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@ Presentation of myself
@ My next 3 years at hiMolde
@ Theoretical physics: Quantum Optics

@ Quantum computers:
@ superposition
e entanglement

@ Decoherence
o Lifetime of an atom chip (PRL 97, 070401 (2006) )

@ Collaborators

@ Summary

www.himolde.no Physics & Quantum Computers at hiMolde



@ Name: Per Kristian Rekdal

@ Age: 38

@ Education:
e M. Sci. theoretical physics, NTNU, (1992-1997)
e Ph.D.: quantum optics, NTNU, (1998-2001)
e Post Doc: quantum optics, Imperial C., (2002-2004)
e Post Doc: quantum optics, UniGraz, (2005-2006)

@ # published papers: 14

@ h-index: 6
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Presentation (cont.)

@ Master of Science: (1992-1997) 2 “‘ i
NTNU ‘ﬁ-z
Thesis: o |

“Coherent Electron Transport in Two-Dimentional Quantum
Dot-Structures in a Magnetic Field”

Supervisor: Eivind Hiis Hauge

@ Molde University College
Specialzed Uniersly n Logistics
www.himolde.no Physics & Quantum Computers at hiMolde



Presentation (cont.)

@ Doctoral fellow: (1997-2001)
NTNU
Dr. Ing. Thesis:
“Some Non-Perturbative Results in Modern Quantum
Optics”
Supervisor: Prof. Bo-Sture Skagerstam
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Presentation (cont.)

@ Doctoral fellow: (1997-2001)
NTNU
Dr. Ing. Thesis:
“Some Non-Perturbative Results in Modern Quantum
Optics”
Supervisor: Prof. Bo-Sture Skagerstam

.k\\
.
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Presentation (cont.)

@ Post doctoral fellow: (2002-2004)
Imperial College London, England
Co-workers:
Dr. S. Scheel, Prof. E. Hinds and Prof. P. Knight
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Presentation (cont.)

@ Doctoral fellow: (2005-2006)
Karl-Franzens-Universita Graz, (Austria)
Co-workers:

Ulrich Hohenester

@ Molde University College
Specialized Universiy in Logisics
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Presentation (cont.)

Non-academic work experience:

@ Axess A/S, Molde (2007-2011) o e o

@ Structural Engineer

e analysis and calculation
e FEM analysis
e “hand calculation”

@ IT responsible (2007-2010)

e strategical decisions
e some technical issues

iversity College
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Presentatio

Structural Engineer, analysis and calculation, (2007-2011):
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Figure 7-5: Deflection of bridge beam for load combination I. Max deflection is 15.6mm.
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Presentation (cont.)

Structural Engineer, analysis and calculation, (2007-2011):
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Figure 5.2: Eight nodes in the STAAD.Pro model are “fixed support™. Four nodes are modelled with "pinned
support”.
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Presentation (cont.)

Structural Engineer, analysis and calculation, (2007-2011):

x=2m position of damage, Ref \RY
L= (34475 - 2300 mm =32.175m length of boom, Ref. drawing \D1\ ( see Fig. 2.1)
Lijp:= (48000 - 36090) mm = 11.91m length of boom tip, Ref. drawing \D1\ ( see Fig. 2.
q=s00-X¢ estimated weight of boom per meter

m (SolidWorks)
Q= qL= 160871 weight of boom between axle and boom rest
Qp = Ly = 5955 weight of boom tip (see Fig. 2.1)

bending moment between king and boom rest

M :ug%tl,f(:uw»cmm

(Qipe) 52
Moo= tip’ = 2378 kNm bending moment due to weighg of boom tip
ip=———— =2 (assume point load at Ly/2 )

Figure 2.1: Model of boom for calculation.
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Presentation (cont.)

