Last Lecture

Spectroscopy using incoherent light:
case studies

Absorption, Reflection, PL, PLE, FTIR;
SWCNs, Conventional and HTc
superconductors

Laser fundamentals

AMES LABORATORY
Q United States Deparmment of Ensrgy
Creating Materishy snd Brargy Soltiont

vy Jigang Wang, Feb, 2009

|  §
IOWA STATE UNIVERSITY



Today

_aser fundamentals

~undamentals of ultrafast optics and
asers

The birth of ultrafast optics, femtsecond generation:
case studies, manipulating laser pulses

Laser-based static spectroscopy

Laser Raman/Raleigh, multi-photon nonlinear
Spectroscopy; manganites, SWCNSs

Time-resolved spectroscopy (Next
week)
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Optical Spectroscopy

Absorption, reflection, transmission,
PL, PLE, FTIR...

Fundamental material properties
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How Does Laser Work?

The model system: Titanium-doped Sapphire laser

Rate Equations Analysis | I ?

g
stimulated spontaneous

dN, _ ~dN
i =Y Ne —Kn N+ Kn N, =— dtg

dN
dt

e

=~y N, +Kn (N, - N,)
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Rate Equation Analysis

Photon number varies:

% =—Kn (N, —N_)=-Kn_-AN

If Ng > N,
A laser!

Walit, in thermal equilibrium:

N — e—AE/kT . Ng < Ng

e
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Four-level system

3 1 and 2:
2 Pumping rate for level 2: R,
2 3.
PUMp “ Lasing transition Stimulated transitions n,,
1 spontaneous decay 7v,,
; 4.
0 spontaneous decay v,
dN
dt2 =R, +Kn,(N; —N,)
dN
dtl = _Knp(N1_N2)_y1oN1
—=7Y,,N,—R
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Solving Four-level Model

Steady State AN=N,-N, = Ro | Y1~ Yo
Yo | Yot KN,

Population inversion (i.e., AN <0) if v,5> V4
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Ti:sapphire - the Femtosecond Workhorse
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Four-level system

AlLO, lattice ﬂ oxygen Broad gain spectrum
@ aluminum
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Relative Intensity
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Ti:sapphire - “materials control technology”

0%

3di, ~1.5 eV due to CF splitting _
Superior thermal conductivity T1o= 3.2 US
Well-controlled doping

Example: a 5 mm Ti:sapphire crystal (0.5%), in a cavity with

7 3
A\ avesLasoraTory - 504 output coupler AN,, =2-10'cm
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More Issues (l)...

Gain Saturation

AN = R|O Y21 ~ Yo _ Y21~ Yo | Rp 1
Yo | Yt KN, Y21V10 L+ W T
1 I 1
3 AN, Knp 1,y
777} Gain saturates when

PUMp ’ ji signal intensity > 1/7,,
1
N
§ -
I _Ya/ _hw
1+%ﬂ o = %_ 7,0
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More Issues (ll)...

Longitudinal modes
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laser gain angle(Eafter) _ EXp(—iO)Lt /C)=1
fil r
DT angle(Ebefore)
®, = e (g = an integer)
R« RENEEEEEEEE N ndEN q_L q g
, rt
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A\ P L Av = ¢/2L, = 100 MHz for a 1.5 meter cavity length
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More Issues (Il)...

An ideal laser g o AN, = V21~ V10 R,
(homogeneous Gain Medium) V21710

......................................... Q: Suppose the gain is
Increased further. Can it be

laser ,
gain iIncreased so that the mode at
1 profile W4, Oscillates cw?
Og-1 g Wg+1

A: In an ideal laser, NO!
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More Issues (Il)...

Inhomogeneous Gain Medium

Inhomogeneous

homogeneous “packet” line

dN(o,) = Ng(o,)dm, A® >>y
_4In(2)(®(’A_0;T)O jz

X((D) = j dax) ((D; mo)’ €

AN Ti:sapphire - absurdly strong inhomogeneity
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More Issues (Il)...

Q: Suppose the gain is increased above threshold in
an inhomogeneously broadened laser. Can it be
increased so that the mode at w,, oscillates cw?

A: Yes! Each homogeneous packet
saturates independently

“spectral hole multiple oscillating cavity modes
burning” l ..... | |

losses

laser gain

profile
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More Issues (lll)...

Transverse modes and stability zones
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Lasers as spectroscopy light sources

Static spectroscopy using CW lasers

Static spectroscopy using ultrashort
pulsed lasers
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