CHEESHEES 11/20 (2014)

AR & =
B 2L—29 >

FREBRFRFEF R F =15 2= BA



® [XLBIZ:RFPEFORRE
— 11D FHEH A~

@ BBRDEFIIalL—Iay
— JEEFRD/FARF
— AYTINEDARFEFHN G5



RFIEBEFORE

(D HEIDXNR [RFOREIEE

= FNFDEE

*a 2% 8l 7E ;
KABRIBFE—AUE, N TAIERE

JRFRFET. L AET. .

L

L—H—5H- b5 v 7 EDFRFE (1980F4K)
[HE I DOXNR: [RFONENEHE




L—H—%E- S5y T
BERFEST” “SHhTvT”

U pot(r) - ZE(r)z

2

a14J)L

500 pm
D> _ “WRrIYT” V, =-uB

° Jﬁ%*’& 107

o ZRE: 10M1/cmB
10mm




EFRFIAGEDEE

\ FE&%Jb\brg%gﬁi?ﬁJ ’
T.= 100n\§/ E’ \@/ =100 nK
GR—RX T A2 815 “ZT)L3 ﬁﬁ”

8’Rb °Liand "Li

Elsﬁ*ﬁ ool

[E. Cornell et al, (1995)] [R. Hulet et al, (2000)]



— IR FORNERICKSERE) —

T
Toee = 0.3T, exp(—
BCS F ( ok

A= WAGI A
HFD2DONDRKE

Y4 \uﬂ%“

(@ @)NHEEE

% 1 355 T il 1

-a,(5/77) — 8Ly

a,: fHEL&

C. Reqal,
et al,(2004)



— B FEFISaL—Iar —

KR F I =KTEONERFICHITHEAART OO vIL vvwvvv

™

V_(x) =V, sin’(k Xx)

T OhEENT BET

“INN—FEERY”
B fEmEFOPEENTHETF



— JINN\—FER —

VR
H=_] ZC C +Uzn.¢n.¢ 'W@/’% //
e

T T S/ U

RvEVJIE (AU YMAM)HEERR

Bt SRBEE, ...
» ..0 .




— JNI\—FER —

/]

H=-J)cC JrUZnITnI¢

<i,j>

T T

RoEVTEH (UMM HEER
- KB FHROAHIRFERH -5

R. Feman



T K]

—2NDd—)L:

(Fr)7—F—E>%5)

HBiEE (AR OEFIISaL—3ay

[in T. Moriya and K. Ueda, Rep. Prog.Phys.66(2003)1299]

= B3
=) /m K2
& A R BR HEFHE
300 i | | 0.08 . . | |
La, Sr,Cu0O, | Nd, CeCuO,
f
II (.06 1 ;/.\ _
200 |- | | ] H
AF 4 \ Ty
\l AF Tit 004 .'i AF -"5 _
[ ] [ ]
100 - — ' \
‘ | 0.02|- I ) "
o . .
L ———__SG ‘ SC sC A
oL>C N L X 0.00 | | L SC,
0.2 0.1 0.0 0.1 0.2 03 02 01 00 01 02 03
=)l — : EF R—)L+— X = —8BF
(FrUT7—R—ELY)



3 — \- L)

. owm_
S L

X A o ~
ALY 2 _=—Cen ", e
Lk S i




AHRFEFS oL —5— O

- V =V, sin®(kx)
DRRBEEFLSH%R: ﬂﬂiﬂﬂ’]ﬁ?yﬂ~lo5ﬂﬁlut
2) S HEYD - 18 F R A

3)& L VEIENTE:
UEIDEE: BFL—F—DREELE X DL TEREEICERREI T 5E

U/J =ak, /2exp(+2+/s)
s=V [E, ,E,=(7k )*/2m: RBIHrIL¥—, a: HELE




R—R=ININ—FETIL:“BRE - BYMNEGE 578>

/N — RBRFRTUOIYILDFERSNV, —— X
U/J

“Time-Of-Flight ;& (C k5B &)= 72 DER A

o “q;;vfl/jse—;im U/J: /Iy UR:X
& —L 2 RMEEHL”
HHAE—L B ER EYMERIK

N 2 / \v N ; s Ny A
- A - expfan:\esion J \&\/ L a7 a7 \ J \Q\/ " a% V\> \/
e ¥ '/' .&/ ﬂ/ w./. \ 6J: ﬁ/ A/ W N
& E— AR R A SaAA
<\ J ( : ! ,