Present position:

@ Associate Professor Il at Molde University College
( “Fersteamanuensis II")

@ 20 % position
@ Period: 3 years
@ External funding

@ Unit:  @Gkonomi-, informatikk- og samfunnsfag (JIS)
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Next 3 years

Intentions for the next 3 years:

@ 1) research and publication at hiMolde

e “Memory Effects in Spontaneous and Stimulated Emission
Processes”

e “Casimir Polder Force for an Atom above a superconductor
at finite temperature T’

e “Interference Effects for Emission Processes with Arbitrary
Initial State”

@ 2) research collaboration with groups at hiMolde
e e.g. optimization group (Arne Lokketangen)

@ 3) teaching

e MATO001 Forkurs i matematikk, 2011
e Written a compendium @ Molde University College
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Paper currently under preparation:

Memory Effects in Spontaneous and Stimulated Emission Processes

Asle Heide Vaskinn,'* Arne Lghre Grimsmo," T Per Kristian Rekdal,® ¥ and Bo-Sture Skagerstam!-

! Department of Ph-gszcs. The Norwegian Unwversity of Seience and Technology, N-7491 Trondheim, Norway
“Molde University College, P.O. Bozx 2110, N-6402 Molde, Norway
(Dated: May 15, 2011)

We consider a quantum-mechanical analysis of a decaying systems in terms of an effective two-
level system. The analysis is in principle exact, even though presented as a numerical solution of
the time-evolution including memory effects, and is confronted with previous results as discussed
in the literature in terms of e.g. approximative Laplace transform technicques. At large times as
compared to the life-time of spontaneous emission we find large deviations of the exact analysis. We
argue that different renormalization procedure actually influences the large-time behaviour of the
decaying system. In the presence of physical boundaries the conclusions remains the same (7)

PACS numbers: 34.35.4a, 03.65.Yz, 03.75.Be, 42.50.Ct




Next 3 years (cont.

Memory Effects in Spontaneous and Stimulated Emission Processes

Arne Lohre Grimsmo, ¢ Per Kristian n.ma]“ 4 BoSture Skagerstam!:§
ics, The Noruwspian University of Seienze and 7494 Trondheim, Norway
“Melde Uniarsiy Colegs, 7.0, Boz 2110, N i “Wersay
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Next 3 years
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Next 3 years (cont.
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Next 3 years (cont.

B. Approximations
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Next 3 years (cont.
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Next 3 years (cont.
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Next 3 years (cont.
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Next 3 years (cont.
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Next 3 years
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Next 3 years (cont.)
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Research

Field of research: Quantum Optics

® Molde University College
Speciaized Uniersiy i Logistcs
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Quantum Optics

Quantum Optics: (definition)

a field of research in physics, dealing with the application of
quantum mechanics to phenomena involving light and its
interactions with matter.
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Map of|Quantum Optics

Quantum-Coherent
Spectroscopy

Quantum Optics

Foundations of
Quantum Mechanics

Optical Coherence

Magnetic Resonance

Sten-Gerlach

R~ Towmes
Ramsey

Optical pumping

Photoelectric effect
Stimulated-spontaneous emission

Interferometr

‘Quantum Theory of

Laser spectroscopy

Schawlow

Bell's Inequalities

Laser Cooling and Hinsch
Trapping
Wincland (ions) (Atomic coherence
Chu

2-level atoms
3-level atoms
EIT, Slow Lighy

Phillips

Nonequilibrium quantum
statistical mechanics

Quantum Measurement
and Decoherence

[

BEC

Wieman, Comell, Ketterle %

Optical Coherence
Glauber, Mandel

Nonclassical Light
Walls <

orrelated Photon Sources
Squeezed States

Experimental Tests of B
A

speet

Quantum Information Processing
-Quantum Cryptography

-Quantum C

Quantum Noise
Haus, Caves, Gardiner

Optical Communications

Cavity QED
Kimble, Haroche, Walther




Physics of computing

[ In 2017 single-electron gates |

Babbage’s
computer

Silicon chips

= =) M

@ Classical computer vs quantum computer:
mechanical/circuits/transistors vs atoms
(bit vs qubit)

@ Molde University College
Specialized Universiy in Logisics
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Bit vs Qubit

Classical

(voltage)

(electric)

