT gate.
However, in quantum theory the perfect deletion of
an unknown state from a collection of two copies is
an impossible operation [A. K. Patl and S L
Braunstein, Nafure 404 (2000} 164]. To understand
this question befter imagine that there are two
persons Alice and Bob. Alice prepares two copies of

ple the deletion process would take two copies
of an unknown neufron or photon and produce a
blank state together with the original copy. If we
have two phatans with arbitrary polarisation in some
state |'¥), the action of deleting machine can be
representad as (see fig.d) [} —|¥)|Z)

It was proved that though the above machine can
work for qubits in orthogonal states but for an
arbitrary qubil the above process does not exist. By
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lingarity one can show that the final output states
are different i ideal case and actual case
Therefore hinearity dees not alfiow delefing of an
unknown quantum state against a copy. This
principle 15 now called “guantum no-deleion”
principle. Nevertheless, if one knows a qubit one
can delete a copy. This is not just reverse of no-
cloning principle, but an independent principle by
itself. It is worth mentioning that in classically world

Therefore an qubil cannol
na |e lhere is no universal-NOT gale for a qubit
[V. Buzek, M. Hillery and R, F. Werner, Phys. Rev,
A 60 (1999) R2626). Surprisingly, if one picks up
aqubits from equatorial or polar great circles on a
Bloch sphere then it is possible to design a NOT
gate. This means that any paint from these special
class of states can be flipped exacily, With a priori
i ion about qubils, even if they are unknawn

one can erase and delete information (both the
operations are allowed) but in quantum world one
canno! defele bul can only erase information at
s0me energy cost,

The important implication of no-cloning which was
discovered some lwenly years ago s realised in
recenl years. Similarly, the implication of no-delefing
principle discovered only last year will be realised in
times to come, It is a hope that this may have some
applications in the quantum computer and in
general other quantum information processing units,

No-flipping principle
We know that classical information consisting of bits
such as 0 or 1 can be |e., 0goes 1and 1goesfo

0. This can be achieved by a using a NOT gate
Similarly, in quantum world a qubil in a prefered

logical state |0 or |1} ean be fiipped because
they again carry classical information. But can one
flip an wnknown qubit which s in an arbitrary
superposition of two distinct logical  slates?
Cperatiorally, one can represent the flipping action

as [¥) =) where 7} s orthogonal to 1¥).

The answer fo the abave question is again 'no’. The
reason behind such an impossibility is that we do
not know the exact location of the point on the Bloch
sphere. The flipping operation is nothing but
inversion of the Bloch sphere. If we know the qubst,
then we know the exact location of the point on the
Blach sphere and we can apply a rotation operator
fo get the flipped state. When the point on the Blach
sphere is unknown we cannot chose the NOT gate

still they can be flipped exactly (A K. Pall, Phys.
Rev. A 63 (2001) 014302].

The physical reason behind such impossible
operalions is fraced to our 'ignorance’ about the
qubit. This quantum ignorance is not just a practical
ong but of fundamental one which cannot be
removed al any cost However, the classical
ignorance can always be remaoved in principle by
stuitable measurements. Hence, there are no
limitabons on copying, deleting or of classical bits

Applications
The immssibilﬂy nf “knowing' a quantum state has

in cryplograp
Cryptography is an ar of senvmng secrel information
between two parties. Usually, the securty of
classical cryplographic  profocol  depends  on
pli about complexity of the
rs!riwlng the key. Bennett and Brasard [ C. H.
Bennett and G. Brasard, Proceedings of the |EEE
Conf. on Computers, Systems and Signal
Processing, Bangalore, India: IEEE, 1984, 175)
were the first to realise that by encoding bits in
nuantum  stales Alice can send  confidential
infermation to Bob. A third party Eve, cannot know
what message 15 sent from Alice to Bob because
she cannot know the quantum state completely, nor
can she make copies of the quantum states. In case
she fries to read the information by measurement
there will be ‘unavoideble disturbances in the
message and Bob will come to know that thers was
a spy! So the security o cryplography is provided by
no-cloning principle and the laws of gquantum
hanics. Quantum cryptography may play an




important role in defence applications such as
sending secret information across boarder regions
where absalule security is essential,

Quantum informatian processing is not only limited
to quantum computation, quantum cryptography but
many other protocols which are  impossible
classically. Some of those are quantum telepartation
{8 method to send an object without physically
sending it but the cost of destroying the original),
entanglement swapping (& methad fo creats
quantum entanglement between two particles which
have never interacted), remate state preparation (a
method to prepare certain class of qubil at a distant
laboratory). and so on. In recent years considerable
progress has been made by leading scientists 3
over the world (though in India it is yet to gain
tum). The future chalk lies in d
new quantum algorthms, new limifations, and
building quantum information processors that will
ultimately transform the living style of human
civifisation in tweniyfirst century and the society as a
whole.

