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History of Beam Size
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Large Hadron Collider (LHC)

International Linear Collider (ILC)

O —@

Electron + Positron: collision of fundamental particles
All the energy participates in the reaction. The collision energy is tunable.
Given sufficient energy, unparalleled discovery power and measurement precision

june 22 4HC + ILC = detemmweTﬂ@Wkelaws of nature i

University



Linear Collider (ex. ILC)
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XFEL (ex. ALFASACLA
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XFEL ALFA BiD
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. Accelerator pulsedperation

A RF accelerator operates burst micro bunch
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Dielectric Laser Acceleration (DLA) :
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R y T A T T ek, Badiia
PRL 100, 214501 (2008) PHYSICAL REVIEW LETTERS '.‘(3 ‘.\IA\‘ZI(.I)'O&

D I W Breakdown Limits on Gigavolt-per-Meter Electron-Beam-Driven Wakefields
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THz DLA Si
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THz Dielectric Lines Waveguide (DLW
B
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THzDeflector
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Millimeter-wave detector
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MgO:PPLNOPA THz generation
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MgO:PPLN

A 10 mm thickness
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2JY 100mJ THz
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Laser Diode
A Laser Diode Stack

3nm (DB
I QCW(Duty 3%) kKW/bar
Ao k wmMnannll T onn>a 0)
A25 /KW 3%=30W(CWIH1000 /KW
i CW

A100 /kWTblkHz 1ms
A Fiber Bundle
I QCW 50 /kw, 150 kW
A VCSEL

150W/chipl'h Nd:YAGide pump
QCW CW



VCSEL Nd:YAG DPSS Module

Light output (circular beam) “ Laser Output {circular beam) {

ﬁ Active ﬁ Active =
I .. e ,
Substrate Substrate =<
-~ Contact Contact / &

Mg vcseL LD
- - LD bar 1/5

- . (20G shoK LD bar 1G shot)
LED VCSEL LD Bar

Power Degradation v - (1nm ) Nd 808nm
120 | -
100% Bl R R

. &~ Ricro-Channel (China)
80 ] Qclare
60 | | Jenoptik
40 8

—— VCSEL
20 ;

~o—LED General

056G 1G  2G 20G 50G Shots



VECSEL DPSS Module

Model No. Nd:YAG Diameter VCSEL Pump Power Pulse Energy
(mm) Chips @200us,100Hz @200us, 100Hz
SLD-3x3-3 o3 9 1350 W >68 mJ
SLD-3x3-4 b4 9 1350 W >68 mJ
SLD-3x3-8 o8 9 1350 W >81 mJ
SLD-3x4-3 o3 rt_)U H 12 1800 W >90 mJ
SLD-3x4-4 b4 12 1800 W >90 mJ
SLD-3x4-8 b8 12 1800 W >108 mJ
Model No. Nd:YAG Diameter VCSEL Pump Power Pulse Energy
(mm) Chips @200us,100Hz @200us, 100Hz
SLD-5x3-3 b3 15 2250 W >113 mJ
SLD-5x3-4 b4 15 2250 W >113 mJ
SLD-5x3-8 $8 15 2250 W >135 mJ
SLD-5x4-3 ¢3 20 3000 W >150 mJ
SLD-5x4-4 b4 20 3000 W >150 mJ
SLD-5x4-8 $8 20 3000 W >180 mJ
sy T o _"r




VCSEL vs LD Bar

Parameters VCSEL LD Bar VCSEL Advantages

EO efficiency 40~50% 50~60% -

Spectrum width ~1nm ~3nm Narrow spectrum
Wavelength-temperature shift 0.06nm/K 0.3nm/K Very stable for pumping
Long time wavelength shift No Yes Very stable for pumping
Optical damage threshold No COD Terrible COD High damage threshold
Direct heat conductive area Big Small (by FF) Easy heat sinking

Heat stress during pulsing Low Very high Long pulsed life time

Max operation temperature >85 Deg.C 35~45 Deg.C High temperature operation

Current inrush sensitivity

None-Sensitive

Very Sensitive

Very robust to driver

Voltage-current relation Linear None-Linear Very simple driver design
Chip-water isolation Isolated Connected No need de-ionized water
CW life time 10~20K hours 10~20K hours -

Pulsed life time (20ms pulsing) ~100M shots ~10M shots 10 times longer life time
QCW life time (250us pulsing) >20G shots 1~2G Shots +10 times longer life time
Operation Mode CW & Pulsed CW or Pulsed Free modulation in all mode
Power degradation Near-Linear None-Linear Life time can be expected
Manufacture cost & price Low High Very low cost




LD Bar: VCSEL:

1.6~2.1V/Bar 1.6~3.8V/Bar
808nm(3nm) 50~60% 808nm(1nm) 40~45%
) , 3500
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KEK QCW
A QCW LD Stack : 30 /kW (Fiber Bundle 1/5)

A350W/bar 25bar=875kWHpn>4a B
A FAC
A

LD Stack pac (Fast Axis Collimation Lens)

—

350W/bar 25bar

Slow Axis Cylindrical Lens

/885nm 100 KW(QCW), KEK/940nm 300kW(QC
: /885nm 200 kW (QCW)

-
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KEK

A Multi-pass
i / Enhancement Cavity

A

AYD
| Think Disk
I Yb:YAGH Yb:YAG

A Ti:Sapphire

I Nd:YA@FC pump laser
( / G)

A Chirped PPLN



Yb:PCFKAG + OPCRAMQO:. PPLN

0.2nJ @ 1037 nm
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Ybfiber laser system
Oscillators (1028065 nm)

Center : 1064nm

1030 1.5nm forYh:YAG
1064 0.2nm forNd:YAG
1030-1045nm forYh:PCF

< Oscillator




Yb:YAG High gain multi-pass ampllfler (10-15 pass)

gainl3
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2500

= \

©

& 2000
w \

1500 *
1000
500 -
0 - . .

\ 1020 1030 1040 1050 1060 1070 1080

=¢—gainl3

dgT-0T

\
SSe

Yb:YAQ@hin DiskKausas )



Ex. Our Yb:YAG thin disk loop mulit-pass amplifier

YhYAG disk
DM
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Yb:YAG PPLN

Silicon wafer
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Nd:YAG DFC
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Nd:YAMDFC
A 0.65t x 9Nd:YAG 2t x 10 Sapphire = 25mm




2J DFC
stack(8.85kW x 4 = 8)8Jh 2 ThLI@SHG




2INd:YADFC
A 8 KW x 250us X 4 %qum
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2.4 Jouput (5 Hz)
2.0 J output (25 Hz)




5J
A 15mm x 15mm DFC

A750W/bar 27bar = 20 kW ( 25 )
I 1.5mm [H2.5mm