BIT

(classical)

0 OR 1

atom

QUBIT

(quantum mechanical)

|qubity = % {\0} + \1}]
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Moore’s Law

Moore:
The number of transistors on a chip doubles every ~ two years

Transistors
Per Die

101t

# 1965 Actual Data 16 & r3
10°{ = MOS Arrays 4 MOS Logic 1975 Actual Data 256m 512M

o 126M Manium™
1975 Projection
g B Pentium® 4
Pentium® Il
A Microprocessor i Pentium®Il
Pentium*®

Memaory 16M

B N B N B N A I [ B A O

1960 1965 1970 1975 1980 1985 19800 1985 2000 2005 2010
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Quantum Computer

Quantum computer: (definition) Video 01 (2 min. 24 sec.)

computer that makes direct use of quantum mechanical
phenomena, such as

@ superposition

@ entanglement
that can perform tasks beyond the capability of any conceivable
classical computer.

www.himolde.no Physics & Quantum Computers at hiMolde



Applications of QC

@ Faster calculations

@ Perform detailed search more quickly

@ seach in a database
e traveling salesman ( c.f. video)

@ Simulate quantum mechanics better

e chemistry and nanotechnology rely on understanding
quantum system
e simulate molecules for improvement of medical properties

@ Quantum cryptography
e credit cards
e military secrets
e Shor’s algorithm (q. algorithm for integer factorization)
@ lasers
@ sensors (video02 (2min.2sec) ,  Video03 (1 min 59sec) )

www.himolde.no Physics & Quantum Computers at hiMolde



Two Properties

Two peculiar properties:

@ 1) superposition , mixture of all possible states
@ 2) entanglement , “coupling” of quantum systems

@ Molde University College
Specialized Universily in Logislics
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1) Superposition

a) Classical computer: (n = 3 bits register, i.e. 2" = 8 alt.)

000, 001, 010,011,100, 101, 110,111

b) Quantum computer:

|)in = ¢1]000) + c2|001) + c3|010) + c4/011)
+0¢5/100) + c5|101) 4 ¢7|110) + cg|111)

where Y8 . |gi2 =1

www.himolde.no Physics & Quantum Computers at hiMolde



1) Superposition (cont.)

................................

Unitary operation: (map)
W)out = [AJ |¢>in
= d1|000> —|—d2|001> —|—d3|010> —|—d4|011>
+ds[100) + dg|101) + d7|110) + dg|111)
where Y8 . |dif?2 =1
/000 d{|000)
C»|001 (12‘OO1>
c3/010 /(13\010>
4011 4@011)
Cs|100 idsnom
cs|101 d6|101>
cr[110 \d7\110>
Ca|111 Vlin ot ™ gg1111)

www.himolde.no
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1) Superposition (cont.)

Example:

le12=1/8  ¢]000) d1/000) jdh[? =0
@f = 1/8 ©5/001) dz[001) [ =0
ls2= 178 C3]010) /(13\010,\ |daf? =1
\.:4\2: 178 C4|011 ‘r g ds|011) |daf? =0
s = 1/8 €5[100) ———d5/100) (05| =0
af= 18 cs101) stﬂ”) 0hf? = 0
\072: 1/8 07‘110\ d7‘110> ‘d7‘2:0
e =178 cg[111) 7" [V)in V) our dg|111) |dg[? =0
(38, |gl2=1) (X8 [dP=1)

@ Molde University College
Speciaized Universiy i Logistcs
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1) Superposition (cont.)

Example:

lei?= 178 ¢4|000) d{|000)  |dj2=0

o = 178 €5[001) /ngOU (02 =0
los = 1/8 c3|010) /L|3010\ |ds? =1

2= 1/8  C4]011) d4\011 |daf? =0
ls2=1/8  ¢5|100) \(15‘10()) |ds[> =0
wf= 18 csl101) stmn b =0
of= 18 ©7/110) d7|110) o7 =0
2= 178 Ca[111) 7" [)in Wlout N g 111) |02 =
8
(E?:1 cle=1) (X ldP=1)
constructive / destructive interference @ MoeUnvershy olee
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2) Entanglement

Entanglement: (definition)

when two quantum systems interact and become irreversibly
linked/coupled, or entangled.

