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----------- Experimental Proposal

-------- Non-collinear Optical Parametric Chirp
Pulse Amplifier with fast gain-switched
laser diode injection

Proton Accelerator and Plasma Nonlinear Optics Group

........................................ Chih-Han Lin #k %




o T L ........................................... Advantage of OPCPA

® High contrast within few tens picoseconds (avoiding ASE )

: - above 10" contrast around
§j\7|t)-’|— - amplified superfluorenscence (ASF) is dominant
------------------------------------------ 2 - instantaneous amplification without energy storage

e High single pass gain (103~ 10°, pump pulse @ GW/cm?level)
- gain is tunable (crystal thickness, pump spot size etc.)

- Nonlinear crystal with high damage threshold

- Broadband amplification (700nm ~900 nm) within BBO
Noncollinear OPA scheme

- low B-integral
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......................... Technical Difﬁculty

® Syncronization

- few tens picoseconds jitter would degrade contrast
- keep jitter less than 10% of pump pulse duration

® Pump quality requirement
- BBO has low accept phase matching angle (few mrads)

-Tight focusing is useless

- Require high intensity to achieve better conv. efficiency
- Energy stabilty is poor below saturation regime




iR S Ee Al

7t A AH : :
(O T LTI TN IR Pump COn'ﬂgura‘Uon

Signal to pump ratio
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Signal to pump pulse duration ratio Signal energy / pump energy Signal energy / pump energy
ratio= 0.5, 80% amp. BW conv. efficiency increases with

signal pulse duration

%% %u g’%ﬁ%gﬂ TL:S seed pulse after strecher: 170 ps
(@ [TTTC T T T TTTTTINRRRRRE RN S OPCPA pump duration (1064nm before SHG): 500 ps
OPCPA pump pulse duration (532nm after SHG): 350 ps




OYXDEE Syn chronization Scheme

2

e Optical Sync.

Oscillator
650~1000nm
FI M2
Siretcher : ImJ
Stretcher: ~10ps = =

Ti:S select.
Osc. strech

Z DM M2
{ = \

)

spectrum
expander

=L
CcM2

Y. Tangetal. Opt. Lett. 33, 2386 (2008)
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| 76 MHz H 20-Hz Verdi V. I—.l ﬁsa?.GMHz_
1064 nm. 60 ps Amglifier+SHG cwhW FWHM >250 nm
Ti:S select.
Osc. strech

seed oscillator 50mJ @ 532 nm @532 nm 2n).8fs
Nd:YVO4 Nd:Yag
Osc. Amp.

i HTG i
fonzzerp b p !
h i APt
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! Positive dispersion !
H stretcher '
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< TH Electronic Optical
(O L LT TIPS SRS snohronization synchronization
Timing jitter < few ps < 1ps
(short term)
: Timing drift several ten ps several ps
(long term)
N Wavelength flexible flexible within
EEIZ I:b IE E : tunability oscillator’s spectrum
o TSRO RO Coarse timing everyday fixed oscillator rep. rate
: (coarse timing realignment fixed amplifier path length
adjustment required) required (fixed round trip)
Seed energy to high low (ASE problem)
pump amplifier
Handling complicated simple
Cost two oscillators ultrabroadband oscillator
e + locking electrics
Table B.1: Comparison of electronic and optical synchronization methods
= = 7]
g 55|t
Nobuhisa Ishii, Development of Optical Parametric Chirp—Pulse Amplifiers
(O T LTI RSSO S A Their Applications Munehen 2006, Thests . Appendic.
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.................. Novel Sync. Scheme

Origin TWs system
Osc. unit

Ti:S select. BBO
Osc. strech NOPCPA
electrical trigger
SHG
crystal

gain switched Nd:YAG
Laser Diode ) .
........ Regen. Amplifier

. Yb dope fiber pre-amplifier Reusing commercial Q-switch
Direct 10 Hz trigger. f laser in construction

all fiber construction
robust, compact & well alignment

Single-stage 2-pass amplification
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Schematic Diagram

Non-collinear TiS 800 mm
OPCPA ity T50pe ).
@10 Hz

Stretcher

detector
adjustable

low jitter
ow jitter cable delay

ECL gate

Divider
(10 Hz)

