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MODELLIZATION

MAGNETIC OR OPTICAL TRAP =

EXTERNAL CONFINEMENT
(HARMONIC WELL, LATTICE)

Low TeEMPERATURE , DILUTE GAS =

® 0 T< ApK NYS <<A fe , EFFECT)VE RANGE

INTERACTIONS CHARACTERIZED BY -THE

S-WAVE ScATTERING LENGTH b2 @

WET) o P\Wm o 'ty CONTACT PSEUDO PoTENTIAL

TYRAcCALY O > Ve
IN EARLY EXPERIMENTS jpw << 4




FESHBACH RESONANCES

3¢ THE SCATIERNG LENGTH CAN BE TONED BY APPLYVING &
K»OZmdn FlELD
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A STRONGLY  CoRRELATED
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EXPERWMENTAL PROBE OF COLLECTIVE MODES

=% Low- ENERAY MODES

— APPLY A TIME-DEPENDENT FERTURBAMON To THE TRAP

1) e
— Fouow THE TiIME EVowTioN <> ©OR <>

@)

~J> ONE OF THE WMoST ACWRATE MEASUREMENTS

SEVERAL SYMMETRIES ARE PoSSIBLE

T .
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D\PoLE &
BREATHING QUADRUOLE
& BuLK MODES J > AR R 3\ze oF THE CLOUD

“ BRAGG SPECTRoSCOPY "

TRANSFER  ENERGY O =w-w' AND MOMENTVM =i -k’
To AToMS

—> MEASURE THE TYNAMIGAL STRUCURE FACOR  S(3,0




SUPERFLUID FERM\ GAS

% Two-coMPoNeNT FERMI GAS 44 » INTERCOMPONENT  s-WAVE INTERACTIONS PARAMETRIZED BY Ay

AT Low TEMPERATURES THE GAS IS EXPECTED To UNDERGO A SUPERFLLID TRAND T ON
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REGIME PEC CONDENSATE OF MoOLECULES

,.@ EXPERIMENTALLY OBSERVED
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8cs \_X_A%P

REGIME BCS  LARGE INTERTWINED PAIRS

3 |@
A CE. THE TRANSITION DOES NST AFFECT > L
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T. Bourdel et al. , PRL 93 050yo01 (2004)



COLLECTIVE MODES FoR A HoMOGENEOLS SVPERFLLID

¥ SPECTRUM OF COUECTIVE MODES : THE DYNAMIC STRUTURE FACTOR S (quw)

1S ORTANED FROM THE TENSITY-DENMTY TReSPoniE FoNCTON

<% CAlcuLATiIoN N THE BCS LMIT THRoUGH A GENERALIZED
RANDOM-PHASE APPROXIMATION

|  FOR A SUPERFLUID DEXRBED BY A COMPLEX ORDER PARAMETER A SoFT MoDE

[S exPecrep FoR §-° (GoLpSToNE THEOREM)
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COLLECTIVE MODES OF A TRAPPED SUPERFLUID

¥ WE USE THE FQUATIONS OF MoTioN ©OF GENERALIZED HYDRODYNAMICS

M + V- (nv) =0

M Qﬂ)‘w-- 4 Q&TAJJJA. <Ox¢+ .W.J.S(Dv =0

Vexe — HARMONIC CONFINEMENT

Hen) gn Bec umT
m £ (a2nY3  Bes UMIT
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” QRUANTIZATioN OF THE BoGOLIUBoV AND ANDERSON-BOGOLIUBoY SoUuNDS$
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M.A. Baranov and DS.Petrov  PRA 6. 0Oy41601 (2000)
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BREATHING MODES N THE BEC-BCS CROSSOVER

¢ EQUATIoN OF JSTATE Tg FROM THE MeAN TIElD GAP AND NUMBER

EQUATionS IN THE C(RoSSoveR
¥ SCAUNe ANSATZ  MUFE) = Mo (i/biy) /Tl
4

T ® %/ bl

AXIAL AND TRANSVERSE
BREATHING MODES

=0’ DEPARTORE FRoM TPoINT-UKE Boson

0)/(0_1_

APPROXIMATION (== -)

= @ooD AGREEMENT WITH
EXPERIMENT (@)

/6 -1
x=(N am )
ho

AT T=0 THE CORRECTIONS BEYoND MEANTELD ARE EXPECTED To BE SMALL

+ui Hu, AM., Xia-i Liu, M.P.Tosi PRL 93 190y03 (2004)




