3

ol "J. .,:1"1

?ﬁ‘




Outline

® |RSR + THzZSR?
»characteristics
>»IRSR + THzSR beamlines in the world

® Applications of THzSR
»Conventional.use
»Microscopic use

® Future
® Does we need Intense IR + THz sources?



Advantage of IRSR compared with

ordinary sources

® High Dbrilliance
» Excellent for spectromicroscopy

® Broadband
» Useful fo_r_ Spectroscopy
® Linear/circular polarization

» Crystallic asymmetry
Molecular orbital,
polar direction MCD

> Time structure
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Ordinary source
globar lamp etc.

IRSR

‘ Electron beam
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THzSR+IRSR beamline in the world

Japan UVSOR-Il 6B THz+IR, multipurpose, microscopy, MCD
SPring-8 43IR IR, microscopy under extreme conditions
USA NSLS U2A IR, microscopy under high pressure (geology)
U2B IR, microscopy for biology
U4IR THz+IR, surface science
U10A IR, multipurpose (solid state physics)
Ul0B IR, multipurpose, wide energy range
U12IR THz+IR, pump-probe (solid state physics)
ALS 1.4.2 IR, multipurpose, surface science
1.4.3 IR, microscopy (biology)
SRC 031 IR; microscopy
France super-ACO SIRLOIN,/R, multipurpose

SOLEIL
UK ~ SRS 13.3
“Diamond

IR, microscopy, surface science

Sweden MAXI| 073 IR, high resolution (gas)

Germany ANKA

IR Edge radiation

UAOR

D sinec 2003

BESSY Il IR, microscopy, THz-CSR
ltaly ~ DA®NE SINBAD THz+IR
~ .« Elletra IR

Taiwan SRRC
Switzerland SLS

ESRF
China NSRL, Canada CLS,,

IR, microscopy
IR_Microscopy

Red: THz
Blue: IR.

IR, microscopy
under consideration



Reconstructed IR+THz beam line BL6B at
UVSOR-II (since 2004)
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Intensity and brilliance of IRSR
compared with a globar lamp
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End stations of BL6B
at UVSOR-II
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'ﬁ % Diamond /

T . zcutQuartz JASCO  THz microscope
e %WW&%@T_ g;wg%f window FARIS-1 . -

Bruker
IFS66v/S

Refection-absorption
spectroscopy station
[P B

This chamber can be removed for the other
experiments (IR-MCD, FIR-RAS and so on).




Hot carriers In SmB,; 5, s
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End stations of BL6B
at UVSOR-II

FT-IR o v Dresegy
(Bruker 66v) KIS

Diamond /

z-cut Quartz JASCO
Lol FARIS-1

Bruker
IFS66v/S

Refection-absorption
spectroscopy station
[P B

0 500 1000



THz spectroscopy under
pressures

Microscope

eHorizontal optical pass

*Energy range
eLaboratory: 50 meV 1.2eV
*UVSOR-II BL6B: 5 meV 50 meV

Diamond anvil pressure cell

» Pressure media Apiezon grease N
* Pressure is measured by.a ruby
ﬂLIOI’eCenCe methOd | T E}Eﬁr“:?uﬁlfamm+“${m pinhole)+200cm ™ LPF+Si bolo.

reflection

Spatial resolution of microscope in
the THz region at BL6B

Sample

.

R |
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Intensity (am. units)
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Pressure dependence of R(w) iIn SmS

EXp.
Calc.

1.45 GPa

0.65 GPa
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[ T. Mizuno, SK et al. ]
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Scientific program at BL6B

. -
. . FT-IR b o5 ) o
® Electrodynamics of solids @ (Bruker ooy (S FT T:
multi-extreme conditions " § (JASCO
» Very low temperature (~0.4K) g;:fp'tf:n Vs Rlsn
> High pressures (~20GPa) station Bl ezt a4

»High fields (~6T)
® THz microspectroscopy <.z Ve
® FIR-RAS of adsorbed molecules £ %
® THz spectroscopy of protains | :

® THZ eXC|tat|on with coherent SR.F

> 103~104 higher intensity than the
present IRSR.
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Coherent Synchrotron Radiation CSR
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[M. Shimada et al., submitted.]
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Coherent Terahertz Pulses by Bunch Slicing U

Intensity (a. u.)
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Stable and periodic.
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[ M. Katoh et al., Proc. EPACO06, 3377 (2006). ]

Intensity (a. u.)
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The width originates from the InSb
hot electron detector response.