Dhservﬂd Affgc-l‘ed Video 04 (1 min. 2 sec.)
"here’ "over there'
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2) Entanglement (cont.)

Einstein:

“Spooky action at a distance”
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New World Record

New World Record
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New World Record

SCIENTIFIC == 2
AMERICAN"  :onosase

* Log In to SA Digital

Energy & Sustai Technology *  More

Home » Blogs » Observations »

47 Observations

Opinion, arguments & analyses from the ediitors of Scientific American

Physicists entangle a record-breaking 14 quantum bits
By John Matson | Apr 5, 2011 04:18 PM| 5

EShare = Emall & Print

Quantum information science is a bit like
classroom management—the larger the group,
the harder it is to keep everything together.

But to build a practical quantum computer
physicists will need many particles working in
synchrony as quantum bits, or quibits. Each
qubit can be a 0 and a 1 simultaneously,
vaulting the number-crunching power of a
hypothetical quantum computer well past that of ordinary computers. With each qubit
in a superposition, a quantum computer can manipulate an exponentially large

quantity of numbers at once—2"n numbers for a system of n qubits. So each step
toward generating large sets of qubits pushes practical quantum computing closer to
reality.

Molde University College
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Zoo of quantum optics systems

Zoo of quantum optics systems
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Zoo of quantum optics systems

lons in magnetic traps:  ( quantum register )

100 pm

collective modes Q) 1o
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Zoo of quantum optics systems (cont.)

Atoms trapped in a cavity: (atoms are qubits)

AVAVAVAVE S

cavity decay

S

spontaneous
emission

@ Molde University College
Specialized Univrsiy in Logisics
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Zoo of quantum optics systems (cont.)

Optical lattice as array of microtraps for atoms:
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Decoherence

Decoherence

( loss of superposition , loss of ordering )
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Using a consistent quantum-mechanical treatment for the electromagnetic radiation, we theoretically
investigate the magnetic spin-flip scatterings of a neutral two-level atom trapped in the vicinity of a
superconducting body. We derive a simple scaling law for the corresponding spin-flip lifetime for such an
atom trapped near a superconducting thick slab. For temperatures below the superconducting transition
temperature T, the lifetime is found to be enhanced by several orders of magnitude in comparison to the
case of a normal conducting slab. At zero temperature the spin-flip lifetime is given by the unbounded
free-space value.
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Coherent manipulation of matter waves s one of the
ultimate goals of atom optis. Trapping and manipulating
cold neutral atoms in microtraps near surfaces of atomic
chips s 4 promising approach towards full conirol of

1. The subject of atom
oplics is making rapid progress, driven both by the funda-
mental interest in quantum systéms and by the prospect of
new devices based on quantum manipulations of neutral
atoms.

With ithograpic or aer srfce patning procsses
complex. atom chips can be buill which combine many
rap, wavegkdes, and cber lements, in rder (0 ealze
controllable composite quantum systems [2] 15 needed.
.. for the implementation of quantum information de-
vices [3]. Such microstructured surfaces have been highly
successful and form the basis of a growing number of
experiments [4]. However, due 1o the proximity of the
cold atom cloud 1o the macroscopic subsirate additional
decoherence channels are introduced which limit he per-
formance of such atom chips. Most i
noise currents in the material cause electromagnetic ield
fuctuations and hence thrcaten to decohere the quantum
stae of the atoms. This effect arises because the fnite
temperature and resistivity of the surface material are al-
ways accompanied by field fluctuations, s a consequence
of the fuctuation-dissipation theorem, Several experimen-
al [5-7] as well s theoretical [S—11] studies have recently
shown that rf spin-fip transitions are the main source of
decoherence for atoms situated close to metallc or diclec-
tric bodies. Upon making spin-ip transtions. the atoms
become more weakly trapped or even fost from the
microtrap,

