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Abstract

According to the point of view in statistical theory, in a boson system,
macroscopic numbers of particles are condensed to the lowest-energy state
when the temperature falls below a critical temperature, which is defined as
Bose-Einstein condensation (BEC). However, in a Fermi system, as the
temperature of the system is below the Fermi temperature, no quantum state
can be occupied by more than one particle in light of the Pauli principle. All
states having energy below a certain value are inhabited, while the states with
higher energy surpassing this critical energy remain unoccupied. The
threshold energy is named as Fermi energy.

Since the superconductor was discovered, immense physical qualities on
it had been studied. Bardeen, Cooper, and Schrieffer (BCS) gave the theory on
conventional superconduétor in 1957. According the BCS theory, there are two
processes to make ordinary metals evolve from normal state to
superconducting state: Firstly, two electrons are attracted into each other
forming cooper pairs by an attracting interaction by means of phonons; Second,
energy of cooper pairs is collectively condensed into a certain lowest energy.
in 1986, cooper-based high-temperature superconductor was discovered.
Numerous theories relevant to HTC superconducting mechanism was put
forward in the process of research, namely: with the increase of attractive
interaction strength, the ground-state wave function of cooper pairs evolves
continuously from BCS situation to BEC situation. From the view of experiment,
the BCS-BEC crossover can be achieved by using a Feshbach resonance in a
magnetic field to tune the interaction. Subsequently, most of work in this field
mainly focuses on the research of ultracold fermionic gases and the BCS-BEC
crossover.

This thesis is arranged as follows:

In chapter 1, firstly, we discuss the properties and the phase transition at

fi




zero temperature in both the Boson and Fermi system, then, we turn to

background introduction and fundamental theories of Fechbach resonance.
Finally, Fermi superfluidity, molecules BEC and the means to write this paper
were discussed.

In chapter 2, we introduce the BEC theory which is the most successful
theories in condensed matter physics, the background and development of the
BCS-BEC crossover theory and the research results on the BCS-BEC
crossover problems.

in chapter 3, we apply the standard mean-field description of BCS-BES
crossover theory to high density Fermi matter and study the properties of
superfluidity in high density Fermi matter. We assume the interacting form of
high density Fermi matter is NSR, and research the influence of density on
superfiuid critical temperature and superfiuid gap of Fermi matter. Based on
the above research, we study the thermodynamic properties of high density
Fermi matter. Our researches are mainly focusing on the situation with the
scattering lengthd = *® because it is similar with the nuclear matter and
Fermi atom gases. The result shows that the superfluid transition temperature
increases with density, but the relevant increase will be suppressed by the
extremely high density.

Keywords: BCS-BEC crossover; Scattering length; High density Fermi

matter; Superfluid transition temperature
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WREREE. ZERBRREALETARK. BHPFANKERETETOE
PYRETHAK, BoFFHRENLAREERAEMTE R, HZENKH,
R¥uHREK, CETRRARYOLR, EREEHEHRFL, ETHE
RAEEE. BAETTHREM, NTEZETREET TEK. EEEN
BABHFFENME, RIHELRARAE—RREMERNEAR, %
EREATAFEFF. RIMEF (ETRAT) ARABREEK, XFFT
HTEAEY, EFREFARTAFERNRKAAK. RIYNRERANR
FhbFARTBREER NG RRTARF LTRATEFEARS. RIER
BCS-BEC EREXAHERRAMRANBREJTAR, A FRAMEY
BAdFENRRERTER, AAABARP T FENKRA OB TE
R.

12



TN L T =2 VA8 % —% BCS-BEC #HER

#-% BCS-BEC EHE®

2.1 BRH BCSER

# 5% # 0 R HKamerlingh Onnes 1911 £E XKL A, dHRBERER
SRHALEHZELAH. EUEHNLTERR, T—FRHREFRAR ALK
TR 4 %K, 1957 4 Bardeen, Cooper and Schrieffer 3% i T {18 %) bt X oy &
BaMRAER (BCSER) P

EESH, R TR EPHE T, 12 EEFERERER A LR,
Cooper ¥ M FHEARSN - EMERERAET, REFEFHRIEA,
FTEE4E, HEHVRETFHRARN, At ERIHEERRERSHEX
RRBRAGREHNAF. HTRALEFELHAZE, BCS Ehihk, KX
RAFHMRABMERABTRAERSN, BEEZATHTENRERERER