AHRFEFS oL —5— O

- V =V, sin®(kx)
DRRBEEFLSH%R: ﬂﬂiﬂﬂ’]ﬁ?yﬂ~lo5ﬂﬁlut
2) S HEYD - 18 F R A

3)& L VEIENTE:
UEIDE: HEFL—F—DREEEZ 5T E <SR S 1T 4t

U/J =ak, /2exp(+2+/s)
s=V [E, ,E,=(7k )*/2m: RBIHrIL¥—, a: HELE

U: Zzvia/\ynERBZHAVTEEDO KRS SIZH|E0 5




JIILE = /1NIN—FRETIL“RB- BYMNEZAE B8

£ EIREE EybEZEAK
“JT)LI/NNN—FETFTILOER"

U/J

[R. JOrdens et al., Nature 455, 204 (2008)]

Energy

2ELHBRDEE

A
a u=0 b U>J,Tu
Position Position
50% .
u_
00+
40% +
30% | 4
20% | +
¢
10% | £=4.8
BJ . . - ——
0% . .. - I_._ _.: [ ] M
5 10 15 20

Atom number [104]



V =V, sin®(kx)

DRBRREFZ AR ﬁiﬂﬂ’ﬁ%ﬂﬂowﬂut
2) A~ - A F R B %

3)& L VEIENTE:
UEIDE: HEFL—F—DREEEZ 5T E <SR S 1T 4t

U/J =ak, /2exp(+2+/s)
s=V [E, ,E,=(7k )*/2m: RBIHrIL¥—, a: HELE

U: Zzvia/\ynERBZHAVTEEDO KRS SIZH|E0 5
J: ERBFOMMEBZERGEICKYEEDKREZS-AIABIZFHIE A §E




SRR FDISAN—MEEDEFIZalL— 3y

[Sengstockis]
ﬁ'ﬂﬁ%ﬂ-\v-vawmffﬁﬁﬂ Wi NG
Wi o B
0.6— H ’ ’ z
Kcos(a)t) - |l
¥ > o] o
] =] X Jo(B) ErRDAy4)LESH 0 | ».
f=Klw - o > <
\

= —ZJMS@- .

(1,3)




Nyt MO 357
I —F—RIZKBRVEY:

[Ketterle, Blochis]

RIS T /2 —2 DA

Theory




V

;%fﬂﬁ%g%s 5Dt
VATAvAvAVAY)

V =V, sin®(kx)

H=-J>a’a +—Zn (n, -1

<i,j>

4) %ﬁll‘i Optical lattices: Periodic potentials created by standing waves of laser light
8 F#HE (R—R-JzLS-BER) & t
RtE (0RTT. 1RJT, 2R T) -»_4- = m“ l” « =T

d2gtt ble

N AERF-EEERIRF(ZA. ATANZAL,)—TD)
NRBE (Ta4ovya—2, FHANUR)

Cubic(Square) Honeycomb Kagome Lieb

(hexagonal) O
e Q.

e e o e

o 09 o ¢ ° o6
| : ' A ©
o O g 2 &~ o

I S SR A A P N
T 6. @ o O e?



Lieb#% ¥ (=d-pfy)

St b O EIBEEEYE 2 L BEICHE LK T L
N RS (K-ZER8)

“Cu0, 2RITE”

YBa,Cu,0,._, &Ml

FEaspie  TA7YII—e
& (K R 7 ER




;'%fﬂw?i?\lb 3= 0)##1;&
' WYY

V =V, sin®(kx)

S){E N =87 A%
18 2 £ 8| € (ToFi%) . E—H A R %‘Hﬁﬂ(i?‘tﬁﬁﬁﬁﬂfﬁ

[l. Blochi5]



BFT—-EYIRETILOEFSAL— 3y

Kasamatsu et al, PRL 111, 115303(2013) Mielke(S— L4 )#&F

AULWBARFHR: R—X-/\\—FETFIL: VaNVaNVaNVaN
NININ N

H=-J aa+— M -1+ nn, 90’0 '®
;J; Z ( ) {% NINININ

l | VAN VRN VAN VRN
_ N NN\
RyE S 18 FTUoHAREER | | A9 AMREER | SN <
(TR +FH) ( ) (FriE+FH) l\./l\ /IN/IN /]
“BECRFIIXEBDOR (VD) IZHFE" 1 ey A18:

| exp(-mR)/R

) U F—CEvS R H—OoA.

