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Photo-injectors for CTF3

Drive Beam Injector

Combiner Ring: x4

Delay Loop:2

thermionic gun

Drive Beam Accelerator

/| L / — ( || 7
ﬁ E [ | [ 4 Il |
. m
Possible = i -
change | PHIN - I;| \L E "1 ,p‘;
over in - s .
next few Pl L —x
= / =
years -
PHIN CLEX
Drive beam photo-injector 2 beams test area http://clic-study.web.cern.ch/clic-study/
test stand CALIFES : y-wen.cern. Y
Main beam photo-injector - ) A )
PHIN CALIFES
charge/bunch (nC) 2.3 0.6
Number of subtrains 8 NA
Number of pulses in subtrain 212 NA
gate (ns) 1272 20-150
bunch spacing(ns) 0.666 0.666
bunch length (ps) 10 10
Rf reprate (GHz) 1.5 1.5
number of bunches 1802 32
machine reprate (Hz) 5 5
margine for the laser 1.5 1.5
charge stability <0.25% <3%
QE(%) of Cs2Te cathode 3 0.3

Machine parameters set the requirement for the laser
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1.5 GHz Cw
Synched H pre-
oscillator amplifier

Laser requirements
I

PARAMETERS PHIN CALIFES
laser wavelegth (nm) 262 262
energy/micropulse on cathode (nJ) >363 947
energy/micropulse laserroom (nJ) 544 1420
energy/macrop. laserroom (u)) 9.8E+02 4.1E+01
mean power (kW) 0.8 2.1

average power at cathode

wavelength(W) 0.005 2.E-04
micro/macropulse stability <0.25% <3%
conversion efficiency 0.1 0.15
energy/macropulse in IR (m)) 9.8 0.3
energy/micropulse in IR (uJ) 5.4 9.5
mean power in IR (kW) 8.2 14.2
average power on second harmonic (W) 0.49 1.E-03
average power in final amplifier (W) 9 15

Phase-
coding
test

10w,

3_pass 3.5kW z_pass 8.3kW

7.8kW

amplifier amplifier

14.8mJ in 1.2us

Achieved
Not yet reached

IWLC2010 215t October

Lasers for CTF3 and outlook for CLIC



Outline
- 00©9mnm9m9m©9  0©9m9mmmm 090909 ©9m9m9©0©0 990999 0 0 000

*Photo-injectors for CTF3
*Current laser setup

*Phase coding

*Stability

*Feedback stabilization

el aser for CALIFES

*Challenges for CLIC drive beam




Laser setup

3.5kW 8.3kW 7.8kW 3.6kW | 1.25kW
"""" 14.8mJ in 1.2us 4.67mJ) in 1.2us 1.5mlJ in l.Zfs
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=
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Phase-coding

v'Slow switching demonstrated
v'Recombination and delay measured

misure con fascio laser in continua (non mode-locked)

Beam Splitter fiber 30 m fiber

collimator ﬁ}m junction () . IJIJI'I l|||
in \ [:ﬁ:l ¢ l out

AL I E:O: ()
200 mw t 040 | Modulator e ﬁ [}_&)W
vanable . =
’Ll»' attenuator ()

e i)

CCLRC 1 45 05 05 05 05 05 lossdB
Driver response to aosesIEnts 08 035 09 05 0.2 09 0.3 Po/Pi
T A e - to square input
i N S ol voltage applied to 4
T T e Milano ok 73 ok 0.5 ok ok S0.5
" w FESSEHERI 0.18 <0.9 <0.9
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Phase-coding

e
/" NEW scheme )

wress  osattor[[11[1][1 sl [[11]1]]1]
Lossin % EO —212py B!

] 2-100% 20% 11% Modulator SEm—— Delay arm || lﬁ_” ||| wﬁﬂ_
Oscillator 333ps delay Booster — 217 pulses 212 pulses
320 mw ﬁ il Attenuator arm | | || || []=|]] ,mp

