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1. 5= (1): Bose-Einstein Condensation (BEC)

-~ Physical system \
(‘ Trap potential
r 1
P ‘e Virap(T) = Em(wsz + wiy® + wiz?) na?) < 1

Interatomic potential N : particle density
V(ry —rs) = gd(ry — ra) a : scattering lengy

Fig: momentum distribution r Properties
' -Atom: Rb, Na, etc.

" particle number:
10°~10°
"size: ~ um

Cooling

http://spot.colorado.
edu/~cwieman/

" Transition temperature:

— E— ~uK
High Temp. Low Temp. \ /
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2. RHAZED HEY
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—Qles and Sacha (2008)
f=1=L . number conserving formalism
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3. D AE
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* Bogoliubov-de Gennes® 75 i&
MM., Okumura, Sunaga, Yamanaka (2007),
Matsumoto and Sakamoto (2002)
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4. 29BECIZHITAEA-E—F(2)
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AR D IR
bi(x) = (@) + @) <ﬁ(z)>®

5
o) = wvo(@) + Pox) (1h2()) = va()

BiEte poE

Gross-Pitaevskii HFEX (R LE D IRIEHADEHE)
(Kl + Vi— 1+
(]{g + Vo — o +

2)1’1(:1“3) =
2)"{;‘2(5{3) = 0

g12|U1
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4. 29BECIZHITHAERA-E—F(3)
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Hamiltonian

H=H 0+ H .+ + Const.

A 3 i 91 A *2 A2 2 212
Fra— ﬂ' ﬁ ~ v 1* s A L e
Hy = / dPz]pl (K + V- Hl)er (4lv1P@i@1 + vi?@t + vigl)
At K V 4 AT oA 2 ~2 o2 A2
+@5 (K2 + 2—ﬁ1))5~2+ ( |12| Papa + V3 P53 + V3P
yealeal ko = % e Do T8 g oo om
+g12(@] PJvrva + v1v1|f’z| + Pidaviv; + wwizi 1 + Gapa|va|” + Prgoviv
H; = (terms with third- or fourth-order in ¢ and/or &)
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H p— 1 3 = L ~
0 § A>T P
=1L =
‘A ) "
2 = v ~ )
y b
Ly = K
+ V- ‘ ..
Lo = 1 Ha+ 20101 + giofes|”
[:1 M X ~ 1o + LKQ — 2 -+ 29 |.1, 2 - )
aali * ! 12 Xlg Ml = glq;%_ 2 "2| +912|'1-‘1|2
T pu— ]_ £1 X__ X— M B :
X 12 19 5 = 92'1?2
=, X . 5
1o X2 Lo M. X —
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Heisenberg equation
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Bogoliubov-de Gennes equation \
S (0. 74)

[r@us@ds (70)
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4. 2 BECIZHEITAEO:-

E—(7)

FOo-E—FEAND

(]{1 + Vi — 1+ g1 "2.-‘1‘2 + 912‘1’2‘2

)

Jvi(z) = 0 2 Lifiz) — M, fi(z
(K + Vo = pia + go|val” + grafn[*) va(®) = 0~ Lofo(x) — Mafs(x) = 0
1
A+ filz) = ViR vy ()
1
~ f2($) — — 'UQ($)
D —fl o2 = (5 2”) =0
f 28717 = (0§, 2§y = 0
\ Remark: ;I?U ;1?{(]2)) — () /
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(]11 + Vi — 1 + gi|oi P + g12fvs 2) vi(x) = 0
% Ncl TS (LU Ne1 7 N1 I EEEQ)
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i 1 1 A
oY@ = —o(@)+ —a (@) ::75\;955
I Ly (1) 22
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