¥ooT) vohosT FE gy e 30 ebay
(€o0C) vorg T0E wIng ‘1 3@ wyoop
(€w7) th fon amey ‘e 3o 1ebay

SY1vd
STM3I1OW 30 23g AINICUYALNT 3547
SYIWY TIVWS
| il 1 l__(n”') Jf
< =

e0 33
/o
v

Y3ncgsowo  $Ig - 93g %

10443 IVINIWIIAINT YOLVH 2

NOWISNVYL  QIMJ¥3908 ¥ ODY3ANN
AVA SV 1W¥3d ININQJWOD -OM) ¥V %

SIAWVD \WY31  AI073d¥34NnS



PAIRING FLLCTLATIONS :
OUR AIM

FOR A SMALL FERM\ ClLouD UNDER
HARMONIC CONENEMENT

WE WANT TO UNDERSTAND

= THE MAGNITUDE OF PARING FLUCTVATIONS
— THE WIDTH OF THE FLUCTUATION REGION

= THE SPATIAL DEPENDENCE OfF PAIRING

FLUCTUATIONS

= How THEY CAN BE OBSERVED
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UN\FORM  S'{STEM :
‘ e PARING  AMoNa 1§, 1D Awp \-q, <«

(SMALL) HARMONICALLY TRAPPED SYSTEM:
3 PAMRING AMoNG  Im,g,m;4Y> And \mR,-m;VD>

MEAN- FiELD BCS THEORY
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CLOSE To THE CRIMCAL TeMPERATURE

m) MeAN-FIELD THEORY FAILS
WE NEeD To TAKE INTO ACcoUNT FLUCTUATIONS
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FLUCTUATIONS

% PAIRING FLUCTUATIONS SIGNAL THE ONSET
OF COOPER PRIRING  ABOVE g 2 .

e.9. MOMENTUM DISTRIBUTION, DENSITY CORRELATIONS ete.

= @

1 £
i ? How LARGE IS TH\S EFFEeCT ;

——

2
<(SAY> A 1
‘ [ A(T=o)]1‘ b W= TRAP FREQUENCY

WITH AMPUTUDE o L. ~ £ 2
A % Ay N R
'z = kﬁk; /A(O)

COHERENCE LENGTH
= FLUCTUATIONS ARE [MPORTANT

IN  SMALL SYSTEMS : 2 2R
OSANAA

INAAANAA

R =851ize oF cwuDd

N £ 50 ( SMAL MAGNETIC TRAPS, OPTICAL LATOCES)

REMARK
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No VORT\CES




PRCROSCOPIC  MODEL

FOR THE FERMI GAS UNDER EXTERNAL CONFINEMENT

HAMILToNIAN

H = é. ydgr qz: (..:_ZZ': +V¢xg(ﬁf)—).\> ('
3 [0 Wy,

‘3 <0 WE  USE THE CONTACT PSELDOPoTENTIAL

~¥ REGULARZATION

EFFECTVE Acon  Slas

FUNCTIONAL. INTEGRAL. APPROACA

AcEe) AUXILaRY FIELD Covmed To Y,y
(— HUBBARD - STRATONOVICH TRANSFORMATION)

PARTITION FuNCTION

hormat

9%

(WC HAVE NEGLECTED DeNSITY FLUCTUATIONS)



PAIRING FLUCTUATIONS

PEFIN\TioN

{I&ewmly = Z—‘ SO\ZEA] IA\Z Q—S CA L /%

FoR T>Te IN THE QUADRATIC APPROX(MATION FOR S

)

WE EXPAND IN NORMAL Mopes  § X, i) ]

A = Z»’ Xk A,

J"P“a Al Xyt = ay Xy(n “NATORAL

ORBITALS"

S = 2 1A,

>@® cwose To I, THE SMAUEST EIGENVALVE O
HAS THE LARGEST EFFECT

(B> = =k | % ot
o, (T)

[VvALUD FoR A SMALL SYSTEM]



