1.1z 1§

§ 3 . BOSOV\S

%)  Bose- Cinstein condensakion (BEC)

g - " -/ N
tx [ ot 37 (@) FE) Ve—r s ¢

NANTSAS

5"\ e‘f-é-—r‘”je wlerastions

- 1B ;
2= Tr e P ([/’ ¢ (.OMFI,LM Val'r‘a“cs
_ _ —sl¢. 4]
= g Pto¢ €
SCE.¢] = SBwvy + ooh: H(®)
RN alrendsy
8 T N hmﬂ'{-avo[ue;( |
So dr fd“?’ G(F ) o e o)
Conitler S —pot witiod _I.W n‘mrl?d-t?:
V(P-#) = 987" 9>0

(repulsive ebornction)
> S[é4) = ﬁo{r j e [Een . - §~/A)ch¢, F)

+ 9 G, D) GF G (E D H‘?zﬂj
M

Il
[ &7 DHWF )] :



11.12 (§

@
- Nom"(\""t"’fm‘\“j case

9= 0

- ] e B Eoppe

N

<9 ] FEF-[‘W T
W,1)= == ; ’
{ ) Ngv pf,rw,,MEf wi) €
L'—(Y ‘C): -—'—

Z _ . - - th
T o, e
1% V.. Volumy
= EZ ( HU” +‘-' "’/’\) Q(E"wn) Q(E wu) the Sy.S'ﬂcMaf
w,
_‘_ e ‘\(Wm‘“’n/)'t
F S° ul‘[' C = Swn"’n,
Puctice. v I { L ds  CE-K)T
\ % Vfd re =$
Powticle v{ms(vf) e:——‘/—- = OR, K’

N = g A < ey i)

\) deternine chemed FO*"‘*‘\"'{

— Themal Grreen’s WM (wefd tood fw wony-
CM{WI\mS )

oy

— 2/ — “ 3 AP
G—(Y‘,Ti rT) = < I‘S\(Hr't) ¥ (_?'T,D onvro—rs A
Hu‘CemLarj chm

fo oo

~—
S‘(fvne- ovdler
{' — CYr,T) ¢+(Ff1:’) D

-——<‘I» (FITHr,T)) fov T<t’




111218

©
OFmd'a-rs T Heisenbery pietnre ( gy time wobcazn).
~TH (cf. Qh-lpdf

ond  wep T=(~'(:)

Ay = ¢ Al) €

1\

A . Opretor in 5chrb'a[a‘v\ger’s pletre

. e
Glen vlely = — <UD $ET)_
= —%Tr[ Q:eh L?(.F,'E)q— ¢ T’)J

| F'? s
— —z’TT [C q.(r o) t H ‘-(/—\-r(?,o) e HJ

VW\/WW

"

| DR A _ethR A )
=’"z-'T“[e fioe Lp* o)eTH)

———— e -
/ ! d |
Ca,lled -eVo,,\A* o time e\lolu.t;oy\ ‘h;Ve

W(L“ l”wf W" Q,Val,v(:?on time
@“T >0

(S\‘M?Lﬂr exrnss:\on can  be obtathed when T<-c’_)

rT-t’/>0 t'so

3,7@6&"67"6 I?a:bh Wt‘ajm{ ?Fc(wvre -fw th<e ."m”raw't:

TR

¢ <
b3 '{'(V t) -_— ol / — (
¥, T) » (

——%_‘
Y

\fau \0\471 denie a faﬂ\—'w«?t(jrd ‘f"”"‘ TW the W raw‘t

whth (s Very Sum[w t the dexvation -f,-r 2 T'rc @H
\pwt with €exoa orl/-ob-rs msw-tu( (aq— 3¢m time and F.g)b},n)




.12 1§

FM?{\ (\ﬂﬂj"“A -fomMTon ,

27 /

2 | — L = —sCe«
GLe,T;7,7) = ;quw [-UrDEE )] e et

N Genem‘ly e ot restricted o non- &dvrace.‘uj Cofe
2) Awtowdfml(/ time-ordered T posrh ‘H'ajw«l fmd..at“.w,
(c,kmk this from the iefinite tme-slie du?udﬁh)

Nov\—\‘w(,wu_e\‘-\:) case (j =o , S-= S,,) :

v v < ‘ o -~ - So[_‘
e vT) = gqu—w [—WFD Y] e fiH
~——————

> Fowrier trans{vation

=1 L[ - _ -
Z. 2 gg DaDa q(li’,,l‘w,) %‘FL,Twz) €~9orq,q]

- S o = =7 /
\E-T—(W'T k'Y 1w, T
X e e

Gamssion thc_]hu[ cam be wavked ot as -fou,owf:
AR W) = a’(E w) = o’ (E,iw)
{ o (k, w) = a (E, W) + Ta”(E w)