In Ref. (10] it was shown that o reduce the spin deco-
herence of atoms outside a metal in the normal sate, one.
should avoid materials whose skin depth at the spin-flip
ransiton frequency is comparable with the atom-surface.
distance. For typical values of these parameers used in
experiments, howexer, this worst-case scenario oceurs [5—
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7). To overcome this deficiency, it was envisioned [9] that
superconductors might be beneficialin this respect because
of their efficient screening properties, although this con-
clusion was not backed by a proper theoretical analysis. I
is the purpose of this leter 1o present a consistent theorei-

of superconducting. bodics, using @ proper quantum-
mechanical treatment for the electromagnetic radiation
and 10 reexamine Johnson-noise induced decoherence for
superconductors. We find that below the superconducting
transition temperature 7, the spin
boosted by several orders of magnitud
finding which i atibuted t0: (1) the opening of the super-
conducting gap and th resulting inabilty 10 deposit encrgy
into the superconductor, (2) the highly eficient screening
properties of superconductors, and (3) 1 ctive
volume within which current Muctuations can contribute
o field fluctuations, Our results thus suggest that current-
noise induced decoerence in atomic chips
pletely diminished by using superconductors instcad of
normal metal

We begin by considering an atom i an intial st )
and tsapped at position near a dielectric

ody. The rate of spontancous and thermally 56
magnetic spin-lip ransition into a inal state 1) has been
derived in Ref. [10],

can be com-

r in vacuum

2pngsP
o=

S IS litdin

XIm[V X V X Glry, 1y @]l + 1. (1)
Here ey is the Bohr magneton. g, = 2 s the electron spin
¢ factor, {f13;1) is the matrix element of the electron spin
operator comesponding 10 the transiion [/ — 1), and
Glryry, ) s th Green tensor of Maxvells the-
ory. Equation (1) follows from a consistent quantum-
mechanical treatmen of ¢lectromagnetic radition in the
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presence of absorbing bodies [11,12]. Thermal excitations.
of the electromagnetic field modes arc accounted for by the
factor (i, + 1), where i, is the mean
mlmhcr of thermal photons per mode at frequency w of the

in-flip transition. The dyadic Green tensor is the unique
orion t the Helmholtz quation

B(r— 1
@

VXV X Gl ¥, 0) = Kelr, 0)G(r, v, 0)

with appropriate boundary conditions. Here k
wave mumbet i vcuum, ¢ i he specd of gt and 1 e
unit dyad. This quanity contains all relevant information
Shout the gcometryofthe matrial and, through the clecti
permittivity e(r, w), about its diclectric propertis
"The curtent density in superconduciing medis is com-
monly described by the Matts-Bardeen theory [13]. To
simpliythe physicl pctur, et s it he dicussion o
but nonzero frequencies 0< w < A0/

fluid model [14,15]. At finite temperature T,
density consists of wa types of carriers. superconducting
Cooper pairs and normal conducting electrons. The total
current density is equal to the sum of  superconducting
current density and a normal conducting current density,
e J(r0) = 3,5, 1) + J, (5, 1) Let us furthermore assume
that the superconducting as well as the normal conducting
part ofthecuret densityssponds ey loclly (o
the electric field [16], in which case the current densities.
e givem by the London equation and Ohm's v, epec.

1)
o oA

a0

360 = 0, (DE® ). ()

“The London penetration length and the normal conductiv-
ity are given

) " (1)
M= e aD =" R @
Here i the cleuical conductivy of the metal in the
normal state, m is the electron mass, e is the electron
charge, and 12T aré the lecron densites i
the Supercondacting and. normal sate, respecively, 2t &
given temperature T. Following London [14], we assume
that he ol density s consiant and siven by g = .(T) -
na(T), where " 0 and n,(T) = g for
T>T. Fora Condon \uyverwm\uum ith the assump.