1,
Hyes =kZe,, c;,ck,+;l’k FCHCIC e (2.1.1)

Edc REAAARK UKo B FHELER, =k 2m-p RALES 4
MEHETHEHAR (AREMH, n=k,=1). BEFEAT, KNEFR-A
TAEGE, V,, =g09,, AP g=Jo| RTBERE, HENRMEK 9 R
RIFEENAHE. A F-ROLB K RIREEARRTETFTRS,
RREEKEML—NMREBEZ N, =1, ERMRHKp =0, ZMERHE
B Rty EFESE (Debye) MERKE., AEES, HEHc c, (FEHZ

EEH) WBETHAEAR. £ESRS, e FREAVREME, AEFNRFE
THE, TURXEROFEE
A, E—ZVu<c_k.ck.>=A(pk ’ A=|g]Y pleer) (212)

BCS Bt —NEEBAHREEFH M c e, MEHTHTEL (c ) ZH
BERN, EEZKHF R (c e, -(cc,)f RETUA, BAFHFEMN, #%
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HHT K ZE B 2R X #—% BCS-BEC HH#ER

EHELENL

2

. A
Hpes = Zek ChoCio —Z(A%C;ka A g )_—
ko k &

(213)
et EHERENALN, TEIEXEHAR A AL
C, U —V, AL c, =ua_, +v,a; (2.14)
He ‘
i
u? =1[1+3] v? =1[1-e—*) (2.15)
2\ T 2\ E,

EREE, = e +00; REMKa; FARERFHRK . EXRXEFRNR
RA=AHEH. HTFPERAIMREBERALE.

E_%Xﬂ‘ifiﬂa‘, FANEARBETUFT A THEAY A
¥, =[], +vicics, o) (2.1.6)
k

ET<T b, HALENSEHETUE A TEAYK:
H* =E, +ZE,,(a;ak +a_*,,a_,‘) (2.1.7)
k

bR
A2
E =Y (e, -E,)-— (218)
k 8

MEETH AN, NLRATRERGZEHET (RUAR) TUEA:
E=m+E,+2) E, f(E,) (2.1.9)

EXEfE)RFXIFEYH, nREFHER. REAETUpE, FF-1A

BUNEDPEEMNEE. FhEHXAETE, BETHRRRARRS.
REAEE TR (212) kAR BFR (214) RANEFE (212) TH:

a=-eTounli-2/E =T I-2E ) (2110)

B #
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HILAFTLFAR % —% BCS-BEC i

1+gzl"—§§E—k)¢f =0 (2.1.11)
k k

TERNFENEEEFHONR. EERETERN LN L TN ELH

Pt
o = i) (2.1.12)
=u}(a}, @, ) +vi (1—<a_*ua_k ¢>)
HTHERXTERTEARAANS, BETFEARREXDF
(anan) =(at a,) = F(E,)=[exp(E, [k, T.) +1] (2.1.13)
LB FHAHTE N
ny = (2 —v2)f(E,)+v} (2.1.14)
EEXEET
N, =vE (2.1.15)

EREAE R THETRARE A BEIF 0, =n,, .

BCS E#HFAREAHME LR AT)AO)E Ly BET/T, AR
—4EEHNH%, TH20)T, =320 2 LEH.

B 21 B THF—F5I04E BCS HFNALLNEHME, TUHE
MENER LR L AFANRE. XEQERT S BEHET, HOMKER.
BLb, BCSEAREEN - MARANBKRERPFSENAP T2 —H.
XRHFETHFEUTHSEAE LR LAANLR. ERLEFH Ao e,
UM PEFEE (o) L ARERERIY, K- RERTEEA. $LL,
ZFr BCS B4 RFNAR—RLBNEREN, REAXLLBHAET

KEECBTURREBABAN EEX, —MNEBH £ HEALH10° ~10° 4
REBERaN100~10001F, EXMHENERALT, SZAHNEEBREEYE,

Wl 22 FF. EXREATRT RS oo, PERTHGEA (c 0, 2 A E
RERA, THFEGL - AMRFHEN, TFE, BRRHRTRAZTER
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T KSR L2 3 % % BCS-BEC EHE

MZEHHERRARE, EXHEHNTRARERERTL. HA L, EY, &
T=T.BEBEEHNO.