Q' amd o reaf



J1.12 18

S

\ Z (M" "'/“‘)ﬂti’w)a(k‘ w)
; g Daba Q(E. ;‘ w)) QCK\z 'Wz) e E,iw

/ oov\ytm\:(' -fv'om tLL Teaobfm
I

E-S m OlQ,(ﬁ,&:)daﬂ(fl?w) shauld be canceded _Ic,.w,,
i the sane evstart N R ./

/ . -
X (QICE‘U(\W,) + 70\'/(}3) rwz))(ﬂcrz) rW;_) - QI/CE;) :w;))

*
g’_ (tw— ,'Tﬁl tH) [a’cr,m)z—‘r «”(}z‘,.‘w)ZJ
,‘\W

_L / Y
= T da’ da S‘” - X
2 jﬁ.i‘w 2 . Xe =0

hY 2 9 2 -0()(7’ I
x[q’(ﬁfﬁ"»)"-} o (kM) J Sﬁ'kigw ., _xe [T L

-

T (iw- o 3y +M [ a’dwy +a CE'U
X e’!,lw

|
l[-(rw By '*/‘“)]
— |

N, — \F.I"_l_},\

PALY

(I

2 - SE\‘ESNIU

(1

SE’.,EZ Sw. ny

Substtote.  this back to Q-CF',T,‘#‘C'):

G(e,T;7



J1.12.18

The above -fo,rm con be viewed a5 the Fouwrier
bvmsfumwtion of the Htamad (freens fMd::M.

S\‘m?\wb; ,

" A+
GET; R Th = — (Te 4 ay, &)

\ -fwn(T-T/)
- EE ¢ Sg g

" 2m

-1z
F

Now we can wie these vesults
‘(.; A"’o A-D
Vo= (o7 <@l ki),

Z_ an < T_c &\ﬁ(’ﬂ ag(o) >

t T>0"
A\\
—Glkx; F,o0)
| -
= — Z Lnm -—-Z l —iw,T
B oTao” F iy \\w”-‘_ﬁ‘: €

2m TM

/

Summation over boson ‘o Matsubora -‘:mluo«cy

2 l —lw, 0
J’ £ R = ‘w“
(w IR e

) lwn—___‘./A




)1.12.19

Twtrvouce a,ux?(n\a7 tfmat/\m:

(e72° emsures

d2 \ | ~2T
o= c}WE e@a_l é“%’-“’}" € S o cpwchnce>
A e
[l
Hﬁ&‘)
' -Pw,,D’
=

LT
I — = ¢
o “”"‘\ml*'f*

l

=0
.}
e G(LZET' -}A) - f'-?:st—"*du roks

(see abo Wikipalin prye “Mebidnra froguonsy
whre there s a table of Matsubare fra(aa\cy Swmmations )

§lLLSﬁM& ths  fwto  the C’XF ressior 'JCW N i Frev?ou.( P29e

—
V=% L) _

b Tl 3 Cer-w‘nb» WAt
Z n |_E‘_": B we vau exrcc-t -fwnl
t B< - /4)\ —f}w' Hamrltoh.\m —fwnu-(;vh\oh .

Ths s the Stavrt7mj Fo?wt' ]L,., uab;z?kj whether
BEC ocecwss The Sctuation ieff (nmrl(‘od-eo{ tohen

I

t\_z(—li\ll )I\-{—,\
H-E zlM‘/M aE‘QE

one needs bo censider olrmmsq\ona/{?-c:j ' -ffm‘-te nfinite

S7s‘tun i u‘ﬁmce/ eXistence af —wwr)



1.2 (&

Standard 'tex‘e‘ood& OXMAY(Q: d=2 Boce ja\s

The - swnmation [asteqtn can be werhed -t
\,7 ?Wvolmaﬂj oler\s?*j-—af- Stateg .
ece) = & S5 L

VE
PR oo I
) 327 %)

K~

"

1.
( )58 dk 4’Tl'h 8(2‘_ MS

E[s (prj}:z) + SCk—dme))

(l

w2y NG

[
2 _
=

X

@
=

Il
0 é
e
—
on
{ {
H
s
[
-
~
T
=

[



11.12 (&

@

N ng . ~bramstlon 'Cemrw.;t'we,

T Bose - Ewstein Condemcetion

N\ F?
T = 3.3|(—V—) -:— (+ resteved )

Furdbor amabysds  com ke found B seondord  Statitio]
‘:kyc}cs b s obg .

Go back to the TM cHejM( —fwmlotc‘ev\;

S°= (—lw 4 AR IEI

= M) (R, ) alk, iw,)
£, Ty

2
E=o, tw,=0 (,oMronM(?; S,[OT,,la,] = -—)& l‘\o]

2

Whow =0 ( BEC ocaus) |a, | mamswﬁcwﬂ), lovge /

2

At A

3
T, R=Z(E-p) %

Growmd stte |4, =4—.l_';-,(o’(2;°)~|o>

AU bosors are tw E=o Stuote
OST<Tge . condonswie -fv-ad:ror\ la"[" o~ N

Mn*bondfﬁsd;e ﬁﬂc@w\ N—' l’“’lz

thd{/ activated occuped ctctes ( leo)