1/R

go-."-"..- b

"'DFHE] R

ETILD S ECEEEL
=525

BECOZEERELT



FEH

“FRBFHRD AR FRIE
INA—FREQEBHNGEEF 2L —F—THD”

1) ﬁ%ﬁ*ﬁg% ZiR%
A B[R F 30~ 10°E LL Lk
2>7r%mfl=% F&F R Pa
3) ININ—R /NS A—Z—D F L VFI E114E
UM, UPzyrasNy\HIB) . J(GIMERGE)

4) L%

=Fiffat. RoclE. RE-FFRERF
5) BN T-881%




[FEAE DR

TILAY)RF
*RAWTITHNTET-







PERIODIC TABLE ler
1 Atomic Properties of the Elements sttt o S

i 1
Frequently used fundamental physical constants Physu:s Standard Reference 2 8o
For the most accurate values of these and other constants, visit physics. nist gowiconstants Lab_Ora_tOTV Data_ GFOUP He
1 1 second =9 192 631 770 periods of radiation corresponding to thewtsrgansition physics.nist.gov www.nist.gov/srd Helium
2 13 14 15 16 17 | R
[1A - A VA VA VIA VIIA 245574
4 B s, 5 BZP:,Q [ C 7, |7 I\is;z 8 O3P2 9 szg,z 1 (I)\I s,
Lithium Beryllium e I I u I I I a O I I l Boron Carbon Mitrogen Oxygen Fluorine MNeon
6.941 9.012182 10811 12.0107 14.0067 15.9994 159984032 201797
15223 152252 1322522p 1522322p2 1322522;13 1522522;:4 1322522p5 1522522p6
53917 9.3227 m842)< — 8.2980 11.2603 14 5341 13.6181 17.4228 21.5645
< " Z o -3 o
1 s, 'S, Rohc 136057 eV 13 _°;5, |14 » (15 'si, (16 P, 17 °F5, (18 s,
Na Boltzmann constant k 13807 x 107 K™ AI SI P S CI Ar
Sodium gnesium Aluminum Silicon Phosphorus Sulfur Chlorine Argon
22989770 p4.3050 3 4 5 6 7 8 9 1 1 26981538 260855 30973761 32.065 35453 39.048
2 2 2, 2 2,3 2. 4 7.5 2. §
[Ne]3= Me)3s [Melzz"3p [Melzs3p’ [Me]2e 3p [Ne]3s 3p [Me]3s 2p [Me]2s 2p
5.1391 6462 “lB |VB VB VlB V”B [ Vl” lB 5.0858 81517 10 4867 103600 12.9676 15.7596
19 ’s 's, |21 Dy, |22 °F |23 'F,|24 s, (25 s, 'D,|27 ‘F,,|28 °F, "8y 31 P Py |33 185, P, |35_"P5, |36 s,

26 32 34
a|Sc | Ti V Cr | Mn | Fe | Co | Ni Ga | Ge | As | Se | Br | Kr

=
=)
3 Potassium alcium Scandium Titanum anadium Chromium | Manganese Iron Cobalt Mickel Copp Gallium Germanium Arsenic Selenium Bromine Krypton
o 30.0983 0.078 44955910 47 867 50.9415 51.9961 54938048 55845 58.933200 58 6934 63.548 69.723 72 64 74.92160 7896 79 904 83.798
[Ards arjds® |Arjadds’ [Arad4s’ Jarjad’ 45t [Ar3d° s anadas | (arpdias? arzd 48’ | anadast 1ard'les wrzd M astap [larpaastapt ([ asap’ [[anzd e dtap anzdastap’ [ (anzaltes’ep®
43407 b 1132 55615 68281 6.7462 67665 74340 79024 7.85810 76398 7.7264 5.9993 75094 9.7586 97524 11.6138 13.9996
37 5,3 's,(39 °‘p,,|40 CF, (41 °D,. (42 's,(43 °s,. (44 R (45 °F,, |46 s, |47 s, 49 *p;, |50 °p, |51 's:.|B2 P, |53 P B4 s,

Ruhidium trantium Yitrium Zirconium Miobium Malybdenum | Technetium | Ruthenium Fhadium Palladium Silver Cadmium ium Tin Antimony Tellurium ladine Xenon

