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Symmetry / Broken Symmetry

Symmetry State Broken Symmetry State:

Homogeneous wrt coordinates Typically inhomogeneous wrt

(distance, angle, phase, time, .. ) coordinates

“The symmetry of the state is the “The symmetry of the state in lowel
same as that of the Hamiltonian” than that of the Hamiltonian™

Changing the coordinate does not Changing a coordinate produces A

produce a measurable change measurable change

Circle (Rotation Symmetry) Dot breaks symmetry:

oy

“ .

Outline (Lecture 1)

Symmetry, broken symmetry and d-wave SC

Experimental foundation
1. Materials Growth

2 Junction Fabrication and Diagnosticcs
3 Origin of the Andreev Bound State (ABS)
4 Andreev Bound State Diagnostcs

Origin of the Surface-Induced Andreev Bound State (ABRS)

ABS Tunneling Spectroscopy
1. Crystallographic Orientation
2. Damage and Doping
3. Applied Magnetic field
’ Magnitude, Hystersis and Orientation of Field



@ Phase Coherence

Incoherent Coherent

| e

K 2 AX £ 4

Wave during half-time

Electron waves Cooper pairs in a
in a metal superconductor

- s
Spontaneous vs. Driven Broken Symmetry
I. Spontaneous: Phase Transition & Change in Macroscopic Properties
Charactarized by “Rigidity” of coordinate
Symmetry: Symmetric State Broken Symmetry  Chone
. Liquid e Solid (ic R
Translational: —auid (wat ) or vagor SOl Amvo -
SR
< . _ STR ,.w
Time Reversal: nmﬂﬂwm—:ﬂ»@v«ﬁv Ferromagnet (T<T.) ; _, “::
v

! VJM Te ; / -
Gauge: Normal Metal (T>T;) Superconductor (T<T,)

I Driven Gauge: Lightbulb Laser




MOIRE PATTERN NO. |@

MOIRE PATTERN NO. 1}

OMUND SCLENTIFIC CO

Some Ramifications of Broken Gauge Symmetry

Broken
Fanuge
Symmatry

Results of
Broken
Gauge

Photons (driven)

Single-Slit Diffraction:

_ Intensity

Electrons (spontaneous)
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@ SPONTANEOUSLY

Superconductor: Energy Gap BROKEN
_ BCS: N(E)=NMOE SYMMETRIES:
. ZA v AmN-DNV._\N

Gauge
Er (superconductor)

Reflection
(d-wave)

e - gewave--— - - anisotropic s-wave d-wave (d-wave +°
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% Controversial inturpretation since
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Crystallographic Orientation
1.4 | Dependence
W 12 ab-plane
mnow 1.0
@) c-axis
G 08F .
YBCO/Pb
06 T=15K -
H=2kG
Ob l | 1 ! 1 !

-80 -60 -40 -20 0 20 40 60 80
Voltage (mV)

SRR T T T R TR

SURFACE FACETING:

(Fogelstrom, Rainer, Sauls)

Surface / facet
orientation

NOT
Global film
onientation

Determines
tunneling
onentation

6.0
50 F
4.0
3.0
2.0

3.0
20 F
1.0 1.0

0.0 . L 0.0
-15-1.0-05 0.0 05 1.0 15 -1.5-10-0.5 0.0

eV/A, B




Tunneling into BSCCO single crystals

Orientational dependence in ab-plane————

g; > Interface

(T=1.5K; H=0.2T)

T=42K

(@) ab-plane

1 L T T .|
Tunneling into Y,Pr;,Ba,Cu;0; .

L
L] ¥ ¥ T

"
—

[100]
[110]

(b) c-axis

L

i

i

x=0
0.2
0.4
.0'5

OO 1 1 :
-80 -60 -40 -20 0 20 40 60 80
Voltage (mV)



b e . Ao Ad A A S )

vol’tag‘ejf('_ﬁi\'/)

ctance of YBCO vs Doping/Disorder:
Zn-doping and lon Irradaion
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