ERLIRET &
516 H(%)14:.00~
PFIIZR2BESEE

S e VIR R L (IR (TT-

1100WHR T 7A/\—L—H—31Hb L ITD IR

BARRFHOARFEFEERE
EFE—LICAMREE Z2—

# 1807



HEAR

o JAEABTE -KRB)TCIBEITHRHOL—H—EE
(100WHRYb I 7A /N\—L—H—)ZDUVT

o L—H¥—BHK-ALEITOFEICDONT




L—H—REDR2Y7

/k'lﬁﬁl/ 'U' BHF A ZEGr. (Yo —H —(Thin-disk/Fiber) B %)

el

/J\ p (W% & ({EHA{T) >4 A KYKEK)
" 7I=7|< JEHD(;:Q)
- KB EIT (T I—T1)—45—)
- HE &G (100WRkkHz Y TE QL —H—FAH)
- B HF ( 4 )
'%—H:':jjlz—"f—ﬁﬁ%ﬁﬁ%&. (Ti:SapphireL —H% —Bi )
% EM(R)
EEI N

G2 (T —F)—5—)



[RF 1% R E AR EL

-Nuclear Resonance Fluorescence (NRF)-

Nuclear Resonance Fluorescence(NRF)
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R. Hajima et al., J. Nucl.. Sci. Technol. 45(5), 441 (2008)
T. Hayakawa et al., Nucl. Instr. Meth. A 621, 695 (2010)
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>Electron beam = 350 MeV, 13 mA
»Laser intracavity = 700 kW
»LCS ~2MeV, 1x10'3 ph/s

0.1 ph/eV/s = 107 ph/eV/s
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R. Hajima et al., NIM-AB08 (2009)
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O High-average power
g 9P . >100W

O High-repetition rate
— 81.25(162.5)MHz
(N=16 (8) for 1300/N MHz operation)

O Narrow bandwidth
— AA/ X103

O Precise synchronization
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Yb-fiber

CPA laser(z=#1HR)

|

2-stage preamp
(to 4W level)
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|
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Yb-doped fiber
Oscillator

<5 pump

O

Double
clad Yb

wavelength: ~1030 nm
Avg. Power: ~50 mW
Pulse duration: <300 fs
Rep. rate: 75~78 MHz

Main AMP Booster AMP
(to 25W level) (to 100W level)
150W@976nm LD 450W@976nm LD
J_L-pump pump
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Narrow band Yb-fiber laser system (Frontend)
Block diagram

Mode-locked Yb- Stretcher with 2-stage Yb-fiber Amp.
fiber Oscillator spatial mask with Band pass filter

Rep. rate: 75 MHz
Average power: 70 mW

| Average power: 900 mW
Grating  Pylse duration: 4 ps
Spectrum bandwidth: 1.4 nm

-~ Yb-fiber Amp. 2nd Stretcher
with Photonic Crystal Fiber GDD: 2 x 108 fs2

(130 ps/nm)

@i For narrowband operation, we prepared...

Suppress the broadband amplification

O Spectrum mask is installed into the pulse
stretcher

Oh Narrowband filter is installed between amp
chain

Avoid the spectrum broadening
O 2ndary stretcher(x50 GDD of 15t stretcher)
(Suppress the nonlinear effect(i.e. Kerr effect))




Primary
stretcher
(" Spectrummask )
|

|-

\_ )

Yb-doped fiber
Oscillator

-

1| isolator

BP
filter

wavelength: ~1040 nm
Avg. Power: ~50 mW
Pulse duration: <300 fs
Rep.rate: 81.25(75) MHz

(to 2W level)

[ 2-stage preamp

]|

( 30W@976nm LD |

<5 pump

Secondary
stretcher

100W-class Yb-fiber CPA laser system

Yb-fiber amplifier

1st

+

BPfilter

Double clad Yb
fiber

2nd

-
=
-

Power AMP
(to BW level)
) [ 150w@976nm LD |
T pump

Yb-fiber amplifier

Photonic crystal
Yb fiber

Booster
AMP
(to >100W level)

450W@976nm LD |

ump

Yb-fiber amplifier

Photonic crystal
Yb fiber

Average power: ~100W

Center wavelength:1043nm

Band width: 1~2nm(FWHM)

Pulse duration: ~2ps

Repetition rate: 81.25(75)MHz

Pulse
compressor
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Roof mirror

Grating

Output

Input

L,=800mm , 6,~59deg
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cERL PLL IC chip
Rep. rate

\

control o
’ et Rep. rate P
\&S —— 100

N : : :
\56 co ntrOI % _60 \Freerun (w/o lock) K~ f=86M Hz
) M - I
T 80| Prediction from contol theory| = 50+ ]
= 100 1 q
) ) 8 -120f Result (w/ lock) | .g
Synchronization 2 140 S
between e-beams and photons 2 — 13 ™0
P ﬁ -160 | / I
O .180 x x x x -100 : ‘ : ‘
10t 10?0 10° 10* 10° 10° 0O 2 4 6 8 10
Offset Frequency (Hz) Time (hOUI‘S)

5 ps(RMS)@freerun(1o-100kHz) >10 hours
—0.18 ps@lock(10-100kHz) hold time
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O High-average power
— B#Z:>I00W(BZE)
BAK: LIOW(NIL AR IRE)
(EpumpD % A Y)

B1Z: 81.25/162.5 MHz

IRIR: ~80MHz(75~78MHz
§81.25MHzlicavi'r_y_Eéd)§E%’E{O)ﬁfﬁﬁﬁ\ﬂ)
162 5MHzIFIREILS LITH)

—  B1E: AM/A <103
K AL/ <1.6x1073
(45 7 ¢ JL S — DB 4R G i 6 - SR 5t DI 15 ) TR (20.2nm)

O Precise synchronization
— BHiE <1|135 Jitter (RMS)
i 1K: 0.18ps (10Hz-100kHz)
(E#HEL —H —(Ti:SapphireL—%—)TD 1 &E)
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O High-repetition rate

O Narrow bandwidth
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