10

08

0.6

A{T)/A(D)

04

0.2

0‘0 ! - L i z 3 i L]

00 02 04 06 08 1.0
7T

21 #F-HREBETEKBCSERTME XTRERNI

H22 #BCSEATEMNNEELERRERS
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T K 20038 3C %% BCS-BEC EHMEL

2.2 BCS-BEC EHE®

E-ANEBEAY, YRANBETHRTRRER T, o, FEATHSHK

BEQBLHET %, BALRAR. ¥ F-DRARERK, BRAAFTE.
FATRAVRERE T, EREE. BRARRT, XLRXTVRERS
Wrt, MEZAFRKAEER, BUTURER M-I EHET, REFETE

BERTEREET, BAARERR. ¥F-—IMFENRKEL KRALE
B, BREET, HYTRSHTRET P
WREEHARERY R, ANMEATHR-—DERES, WI=-00X4

%, BEH 0, = -5, +4 /21, KE e, RXAM, M=2m RRARTHRRE.
AN AR

b, =;¢,,c;+qmcfm/2’¢ (22.1)
EXESRABKER, EANRERENa ~e, . WRRARAXNZLAE
BRAN, Hlivd Na) << 18, ZERARTUER—AMA—MTURHAE R AHH
HEFWRET, HEH, SXERANNUFES p, =—c, B, RARLREHK
ﬁﬁ%,i&—¢i?$§,E%iwﬂ.ﬁi%ﬁ&T,§§ﬂ&&%ﬁ$
]

|@,) = [exp(W¥25; )| vac) (222)
EEN, =N2EXNHEKE, HEACNERSHEER N n, =N g, RE
Na} <<1, 8B 2 n, «<1, EEREATRNAFELRTHARE (L3R
ABRTFZHMRSA TR TR ), % NG >> 16, NEHERELLE

KE: RAMZFAHEES, RRXPHEERARNEENHERA. XREH
THEEBERn <1, BARHAKLE, ARRBHEFRH L ZFH. AXHE

RAFERNBEANEEEETFANRREE &
|®oy) =] Jeret,i|vac) (2.2.3)
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IR R TR %—%& BCS-BEC Ha®#H

BHHEEALE-NMTRENERS, TUALY BCS RBMURRA
R
|®,,) = H(uk +VCiChy ]vac) (224)

k
o=l =1-u | EATREZERKREHFERH. E—CRE, BFHE
BIUERRFRANEBARETRERER, AATR (221) TURERE

BFER (222) ZFBEFT R (224) BHKX, BHBIHTR
12
v, = N, , (2.2.5)
i
AU ETRE S, EARERTUN—MARELEHERR G - MR, EBA
BHERT, v, =N 6 <l ZATRABEN BT HABEH, EMAHR

T~JIN. EBEBERRT, EUAERKERLIYK (EEAHLERATH
FER) EREBANEHEHERRRN K,
ATRRUEEBLEXTHAREY, RIRAR-NTEASER:

_ + + +
H= kZe,,c,wc,w + Zka'(:kﬂ,mc_,m,/2 1€ ogf 2t Csgft (2.2.6)
(3 H(q

EXHERT, RINERAFARATERRNAERFIERRSNRKEA TR
475 ] % K ELxt. A A 3 3R BT % BCS-BEC # M FFl B A X B # 2| 1969
4 Ealges I T, INATHESHARAIRANESHEN. 21980 5
Leggett EANFEN R RBEH M T FEH2H. 4y T4 % S 3t BCS-BEC
BRAEENFRTT T HR, Leggett KAMEBSEH g i, ZETUNA
BCS FH MK 2 BEC 9%, M ITELY, —MEENRRRELR
FEHAGARTUR BCS Bin P HAHRBMRET. ERUHRTELR
RFSUEF BN, RANLFER B ATHERG T L. WESLARELTHR
FEEAHAE.,

¥ 22 =Z(1—£—"El’—‘]=N (227)
k k k

Leggett A}y, ERBARRKT, FEEFBREMARETHTHEZET
B, BANEFLTHRERN 6, =u,v, =A,2E,, FH, RAHLFRuR
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PN 2T w2 A7 8 %8~ & BCS-BEC Wb

“AKEAY, RERTRARGEN -4, IRPEBBRERREAZR L0 5%
kRN ERTLRBR, FANEEELETRELENFAT, R B EMNH
hARHFEERNIT, ELNEETREHERNL TR E BEC. FHYZR
ANERLFNIABBENZANNFERABORLSN, PRRAHE. B
YHERANBRBARE, 2AL)H—/ A BCS-BEC ##.