Laser pulse width dependence M
of CSR Spectrum [ M. Katoh et al., Proc. EPACO6, 3377 (20023).]

:‘LT Laser width =
— —u— 160 fsec
) —eo— 320 fsec

: > 530 fsec
e Q\ —v— 710 fsec
)
P \\"\ Short
Z’ s & pulse The dip is made by laser.
% Onset Onset shifts to the lower
> L .. <i wavenumber side with increasing
%) ";vu 1 pulse width.
@) 0 . r

10 20 This is the evidence of the CSR

Wavenumbers (cm™) originates from the dip induced by
laser.



Average power of CSR

Commercial
THz.-source
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Application of CSR @ BESSY-II

(Conventional use)

OR
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Use of intense sub-THz light 100
[M. Ortolani et al., PRL 97, 097002 (2006).] O\ %R
A 0.6
\ _-'-Il. I Dl4 B \\\
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FIG. 2 (color online). Optical response of superconducting
diamond: (a) absolute reflectivity obtained from the ratios of
Fig. | and the R(w) at 10 K shown in the inset; (b) real part of the

FIG. 1 (color online). Reflectivity of a strongly B-doped dia-
mond film in the sub-THz region, normalized to its values at

10 K. The lines are fits obtained by assuming a BCS reflectivity : NSO :

) optical conductivity; (c) inverse square of the penetration depth
below 7 and a Hagen—Rube:ns model at 10 K. The inset shows (M), compared with its behavior for a dirty BCS superconductor
on the left scale the magnetic moment of the sample, as cooled (gray line). In (a), the points at 7 < T, and w < 2A are replaced
either in a 10 Oe field (FC) or in zero field (ZFC), its resistance by those of the fits in Fig. 1. This allows one to discard

unphysical values R > 1, due to residual noise, which would

normalized to its value at 12 K on the right scale. The FC values
affect the Kramers-Kronig transformations.

are multiplied by 10.



THz SNOM @ BESSY-II

(Microscopic use)

[U. Schade et al., APL 84, 1422 (2004).]
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OFFICE OF SCIENCE

Catching T-rays

Physicists created an opening in the
FEL beamline to allow Terahertz rays to

pass through. Scientific data is gathered } “_ ".t
VL M
!"‘,t Pl L

in the Terahertz user labs.

&
e #

Terahertz
user labs

[G.L. Carr et al., Nature, 420, 153 (2002).]
High-power terahertz radiation from
relativistic electrons

G. L. Carr*, Michael C. Martin{, Wayne R. McKinney{, K. Jordani,
George R. Neil: & G. P. Williams:

* National Synchrotron Light Source, Brookhaven National Laboratory, Upton,
New York 11973, USA

+ Advanced Light Source Division, Lawrence Berkeley National Laboratory,
Berkeley, California 94720, USA

1 Free Electron Laser Facility, Jefferson Laboratory, 12000 Jefferson Avenue,
Newport News, Virginia 23606, USA
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Intense CSR from ERL @ KEK
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High power CW THz sources
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[M. Tonouchi, nature photonics 1, 97 (2007).]



Conclusion + outlook A '552%

® Present THzSR + IRSR
»High intensity + high brilliance.
»Applications are mainly conventional use.
»New advanced spectroscopies were produced.

® Future

»We need intense IR + THz light.
— Further advanced spectroscopy. (SNOM, )
—THz pump - VIS, -ray,,,, probe experiment.
-+ —Chemical reaction.
— Etc.