SCIENTISTS VISIT
AQUACULTURE FARMS
AND FISH PROCESSING
UNITS

A team of scientists from the Food Technology
Division led by Or DR. Bongirwar, Head, Food
Technology Division, BARC, visited shrimp farms
and fish processing units at Vishakapatnam and
Kakinada to educate the farmers and processors on
the usefulness of radiation processing for fish
conservation and hygienisation. Dr K.R. Prasad,
Prasident, Confederation of Indian Aquaculture
Farmers Welfare Association, arranged a meefing of
aguaculturists, quality contral officers, processors
and officials including those from Central Institute of
Fisheries  Technology (CIFT) and MPEDA,

Y al the C
Meghalaya Vishakapatnam.
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Or 0L Bongiwar, Head, Food Technology Oivision, BARE,
ana hig feam of schenlisls &l the mesting &t Vishakapatiam.

After the welcome speech by Or Prasad, Or DR.
Bongirwar gave a talk on the applicaions of
radiation for food preservation. This was followed by
Dr 5.B. Warrier, who spoke on the preservation and
hygienisation of seafoods using gamma radiation,
Dr V. Venugopal talked on the importance of value
addiion in seafoods, Dr Ms Kamat and Dr JR.
Bandekar dealt in detail on the microbiological and
plant quahty management aspects of seafood

. These p ions were
followed by a Iwely dlscussmn on Ihe topic

A general opinion emerged after the discussion was
the need for mandatory imadiation of seafoods for
their conservation and hygenization. Participants of
the meeting were of the opinion that all efforts
should be made to persuade Andhra Pradesh State
Govemment 1o set up a radiation processing plant
for seafoods in the coastal area of Andhra Pradesh.
Dr Prasad emphasized the need for aranging an
awareness workshop on radiation lechnology in fish
pracessing industry for the benefit of seafood
pracessors, quality control  inspectors  and
aguaculfture farmers. This workshop could be
organized by BARC along with fisheries institutions
including the Marine Products Export Development
Authority,




NATIONAL SYMPOSIUM ON
ENVIRONMENT

Environmental  Assessment Division of BARC
organised fhe 10%  National Symposium on
Environment at BARC during June 4-8, 2001, DrV,
\enkalraj, Director, Health, Safety and Environment
Group, BARC, welcomed the delegates.
Inaugurating the symposium, whose focai theme
was "Environmental Implications of Electrical Power
Generation®, Dr Anil Kakodkar, Chairman, Afomic
Energy Commission and Secretary, Deparimant of

nuclear facifities in our country. He pointed out that
the per capita consumption of power in India & very
low compared fo developed couniries, As the
thorium and uranium potential in India is 10 times
mare than that of the fossil fuels, he said that
nuclear power with highly developed infrastructura
can enhance the availability of power while giving
due regard to the environment.

In his welcome address and later in the invited talk
on  CEleclricity  Generation:  Safety  and
Environmental Impact’, Dr V. Venkat Raj, Director,
Heaith, Safety and Environment Group, BARC,
t d that sufficient availabilty of affordable

Atomic Energy, highlighted the total i aof
the DAE fo the envi | safety [ in
all its activities. Dwelling on the strong R&D base in
DAE  in  environmental  sciences,  raining

programmes and appropriate regulations, he told
that radioactive releases from all our installations
very well meet the national and international
standards and efforts are on to achieve 'zero
discharge’ level.