ons as mentioned above, | function €(@) in
e low frequency regime e

ew)=1-

where 8(T) = \/2wpiger, (T} is the skin depth associated

with the normal conducting clectrons. The optical conduc-
tivity corresponding 10 g (5 (1)
ifopgAi(

In the following we apply our model to the geometry
shown n Fig 1. where anstom is ot in vacam at 4
iance < ey from & supereondctin ab. Wo considr
in correspondence to recent experiments [5-7], V/Rb atoms
u mp=

measured atom number o decay with rate I, associated
with the rate-limiting transition |2, 2) — |2, 1)
tion rate %, = (Y, + I§4)(7, + 1) can be dzcon\pwed
intoa free partand s part purely due to the prescnce of the
slb. The fsepace spiip e o ze0 emperitae s
T, = 4o 4455543 [10]. The slab-contribution c:
ined by mtching the clectromagnetic fields at the
vacuum-superconductor interface. Wit the same spin ori-
i as in R £, 91, e [(f1S, D and

(s
IS0 =0 lip rate s T = I (7 + 1),
With the atom-spin-orientaion dependent integrals

iy xK(JN ,ml]). ©

“Uryla)

@) )

and the electromagnetic field polarization dependent
Fresnel coefficients

e@)io ~ 7()
) = ®
2a) S ®

_ 7o~ dilw)
A = o+
Here we have 7i(w) = y/e(@) — 47 and o

N
aoperconductor

FIG.. Shemtcpcture o he sup comsidered in o
culations. An atom inside a magnetic microtrap i located in
o a1 it - away o  hik supercondocing b,
i.c.. & semi-infnite plane. Upon making a spin-fip ransiion, the
atom becomes more weakly rapped and is eventually los.
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particular, above the transition temperature 7, the dielec-
ric function in Eq. (5) reduces to the well-known Drude
form. Because of the cfficient screening propertics of
superconductors, in most cases of interest the incquality
A4(T) < 3(T) holds. Assuming furthermore the near-field
case A,(T) <€ 2 < A, where A = 27/k

associated to the spin-flip transition, which holds truc in
ractically all cases of interest, we can compute the inte-
el i Eas. (61— amlyially o nally opain

T Sp 1w
8 = i + 01+ 2(3) g 2 ©

For a superconductor at T = 0, in which case there are no

lectrons, it is seen from Eq. (9) that the

lifetime is given by the unbounded free-space lifetime
/T,

Equation (9) i the entral result of our Lettr. To inquire
it its details, we compute the spin-flip rate for the super-
conductor niobium (Nb) and for a ypical atomic ransion

/27 = 560 kHz [5]. We keep the atom-
surface distance fixed at = = 50 m, and use the Gorter-
Casimir [15] temperature dependence

Oy _nO_ (1)
o).

ucting electron density. Figure 2 shows
the spin-flip lifesime 7, = 1/T%, of the atom as a function
of temperature: oer a wide temperature range 7, remains.
as large as 10'0 scc. In comparison (o the normal-metal
lifetime 7, which is obtained for aluminum with its quite
small skin depth &= 110 um and using the results of
Refs. [9,10], we observe that the lfetime becomes boosted
by almost 10 orders of magnitude in the superconducting
state. In particular, for T = 0 the ratio between 7, and 7, is
even 107, From the scaling behavior Eq. (9) we thus
observe that decoherence induced by current fluctuations
in the superconducting state remains completely negligible
even for small atom-surface distances around 1 em, in
o the normal state

would fimit the performance of atomic chips

‘The scaling behavior of the spin-fli rate Eq. (9) can be
undestod qualiatvly on the buis of Eq (1. The

taton-dsipaion theoren [1112] et the imag-
the Green tensor and e(w) G =
assuming a suitable real-space convolu-
tion, and allows to bring the scattering rate Eq. (1) 10 a
form reminiscent of Fermi's golden rule. The magnetic
dipole of the atom at £, couples to a current fluctuation
at point r in the superconductor through G(r,, F, w). The
propagation of the current fluctuation is described by the
dielectric function €(w), and finally a backaction on the
atoic dipale oceurs via G vy, o). For the near-feld
coupling under consideration, < < A, the dominant con-
tribution of the Green tensor is |G| ~ 1/
in the overall =+ dependence of the spin-lip rate Eq. (9),

ao

for the supercondu

art

nary
Glmfe(w

10%)
Free space lietme
o — Superconductor (Nb)
10 -~ Superconductor (x3)