Ti:S 800 nm
400ps 100w

1064 nm @10 Hz

370ps 15mJ

Regen-Amplifer

(Using Quntel Ultra series
flash lamp pump cavity)

10 Hz

lamp
firing

~200ps tunable

Fiber optical
Delay Line

1064 nm
500ps 2ul

Yb doped fiber
6/125 2 m CP

Gain-Switched Yb doped fiber
Laser Diode 6/125 2 m CP

1064 nm 1064 nm

CP: core-pumped
500ps 50pJ 500ps 5nJ P P

Pre-Amplifer

800 nm
500ps 5ul)




Synchronization

EOT 2000 76 MHz NIV 9307 | xtemetow wacort (< 10 ps )
fast detector pico discrimina | under energy @ (10%)
N *

fow tens us delay ivider P R
and sub ns cdze -
jitter (to 10 Hz) cable delay fl upto 65 ns

+
+
/7

rt'
mull
(L

10 Hz 76 MHz

climating jitter

commercial available device
form divider

homebrew ECL circuit
homebrew fast FET gate circuit

logic gate
climating jitter
form

variable
cable delay

Yb fiber preamplifier

L pump LD modulation
Origin TWs system

sync. trigger

Regen. amplifier

flash lamp firing sync, pockels cell.
Pulse selector etc. lamp firing
N H =] $$‘ - 73
o SOOI o8 Synchronization
<5ps
Discriminator
T
variable delay ” \ ‘
2 —— .
- amplified
100-200 ps OPCPA pump pulse
Divider
» <6ps few tens ns
Low jitter OR gate ,,
o¢ 24
25ns m

Pico-LD @ 1064 nm

33 3y

b ¢

trgger pulie 13 ns 1064 nm
Ti:S seed
Oscillato I}
A3
few tens delay for pulse selector =————pt
OPCPA signal seed




Non-colinear PM angle

k;uump 532 nm

B

1137 um-2931nm

Fidter ks:’g 600 nm-900 nm

Ak = Epump — Ksig €08 & — kigrer cos 3 = (0w (§), @)
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27 05?0 sin20)\ "7
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Type-I NOPA schematic

PVWC

Big=0+a
»
\N

Strong SHG on signal

Poynting vector walk-off
compensation

Tangential Phase Matching

TPM & PVWC have the same phase matching angle(around 24‘)

InPCWC scheme, f.iq4 is close to 2622¢ which is the SHG phase
matching angle @ 800nm - 900nm in BBO Type-I|

TPM would acheve higher gain and conversion efficiency °

FEE R

Phase match angle (deg,)

OPA in BBO

Type-l phase matching O (idler) + O(signalmp € (pump)

(A} BBO nancollinear OPA K [m] e-ray

s0m
. pump
25

532 nm

| B
-
N
600 700 800 900 1000 1100 1200 o-ray 1

Wavelength (nm) oray
Nobuhisa Ishii, Development of Optical Parametric Chirp—Pulse Amplifiers
and Their Applications Munchen 2006, Thesis ,pp.25

CrystalCut@ | =23.6") | ¢ = 90°|

non-collinear angle

Amplification spectrum & ASF

Frequency (THz)
40!

500 450 350 300 |
= : . 510
[ Toguse | Ampiified spectrum .+ Opticalaxis
2 Signal e
o 6.2 Caloulated B0 gain | 410t (Ordinary)
1org y " pump
£ < (Extracrdinary)

Tima tfs)

Intensity (arb. units)

a 10
Seed spectrum f‘\
\
\A 10
P
! Idler (Ordinary) o Geeoton

- A (Walk-off)
0 60 a0 1000 1100

00 &00
Wavelength (nm}

Nobuhisa Ishii, Development of Optical Parametric Chirp—Pulse Amplifiers
and Their Applications Munchen 2006, Thesis ,pp.35,36




Picosecond LD module

ALPHALAS
PICOPOWER-LD-1064--500-FC

Price: EUR 6,800.00.

