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Absorption Coefficient (cm™)
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Free Electron LASER (FEL)

Lasing medium: relativistic free electrons traveling in an undulator

Interaction between the electron beam and the E-field of the radiation leads to
bunching and coherent radiation

Most widely tuneable LASER: from microwave to X-ray
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Time-Correlated Single Photon Counting
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Ahmed Zewail - Facts

Ahmed H. Zewail

Born: 26 February 1946, Damanhur,

Egypt

Died: 2 August 2016

Affiliation at the time of the
award: California Institute of

Technology (Caltech), Pasadena, CA,

USA

Prize motivation: “for his studies of

the transition states of chemical
reactions using femtosecond
spectroscopy”

Field: chemical kinetics, physical
chemistry

Prize share: 1/1

ICN*~[I--- CN]**~1+CN

LIF: Laser Induced Fluorescence
Fluorescence signal is measured after absorption
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Potential Energy

ICN*~[I--- CN]**~1+CN

LIF: Laser Induced Fluorescence
Fluorescence signal is measured after absorption
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Time-domain magneto-optical spectroscopy

Or(At) = A B cos(2mvp At)

J.M. Kikkawa et al., Physica E 9 (2001) 194.
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Fig. 1. Semilog plots of time resolved photoluminescence (PL) measured at various photon energies of 0.5 wm GaAs crystal. Curves 1, 2, 3
and 4 correspond to PL energy of: 1.43 eV, 1.49 eV, 1.57 eV, 1.65 eV, respectively.
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Terahertz sugarzas keltése

Dipdl antenna LT-GaAs-en:
senuconductor
substrate

LT-GaAs:

-recombinacio: t,..=0.3 ps
-mobilitas: u=200 cm?/Vs
(To5t=30 fs)

DC bias {
~10V I

-gap: E,;=340 nm

——— metal
" electrodes

s
a
S

Ti:Sapphire LASER: o
-kozponti hullamhossz: A=800 nm
-impulzus szélesség: 1<100 fs

J

Eq, 0=

ot
j(t) = [ P—t)[en(t')v(t")]dt

[] — eexp(_t'/Trec)/u(l_exp(_tllrscat))\di ~

1
VMaX = —=3 THZ

rec

optical ©
pulse

e "~ radiated THz far field |
0.5 1 1.5 2
time {ps)

Y. S. Lee: Principles of Terahertz Science and Technology Springer, Berlin (2009)

L. Duvillaret et al. IEEE J. Sel. Top. Quant. Electronics. 7 615 (2001)



Terahertz sugarzas keltése

Ti:Sapphire A
PP 60y  THzsugdrzas (a) Dipole
@ 800nm — 23w - 20mm—
20 mW 10ym l !
T 10!‘m‘.‘|ﬁ5pm 30pm
. — | T ! I
10} \‘n\ (a) | ™ AuGe/Ni/Au
% Lo (b) Stripline
= . —— Dipole
o 1 R N, e Bow-tie j 10 um £) mm .]I
8 R, e Stripline ! ® -
P i.. ] B-Dum
= 0.1 E
E 3
< h. i
0 1 2 3 4 5
Frequency (THz)
0.6 7 T :1.011II[ITII!ITI]IIIIJ
aV T o (FIF (1 +FIF,)
.:-“E 05-. (a) - E
5 044 ] & T
g L - 7
% 0.3 - 2 05 —
© B_ [~ H t 7
% 0.2. | g g& :r: ;jg)?lie antenna |
£ Dipole on LT-GaAs ] ~ Fo: saturation intensity -
< 0.4 pump 17 mW, A=750 nm S i
00 d.-‘-)oolllllllllilillilll
0 5 10 15 20 0 10 20 30 40

Pump (mW)
K. Sakai: Terahertz Optoelectronics Springer, Berlin (2005)

Bias (V)



Terahertz sugarzas koherens detektalasa
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Terahertz sugarzas koherens detektalasa
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Komplex THz spektrum

Time domain
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Molekulak ujjlenyomatai: rotacios spektrum

1.0

Molekuldk forgési energidja: M
E ~ ~1THz
2MR2 e A A 8 -As-u 1.2 A 4‘1Lb 18
1 Y- "

06 0

B

Viz g6z rotacids spektruma

Abscrption

Nagyfelbontasu (~1GHz)
THz spektroszkodpia:

e o 5t 100 ] . ]

© ~ ]

o] 4r o > | X )

e ol [ & - " Av=11 GHz

2 0 200 400 600 800 1000 & 50 b Y

g £ L

2 =

N ©

HoL - N=10000

= 0 total ;acquisitic.m time 2.500 s . \ )
T 0 20 20 ) 0.52 0.54 0.56 0.58 0.60

time delay (ps) frequency (THz)

Y. S. Lee: Principles of Terahertz Science and Technology Springer, Berlin (2009)
A. Bartels et al., Opt Exp 14 430 (2006)



Félvezeto szeletek érintésmentes mindsitése

Adalékolt p-Si szelet
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FélvezetO szeletek érintésmentes mindsitése

Adalékolt n-Si szelet
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Szupravezetok elektrodinamikaja: MgB,
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Correlated systems: superconductivity

BCS theory:
= Norman E. Phillips. Heat Capacity of Aluminum
- between 0.1 K and 4.0 K. Phys. Rev., 114(3):676
685, May 1959.
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Superconductivity

BCS theory:
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Matrix element: coherence effect
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CaC6
Phys. Rev. B 78, 041404(R) (2008).
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MgB2
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Meissner effect:
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