Transmitted 340mwW

Waveplate Splitter  BUCENEES variable attenuator

Combiner Output = i
\ and PBS )
Offset: 2.1V Autocorrelation
Fiber coupler _— Histogram LY
(90:10 or 99:1) 5= i m 8 Y —
3 b 14 — = iRy —"
E " h s n 215 shots 1l
g ¥ : » 12 1+ — Save 44 5 8 14 e
£ - L} o 10 - mean 353.487mV N Tene s}
2 L] b » g 17 min 352.7mv
rII-IIII-IIII-IIII-IIIIIII EEEEEEEEEmEEN LLA ) -mm....-l: § .- ‘A -. .; % 8 o= max 3545".'\/
. H oy g 6 -—| STD 0.312V (o.oss%)l
B » e N °Modulatidn:4.7v * [
: : Modulator voltage (V) é ) L LLLI | M 1l
H H - 0 L L R RO e
i DC sios | Moduiator | [ Photodiode i AR boREacddnER R 2o g0
H pios jp—{ signal H B I
H Dither signal| controlier amplification H
. : Mean over 500ps (mV)
(' 2 modulator scheme will be safer against power damage  Still missing: \
*Better temperature stability with the 333ps delay * Fully adjustable timing system for amplification window (any time)
*1.5 GHz when no modulation applied * External photodiode for more stable bias control (ordered)
\-Installed booster amplifier to reach oscillator power * Driver amplifier with flat output response (ordered) J
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Phase coding alignment measurement

Oscillator
320 mW

splitte

reflected

transmitted

Input coupler

Vi 4 Modulator 1
(L v
. o — i {;
. \\ I = Attenuator
Splitt .) < - ‘*k
-
\-\\. - \
= ﬁ A “;“, % >,

- V'K\ A
er
kS

attenuator

Ycombiner

photodiode

Spectrum

UL anatyzer

NG
"Diagnostics

Measurement without modulators (or modulators at 50%

bias)

Delayed and un-delayed signals overlaid on top of each

other

-> 3 GHz signal instead of 1.5 GHz

-> Peaks in spectrum at odd multiples of 1.5 GHz

disappear

Measured peak at 4.5 GHz on spectrum analyzer sensitive
to both amplitude and delay

Amplitude of peak at 4.5 Ghz

-10

-15
-20

-25

-30
-35

-40

dB compared to peak at 3GHz

-45

315

320 325 330 335 340
Delay (ps)

345 350

- Achieved accuracy between arms:

*0.2 ps in delay
*0.1% in amplitude

\Provides easy setup for the phase-coding /
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Position

In laser room In PHIN CTF2 (PHIN)
uv Laser Current | Train Vertical movement ,_Laserroom
RMS RMS length(ns) I .
RMS 023% 08%  13% 1.3% 0.8% 1250 o R .t
Stability RMS RMS g -Sl‘.ns 0.6 04 * 02 -QQ M :.5 0.8 o -05 0 0.5 l]-uz—u1 0 01 02
E et * histatx O . . histnes” ‘
Nonlinear conversion increases noise 2.6% 2.4% 1300 o 3 03 484 6:0.21mr(r: 5=0.07r;1)m
and causes amplitude variations along £ . Laser pasition/6 size Size:
the train = x=0.57mm
Horizontal movement y=0.47mm
Laser energy over 600 shots H g O .
1.3% RMS g il |
450 rmmm_mmode E -04-02 n(n)n.z 04 S n<n> 02
400 n histaly histaey
350 Laser ;]:sitiunlﬁsize 5=0.14mm 6=0.06mm
3 300
& ;32 RMS V movement | RMS H movement
& 150 /size [size
100
50 Laser room 13% 12%
0 Without laser cover
0 100 200 300 400 500 600
Number of shots PHIN (11.4m transport) 32% 21%
We need 0.1% RMS stability Laser room 7.5% 5%
With laser cover
CALIFES (70m transport) 25% 16%
*Exceptional stability without feedback stabilization! *Pointing instabilities improved by laser cover
*Noise characterization ongoing *Windows will be installed on laser room floor to
*Fast feedback planned for Spring 2011 avoid airflow
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Pointing stability (solution?)

'ﬁ

~

(Can be placed near to the cathode
| *Cathode always sees the aperture

Gaussian
transverse shape

runcated Gaussian
transverse shape
Shaping aperture

near the cathode

Beam shaping in PHIN

Correlation of train envelope lager v electron beam

Correlation of train envelope laser ve electron beam

_ electronbeam
_laser beam

"_electron bean
_laser beam

a
g

713
g

Amplitade (au)
H
g
Amglitude (au)
3
g
H

-03 [ [H 1 15

e tirsln tiree titeeln

time (microsec)

Iris at centre
of the beam

Gated Beam Size Scan (No. 03-14) (18.06.2010)
‘Sotencks Cuent = 170

time (microsec)

Iris at edge

Corvelation of tram envelope laser vs electron beam

;.-, .