O CD W @ D D D
Tec__Stapend BETT Tder 01 EI8E

spectrum

1064.5 nm, BW:1 nm

temporal waveform

Peak power: typ. 200 mW min. 100 mW
Pulse duration: 500 ps

Pulse energy: 50 ~ 100 pJ

Fiber coupled in HI1060 (6/125 single mode)
Fiber Bragg Grating, 0.1 nm stability
Tunable with the temperature, 0.3 nm/°C

Trigger specification

a) connector type: Standard is BNC

b) impedance: 50 Ohm

¢) rising time: <5 ns

d) minimum trigger pulse duration: 10 ns
e) input voltage level. TTL

Jitter: < 50 ps, typ. 20 ps.
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Saturation energy estimation

Saturation Energy (Esat)
25.5 um Saturation Power X 850 us

Pre-amplifer
(SM-YSF-HI 6/125)

Esat =32.7 uJ

04

02F

Saturable Power (W)

Power-amplifer
(Yb1200- 25/250 DC)

Esat =377.6 uJ

Mode Field Diameter (um)

Pot = —— £ = Assume low pump rate
’ (o3 +08)72 “heore — 1

(compare with 1/ )

hirAgore (.\'IFD) 2 Ignore ASE

1st Pre-Amplifier Stage

2nd T5125 splice kit
With index matching gel

pre-amp

stage

PM-YSF-HI

1 W 976nm Fiber-type
optical isolator

Pum LD E

S <= Slgnal
Hi1060
2

Reflective port IL: 0.7 dB =

IL: 0.4 dB E
Hi1060

MFD:5.9 um @ 980 | 300mW @ 1064nm
6/125FC optical isolator

Splice loss: 0.03 dB

Hi1060

FBG LD @976 nm
JDSU 660 mW

Picosecond LD

500ps@10G4nm
100 pJ Hi1060

1 W 976nm Fiber-type
optical isolator

= B2
iz =

1st Pre-Amplifier Yb fiber

Nufern
PM-YSF-HI 6/125
2 meters

Core-pumped

Hi1060 Hi1060

Coil Dia. >20 cm

Collet Clamps Accept
View Port Allows Clear 9230 - 0900 pm Jackers

View of Fiber Ends

Thorlab TS 125

2nd Pre-Amplifier Stage

TS125 splice kit
With index matching gel

< I—

FBG @976 nm

JDSU 660 mW E
14A

10-50 us

Hi1060 @
| wbm 976,/1064] Hi1060

o) Splice loss: 0.07 dB
IL: 0.4 dB E
&

pre-amp =

Hi1060
stage '
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2st Pre-Amplifier Yb fiber

Nufern
PM-YSF-HI 6/125
2 meters

Core-pumped

HI1060 Hi1060

Regenerative
Amplifier

Collimator

Resize beam waist to
match Regen cavity mode

Pump LD current controller

LD Current Control Modules

1slot (2A) x2
Thorlab PRO8000 — LDC8020
v BF mount

Use 4 slot
C Yy vus2
5

.

B

TEC Cooling Modules
= TEC8020

8 Slot Modular Rack Chassis
2 Amp per slot (MAX)

'| Homebrew
DGS35 voltage divider

Delay PG .,
Analog Modulation

Impedance: 10 k ohm

Pre-Amp unit.

Rise/fall time i TR JDSU 660 mW

LDC8020 <9 us, 200 mA/V (max.10V)
1slot (2A) x2

= B2

TAE

=
=1

Zﬂﬁﬂi

Regenerative amplifier

blue sky CFR200

SHG part
filter

Faraday
rotator

[foe

\ Fi
@ ilter I} " €@
v

OPCPA
532nm pump injection

97mm Dia. 2.5mm Nd:Yag
m

-

piis




......................................................................... Experiment Setup

Lab 223 1 TW system

supplementary
equipment chassis

NOPCPA
preamplifier

600 mm x 1500 mm metric
—> Newport M-SG-25-2

ZEEFRE]

O
a|qe3-H

wd/'sg




NOPCPA Setup
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Fiber amplifier Setup
Regen. amplifier Setup

15l stage
Wavelenglh Division Mulliplexier q ber
i Yh doped fiber coil

isolator
ico-
660 mW. isolator
LD
isclator
—

100 pJ 500 ps

660mW
Lo
30n) 500 ps
Tu 500 ps @ 1064 nm
@ 1064 nm

including collimalor. polarizer and telescope

S
O

3
| Wavelength Division Multiplexicr
- (WD)
” FC to free space alignment cage

Saturable 2nd stage
Yb doped fiher coil

(EiVatl):2

7/ N\

[o]
gl

alif

Regen. amplifier Setup NOPCPA Setup

—
20mJ 500 ps
@ 1064 nm

AL >100 uJ 200~300 ps
6‘1 i => @ 800 nm
Faraday

24 um  BBO ;é
thickness crystal

Y o
K \
; ) Delay |
H Stage L
$ 15— |
N |
10 mJ 350 ps
@5320m  walpy
10 mJ 350 ps

_&r
@ 532 nm 3n) 170 ps

@ 800 nm
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Total budget

Item budget Remark.

