Yb:YAG thin disk E—KFOwvo IR 38D FHFH

(R&D status for Yb:YAG thin disk mode-lock laser oscillator )

KIRF DO ERAFEHEE

INE B

1/21



BN EMERRICHTA2 XL ——AFE IO Ik
(H22 ~ R EAR HAETIH])

= FHlEHZR ORI AL ED-ONDEEH N THZRFEE A
EaE-SH AL —HREDOEF

FFEBZR:

100mJ, 1ps, 1kHz, IR 1lumT, Flat-topZERI 7077/ ILDL—H—%BE TS

HEIEEEAD AN /T —
Hiow
Yb:YAG Thindisk ‘ =SHH THz
Fr—T /N )L A2 INLVRAEFEE
;ﬁﬂ—jﬁ'ﬁ
JO—TJID/NILAIE
#100fs

Yb:YAG
Thindisk & 5
FIRES

2/21



SEDAEIZDINT:
L—H—-a b - HoRBEO-ODOL—F—F

AMAL T pyazg  FHELHNIER DT HHAMEHBE
[E g J 2143 keV a3’ el

2464

LB OB RAER N OHEL

IR - J = N—

‘ 2040 T Taen

1515

‘ N === I 1733
BIH R = [

Tunable 2423

ARV ERFRIEISHIEREL | 2143 kev — =, (| he
[CEYREREBZHE IS T o] |

| mission
0 0 52 0 52° 0 1/2]] 0 7201.Yo0
Flux of 244 ~ 243 237 239 235
gamma-rays Cm Am Np Pu

BT BE
JRF#& R 7 ,l: TRILE—TTE. o =i
EIRBICEST HehiveRkeE—L

1 Electron

Incident Photon(Laser)

IRIILF—REIRE Sy D (ERL)EAWL—F—a T - AU THRIR

L—H—EREE Eﬁ%j—é b—"f—’{éﬁ
B LGB —— 1tk
2R LEEE: ~100MHz
/\)L ARG : ~5ps
BFHEATOEHE 7 > 100kW (HEH)

A=

> EF/ T
L—H—s3LX

00000=

LANE T EERUSTYsGRRER) EH H100WH#kL—4%— + Enhancement Cavity

N




l—

= EEr=

HAD=HDOL—F—1EE

YbiF i B 0¥

T BOEFEGI0%)
FRULVEAFH(~1Imsec)
BIERARIFIVIEHIELY

FEPRT: L—H—SDBRINARS

) = R L— Y HEIRA AR

INIVAL—H D EH AL AR EE

HJEaf ODL%_L/\)I/ZJ'EOD%E#_I
F'Wlﬁ_l KU E Eﬁ*l*_.rﬁ/

— =

KREBHLEL—TFRROFELR

%4 Nd:YAG | Ti:sapphire |Yb:YAG
A E 1064nm l(igngm 1029nm
= # S F ~0.23ms| 0.0032ms | 0.96ms
% HILARIILIGE 0.67nm 440nm 9.5nm
J—IRF/NILRIE| 25ps 2.59fs 165fs
RAIE & 807.5nm | 488nm 941nm
IR ILIE 15nm | 200nm | 21nm
EFHE 0.76 0.55 0.91

"BHADFHOL—F—iLE == Ybu;l%jm p%ﬁjéﬁﬁ LD




EHE- BHDOOOL—F—iKk
SENHADOEHDOL—F—HK
SEHHEADE=OIZIIL—F—IEEEZNEMITAEIL . LU XHE X KR

SEAIDLENDD. /A /A / /A 7
T ‘E’