RAE Griffin 9 T4, RAERELATET, BROEARHRERK
b =uyv, =A2E, EBRBLHR A AR TREANAMEEH. REE, BCS HK

MAZEEMEERRIL. e =k 2m-pREKERRENES. BREHFSH
BAFE (212), BEHREAFEL

A, Zk;£@ 2n,.) (228)

EXEn RESERLITERK

e+ A

1 £ N
nk =5[l—(2—k—)]/2':|, ;nk =Np=3 (229)
AT E g, =062 +42 )2, RNTUHFE (228) 5A
k2
[—”7'2/1]% (t-2n, Z
1
=5P—%nqﬁ4%IY]

ERE (BEBE) RR, o, <«<1, TREFE (22.10) TEALNTEAFA:
(K /m-2u)p, =3V, .0, (22.11)
2.7,

RERERAAMNERE B, W¥FFuRGEREME: ERXW2u=—¢

(2.2.10)

SERHESELL BEC 4K, AREER, Ko, =28, T

PP 3 AR RAT 09 4 SR A6 R T R 4 xt By BEC.

N, =_z|¢k (22.12)
52 HRABRBRELREBATHEEESY (RE4ZAHEES) AR
|
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TN 2T = A #_% BCS-BEC H#E

HEFETHERLRY (XNURNIBERRUEHMTHRREA) . t
BER o, LERHRREEREE KR &L, =(62°N, )  REREA, P&
on BRH—ANEAAKERKO(k, —k), BEREXF e~A,, EXEAREX
B

4 2
A, zﬁexp[- ! ] 22.13)
m VoV, ke

(vy=mhk,[2n0° R—ANEROFXERFER) . ERPHFLURSRENE

RERENEBERR. NTERSPBASZE, TUANRENKE, T3
AT o ERER. KNA - EHETLENS

V.= 4 (2.2.14)

SR kR )"
ARANPHWEE Y S REE L kR, SV AFRAMEV, = d4nh?[mk, , EA
PERL-NRAE

m\V

c

2 2
£ =k—°[£-1J (2.2.15)

BR—NESS BRREAES., SVELTENRAV B, INMRAXNFE
a,~6"; NTBRBEREH, a,~k'. WREEHRN, <<k, ZHHIHRK
¥ ATRBEHYV, RARLFLESR, THUEENERHETRARE. A
FA-MEHN, 2k, PERBBLLTRARHZANESR, REWY, T
HFEOMREXAK.
KNARARBREARKABYN, <<k, EXHEHT, HLERRARN.

23 RENERTERTRNVNERAEAT BF LA BHn HASREY 1
BwHE L, EEBARRTV >0, n ARABEXURISKEHK
WP, MERSBEY HAAD, nWAMETFREASTENY RTEA. &
FRHAEEEn B | HEAAMEAE, XTHEREBERKYV 50, 0 ANR
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ANy N1 e =L 1A 73S %~ % BCS-BEC FH#iEib

“AEERKESK. 23 EFNERORRAFASRRALLRTHE, X
AMERETUAR MW EE R R, £EH 24 FERNLETFEHKA HER,

A=A S RE), RBABEHENR. TABBARAN

2 12 12
(S”N”k")v [rl//') [Vl—l] (22.16)
m

4 [4

0

BB ERAMEEA, =A(+k2/k2)", XEHA, BER (22.13) $4 4.
AFRGES u TR, (FF—PREAREEORME) LA

p, Mg BRBEAE K fm. 2, e, BFEBELE2A, .

2 R NE
Hos10 7W¥=17
7 1V =084

1 4L 1V=063

uﬂ 05 10 15 0
K ==

1 10

05

]

B23EN, =107 (Blkg H8A) o, #FAANTANBEBEY (UV R, KX

Bk (DL b 2A0) 898, REF Z54 XMK(33).
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HHL KEm L2008 3 # % BCS-BEC fE#Eib

-
B 24 RFATENEEN, (ks HE40), FEEA, (Dk;[2m ¥ 2) HRb

BEV (UV, RE4) #E4k. KB Z54XH33].