35 4678 5762 85.00585 91 254 9700638 95 94 (9s) 101 07 102.90550 106 42 107 8682 112.41 11g13 118710 121760 127 60 126.90447 131293
[ki5s krjss? [Kr|ddss? [Kr4d'5s" [Krj4d'ss Ikr4d’ss [krj4d5s® IKr4d 55 kr14d’ss TKkr 4" tkrdd"ss | (krad'ss® | krjad’ kr1ad " ss5p? | [krjad " ast5p° [ krad ™ Estap" | (kN ad" s mp] | k] dd "setEp"
41771 5 6049 525173 565339 5.7559 70024 728 7 3605 74559 33369 75762 £.0338 5.7564 73439 3 6054 9.0006 104513 12,1298
55 s,(M6 s, 72 °f |73 ‘F,|74 °D,|75 °s,,|76 °D.|77 'F.|78 °D,(79 ‘s,[80 '8,|81 °P:, r, |83 4_832 84 °r, |85 “r;, |86 s,
Cs §Ba Hf | Ta | W | Re | Os | Ir | Pt | Au| Hg | TI Bi | Po Rn
Cesium Barium Hafnium Tantalum Tungsten Rhenium Csmium [ridiurm Platinum Gold Mercury Thallium Lead Bismuth Folonium Astatine Radon
132 90545 [ 137327 17849 1809479 183 84 186.207 190 23 192.217 195 078 196 96655 200 59 204 3833 207 2 (209) 1210} (222
[xeles [XelBs’ [xe14T "5 e’ | [xelarsd®as? | prejar s d'ss” | xelar *5a’ss? | (e la 5 d’es’ | [xeprsd es” | perarsa’ss | peerarsales |ararea%sst|  Hasp [Halen? tHaep* [Halep® [Haep®
53117 B 5251 7 5196 78640 78335 54382 5.9670 39553 3.2755 10 4375 5.1082 74167 5474 10,7485
104 °F,»|105 106 107 108 109 110 111 112 114 116
. Rf | Db | Sg | Bh | Hs | Mt [Uun|Uuu | Uub Uuq uh
Rutherfordium|  Dubnium Seaborgium Bohrium Hassium Meitnerium | Ununnilium | Unununium | Ununbium Ununguadium UnidNgexium
(261) (262) 1266) (264) (277) (268) (281) (272) {285) (289) (2
[RnJ7s [Rn7st (Rnjst 50 7s"
40737 53784 507 \
ftomic  Groundrstate 4|57 ©,[68 5|59 T,|60 |61 ,|62 'F, |63 'Sy, |64 D365 i, (66 1,67 T,,|68_ (69 7,70 's,|71 D,
Number Level 4
s 1 ¢zl La|Ce| Pr | Nd | Pm |Sm | Eu | Gd | Tb |Dy |Ho | Er [ Tm | Yb | Lu
Symbol 58 G4 £ | Lanthanumn Cerium  |Prasecdymium| Neodymium | Promethium | Samarium Europium Gadolinium Terbium Dysprosium Holmium Erbium Thulium Yiterbium Lutetium
E| 1339085 140116 140 00785 144 24 (145) 15036 151 964 157 25 15892534 162500 | 164.93032 167258 | 168 93431 173.04 174 957
C e = | (xepdes’ | xelrsdes® | reelfss [Xeld'ss Ixeldfes" [xeldi’es eld'ss® | [xeldr'saes’ | xelarsst | peedr™est | prejafes® | peares | rxerares® | peenrest | peerdr™sdes?
Name— [ Gerium 55769 5.5387 5473 55250 5582 5.6437 56704 5.1408 58638 5.9389 50215 51077 51843 62542 54759
Atornic ——|— 140116 A 89 D,[(90 °F M %, (92 12|93 °L,,|94 F, |95 s, (96 D97 °H,.[98 |99 ‘17,,|100 °H,|101 °F3, (102 s, (103 °F.0
omic °
I 2 @ =
Weight! - [Xe]4f5d6s g/ Ac | Th | P2 | U [ Np| Pu|/Am | |Cm Bk | Cf | Es |Fm | Md | No | Lr
/ 5.5387\ 5 Actiniurm Thorium Protactinium Uranium Meptunium Plutonium Amernicium Curium Berkelium Galifornium | Einsteinium Fermium [ Mendelevium | MNobelium | Lawrencium
—— o (227) 2320381 | 23103588 | 23s.02891 (237} (244) 1243) (247) (247} [251) (252) (257) (258) (259) (262)
Ground-state lonization mrewrs | RredTst | RrsPedrs | (Rmstsars’ | [Rpfedrs® | (Rmsfrs rnpl7st | rnpfedrs® | [Rapfrst | (Rnis7st | mus'7st | Rastirst | Rt | Rest st |lRnpftrsiree
Configuration  Energy (sV) 517 5.3067 589 5.1041 6 2657 60260 55738 59914 61579 52817 642 5.50 556 B 55 497

"Based upon '°C. () indicates the mass number of the most stable isotope. For a description of the data, visit physics.nist.govidata NIST SP 966 (September 2003)
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