Basic research & theoretical physics in Molde

www.himolde.no

Molde University College

Per Kristian Rekdal, 28th September 2012

@ Molde University College
Specialized University in Logistics

www.himolde.no Basic research & theoretical physics in Molde



Presentation of myself

Fundametal research

Quantum optics

Quantum computers

Atom chip

Lifetime ( dehoherence )

Collaborators

Summary

@ Molde University College
Speclalized Universly In Logisics

www.himolde.no Basic research & theoretical physics in Molde



@ Name: Per Kristian Rekdal

@ Age: 39

@ 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: 15

@ h-index: 6

www.himolde.no Basic research & theoretical physics in Molde



Fundamental research

Fundamental research: what is it?
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Fundamental research

Fundamental research:

@ research carried out to increase understanding of
fundamental principles

@ not intended to yield immediate commercial benefits

@ however, in the long term it is the basis for many
commercial products and applied research
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Fundamental research

I have
seen 1t all!
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Theory of everything
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Applications, CERN

| Dagbladet 12. juli 2012 |
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Amerikanske Vice trykket denne
uken historien om det farste bildet
som noensinne ble publisert pi
nettet

KOSTTILSKUDD BASERT PA
Bidet viser _— NY VITEN 0G KUNNSKAP
Horribles Cernettes, eller
forkortet LHC, altsa
partikkelakselleratoren til
forskningsgruppen CERN som

nylig oppdaget Higas-bosonet. Den
18. jul er det akkurat 20 ar siden
bildet ble lagt ut.

Vi 5.0
Bare fysikere

Forklaringen er enkel Lodabrusk, banbys
-1°92-93var det nesten bare ety
fysikere som brukte internett, sier
Silvio de Gennaro, CERN-fyskeren
som tok bildet. Les Horribles
Cemettes var et slags husband i
forskningsmiljget

54 da webutvikleren Jean-Frangois Groff trengte et bilde &
legge ut, gikk han bare et par plasser bort pa kontoret og
fikk Gennaro til  gi ham et bilde av jentegruppen

HISTORISK: Av ale bider  verden s e be lagt ut pd

Tilfeldig historieskriving
Det er nok sant som de Gennaro sier det

Se det forste bildet som

Historiske «forste gang»-hendelser som denne er ofte

- o
noensinne b I e u b I Ise rt a tifeldige, skal i tro ekspertene. Verdens farste fotografi = —— "
var til sammenligning av et tak, sett fra et vindu. -
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Applications, CERN

Dagens Neeringsliv

DEBATT

august 1996

Den store feil fremtidsforskere og datafreakere gjor, er 4 trekke erfa-
ringene fra bruk av PC pa arbeidsplassene inne i hjemmene. En slik
projisering holder ikke, skriver Leif Osvold i Oslo.

Internett en ﬂopp!

eksperter og sikalte frem-
tidsforskere spéri ekende grad at
Internett vil bli dominer
v i de naermeste uL-
vil bli nedttil & ta den
r hjvn\mu—[’(l Tilba-
trend-ba
séite pistander er 7 npdvend
e, og her er en mot-hypotese:
ternett er en flop; det vil si en
motegreie som kommer il do
ut om et par ar
Det er tre grunner til dette: 1)
ingen av aktorene pa netlet vil
tiene penger pi 4 legge seg der
med sine tilbud, 2) privat bruk
i alt, og 3)
menaden of informasjon pa net
tetvilblisi enormat det vil skape
ustrerondo. store. sakeproble-
R d el
re. Hva um.m punkt en s tror
jeg atvi snart vil fi se en leveran-
arflukt fra Tnternett, ndr d
oppdager at de ha
redde for ikke & vere moderne ¢
ler vaere tilstede der calle de an-
dres er
Hva gielder punkt 2 s vil jeg
angspunkt i hva flere
guruer sier. De uttaler at
Internett innen r 2000 vil veere
en like naturlig del av dagliglivet

g %
greie som i un ul om et
par ar,mener Leif Osvolc

nelse for arbeidstagerne. Densto-
re feil fremtidsforskerne og da-
tafreakene gjor er imidlertid &
trekke erfaringene fra bruk
PC péarbeid assene hjem-
met. De pastar (ll‘rl'm‘ t en til:

rende revolusion vil skje der

www.himolde.no

det er bruken av PC som teller,
ikke besittelsen.
te er \lmmlllmn at n\cnm\l\ct er

Kommex 1A Hile

nisere med en nl.\\}\m i fritiden.
PC i hjemmet kommer i all ho-
edsalk i 4 bi benyitet il job
og_studierelaterte oppaver,
amt til spill og underl

Og selv volumet ay disse po
anvendelsene blir smd, og:
lang sik.