Beam Size (mm)
i

S ﬂ%—%

T
{7
& -

T T
200 [ 1000 200

Gale Pusiln)n (ns]
bznur Mete

No iris

>
>

position and not the beam position
*Transverse movement translates to
amplitude instabilities>

*Aperture size/beamsize has to be small >

KNeed X10 more laser energy J

Image relay Cathode

-

Beam shaping at PITZ

£ B "
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302 ] Foz 3

i £ H
Zo N £ o o
600 BO0 100D 1200 1400 1600 O 20 &0 600 60O 600 BOD - 10D0 4700 1400 1600 R
channel no. pulse no.

channe! . puse ro
c) Without Beam Shaping Aperture, without iris (b) Without Beam Shaping Aperture, with iris
Marc Hénel Dissertation Hamburg 2010

(. The effect is though to be from thermal lensing

* In our case detuning of the conversion crystal (see slide 21)
* Beam size variations to be investigated with gated camera in 2011
* Even if we act on amplitude variations, we might still be left with
\_beam size variations

,
N

J
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Scheme to improve stability

Agilent E7405A Spectrum Analyzer

Wideband amplifier . .
Photo ——New Focus 1011 (RBW 10Hz)
[ 3 — * Diode -0 ——New Focus 1011 (RBW 1kHz)
Al ‘ ——EOT 3010 (RBW 10Hz)
T "Vreference

&0 ——EOT 3010 (RBW 1kHz)
—MNew Focus 1024 (RBW 10 Hz)
— Mew Focus 1024 (RBW 1 kHz)

— Thorlabs DET10A (RBW 10 Hz)
00 |

EO modulator a0l WWWWWWWWMWW
(Pockels-cell) L
-140

ety bl i nmmmmwim‘ WWMMW Ak
Polarizing beam splitter beam splitter

In TESLA this system was invented by I. Will and his group . Ll ! I'l'l ul e ‘W L it W
0.7% rmes stability was achieved from 3% with 70% transmission Frequency (Hz)

t
Power (dBm)

*We need 0.1% rms stability
*Amplifiers provide stabilization for noise <10kHz with steady-state
(see slide 27)

L *Commercial LASS-Il by Conoptics at green wavelength

1/1@ 500kHz (Int. Ref. Mode) ,5/1 @ 100kHz ,18/1 @50kHz ,100/1 @10kHz ,
200/1 @1kHz,250/1 @200hz

* New fellow Sebastian Gim to work on ‘in house’ solution
* Detailed noise measurement on the laser system starte
* Comparison of different detectors

* 12bit AD card to perform high dynamic range measurements
purchased

* Pockels-cells purchased for test

CTF3 Collaboration meeting 6" May 2010 Photo-injector laser for CTF3
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Independent laser system for CALIFES

: : : )
Laser design was for long trains of the CLIC drive beam
*CALIFES requires only up to 226 pulses (160ns)
*1w in the UV is necessary for short train, which have not been delivered yet
\-CALIFES will be used as a diagnostic test bench until 2015 at least )
Burst mode operation for CALIFES
2.E-05 /
—steady-state
g AUIPE This is how Iong the =200 ps prepump
8 [——AMP2 calculated — J\-' CALIFES train is g 2.E-05 :zzgiz::s::z
7 | ——AwP2input / ! g — 266 s prempurmp
E . AMP2 output (1 pass) /;""' ". 1 na fitfuncti
3 ----AMP2 output (2 pass) ’, '|| = —fitiunction
g 5 //" / E 1.E-05
24 // \" :
= / \ % z 5.E-06
Mﬂ"’ A\ o
1 5" & 5 w
L N K
0
0 100 200 300 400 500 0.£400 ____._/ \F
Time (ps) 0 50 100 150 200 250 300
Time (ps)
Allow the amplifier to store - ~
the energy before pulses arrive *Refurbishment of PILOT laser tested on CTF2
l *Small footprint