Oy R HRRA L Fiber®! | Thindisk®!: HEEBANE 5

Oy E
AT BRYHRLHES
AT B XHRICEHBETINERNED

[ ofiber®! N
R ZATHomEERE, sE—LmE. S3E
AR MRAEIY LT, ASE(H RO ARELOTL

AN

( eThindisk®!
Ef - BN B S TRLUOADRINERTES

| ERT RIS E RAYEL )

gl 520 B A D= DL— — ik == Fiber®! . ThindiskE £ L5



Yb:YAG Thindisk & H N FH ks



Yb:YAG Thindisk &t 1 25 5

E—FAvORIRIFDOERE ThindiskE>2—)L
D ThindiskEYa—JL =

= Fiber
coupled LD

I Dausinger + Giesen n;in
Yb:YAG Thindisk (b+6)

* Thickness: 220um
* Yb concentration: 7at.%
* With wedge, AR & HR coating

.. . _ Thin diskﬂbt'ﬂ’—ﬁﬁqﬁﬁ

Thindisk &M NFREIHITORM | haatell s tieian

ke CWHIR O SR 1514 O 5T S oimecmTs,
m) BHECWRRBERH ORRBEOAEELEIAS,

k E—FOVIFROER

) 2R SIS L= RIRREHES AL, SEEE
= TF(B9EsS—)ZRVTE—FOvIRIRSE S,

7/21



CWHR DO EIRFFIEDRIE

Thindiskh' L—H—1RE & L THET SHODHEREL T, 1 OMARZAVNT—F
BHGQCWHRIRSFZMHA. RIRFIEOAEZHE G 21,

Thindisk Pump3® Thindisk £ TIN—F v — Thindisk: R=7.92m-CC,0C: R=0.5m-CC

TOE—L#: 3.3mm ' EL-FRORIRSH

4

Output Coupler

T—— L RATE5% 0 < L < 500mm® & T Fik
Thin disk £ D E— 4% 0.6mm '
Output Coupler £ TD E—LE: 1.0mm

_ v, op . AperturezfflL4&TSingle-mode
CWRRO SRR FIROE P 2 (3 ST

20 —— Multimode Oscillatio Multimode Oscillation
— [ | === Nearly Single-mode Oscilla‘rion (with Aperture)
S — P —— Aperture Open
= CW: 31.96W —
g 20k (Pump: 65.6W .
o |
a CW: 4.89W
< 10t Pump: 65.6 0 l
(S \. -
e,
o N
0 e e S et - T I A AT AN AT AT AT AT I AT o
0 104 20 30 40 50 60 70 Aperture &4mm
LD Power[W] Nearly Single-mode Oscillation
,ﬁ%gﬁ{f%;& e Powen 14.4W ThindiskZ AL N =CWHIRBEZ 1 A,
ultimodeF#&k=" Pump Power 14. = 48 =~ 5
Nearly Single-mode#&k="Pump Power 15.8W BRHH32Wh LTz, 8/21




Yb:YAG Thindisk -

—kOv O ik

R EFD Thindisk DEHIREFRFRATETECENTEOT, INEFHEITHRYRLE RS

3OMHzDE—FOYIRIRGSZHRETT D,
E—FOVvIRHIRFDIERER

Pump spot: ¢l. 9mrrTh'ndlSk £ :IEII E\%—RCC
M E 88 [
f = 1.0m-CC
0.95m
0.95m
L15m  175m
Output Coupler

B[ EFIRINZS 5 —
(SESAM)

y Stability

Cavit

Caw’ry xn+

f 10m cc.

0.0 20 30

Caw’ry Posmon[m]

Loy
o
=

o0

o

[AV]

O

10 20 3.

Focal length of Thm dlsk[m]

R

Cavity length: 4.8m (Total: 9.6m)
Rep. rate: 31.2 MHz

9/21



Yb:YAG Thindisk E—rFAv FEiREs

=T EMEmode lockingBI{EICLELEH
*CW mode lock®D7=&h Dintra cavity pulse energy: E D5

E, >E, ¢ =/Eqi Bt adR = \/Foi i At 1 Fuar aAut AR | €. Honinger et al, JOSAB 16, 46 (1999).

