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The Theory of Everything £ BEDIE

Universe on a T=Shirt

The Quest for the Theory of Evervthing

Dan FFalk

"My ambition is to live to see

all of physics reduced to

a formula so elegant and simple
that it will fit easily on the

front of a T-shirt." BT

LEON LEDERMAN
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HFF  http://www.nobelprize.org/nobel prizes/
physics/laureates/1988/lederman-facts.html




More is Different

P.W. Anderson (Princeton University)
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More Is Different

Broken symmetry and the nature of

the hierarchical structure of science.

P. W. Anderson

The reductionist hypothesis may still  planation of phenomena in terms of
be a topic for contrOVersy among phi_ known fundamental laws. As alWays, dis-

P.W. Anderson, Science 177 (1972) 4047 .
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EhHdEWVWS, 30FRDPZ VY-V UELDER,
(1967 UCSD)

tinctians af thic kind are nat noambiszons

4 August 1972, Volume 177, Number 4047 SCIE NCE

less relevance they seem to have to the
very real problems of the rest of sci-
ence, much less to those of society.

The constructionist hypothesis breaks
down when confronted with the twin
difficulties of scale and complexity. The
behavior of large and complex aggre-
gates of elementary particles, it turns
out, is not to be understood in terms
of a simple extrapolation of the prop-
erties of a few particles. Instead, at
each level of complexity entirely new
properties appear, and the understand-
ing of the new behaviors requires re-
search which I think is as fundamental
in its nature as any other. That is, it
seems to me that one may array the
sciences roughly linearly in a hierarchy,
according to the idea: The elementary
ptities of science X obey the laws of
Fience Y.

X Y

blid state or elementary particle
many-body physics physics

hemistry many-body physics
olecular biology chemistry

1l biclogy molecular biology
sychology physiology
beial sciences psychology
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Periodic table of the superconducting elements
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MRI (Magnetic Resonance Imaging)
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Superconductivity in a layered
_perovskite without copper

w
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Y. Maeno*, H. Hashimoto*, K. Yoshida*,
S. Nishizaki* T. Fujita®, J. G Bednorzf

&F. I.IchtenbergTI H: msh.ma IBM Zﬂfl(h

* Department of Physics, Hiroshima University,
Higashi-Hiroshima 724, Japan

T I1BM Research Division, Zurich Research Laboratory,

8803 Ruschlikon, Switzeriand

$ Present address: VARTA Betterie AG, R and D Centre, 65779 Kelkheim, Germany.
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FoLLowING the discovery of superconductivity at ~30K in
La; - ,Ba,CuOj (ref. 1), a large number of related compounds have
been found that are superconducting at relatively high tempera-
tures. The feature common to all of these materials is a layered
crystal structure based on a perovskite template and containing
planar networks of copper and oxygen. This raises the question of
whether superconductivity can occur in layered perovskites that do
not contain copper. To the best of our knowledge, no such material
has been found to date, despite nearly a decade of searching. We T (K)
describe here the discovery of superconductivity in SrRuQOy, a
layered perovskite isostructural with La, . Ba,CuO, (Fig. 1). Our
results demonstrate that the presence of copper is not a prerequisite

for the existence of superconductivity in a layered perovskite. Nature 372 (1994)532.
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S

But the low value of the superconducting transition temperature
(T.=0.93 K) points towards a special role for copper in the high-
temperature superconductors.

‘p-wave i Proposed by RI'CE‘& S’:'jh'sf
i 'Phys. . Condens. Matter 7 (1995) L&43.



AEV=ER@BEE LI

2nE . BETOMRERICELS
—RBDOR—X TV a15 1V EEIRRE
BV —/IN—H)DKRES: 1~100F/ A=k

Sy | 3

BFfiEAEY (1,]) 262
T7—IN—TDERAE > & UT2IELEH AIHE

AE>V—EI" (smgle'r) AEYVZ=EIH (triplet)
S=1

PP o coses| | D
H/mﬁ{ﬂ% S ) AE Y bBIRENARE

MAERRATCTE S




AEV=EIH@EREE : NJYILAS3

FEREINY VL 3 TERI SXIERIE
BIZEFTOEFN (7—/\—33) O
BREEELES, (2003 ./ —N)LEAE

HP) (oo —smarmonziss

Photo Bill Wieqand/UIUC

=LICEBEMEhTOER A, Douglas Osheroff  Anthony Leggett
¢ —s EER : 19964F IR : 20034
HBIiEE s /—NIVERE
;o ZI:".“/TEIE (Lee, Richardson
(2T Lvk) E1tic)
--------------------------- 200411
*He o & 2004.11. 22 .
/ SHe DB EN (B) 23 (X)
QQE; AE=ER RABES O
“ (FYFLYR) — sl
(—#zEF) (BPIxMA)
BFHODEAEUNTDEERF. AEVYDOREFELT+1,0,—1 HPT  http://www.nobelprize.org/

nobel_prizes/physics/laureates/

*FHAHN o) 1 ) N
DY LdeIee, s I7byl (PR Gy 1996/0sheroff-bio.html HiF  Bill Wiegand




IR EXI R E

Cooperxf MIRREN Y kL ‘ll’(l,2)> = —‘W(2,1)> C ROAFR (DL SR

REAT R
iy )= gl x)

Spin singlet
(—EIR)