Fiber preamplifier 500,000 NTD
Optical components 345,000 NTD
Electrical equipment 100,000 NTD
Mechanics 200,000 NTD
Picosencond LD 310,000 NTD
Pockels cell & driver 400,000 NTD
Faraday isolator 50,000 NTD

Total: 1905,000 NTD
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Fiber pre-amplifier

(USD)

Name

Price

Qty.

total
==

Remark.

fiber isolator 300m|

V236

472

oemarket 1060nm, single mode fiber HI 60,
Grade P, FC 900um loose tube, Single

‘WDM coupler

340

680

980 Pump LD Filtq

Ir 266

532

emaTket 08 Pump Lacer Diode Protecfon

filter, Max. 1000 mW CW

Patch cord

60

(o2 §VE B) BN

360

bare fiber to FC connector Hi1060 or sinfflar
6/125 patch cord

GL10—-C26

713

713

Clan~Laser Polatizer, 10 mm CA,
1064 nm V—Coating

SM—YSF—HI 6/1

5150

600

Nufern, core pumped , asorb. 250 dB/x

Total

15,079 USD

approx. 500,000 NTD

Optical components

Name

Price

Qty.

total
=

Remark.

TFPN—-1064—PW-1025

uvr7s

1550

CVI 45 degree Thin—Film Plate Polariffers
10.J/cm~2 20ns, 20 Hz 1MW /cm~2

QWPO-1064—05—2—

10515

1545

CVI zero oreder quarter waveplate
0ns, 20 Hz 1MW /cm"2

QWPO-1064—05—4—

10515

1030

oreder hall waveplate
2 20ns,20Hz 1MW /cm~2

0.5” 1064nm HR

145

290

CVI99.5% laser line mirror, 1064nm

Y1S—-1025—-0

650

1300

CV199.98% laser line mirror , 1064nm

Y1-0537—45—UN

p 145

580

CVI99.5% laser line mirror, 1064nm

TLMB-800—45—1

25335

1675

CVI Ultra broadband mirrors

Y2-1025—-45—P

120

240

—
CVI99.5% laser line mirror,  532nm

1” Lens

375

(o2 N\V] Qo1 N B\V] BV BNV) JOV) B

2250

SF111064 AR coating
estimation

Total

10,460 USD

approx. 345,000 NTD

Mechanics

(USD)

Name

Price

Qty.

total

Remark.

CP03/M

18

36

Thorlab 30mm cage system
35 mm Ape, 30 mm C

CPO1/M

16

32

Thorlab 30mm cage
Blank Cage Plate, 3

SP05/M

30

60

Thorlab 30mm cay

tem
30 mm to 16 mm Adapter Plate

ER1

5

40

Thorlab 30mm cag
Cage Assembly Rod.

tem
Long, 06 mme

KCB1

104

104

Thorlab 30mm ca
Right Angle Kine

ystem
- Mirror Mount 3fmm

KCB05

108

216

Thorlab 30mm cage system

Right Angle Kinematic Mirror Mount 1fimm

others

2000

2000

estimation

optical table

1000

= Bl B B B M B Y

1000

600mm x 1500 mm x 880 mm
without breadboard

Total

6,140 USD

approx. 200,000 NTD

Mechanics (USD)
Item Price | Qty. | total Remark.
545 Thorlab 30mm cage system
SM1Z+SM1RR 1360 Thorlab 30mm cage system
HPT1 392 Thorlab 30mm cage system
C1526/M 29 Thorlab 30mm
VRC4CPT 573 Thorlab 30mm cage system
T T T—
CRMI1P/M 200 [ s
ER18 40 Thorlab 30mm cage system
ERS8 28 Thorlab 30mm cage system
ER4 Thorlab 30mm cage system

36
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