(a) cw mode locking

SESAM: SAM-1040-0.7-1ps (BATOP GmbH)
Foa =903 /cm* (Saturation fluence)
AR =0.4% (Modulation depth)
FacL = %x 9.6J/cm*(Yb:YAG Saturation fluence)
Ays  =0.00665cm’ (SESAM L THE —LEFE)
Ay, =0.0165cm’ (Yb:YAGLETHE—LMEE)

E,>E, =9.7WJ

Laser power

(b) Q-switched mode locking (QML)

Laser power
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|7/| Ep E,: intracavity pulse energy
Gaussian beamDEf, SPMEHy (. 2/
=2m
2kn.L Ap=yP (Ag: nonlinear phase change, P:optical power)
y = 22 L: Kerrtif B R
W n2: nonlinear refractive index
w: E—LFEF

GDD: #710000fs?
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*Max Planck Institute of Quantum Optics F. Krausz’'s group
4746 OPTICS LETTERS / Vol. 36, No. 24 / December 15, 2011

High-power 200 fs Kerr-lens mode-locked
Yb:YAG thin-disk oscillator

0. Pronin,"* |. Brons,® C. Grasse,® V. Pervak,? G. Boehm,” M.-C. Amann,’ V. L. Kalashnikov,?
A. Apolonski,** and F. Krausz'®
'Max-Planck Institut fiir Quantenoptik, Garching, Germany
*Ludwig-Maximilians-Universitif Miinchen, Garching, Germany
‘Walther Schottky Institut, Garching, Germany
*Institut fiir Photonik, TU Wien, Vienna, Austria
*Comresponding quthor: oleg.pronin@mpq.mpg.de

Received October 17, 2011; accepted November &, 2011;
posted MNovember 14, 2011 (Doc. ID 156488); published December 13, 2011
We demonstrate a power-scalable Kerr-lens mode-locked Yh:Y AG thin-disk oscillator. It delivers 200 fs pulses at an
average power of 17 W and a repetition rate of 40 MHz. At an increased (180 W) pump power level, the laser
pmdurrﬂ; 270 fs 1.1 pf puler-c; at an : nr-mqr- pnur-r of 45 W [optical- tn-n[mr.al r'ff“rlr-nr\. of 2'-':;.:] ﬁm

L it Lo ot Ha [Hk LML L.y J
'Glmll‘ll" nr-rfnmnnrr- To our Lnnulr-dqr- thr-er- are the ehnm-et pulerﬂ; achiev r-d fmm a mndr- Inrkpd ‘: h YAG dlek

oscillator and this is the first demonstration of a Kermr-lens mode-locked thin-disk laser. © 2011 Optical Society of
America
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Fig. 2. (Color online) (a) Schematic of the Kerr-lens mode-
locked Yo YAG disk oscillator. All flat mirrors except for M
are high-dispersion mirrors with = - 1200 fs* per bounce; OC,
an output coupler with 5.5% or 14% transmission; K1 and R2,
concave mirrors with 0.3 m radins of curvature; B3, -4 mg
R4, 4 m; K, 1-mm-+thick fused silica plate placed in the focus
at the Brewster angle; H, hard aperture (a pinhole); M, flat mir-
ror or SESAM. The pulse repetition rate is 40 MHz. The oscil-
lator is placed inside abox of size x1m x 0.4m. (b) Beam profile
in mode-locked regime and in CW regime {after mode locking
has been interrupted).
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Fig. 3. (Color online) Autocorrelation and the spectrum
(inset) at 17 W of output power and 5.5% output coupler
(measwed with an APE Pulse Check auntocorrelator). The
time-bandwidth product is (.34 (sech?, ideal 0.315). Kelly side-
bands are visible in the spectrum wings. This measwrement was
performed for the SESAM-assisted KLM.
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*Max Planck Institute of Quantum Optics F. Krausz’'s group
Pump-seed synchronization for MHz repetition
rate, high-power optical parametric chirped

pulse amplification

14/21

Hanieh Fattahi,

LL*

Catherine Yuriko Teisset.” Oleg Pronin,' Atsushi Sugita,'