2.3 BCS-BEC # # X% f 4T A fola &

B KRB RAS ALK, 2% BCS-BEC RAEHE 3 EALS
Fody B 7By X E 4 % W K. Randeria, Duan #0 Shich, A% ¥ K 69432 i
RAoBEB8ALABE, HIAA-NMTERMERY, ATFEXEETH
ZHRZERTTHR, A1 FELS NSR 9% —%. £F NSR B*%,
Schmitt-Rink, Varma o Ruckenstein £ 3% R A X AKRR TR, &
XF2HAREERN S RALRILHERREN, HT#—-FTHENSRHK
%, HaussmannP&* A T EBHFELM, E-NMZ4FEHEN S, TEERE
BETERT BBSEHNTL. XAMEREERNE M, T, AMETH

RRET. XU EHERET., EoE EHFH. Janko, Mary Fofbfl8
SHEHCH, HEZH T EEHEN, HETE-NZEESEHE T, LB
E%FRETFHELBET, ey BCS-BEC R FIE, IUHRTLEREN T — &



PN L] ot TR %% BCS-BEC HFH#ER

P (1) NBEBTHEBET REAHRBET,, TEEEA-IHE,
ERESTHEEET HEAtRE, REGERARE REMBEARRERT,
BASRAME. (2) HEBSE RN, XRBHENEEE, ERKELK
MUEXRPEEKESERLN 0, EhTRRAERGT £,

EXHE, AMIAFKSENFELIETRAHERD, &R Feshbach
ERFFRFEGEEIER, TUEZR ERAZM BCS 2| BEC #iE{L. 2004
&, BHEGEEUMKEXTFEL <! OAETFHTHEE) o, TR LA
ZETEARTRENHRLT, HERTHREBERY KL TH BEC FAH
4. % BCS-BEC WEMERK, |d>1, RANBXBYFKRAK, BXARY
Tk AARANTEE X EQFEA.  THE BCS-BEC HAKBMMI, Jin £A
Bly k¥t 235.6G RELHRTE, WAFKRTRAFORFBEEA.
2J6, KW BRE SANBZE B MENEMEGRE B, BINELER
AEEH0IG, ERXNRRP, FABALERTHARS, EBAER R
BEJE, iR (F4it) HapBERKIOC EB,, MFNELERNE

EH 20G. ERFBEFTB A, TUREFAERERERENST. LH
AT % F A ¥ W R i S 8 ok R, TG4 BCS-BEC RALK
B, BHFH B, ACEAGETFALASEERL. H25HETXR LR
2|t B F B 2t L #o BCS-BEC B MK F B, W% %. Ketterle NACIxtLi
FAT XM A EA T BCS-BEC KM KBty BAHK & KAK. Kerrerle /D
45 Jin MIBEWER K, XKVE BCS-BEC E& K 0% # R FHE At
AR, XWLERBYE THRAWET: % BCS-BEC FARH, BARKELAAT
WKL ERKATH, Grimm AR °Li % BCS-BEC HHABF R 404
AURHTTRNRE, Grimm MK, 7 FE3Rak 5 M4 200 K B KR
$%E, 2F BEC R RXBRRAZAFETENRERLITA, BH26 £ T
B—HR MR, RNER—PHE T HRAY B, LBRXK I KKK 2 AL
¥ETH.
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B 25 SHTRETRAGN,/NUASRRRUG B HERFBREALR.
AB=B,, ~B.» ENARKT L, =2ms, ZAMHERTL,, =30ms. ELAKEX
FTRGBEEAKELE. AEFTUEY, SRMKEN AN, RFRAEARRH LA,

AEEE XS]
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H264HTAFBEC 5 RKRRAAKLAFETENHERUTNGTER, SRR
RI%F 764G B 4F BEC WEE 7. % 764G XM AAF BEC WAL, KapEK
4 HBEZ 1176G (BT BCS BK), 2B XERNMEEFRNHFRE, Hutl
AWAT BEC ALV AKRF. AEHTUEY, TOAEECARLYE, RRAAYE
BEAEARBGHENKER - NTERIE, KERE XHKT].