Det er forbloffende & konstate-
re Ivordan fremtidsiorskere og
datacksperter overser dette fun-
il s s
mennesket. Det er enkelt 4 reg
trere at vi mennesker er slik skapt

gen, men at vi U

nisere med andre levende vese-
ner. Seerlig gielder det dem som
bruker PC pa jobben. Vi vil der-
for ikke benytte en maskin nd

i fitider skl Kommunizere med
omverdenen. heller ikke
sitte alene hjemme uk unmpn

med el kollegialt arbei
kalt ofjernarbeidy
derl for heller aldr

i
mnmm
i serlig

vende menneske, ikke taste inn
pé en maskin, Nar vi leier var vi
deo sd vil vi besake utleieren og
velge i visuelle omgivelser. Shop
ping vil vi gjore ved 4 oppsoke
det levende miljo i butikken
ikke sitte hjemme og bestille va
rer. Vi Klarer ikke 4 ssnakke
med eksterne familiemedlemm
eller venner via en PC, sa lenge vi
Kan ringe eller besgke dem. Vivil
ikke lese hv
ler skipnnlitteratur ved & <bla i
en datamaskin, men ved 4 k;
papiret og boken i vare egne hen-
der, Disse tingene vil ikke kunne
erstatt v «PC. ()m:\c\\\\r
ik vil del,held
vaere, for
ge natur. Kort oppsummert; de
sosiale basis-behoy hos oss st
direkie mot
systemer i hjemmet, og vil natu
vis seire i det lange lap. Og nar
det gielder bruk ay Internett for &
fa all verdens informasjon, si
t  dette vil do ul
sel. Vi er allerede overforet med
informasjon, og fir dessuten den
v trenger via trykte medicr,

¢ er det kun én prosent av
h\fu\lxmm,ub som bruker Inter-
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Research

Per Kristian Rekdals field of research:  Quantum Optics
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Quantum Optics

Quantum Optics: (definition)

@ light and its interactions with matter
@ described by: quantum mechanics
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Atom & Photon: = Quantum Mechanics

Atom:

>
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Quantum Mechanics

Two quantum properties:

@ 1) superposition , adding states = interference
@ 2) entanglement , “coupling” of quantum systems
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1) Superposition

P = probability for
coincidence click

Z ISTAD

photon detector

50% /N
( beam
splitter )

1 photon —A\\~— > D -
Z ISTAD
50 %

( INTERFERENCE )

photon detector

— w\k

SUPERPOSITION

(sum)

1 photon
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2)

Electrons:

DOWN

Pluto

Earth

ENTANGLEMENT

| [
( coupling) Y ety cton

Video: 04 Entanglement, Dr. Quantum, (1 min. 3 sec.)
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2) Entanglement (cont.)

Einstein:

“Spooky action at a distance”
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Quantum Optics

Many applications!
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Quantum Computer

Computer

@ Molde University College
Specialized Universiy in Logisics
Video: 01 CNN - QC, (2 min. 25 sec.)
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Physics of computing

l In 2017 single-electron gates ]

Babbage’s
computer

Silicon chips

=)
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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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Video:

Bit

Classical

(voltage)

(electric)

BIT

(classical)

0 OR 1

02 Quantum Computers, (2 min.)

www.himold

vs Qubit

atom

QUBIT

(quantum mechanical)

|qubit)

% {\0) + 1) ]
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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 Basic research & theoretical physics in Molde



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)
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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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1) Superposition (cont.)

Quantum computer: massive parallelism

Video: 03 QC, traveling sales man, (stop at 2 min.)
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2) Entanglement

Electrons:

DOWN

Pluto

Earth

ENTANGLEMENT

( coupling)
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Video: 05 Entanglement, The Weirdness Of QM, (stop at 3 min. 27 sec.)
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Applications of QC

Faster calculations

Perform detailed search more quickly

@ seach in a database
e traveling salesman

simulate molecules for improvement of:

e medical properties
e superconductor
e nanotechnology

@ Quantum cryptography

o credit cards
e military secrets
e Shor’s algorithm

lasers

Sensors Video: : 06 What is a QC + applications, (stop at: 3 min. 13 sec.)
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Atom Chip
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Atom Chip

integrated fiber

trapping light
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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

Specialized Unlversiy In Logistics




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 )

N

A

® 0VO000 O

A
Y

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
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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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Decoherence

/ ek end
PRL 97, 070401 (2006) PHYSICAL REVIEW LETTERS 18 AUGUST 2006

Spin Decoherence in Superconducting Atom Chips

Bo-Sture K. Skagerstam.l'* Ulrich Hohenester,” Asier Ei,_zun:er2 and Per Kristian Rekdal®>’
' Camplex Systems and Soft Materials Research Group, Department of Physics, The Norwegian University of Science and Technology,
N-7491 Trondheim, Norway
*Institut fiir Physik, Karl-Franzens-Universitdt Graz, Universitdtsplatz 5, A-8010 Graz, Austria
(Received 25 March 2006: published 16 August 2006)

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.