SPATIAL DEPENDENCE
OF THE PA\RING FLUCTUATIONS

% FERMI GAS UNDER ISOTROPIC HARMONIC CONFINEMENT

=» IN THE SMALL -SYSTEM ULMIT
ANALYTIC SoTON OF THE EIGENVAWE EBRUATION

jc\gm Alr, ) X, (r) = % Ao v
— Nnegtect Hartree {ields

— assume pairing at +the Ferme Surface

— take ansu.far averages

(X‘O () ; (28+4) IR"\(:B C"J\?' ~ Jﬁ4 '(n/R‘n?)l

OF THE HARMONIC OSCILATOR APPROXIMATION

» FLUCTUATIONS ©OCtLR MoSTLY AT THE
TRAP CeNTeR

~» “oNSET OF CONDENSATON™

s  FLUCTUATIONS ExTenD UP To THE
BORDERS oF THE CQOLD



SPATIAL DEPeNDENCE OF THE PAIRWNG FLOCTUATIONS

d
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0.12} .. ‘ .
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L.Viverit, G, Bruun, AM, and R, Fazio PRL 93 AMoyok (2004)
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TEMPERATORE DEPENDENCE

OF THE PAIRING FLUCTUATIONS

4
- To QUADRATIC ORDER < A'(r=0)Y &€ ——
% (T)

BuT % (T-T) =0
Us= - P M - - o 1 - Py a )
THoULESS CRITERION TfOoR THE ONSET OFf COOPER PAWRING

(DEFINITION OF THE MEAN-FIELD 'T%)

% (T) & (T/T.-1) == SPURIOUS DIVERGENCE
of <>

> THE QUARTIC - ORDER CORRECTIONS IN THE EFFECT\VE
ACTION CURE THE DIVERGENCE

TOR SMALL SYSTEMS

CALLWLATION IN THE SINGLE -MoDE RAPPRoXIMATION

¥ THE MAGNITUDE OF THE CR(TICAL REGION
DEPENDS ON Mg ONLY

GINZBURG CRITERON: O -+
g (Mg +1) (4D



EIGENVALVES OF A@5)

N 250 Paphciss , M, =40 , _u,nomﬁuoﬂ

.

0.02 _ _ _

X NUMERICAL
DIAGONALIZATION
OF REGULLARIZED A

= ANALYTICAL
ESTIMATE
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\

SINGLE -MODE
APPROXIMATION




TEMPERATURE TDEPENDENCE OF THE PAIRNG FLUCTUATIONS

g = ©.3 Rw O

N &~ Soo PARTICLES

(

- QUARTIC ORDER

— QUADRATIC ORDER

== MEAN FIELD
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DENSITY  CORRE LATIONS

=>-@ FoR A DILVUTE GAS THE SPIN-RESOLVED
DENSITY CORRELATOR PROBES THE PAIRING
AMPLITUDE AND ITs FLcTUATIONS

e.q. AT MEAN-FIELD LEVEL
<Ny N> =<MDYy = YTy gy = \ANE

% ForR A HOMOGENEOUS SYSTEM ~ “ANoMALOUS* CORRELATIONS

OCuR AT q)-—'q' :

<dng, Sn. ® <A | MeAN -FiELD THEORY
T ? 50 ® PReDICTS ZERO FoR THT

{@ AFTER A BALLSTIC EXPANSION Y = kbt 3
e m

THIS CORRESFONDS To -
<ongy dn )

(SPIN CORRELATIONS AT OPPosITE POINTS OF THE TRAP)

v P

% FoR A SMALL TRAPPED SYSTEM

<oy (R) dny - Y o [Xom\z
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SUMMARY

FoR SMALL FERM\ GASES CLOSE To &
THE MEAN-FIeLD BCS THEORY FAILS

9
6

THE BCS TRANSITION
\S  SPReAD OuT

FLUCTUATIONS IN THE PAIRING
AMPLITUDE GIVE RISE To “ANOMALous"
CORRELATIONS EVEN _ABOVE 'l

=2 §PIN —RESOLVED DENSITY
CORRELATION FUNCTION

THIS 1S A SIGNAL OF THE ONSET
of CoofER FPAWRWNG



PERSPECTIVES

¥  PAIRING FlLuCTUATIONS IN THE BEC- BCS CRoSSOVER

—> RECENT OBSERVATON ©F THE PAIRMWNG GAP IN RF SPECTRA

Tro5T: BEC Bes | Chin eral. Sdence 305 1128

(2004))
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% P-WAVE FESHBACH RESONANCES MEASURED  foR m_..e C. Salomon group ot EnNS

=¥ ?-wave SUPERFLVIDITY  WHTH TONABLE  COLPLING STRENGTH
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