EFRAENERERBAAREYRERGN N ERERZHYEE. A
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HHL KZM L2608 X %% BCS-BEC f#iRiL

MTRZABE. SRTEFBAARAEB 00 %K SERTHRHRE.
LA FHARE NS AN F)2) BEFRAE, — Mo ROER R K HR

BRE—ARBENET2) REAIRLE B A —AETA]). BARHR
e, BFE)KEZETAD) BENRENAL,,, BRETEAHEMEA
7S, WERH R Ege =hog =hd +AE, B, BFE|2)KIZRFA)N/LE %
X, EXE o, ARFIWARE. ZRE, TURIETRHAGAE TRA
EFA|D) HRAKE (B2 REZ|S) WS ) RAZEAERAS. Grimm
AU L AT R ARA|) R |2) R A AAAHRE T RKEBE, £F

B8 fomi T, BEMWERE R 27, Kinnunen J. Rodriguez M %A
ETRARAAEARAHEBANE R LR EREAL S, MIT MPE
BCS-BEC BHREEMWBAKERAEPLATREEE, RYEHENIELT
%% BCS-BEC B M B M EHATA.
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WHT K %5 L2490 X =T NEEEIKYASNOA

F-F AEERRKRARSHHE

AFETHHEMUEY T8 BCS-BEC EAEREA L, & E R0 5% XM
RERERTHE. REFHHEMEY T BCS-BEC BHERHRNER)
£, #BMNSR FRFIMAREERS, SN EZRAN-—MEREIEASH
REENWEEL, XEANRFHECRANE. Xidr'n=k, ZMNEX

3n'n, =k, . FIAKKEXER n/n,, RTEAHEEAZEFELEHETH.
FANBERAKARELMERT, REFAHRAKENE, XBEERN
RFESEE R AEOEARTHR, BRRETEHTEATN T B RTRER
HOSER#ATER L, RERXFENEXE, RIFRANn/n, E, B
BEHHALEREROLELERAKEATURY. FROTEERS. XX
EARBEWRY, BRFARABREKE AREREREEPEREREE RN
K, RERIXE n/n i, ARERLEBREHAKEA L4, &

BEHERBARERZEY T FHFEM T BCS-BEC ERERWRHANTE,
REABALLBEPAESEERGRLER, HFRTHEERTA. REEREN
FHARRBRERBEIAH, XHEEXEKARNRANFELRE. Wik,
RESM R AR IR AT,

3.1 FHEMEHN T BCS-BEC ERE®

EMNAX - NDMERA2RXTHARNEZA, Al EER
V,, =800, (g=-¢|) MEMA. RAINBCS Bt LR3t#H1%:
Hyeo = Ze,, CioCip + ZVu"’ITCch-uck‘T

ka+ + * + 4+ (3.1.1 )

= ;ek (ckTCH el )+ ; V ek Cr€iiC it

Hbe=c-p. REEAHARERZESHEE, TRETIHNEFNEST
Husk, BAAE

27



N

WL K2 T2 MR T BB EEE KRS TR

<c;r"fu> =(0lcjrc2|0) %0

(3.1.2)
<C_k¢cn> = <0|c-klck1' 0> =0
FALR, THEHASRM
CirCliy = <cﬁc u> (C“c w\E TC:”>) (3.1.3)

-
klck1_< klck1> ( Erilit ~ <c k¢cn>)
#HEXRANSER (3.1.1) , HHALBRNEELERE -

;VU; [<c;1cfu> + (c:}cfu ‘<c;15fu>)l<"-ucn> + ("-ucn ‘("-u"k1>)]

+ 4+ + 4+ + 4+ + .+
_ ZV <cm"-k¢><c-ucn> +<"nc-k¢>("-u"m ‘(C-u"n»"’ (ckTC-N '<Cn"-k¢>X"-k¢cn)+
kk' .

KE & 4 + o+ )
(cch-u - <ck10-k¢ >Xc-k¢cn - <c-k¢ cn)

BB M BT LR 2
; kK kcn".u ><c-uck1> +<c;chk¢>("-ucH ‘(c-ucn»"‘(";fcfu ‘(le"fuﬂc-ucn”
(3.14)
& X
By =-2 7, e ¢ ) = bo,
‘ (3.1.5)

A = —;V“. (c;ct) =Ko,
ME (3.14) TUEH
Vu' [" (Clcfk )(c-kck > + <cl:c:k >(c»kck )"‘ (c;c:k Xc-kck )]

’ 2 (3.1.6)
= "Z (A%CZCL + A‘¢kc-kck )‘A;
X

Bl R T A
H e =zek (c;ck +c:kc-k)—Z(A¢kc;c:k +Ag.c e, )—§ (3.1.7)
¥ p
RERERERERALSY, RIAARRERXEH
@ = UC, =V, Coy
(3.1.8)

