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Where is Hannover?
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Organization chart of LZH

Organizational chart

Curatorship Board of Directors
Industry, University, Frof. Or. B. Denkena
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e Optimization of a Nd:YVO, bulk amplifier

HR(1064nm) HR(1064nm)
AR(808nm) AR(808nm

Lens2 Lens1l

) . .

Fiber coupled LD

!

NPRO (2W) 8mm, Nd:YVO, 2mm, YVO,
Parameters: I3mm
e Pump spot size . o ol
e Seed spot size —) High efficiency i N\ 3mm
e Pump wavelength Good beam quality 0.3 at.% doped

e Seed wavelength

e 0.5 at.% doped




Nd:YVO, amplifier




Optical layout

Wedge
; \Dichroic mirror

HWP
v f=200mm
@ =-300mm f=300mm
YWwo4 | PBS
M2 measurement N / HWP
ichroic mirror QWP

f=40mm

NPRO
2W
Fiber coupled LD (2W)




Ex.) pump spot size = 600um (0.3 at.% crystal)

e Pump power vs amplified e Seed power vs amplified
power power

— Seed power = 1.8W — Pump power = 43W

When seed spot size = 500um, the efficiency of amplification was maximum.
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Highest efficiency amplification (0.3 at.% crystal)

e Pump power vs amplified e Seed power vs amplified
power power

— Seed power = 1.8W — Pump power = 43W

Maximum amplified power was 9.3W (pump = 500um, seed = 450um).
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Beam quality (TEM,, power)

e M-squared e Modescan

- M2 < 1.2 (all results) — TEM,, power > 95% (all)
e Ex.) I

] I [ I I I
070, w,,=64.7um, z,,=135.4mm o 4
.079, WYO:BS.Oum, zy0:1 33.1mm o A

Beam radius [um]
(]
o
o
L

Cavity length

0 | | 1 I | | | I I
40 60 80 100 120 140 160 180 200 220 240

Position [mm]

Transmitted light
. 277

\ 4
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Diagnostic breadboard

e P. Kwee et. al., RSI, 78, 073103(2007
— Made in AEI

12




Diagnostic breadboard

Modescan

1e0

e Beam analysis
— TEM,, power
— Beam pointing

1e-3

Normalized Intensity

— Frequency noise
— Intensity noise

3.52
3.51

35
3.49
3.48
3.47

Higher mode power [%]

345
344

Higher mode power: 3.47522% + 0.0243661%

Measurement d

le-1

1e-2 E

le-4

3.46 F

Mea'surement'
H Fundamental Mode Fit
Total Fit

0 01 0.2 0.3

04 0.5 0.6
Frequency [FSR]

0.7 0.8 0.9 1

1e-1 pr—r—

1e2

1e-3 ==

1e-4 ;J_

Relative Power

15 |

1e-6 L

0 05 1 15 2 25 3 35 4

Scan

Number of scans: 5

uration: 5s

Measurement start: Fri Nov 07 13:49:02 2008

Relative power of one sideband:
Significant modes:
Average deviation:

5 10 15 20
TEM,,, Order

-1+£0
4+0
-0.00502907 FSR

PD signal:
Samples per FS
Calibration dev

0.000133344 V ... 452966 V
R: 21983.8 + 1.46969
iation: -2.7685% = 0.00455583%

Relative horizontal (X) misalignment:

Relative vertical (Y) misalignment:
Relative mismodematching:
Roundtrip Gouy phase:

0.0230969 + 0.00187634
0.0128532 + 0.00152623
0.103055 £ 0.000578782
0.15051 FSR & 4.73388e-05 FSR

Finesse: 372717 £ 2.24088
“WHigher mode count: 22 + 0.632456
Higher mode power: 3.47522% + 0.0243661%
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Polarization of pump light

Transmitted power

>
Angle of HWP
Power meter

Power meter

PBS (1064nm)

Dichroic mirror
HWP (800nm)
f=80mm
f=40mm

Fiber coupled LD

Power meter

HWP (800nm)

Dichroic mirror
f=80mm

QWP (808nm)

f=40mm

. Power meter

PBS (1064nm)

Small effect j

Fiber coupled LD
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Summary (Experiment)

e |t was difficult to find the “optimum” condition of a bulk amplifier ...
— because there are many parameters and their couplings.
e Seed spot size
e Pump spot size
e Wavelength of the seed laser
e Wavelength of the pump light
e “Polarization” of pump light
e 0.3 at.% Nd:YVO4

— “Pump size = 500 um, Seed size = 450 um” was the best condition of
amplification.

— Beam quality was very good in each condition (TEMOO power > 95 %).
— But, the polarization of pump light was not discussed about this crystal.
e 0.5at.% Nd:YVO4
— Optimum condition could not be found because ...
e Polarization of pump light, and too large absorption of pump light.

e | did not have enough time to measure.
15
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Quantum entanglemen't fg
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10m piototype »

g

rLa b

E

Ml is not 10 m, only 1 m.
MCis 10 m.

Laser power is 35 W.
Mass of mirrors are 100 g.
Mirrors are not cooled.

A few coating.
Designed to observe the SQL.
Suspended optical table (LISA).



e N
Center room

Cables 7

A

3
1e \
jﬂ Control system




e | ZH

— Experiment (Bulk amplifier) |

— Research

e Laser system for the E-LIGO
and the A-LIGO

e AEI

— Laser
— Quantum optics

— 10m prototype
— GEO600