Higher energy can be reached *Simpler setup

Stability needs to be investigated \°L0W9r pump power y




Independent laser system for CALIFES

IHarmDnics optimiz ed for the
12ud/pulse we will expect with 1.5 GHz
Imaging relay system
(1047 nm, ~10 ps KDP 262 nm, <10 pg » Injection beam
I Upte12 plipulse IR 2uJipulse
up to 200ns 20 |
- 1047 nm, ~8 ps , = eSS R N\
250 MHz, 300mW . L] v
M2 pol. Faraday anal. Relay system
4 Water cooli ng‘ flow control
' PCrattenuator -
72 wiipulse Arnplifier head : .
I
4 G L1 -— 3 5 1325 _E:::"‘“’" T et
1ow . Pump: QCWS5 kW peak  3in . 2 ,,,r’/
T & Hz, 400 s S =y —
4in 4 out 0%;;_)
5 out 3 out 2 out 1 ] 240 sar® aar
Gain vs pumping time Gain vs pumping time : Pepn ot s
o
14 — for power i1
e ™ d - 40000 Pt
'% 12 —Mizseil:;ith 85% of nominal pump c / i ¢Sy
&n 10 H——model with full power 74 ‘s 30000 o
[ -1 an ——Current diodes / .
] * 3 @» 0 240 &0 il
e 5 %&i 220000 || ——Newdiodes / s
4 o
E’ i h N 10000 for energy/pulse
wn /
0 0
200 250 300 350 400 200 250 300 350 400
Pumping time (us) Pumping time (us)
* Test oscillator at 250MHz 400mW requires much *New diodes arrive for middle of December

higher gain to reach the CALIFES parameters

* Old diodes have less pumping power *Full commissioning planned for Spring 2011
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Lasers for CLIC

DRIVE beam for CLIC
current Feas Study CLIC in green
I.Ross (2001)
2.3 8.4 8.4
1200 91600 140371 140371
0.666 2.13 1.992 1.992
1.5 0.5 0.5 .
1802 43005 70467 70467
5 100 100
1.5 2.9 2.9
3 2.3 3
262 262 262

363 1729 1325

544 5013 3843

9.8E+02| 2.2E+05| 2.7E+05| 2.0E+05
0.8 2.4 1.9
0.005 22 27

1.30% <0.5% <0.1% <0.1%
0.1 0.05 0.1

0.6 0.6 L

9.8] 7185.6] 2708.1 571.6
5.4 100.3 38.4
8.2 47.1 19.3
0.49 431 271
9 659 405

Electrons

electrons (*1019)

charge (nC)

gate (ns)

bunch spacing(ns)

Rf reprate (GHz)

number of bunches

machine reprate (Hz)

beamshaping/feedback/efficiency/transport

QE(%)

laser wavelegth (nm)

energy/micropulse on cathode (nJ)

energy/micropulse laserroom (nJ)

energy/macrop. laserroom (uJ)

mean power (kW)

average power at cathode wavelength(W)

micro/macropulse stability

conversion efficiency

IR beamtransport/chopping

energy/macropulse in IR (m))

energy/micropulse in IR (uJ)

mean power in IR (kW)

average power on second harmonic (W)

average power in final amplifier (W)

Electrons

POLARIZED SOURCE FOR CLIC
CLIC SLAC
3.72 60
0.6
156 300 600
0.5 cw
2 cw
312
100 120 120
0.3 0.3
780 865
317.9
476.9 NA
148.8 500 0
1.0 1.7
14.88 60
1% <0.5%

Massimo Petrarca’s talk
Wednesday WG1 5:30pm

Room 19 floor “3”




Amplifi
High average power, thermal management

eThermal lensing, Nd:YLF is one of the best materials
Fracture, maximum 22W/cm for rod geometry

"o CLIC: Thermal power ~170 W at 50Hz

- ° ~)2
. 0.5 \ ~D /Pth
i — \
< | Compensated with spherical and Vertical aberration f=15 cm
Z \ cylindrical optics
» i \ Horizontal aberration f=-60 cm
\
trehl ratio 0.012
\.\‘ \ Strehl ratio 0.0 )
0.0 T 0 -0 - 0. o- _eo -
I ' l '
0 50 100 150 200

Thermal power (W)

*More thermal lensing measurement to be done on PHIN laser at 50Hz
*Maximum length for rod is 18cm—>in a single amplifier we can only get 28kW out -
2 amplifiers or slab geometry could be the answer

IWLC2010 215t October Lasers for CTF3 and outlook for CLIC




UV generation (harmonics)

Refractive index depends on e-wavefl\/y Conversion efficiency depends on
Temperature
[ 7]