Or V. Venkal Raj, Direcfor, Healh, Safafy and Envirmment
Graup, BARC, debverng his welcome address during lhe
sympasium. Others on the dais ame (from @8R fo right) : Or 5.
Sadasivan, Head, Envi Divigion, BARC,
Mr 8. Bhaftachages, Director, BARC and Dr Anil Kakodiar,
Chatrman, Alomic Energy Commission and  Secrefary,
Department of Atomic Enemy.

Presiding over the inaugural session, Mr B.
Bhattacharjee, Director, BARC, also stressed on the
ighest priorly. alven 10 thel - onv and

power is a prerequisite for economic development.
Camparing different power generafion options and
their inherant safely and environmental implications,
he said that thermal power is the main source of
energy for the immediate future, but nuclear energy
offers an environment friendly and sustainable
option to meet our long term energy needs. DOr S
Sadasivan, Head, Envionmental Assessment
Division, BARC, proposed a vote of thanks.

There were nine invited talks by eminent experts on
a variety of topics on power generation opfions,
natural radioactivity, analytical technigues, biological
impact of thermal discharges, role of nuclear energy
in green house gas mitgation, techniques used in

g and impact
and role of remote sensing. A fotal of 51
contributing papers were [ i In an evening

lecture an 4%, Mr VK, Chaturvedi, Chief Managing
Director, NPCIL traced the history of nuclear power
programme in India and dwelt on its strength,
expertise gained and ability to meet future
challenges. About 200 delegates from different DAE
units and other institutions including  several
universities and colleges participated in  this
symposium.

& number of industries manufacturing environmental
related systems paricipated in an  exhibition

sustainable development since the very inception of

organised along with the symposium and exhibited
their products.



BARC SCIENTISTS
HONOURED

= Dr JPMital Director,
Chemistry & lIsotope  Group,
BARC, was presented the
Golden Jubilee Commemeoration
Medal for Chemical Sciences
(2001). The medal is awarded
ance is three years for outstanding contributions to
chemistry. Eminence of the awardee is fudged with
the criterion that the scientific work of the candidate
in such thal ifs impact has been felt for a
considerable length of time.

The medal will be awarded to Dr Mittal later this
year during his award lecture.

» Dr S. Adhikari of Radiation

one of the 5 winners of the 2001
IUPAC Prize for Young Chemists.
This award is given on a global
competition basis to 5 young chemists for the best
Pn.D. thesis submitted to the University. Dr Adhikari
submitted his Ph.D. thesis "Radiation chemical
studies on biological and other important molecules
in micelles, microemulsions and agueous solutions”
to Mumbai University and got the Ph.D. dearee
under the guidance of Dr T. Mukherjee, Head,
Radiation Chemistry & Chemical Dynamics Division,
in the area of Radiation Chemistry and Micro-
heterogensous Systems. The award consists of
USS 1000 and a free tip to the next IUPAC
Congress to be held in Brisbane, Austrafia, during
July 1-6, 2001, The awardee has fo present the

poster regarding his scientific contribution. The
award will be made during the glittering opening
ceremony on July 1, 2001. The Prize Selection
Committee was chaired by distinguished chemist,
Prof. Joshua Jortner of Tel Aviv University, who also
is the past President of IUPAC.

» Mr V.M. Bhole of Atomnic Fuels Division, BARC,
has been awarded the National
NDT Award 2000 in the Research
and Development category. He is
the leader of the eddy curent
testing group in NOT & QE
Section.

Some of the important contributions of Mr Bhole are
as follows: (i) In-service inspection of coolant of
PHWRs, including detection of litled garier spring,
PTICT gap measurement, oxide layer thickness
measurement on 1D of coclant tube, flaws detection
on ID of coofanta tube, and development of the
computer eddy current test system for in-service
inspection of calandria tubes. (ii) Testing of nuclear
fuels, (i)} Characterisation of hydride biister on
zircaloy pressure tube for PIE, and (iv) In-sarvice
inspection of heal exchanger and steam generator
tubes in Heavy Water Plants, Power Reactors and
in some Fertiliser plants,

&+ Dr Pitamber Singh, Head,
§ FOTIA Section, MWuclear Physics
Division, BARC, has been selected
as member of the Nafional
Academy of Sciences, India. Dr
Singh has made an outstanding conirbution in
setting up the MV Folded Tandem lon Acelerator
(FOTIA) facility at BARC which is an accelerater of
its own kind amongst a few in the world.
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