A, =UC, +V,Cp

RNBER, TH
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WHT K248 3 ' = WEEERKWESHTR

2 El{

vz_l 1_3
T2l E

ELENHHPENEA=ARIENR, RPE] =L +e;, A, =Np} BT

(3.1.9)

HETE X
2
o= (e ~E) --;+ZE (aia, +ata,) (3.1.10)
k
. . |
E =Y (e -E)-— (3.1.11)
k g

FATH (3.1.8) KN (3.15) #Z2AHETHE

=—gz-——-[l 2f(E, )i (3.1.12)

ReEZHRREEAT (afa,)=(a%a,)=f(E), fE)AEKIHEK
fE)=V(exp(E, /k,T)+1). FEAR (3.1.12) 6TE X

1+gZLf(E")¢,§ =0 (3.1.13)
= 2E,
KELERX
1.1t 2/E)]
g+§2[Ek I 2 =0 (3.1.14)

% 4 Lippmann-Schwinger 5

2

m
ez 226,, (3.1.15)
o hBAKE, BRI LEHKTE
JLE)
%2 -Z[zgk T :|(o,c (3.1.17)

MFEORTHn (BAGRR),
n=22(c;ck> (3.1.18)

LAFPHETF2R A FHRKATREG. # (3.1.8) KANEAHIHH TR
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(1) £XEET, BEgaKEr, £ VkaBEN R, FXMRAHERERE
FEEGE A BN, (5485 mE — AR IR 6 IR TR A A TR
N, BRERTIE, k/k &K, MENERERNELKR, ElkaREANEN, &R

%&ﬁ%&%ﬁ%%%éﬂﬁ%#,%M¢ﬁk3ﬁHWﬁﬁ%%wﬁﬁ¢,ﬁ%%%%
HFESRH, ViaBAEREE, CFLREME, MEENE TP, Vioa REER
RESBMAME, BEEELERTENRAD, ZERERD. BRERMH, &Vk.aBEH
e, FRNEENBRERAEUBEX TR, EVEaRENAEN, FTREEAN
WRRERE ko WEMASE-FHRE TEIFFHNER. XERAENLFSX
B WERNIEE Vi, a TR, Kk, GEBDSRHLFERA. YUk aAE
B (RRAKEREM) o, HFLBAME, k/k REAAHEALESNERX. &

#—-FHRTE2FAFSHEERATLEN.
(2) HRBET=T ¥ T, BERIKE, Vk.qBIEME0 RT3 RL 0 AER

BEREMEEALRANEAES. ViaBRAEPER, BEEXRRMAERELY
REF O IREFBRAD, RELTIR. EVkoREEN, ERERBRELLT
GHHMEFEREE . HTRELRHA, EVkaRAERE, HEEREN. &
Ve aREEHEEXTERALLERERAD. BREEH, ARERBRERER MK
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FREEMAM k.o R mERERG TN, HEE-ARFERELL, MHTFUFSR
W BEME Vka B RERAD, BEE—EuFERENED. EBCSK, k/k;
%ﬁﬁt,ﬁﬁ%%&mﬁwﬁﬂk,&ﬁ%%ﬁﬁ%ﬁﬂ¢,ﬁQW%im&wﬁ&k.
EBECK, ky/k, WHEAN, EHETEENERA, FEREK, HERBRAK, X
BHPAEBCSK, MTFRAKERERN, BAMETE N TP, ELEHGERN
SMHBRREEE N M, X TRESRY, EFANEREY TLANLTRRG LA
Mg RRMF Ukati¥mBRABA, %Y koM wE—EHE FERERNS. ARE
ReEMEEABARTREZ AGENR, BEERKIRANRE. BRLRETFEN
Vk.aBATHEBESENAEEG T LS, LRAAEHEERR S TE P,

(3) AXFIMHITHLETRERRANRSNERBERARBRERY THHA
FRE, XTHEEREA R FEARERGYNARA T —RNE A, i T
AIEREFHHENTHRE, FAFRABFANRAKE, FULENERLETER
PREXLRERTRAFEHARANEE, FFREALRAZNEBRE, EEHISFIT
HEEMEEE Ak a R EEATATRUNRANE. 4 FERNTHEES
REAKENER LR, RETHHEUTRANFATROER LEOANRBAT R,
AT B RS Tnd 938 5 2 b ALt R R B £ X R B2 T %,
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