Temperature _
Angle of the beam Angle and divergence of the bea.m
Wavelength — \ / —> Wavelgngth and spectral bandwidth
Polarization Intensity
\)( Crystal length
O-wave Polarization

A nShaper 5_6_VIS m

S T — S
b) Intonsity profiie of 2 boam aftor xShaper

S G
a) intensity profilo of a source leser beam

*Maximum average power demonstrated 100W at 532nm 25W in UV (similar to what is required for CLIC, but in cw train)

Bastian Gronloh Fraunhofer-Insitut fiir Lasertechnik ILT

*Investigation of heat effect with long train planned for December 2010
*Investigation of heat with high repetition rate after CALIFES laser commissioning

*Test with homogeneous beamprofile




Cathode at visible wavelength

Quantum Efficiency Life Time Cathode 168 (Cs3Sbh)
QE= #electrons/#photons Qe(%) = f(Time) / Wavelength = 532nm [ — -

Beamduring the day | | Beamwith Dark Current | NoBeam

1.6
/ At visible: \ 14 _
12 (j

The photon energy is half |

. £

The laser energy is X4 5o / !

qa »
Number of photons X8 g%
& 04
QE is expected to be the same 02

0 T T T T T T T
O 0 50 100 150 200 250 . ‘EQO = 350 100 450
Xk80f the charge with the same I@ __ . NoBooT Time {Hours) A
Preliminary Test done in 2008 (E.Chevallay / K. Elsener)

Co-evaporation process on Cu plug, Lack of Sb

Cs;Sb Photocathode test planned
*Co-evaporation

*Qe optimalization during fabrication at 532 nm
*Online measurements and computing available
*Better vacuum pressure




Summary/Outlook

|
* Phase-coding for begging of next year ->full timing flexibility
* Long train harmonics test December 2010 140 ps for CLIC
* Feedback stabilization in 2011 -0.1% rms charge stability
* Independent CALIFES laser to reach nominal charge and to allow high
repetition rate tests on PHIN laser -high average power
 Amplifier development on PHIN to reach nominal parameters ->rod
amplifier feasibility
* New front end at 500MHz for PHIN development -8.4nC/bunch for
CLIC
*Feasibility study for CLIC drive beam laser with collaborators working
on most important issues planned —>study all the challenging parts for
the drive beam laser

IWLC2010 215t October Lasers for CTF3 and outlook for CLIC



LTime structure requirement

Combiner ring and Delay loop

Alexandra Anderson CERN

Marta Csatari Divall
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Laser setup

Harmonics Amplifiers Drnontia ] > _ -
! HighQ amplifier
PCs :
| Typell for<140ns E ol
" D D R A ! = Flipping mirrors
Sl Y = -
FIippin& 1 -1 -~
M2 mirror ! y Fl
_—= | \i [\ N i l ! ) E HighQ oscillator
2 ‘ Flipping mirror ' ....... ---_\:\
~ 1L Spatial '
fitter

-] A—— e~~~ | )3 oo Diagnostics
Typel
ADP."KDP_’ To I:JI:‘ o 3 ' Ous
I CALIFES | Faraday isolator v \combiner
: - BP ‘ l ' Q splitter

N\

! M2
5 - i 1047 nm, 8.3 KW in 1.2us :-- £
I:Daagnoﬂm |> -------------- 7 5.5 plipulse, ~1800 pulses W2 23311‘9'9 cell Amplifier

<_', ! KTP, LBO| Phase COding test stand
Variable beamsize 2B2nm -'--iH
onthe cathode 450nJ/pulse
~1800 pulses El

1.5 GHz

'ADP KDP
To PHIN
Lona train tests AMP2
= il
ing ‘ ’ S e B/ I
*Using ‘leakage’ wherever we can 3 Y \\g
*No interruption to operation " /// \\\
2,
1 A \\§,
0 100 ZO?I-ime("s)al)U 400 500

CTF3 Collaboration meeting 6" May 2010 Photo-injector laser for CTF3



/|| Time structure requirement

Lo | T Y
i qu"'FE“x‘"ﬂJ|h|Jwa LRI WH‘H& 'UUié-.Uk\f‘ij“';':‘!s‘ W Micropuise  1.5GH: 1.56hz
e | e . - repetition rate
| o ” ) ﬂ_ﬁe_dL - ; _ Macropulse 1-5Hz 1-5Hz
LT L[] repetition ate
PR ~ Number of 2332 1-226
\ - [ /—\L oulses
‘ E‘E'gp! | ‘ “T"Tq'::wi”ﬁ"]““:“’!“:”:"’ ‘ ‘ I } ‘ ‘ Gate length 1200 ns 0.5-150ns
/ With thermionic gun \ Number of 11
subpulses
wid i ke Length of 140.7ns
bl subpulse