DOI: 10.1103/PhysRevLe.97.070401 PACS numbers: 03.63.Yz, 03.75.Be, 34.50.Dy, 42.50.Ct




Decoherence

PRL 97, 070401 (2006)

PHYSICAL REVIEW LETTERS

weck ending
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Spin Decoherence in Superconducting Atom Chips

Bo-Sture K. Skagerstam,"* Ulrich Hohenest

Asier Eiguren.” and Per Kristian Rekdal™

" Complex Systems and Soft Materials Research Group, Department of Physics, The Norwegian University of Science and Technology,
7451 Tomein Horen

instiat iy Physik, Karl-Fra

it Gr
el 35 e 3006: s 16 A

Using a consi

imetigae the mognetc spin-fip
body, We der

. Uniersiciplar 548010 Gra Awsia

istent quantum-mechanical treatment for the clectromagnetic radiation, we theoretically
scatrings of  neutl vl som aped n 0 iy of 3

tempera
case of 4 normal condu
free-space value.

the lifetme is found to be eahanc
g sl

DOL 10.103PhysResLett 97070401

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—

Johnson-

ortanly.

0031-9007/06/97(7)/070401(4)

ody e scaling e
o nped e  supreonducing Wik s For empersare nlow 3
ed by sever de i
sab. Al zero temperature the spin-fip lifetime is iven by the unbounded

0704011

spin-fip lifetime for such an
n comparison o the

ral orders of mage

PACS numbers: 0365.Y2, 0375 Be, 1450y, 42501

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

5 2006 The American Physical Society
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Decoherence

PRL 97, 070401 (2006)

PHYSICAL REVIEW LETTERS

weck ending
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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.

0704012
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Decoherence

PRL 97, 070401 (2006)

PHYSICAL REVIEW LETTERS

weck ending
18 AVGUST S0

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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Decoherence

PRL 97, 070401 (2006)
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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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Live in Molde

@ video conferencing
@ screen sharing

@ FTP server in Molde:
need good up- and download speed
@ collaborators:
Goteborg / Oslo / Trondheim / New Zealand / England

Video meetings FTP server
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Istad fiber

Solution: Istad fiber

Superbredband

ZISTAD
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Research and development (R&D)

R&D:

@ future-oriented, longer-term activities in science or
technology

@ using similar techniques to scientific research

@ no predetermined outcomes

@ with broad forecasts of commercial yield

USA:
@ typical ratio of R&D: 3.5 % of revenues

@ high technology company: ( computer manuf. ) 7 %

Germany:
@ Siemens, 2011: 5.3 % of revenues ( 3.925 billion euro )
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Symphony of Science

[Morgan Freeman]
So, what are we really made of?
Dig deep inside the atom

and you'l find tiny particles
Held togsther by invisible forces

Everything is made up
Of tiny packets of energy
Bom in cosmic fumaces

[Frank Close]
The atoms that we're made of have
Negatively charged electrons

Whirling around a big bulky nucleus

[Michio Kaku]
The Quantum Theary

Offers a very different explanation
Of our world

[Brian Cox]
The universe is made of
Twelve particles of matter
Four forces of nature

That's a wonderful and significant story

[Richard Feynman]
Suppose that litle things
Behaved very differently
Than anything big

Nothing's really as it seems
It's so wonderfully different
Than anything big

The world is a dynamic mess
Of iggling things
It's hard to believe

[Kaku]
The quantum theory

Is so strange and bizarre

Even Einstein couldn't get his head around it

[Cox]
In the quantum world

The world of particles
Nothing is certain

It's a world of probabilities

(refrain)

[Feynman]
It's very hard to imagine
Allthe crazy things

That things really are like

Electrons act like waves
No they don't exactly
They act like particles
No they don't exactly

[Stephen Hawking]
We need a theory of everything

Which is still just beyond our grasp

We need a theory of everything, perhaps
The ultimate triumph of science

(refrain)
[Feynman]

I gotta stop somewhere
Il leave you something to imagine

Video: 08 Symphony, (3 min. 29 sec.)
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@ Fundamental research

e awareness of research and development
e long term basis = o
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@ Example: Quantum optics

e quantum computers
e search more quickly
e simulate molecules
@ quantum cryptography

@ Istad fiber makes it possible with an international
collaboration, living in Molde

@ Molde University College
Speclalized Universily in Logisics
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Thank you

Thank you for the attention!
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