S=0
Spin triplet
(ZEIR)
S=1

R E KEE
(00,0, ) o (.n)
;=0 (t)-lun), £=0,2,..
S, dif
R FR FR (188U T 1 —)
S, = +1 1)
/=1, 3, ...
_ 1 \ J J
S0t pii, FilE
S, = -1 ‘\H> S E5 R (F/NYT4—)

MREFRNFIOELSBEFHOEZEAEVDRTDEER. REVDRTEL
<+1,0,—-1D3BENHZDT, FUTLvhk (30F) &LUET




FFIERE (GEsik) BIZEMEDEEIR

BEFA/—OYFRADEELFR (BHEHEEFR)
B FHEEERH L OICREBEM DIREZ T D sk X AF
CuBR{b) : RMEEIEES E = RFETAEVH
= AEV—EHRJKBIREE

RuBRALH : | O— /=T ORMMESYERE DM

B S = 13 : ] :

ZHIFE BB SR dR  piK

= BFHEICEST AN AV N

AV =EI"

Y 7

4

B - BFHEHAERETIRZL,
BfAO/—OYFAON
xRk ZE 5 O

4




Sr,RuO, DIBIGEIRRE

INKED: FITRAEVH (S,
AXH: HuEAEHE (L,

0)
1)

AEVIRERE
-NMR 4 kT &
 (RAB T B

—> AEV=FBIH TRl

FEIARE

- S a—F 2 REUMEER
- EFEHEERIRF

—> WFfE REE X TR TE DN
IREE (REV=FEIEDALMVEEE)

TN T 1« —DEEEERIFRTE




VIRREDRTE

BRI BF17 ONMR (FA-RK)
Ishida ef al.

=5 s 33X
= TAE> DHIEEE Nature 396 (1998) 658.
[} [o) — 1.0 T T T T T T r
& Xt D_EIE Zl: >:§IE - Sr,Ru0 k'™
[+ 2 4 ®
!: 1T 1 T T 1 T T 1T T 1 0.8 H (~ 6.5k0e) L ¢ s KV A
Y @ — (b) p-wave N
m ' T (H)
1t o ; . 0.6 l 7]
; Hll ab S _ -
$ B ;! | J _ —~ Tl u T i*'.'II-I-.-——
,'I I'l S 0.4} ,I; -
- /, — /I — ~ - 4 |
52 s-wave i > /
>:; i ,’I L J B 0.2—__”“ // u
/ / d-wave /,” - e
i ,,' o / Hllc _ bol--" i
0O oo i O i hesoce o ¢00ie. 000
0.2
N =
v | RE 12K
0.0 0.5 .0 L5 2.0

T(K)



BIEEME (ZREXTNE) ORE

SRBEES (REY—EIR) EF LR S)=h/2e D
diETH3 I E&RAL f=5E6% 5+ S5 EXIDOHE

HEMAREJ.R. KirtleylEL (IBM)OHP L D

C.C. Tsuei, J.R. Kirtley et al.,

"Pairing Symmetry and Flux Quantization °s )= S =Ly, N b
in a Tricrystal Superconducting Ring AEr —Elﬁﬂhx%ﬁs I

of YBa, Cu;0, ", NI D, CD&KDSIREER
Phys. Rev. Lett. 73,593(1994). DEEFIFETEN,




FEEVAITE [C K 2D FRVIRRE DR TE

Co T fTCP LEEAEMNS Ty hOE—D
i ( ) “E%”m\a-

R NIVBIGENY TRy M E
LbEIRE by HOFZE (COE-PDF)

0 180°

7 P ZENL T I = R




tbEhic K BARBIGEITRILE—F vV 7D
REZDARKTFMHERE

34 5F T
A% 073 240k
"nTe ety
__ 5601 H// [100] r 60 335F(uH=06T .
Ie) arsnn R —~ 27.5F
50 - '000’0.?:0‘0',0;,;0,%,»,o,,o 2rs s 50 o) 5
NE ’ x‘::::é'z:‘:f‘::‘t‘t,,i,'?' ez o E o700
Y "0‘0"‘""/’/’0 ORI A o~ :
=S 40 o tr a0 | X F
TEJ IR /0' Y 'l‘z‘lzzzl,"l" & : }J 26.5F
I 30 Lo | E
~ I— 205
OCD ~ L
20 1 720 | O 20 OW k
C ] X
107 10 e ! ell| SC gap structure
----- 19_0:_ [100] [110] J Of the active band
T O T N T T T N T S S W U S U
-45 0 45 90 135

0)0.1

0.5

K. Deguchi et a/, PRL 92,
047002 (2004).

¢ (deg.)

=HEBEEICWT S




ALY ZEROAREEEDERE S NS ERE
S = 1 Cooper pairing
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Bardeen, Cooper, Schrieffer (1957)
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Unconventional Superconductivity
Definition: A(k)=0
>

The reason why unconventional sc is realized
in strongly-correlated electron systems

(heavy fermions, transition-metal oxides,
some organic compounds,
materials near a Mott insulator, efc.)

gap equation A(k)= " - Vi ég() (1-2n(x"))
K K’

Example: HTC cuprates
Ay oA 2\
Alk)=4y Q<X ~k,*

s-wave d-wave p-wave

(k) has to change with k in order to have a
solution for non-zero A(k) .

For V,,.> 0 by Coulomb repulsion, the sign of A
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