MTV0361

B JWWM i MM | *Flexibility in timing structure is a real advantag

Phase switch is done within

Single PC arrangement for long train
eight 1.5 GHz periods

Satellite bunch population *Double PC for <200ns
: (~5ns) was estimated to ~ 7 % :
ini th

Marta Csatari Divall
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Steady-state MOPA

Pumping diodes

How is the output power affected
Current overshoot <1%

. ‘, . .
by the input parameters? Ripples <1% | beplfaion
Temperature i
&r calculated B
aD? :

S 9 I

- I:)in = inabs - A Fsat E 1

Al )

| ) S
] 1 1 1
| H H a oo 200 300
FedlBier e T e e Interlinked with all the others e o
< 0.2 % rms above the 100 kHz noise regio
<1% rms below the 100kHz noise region AMP1 response to input variation
1
(. The best technology for the time was bought 5 0,005
* We are more sensitive to pump variation 5

oho . . . B' =—norm. 1% drop input

* Stabilized diode technology should be investigated|| 5 °” R —
\° 0.33% RMS stability is measured in the IR 0,085

260 280 300 320 340 360 380 400

Science & Technology Time (ps)

@ Facilities Council

Marta Csatari Divall
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Laser diagnostics
- 0 0 00 00 __0_0_0_0 0 _0_0_0__0_0___1

Viewport

PHIN

il Y VY
/ o \ CALIFES e beam ais
Shielding
Virtual MOb Moa
cathode| cmen :I } / © M2:'ad1us hble remotely
camera / .D1(iris) D2(iris) g ’,-"
UV converter Photodiode
ol M1 1 1 Moveable nfrrdrhotocathode
plate + and integrator and hold 11703
Low energ to measure the energy 03('”? 202 g
online - )
Optical d to b t lat
e ekt : dptical density (to be setlater) —— 9883.,1) |\I
; wedge, Rs=98%
TWO‘ ) BS2 L |£ | Camera sensing the
. l_nnsmu.n_- Vedge’ Ea profile Fl.llll)eam /measurement
A mirror Full Rs{ 95%) |Lp1-" and position sur photocathode i-'”"“‘ one g‘)";l'?“‘)lt”‘-?
mount d ) Enersy UV converter plate aserprobgl735 heads
measurement (virtual photocathode) 3 lenses telescope to relay the plane of virtual photocathede on itself
N N *Motorized 0 with 1/5 magnification M3
N T g 2-"" )
N N mirror 7
S 2 M4 { L3 ‘ L2 1 ‘ ~ 7 O
Fastphoto-diode for

allgnmenf and time- *Theimaginglenses removed and UV converter changed to a 30mm diameter one.
resolved |?1easllrel119|lts *Install remote flip mirror for full energy measurement

Beam tranéport

E 9

E

e 11Im | «Transmission is low for CALIFES line

§ T o *Pointing instabilities are high due to long distances
e I/ R S *Automated measurement system needed

Distance from 4t harmonic crystal (mm)
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Feasibility for CLIC laser

Current amplifiers in a pre-pumped Steady state operation with
mode with a pre-shaped pulse an additional amplifier
o 505
10 25 @
[ Pre-shaped input pulse - After 1st amplifier & 4605
. / After 279 amplifier =
s / £ E 3.E-05 Za L:18cm D:2cm P:5.9KW
g’ / E il t:350ps
s / Z 2.E05 L:18cm D:2cm P:6.5kW
2 5 E / I t:350us
i — e ; 1.E-05 lan; L:14cm D:0.7cm
) 50 100 150 . i(])ss 250 300 350 400 % 50 100 150 . 2’:‘135 250 300 350 400 g— }j P:9.5kW t:200us
© 0.6400
By Mikhail Martyanov from IAP 0 100 200 300 400 500
Pump time {us)

Possible collaboration with MBI (Berlin), IAP (Russia) and Advanced Laser Development Group JAEA (Japan)
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