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1. Infrared Spectroscopy and Superconductivity

TE 4 rUIURD o
€ = X - — _ . ,
Wl & IMN RICERCA Isituto nfi)-.;ffégi'ff? SCSR 2014 - Trieste - December 10-11, 2014 4




Elettra
Sincrotrone . .
q Trieste IR energy scales and Superconductivity

1.0 10.0 meV  100.0 1000.0

Microwave-THz Far-IR WEIRNNear-IR  visible UV

B c1bano

Electronic transitions
Drude plasma edge
AF exchange

Vortex resonances Scattering rate (T>T,)
Scattering rate (T<T,) phonons
20505 (T=10K) W ¥ 240 (T,=90 K)
(I T OV T W 1 1 1 I 1 T O 1V I O
1 10 100 1000 10000

Wave numbers (cm-)

Basov, Timusk, RMP 2005

&R rUTURO

7 , - —
52 |N RICERCA

.

: Istituto Officina SCSR 2014 - Trieste - December 10-11, 2014 5
dei Materiali



Elettra
Sincrotrone

IR Spectroscopy and Superconductivity

Trieste
Puchkov et al. 1996
Y123, x=6.95 Biz212 Ti2201
T =T =93.5K T .= 90K T.=90K
4000 " ressok ‘ T=300k | ! T=300K ]
95K 90K 90K

10K

v(@Xem )
N
g

10K

10K

o | - | L ! y |
) 20 40 60 B0 c¢m'' 100
-] 10 15 kTe/h 20

FREQUENCY

Glover and Tinkham 1956

, FUTURO &

)
’ IN RICERCA

Istituto

Officina

dei Materiali

10°

2
T2 (10* K?

Molegraaf et al. 2002

Homes et al. 2004

T

T T LI B R R |

® YBa,Cu,0,,,

@ Pr-YBa,Cu,0,,
A YBa,Cu,0, A
B Bi,Sr,CaCu,0, i
W Y/Pb - Bi,Sr,CaCu,0,.,
# La,_Sr,CuQ,
@ T1,Ba,Cu0,
¥ Nd, 5sCep 00,

T T T T T T -

T

sl

10%
0,.T. (' et K)

Qazilbash et al. 2009

Experiment (1 = 258 K)
Band theory (e e P coordinates)
Band theory (£xpl iental P coordinates)

3
J

o, () (" em™’

Correlated metal Conventional

T, o
£ e © 0] ® Yo
] v
= o —a & *
| 1 | I 1 L L J
Q 0.2 04 0.6 08 1.0
K«--r/Krmml

SCSR 2014 - Trieste - December 10-11, 2014 6



E!ettrat
Tieste Outline

2. THz superconducting gaps
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q Treste Infrared Synchrotron Radiation advantages

Carr et al. (Nature, 2002)
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SISSI

Synchrotron Infrared Source for Spectroscopy and Imaging

Radiation is collected
over a solid angle of 65
mrad (H) X

25 mrad (V)

M1 Plane mirror
M2 Ellipsoidal mirror
M3 Plane mirror
M4 Ellipsoidal mirror

Bending Magnet
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VoLuME 3, NUMBER 12 PHYSICAL REVIEW LETTERS DECEMBER

BARDEEN-COOPER-SCHRIEFFER THEORY OF SUPERCONDUCTIVITY IN THE CASE
OF OVERLAPPING BANDS

H. Suhl, B. T. Matthias, and L. R. Walker
Bell Telephone Laboratories, Murray Hill, New Jersey
(Received November 16, 1959)

Several bands crossing the Fermi level is not sufficient
to have considerable many-band effects in o
superconductivity. Only when the bands have a very = .=t >
different physical origin, multigap effects take place. . ) S i
Interband scattering has to be low! T

12

IAI(meV)

high

In 2001, multigap superconductivity has been
demonstrated for the first time to take place in a S
real material, as MgB

Multigap SC has been proposed for transition
metals, A15 compounds, Copper-oxide high-Tc,
Heavy Fermions, Pnictides

M. Norman, Physics (2008)
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BCS-like electrodynamics

Superconductivity is ruled by low-energy electrodynamics:
The Superconducting Gap size and shape provide inf ~ ormation
on the nature and symmetry of pairing

2N KT, =3.52 === Tcx~10K<X2A~1THz

Synchrotron advantage at THz frequencies with
both coherent and incoherent sources

The Mattis-Bardeen (MB) relations are derived within the BCS theory,

for a s-wave SC in the dirty limit
(extension to arbitrary impurity scattering by Zimmermann)
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3. Addressing electron correlation with high-pressur es
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4. Non-linear THz spectroscopy
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THz light couples with electronic, vibrational and magnetic gcitations kg |

to limit starting population energy
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Sicrorone | Manipulating Mott Insulator-to-Metal Transitions

Trieste
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Cuprates " T Pnictides

temperatire

Critical temperature (K)
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Superconductivity close to an AF state: one general mechanidor HTSC ?
“Conventional” BCS-like features (isotope effect, s-wave gap) begetith the

presence of strong correlation (large U, magnetism).

Retardation effects are poorly understood
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Quantum Cascade Lasers

Backward-Wave-
Oscillators
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THz Photoconductive Antennas
Time Domain Spectroscopy  GaAs, TiQ, ...
s Optical Rectification
ZnTe, GaP, LiINbQ etc

1 THz Up to 10’spd per pulse
RESTSTRAHLEN BAND GAP
(Optical Rectification in Organic Materials DAST, OH1, DSTM)
10 THz

Optical Parametric Amplifiers
Tunable, Narrow-Band
Typically 1-10uJ per pulse above 15 THz

Vv ",\‘ " it r
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5. The TeraFERMI project
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Exploiting the properties of the FERMI-FEL electron beam to produce
Short (sub-ps), Powerful (>MV/cm), Broadband (0.1-10 THz)
THz pulses to be used a®amp beam for ultrafast nonlinear spectroscopies

s e OV s0ft Xerays | >
FEL 2
"""""""""""" :[ Table-Top | [ Mid-IR
Sceding THz source || fs source
Laser
Beam Dump
FERMI LINAC FERMI cxpcrimcntal hall
Exploiting the already existing LINAC: Reduced construction and operation costs
Parasitic THz emission: TeraFERMI will not affect overall FEL available beamtime

THz light always available

222 PYIT))E Possibility for THz pump / FEL probe
R rUTURO ¥ / pHmp :
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Extending the FEL's advantages into the THz region
N[L+Nf(w)] =] atexpriatdt

N ~6.24*10" @ 1pC Storage-Rings
N ~6.24*101° @ 1nC  Single-pass accelerators
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Transition Radiation occurs when relativistic elect rons cross
the boundary between two media of different dielect ric constant
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Conclusions

Exploiting synergies between accelerator-based THz sources

SISSI

Stable, high brightness IR-THz source

(10 mm to visible range)

Superconducting gaps, collective modes,

S

S

High-Pressure studies
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TeraFERMI

Ultra-short, high-power THz pulses
between 1 mm - 20 pum (0.3 -15 THz)
Access to the Reststrahlen-band gap!
Pumping on electronic, vibrational,
magnetic excitations
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q Srrdions Outlook - Near-Field THz Spectroscopy

Phase separation phenomena are ubiquitous in strongly correlated electron systems

VO, (Qazilbash, 2007)

Probing free carriers,
SC gaps, vibrational modes on
the local scale with nm resolution

=» High brightness, THz broadband sources

\
_ Synchrotrons, FEL's
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Thank you!

SCSR 2014 - Trieste - December 10-11, 2014 30