Normal metal (A)

Lifetime (s)

rapped atom near
s fncion of

) Soiv i ifeime o
Sl 7, (red solid line)

atom-surfuce distance s fixed
S0 amd the ey f the tomic nsiion i ¥
560 kHz. The other parameters a 5 m (19],

531K 9], commpondy

spesondcing . The mmerical e of 7 s omped
using the temperature dependence as given by Eg. (10). As a
iefrenc.we v ol the feime ry o disbedine)
' an atom outsde a normal conducting slab with 5 = 110 m,
comsponding 0 AL The red dshd-dted I i he e
the same prunetsrs s mentonsd above bt 4(0) = 3%
 have taken into account the fact that the

lifetime 7o/(ig + 1) for
conducon The unbounded fespae ftme i zro emprs
ture

The imaginary part Il e(w)] ~ 1/5% of the dielectric
function Eq. (5) accounts for the loss of electromagnetic
energy (o the superconductor, and is only governed by
electrons in the normal state, whereas electrons in the
superconducting state cannot absorb energy because of
the superconducting gap. Finally, the term A" is due to
the dielectric screening 1 /() ~ A% of the charge fluctua-
tion seen by the alom, and an additional A contribution
associated (0 the active volume of current fluctuations
which contribut to the magnetic field flctuations at the
position of the atom. Fluctuations deeper inside the super-
conductr are completely screened ou.In comparison (0
5

reasoning, the drastic lifetime enhancement in the super-
conducting state is thus due to the combined effects of the
opening of the superconducting gap, the highly efficient
screening, and the small active volume.

et us finally briefly comment on the validity of our
simplified approach, and how our results would be modi-
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fied if using a more refined theory for the description of the
superconductor. Our theoretical approach is valid in the
hatis A(T) >

0 nm [17], and the coherence length £(7). according to
Plppanl ‘s theory [18], from the BCS valuc £, o 1/£(T)

1/ + 1/al(7), where a is of the order one and I(T) is
the mean free path. For Nb, £ =39 nm and (T =
9K) =9 nm [19], and the London condition A(T) 3
£(7) s thussatisfed. Furthermore, at the atomic transition
frequency the conductivity is o = 2 X 10° (1 m
and the corresponding skin depth is
15 jum = (7, such that O law is lso valid since
8(1) > I(7) [21]. It is important to realize that other

23] will by no means drastically change our find-
ings, which only rely on the generic superconductor prop-
erties of the efficient screening and the opening of the

.ot cur conclusions will lso preval fo
other superconduc

We lto mention it forboth  superconductor at T = 0
and a perfect normal conductor, i.e. 5
given by the unbounded free-space lifetime 7. In passing.
we notice that for an electric dipole transition and for &
perfc nomal condcor, .. discussd n Ref.
the i 10 the vacuum rate is in general opposite in
iEn a5 comparcd to that of  magnetic dpole aniion
Elsewhere decay processes in the vicinity of a thin super-
conducting film will be discussed in detail [25].

To summarize, we have used a consistent quantum
theoretical description of the magnetic spin-fip scatierings.
of 4 neutral two-level atom trapped in the vicinity of a
superconducting body. We have derived a simple scaling
law for the corresponding spin-flip lifetime for a super-
conducting thick slab. For temperatures below the super-
conducting transition temperature T, the ifetime has been
found to be enhanced by several orders of magnitude in
comparison 1o the case of a normal conducting slab. We.
believe that this result represents an important step towards.
the design of atomic chips for high-quality quantum infor-
mation processing.

We are grateful to Heinz Krenn for helpful discussions.
This work has been supported in part by the Austrian
Science Fund (FWE).
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