Roswitha Graf,"* Vladimir Pervak,” Xun Gu,' Thomas Metzger,"” Zsuzsanna Major,"*
- - rd "

Ferenc Krausz,"* and Alexander Apolonski*
'Max-Planck-Institut fitr Quantenoptik, Hans-Kopfermann-Str. 1, 85748 Garching, Germany

Ludwig-Maximilians- Universititt Minchen (LMU), Am Coulombwall 1, 85748 Garching, Germany
“hasieh. fatiahi @ mpg. mpg. de

Abstract: We report on an active synchronization between two independent
mode-locked lasers using a combined electronic-optical feedback. With this
scheme, seed pulses at MHz repetition rate were amplified in a non-
collinear optical parametric chirped pulse amplifier (OPCPA). The
amplifier was seeded with stretched 1.5 nl pulses from a femtosecond
Ti:Sapphire oscillator, while pumped with the 1 ps, 2.9 pl frequency-
doubled output of an Yb:YAG thin-disk oscillator. The residual timing jitter
between the two oscillators was suppressed to 120 fs (RMS), allowing for
an efficient and broadband amplification at 11.5 MHz to a pulse energy of
700 nJ] and an average power of 8 W. First compression experiment with
240 nJ amplified pulse energy resulted in a pulse duration of ~10 fs.
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Fig. 3. Block diagram of the system; CM, chirped mirror.

Optics Express 20, 9835 (2012)
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2. Mode-locked thin-disk oscillator

The pump source is based on an r. The resonator,

shown in Fig. 1, contains the Yh: Y.ﬁ;G Ihll‘l—dlsk (T‘S’Edoped 7Dduﬁ1—thlck}used as a turning Tlsapphlre%*E%thYAG thln dlSk%

mirror. The thin-disk laser module from Dausinger & Giesen GmbH is pumped by fiber-

coupled diodes at 9-4-0::1 wavelength. The pump spot diamete;z:ntla disk is 2.8 mm. *JE%%O) |E| ,Hﬂ (j: . TI Sapphlre%*ﬁggo) q:l ':
AL — EIVETFEANBDILIZEYTHES>TOS,

T——— T
) Thin-Disk

HR

HR

Dcc _D IEEE .

Fig. 1. Schematic of the Yb:YAG oscillator. HR, high reflector; DM, dispersive mirror; OC,

output coupler; BP, Brewster plate; SESAM. Semiconductor Saturable Absorber Mirror. to I \/ 'tt h 1g d IS k%ﬂl—?%ﬁ 0) ,|k "_’\ " x® /' t é 5_ Z

A 1 mm thick fused silica Brewster plate is inserted to enforce linear polarisation. The

oscillator is operahnﬂ with a 12% output coupler. Passive mode-locking of the oscillator is é & CW‘mOde IOCkl ngh\ bQ-SWIChEd mOde
achieved by using a commercially available Semiconductor Saturable Absorber Mirror

(SESAM, BATOP, SAM-1040-1-500f5) as an end mirror of the cavity. The SESAM witha  |OCKING[Z BITLTLESO-®

modulatlon deplh of 0. 5‘5&* is impinged by pulwes with a p-eak lntenslt)- exccedlng 4 GWJ’cm

a 2, : g i % 5 N
| [E]g ; Stable smgle pulwe operanon was obtained with —ISDOU fs of negam-e group Th.n dIS k%ﬁ#mﬁ ﬁﬁ n “Ja
delay dispersion (GDD) per round- T.np The dispersion was introduced by two hlEhly
[TEELLDB- -

dlapersn-e mirrors | Iﬁ] with —4500 fs* GDD per bouncc A

a0

Signal (d8}

Hs0F

Ak

2 E] ] 1 F] Wz oz e dom a0 13 Y] 15 1
Delay (ps) Wavelength (rnm) Repetition rale [MHz)

Fig. 2. The autocorrelation trace (left), optical spectrum (middke). the RF spectrum (right) and
the beam profile (inset) of the Yh:YAG thin-disk oscillator. 15/21
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