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Various vuv generation by four-wave mixing

: Two Photon Conversion
Medium Res:nantms‘:a » Tuning Range Efficiency Ref.
Kr 4p-5p[1/2, 0] Lyman-all 5x 104 (1]
Kr 5p[5/2, 2] 129-181 nm 103~104 [ [2]
72.5-83.5 nm 1.2x 105

Kr 5p[5/2, 2] B o2.1-943nm ~ 105 [3]
Xe 5p-6p[1/2, 0] 1155 nm 2x 108 (4]
Xe 6p [3/2, 2] l1626nm | 4x103 (5]
Xe 6p [5/2, 2] 154-223nm [N | ~2x10° | [6]

Xe 7p[1/2, 0] | 125.9 nm
7p[3/2, 0] | 126.1 nm ] =10+ (7]

6p’ [3/2, 2] | 125.4 nm
Xe 8p[1/2,0] | MM s1.7-86.6 nm ~106 8]
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Previous work (@RIKEN-RAL)

Based on flash lamp pumped lasers
(poor long term stability)

-

Conversion efficiency ~10-5

wW,: 24 mJ@6 ns

W ~1 pd
W,: 24 mMJ@6 ns

P. Bakule et al. Nucl. Instr. and Meth.
in Phys. Res. B 266 335 (2008).
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FWM in Kr gas
i 94092.86 4p°(?P,)5p [1/2]
W2
) —— 85846.70  4p°(°P°y,)5s ?[3/2]
82259.1 ———————80916.77 4p5(2P°::Z)58 2[1/2)
w1 |
w1 :212.556 nm
w2 : 845.02 nm (H)
- £-47046.43 w2 : 820.65 nm (Mu)
Wy : 121.56 nm (H)
' Ly-a Wy : 122.09 nm (Mu)
w1 f,;
Wy=2W1—W2
y 4s%4p°'s,
“NIST Atomic Spectra Database,” Dec. 2013.
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&
- low beam quality

- depletion of neutral Kr atom by ionization
- short interaction length

- phase mismatch by plasma



owavelength locking for Kr resonance — Distributed feedback laser at front end
oefficient amplify of 1062.78 nm light — gain center controlled laser medium

otiming jitter free (between wiand w2) — both pulses generated from single pulse
ohigh conversion efficiency — optimization of phase match with long interaction length

8
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Previous setup

Current setup

1062.78nm ™ 531.39nm
2ndHG |l 4thHG
100 mJ
354.26nm
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0 power&timing drift
L3
All-solid-state laser 1S All-solid-state laser
A Flashlamp pumped / +
Lyman a generation 355 nm laser Lyman a generation
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220 mJ, 8ns ~5 ud, 2ns 9.2 mJ, 2ns

130 count/sec. @F3 MCP
(MCP #=55%)

236 USM/sec. @ 500kW

122 count/sec.@F3 MCP
(MCP n=55%)

221 USM/sec. @ 600kW
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Beam fluence was kept constant. However conversion efficiency decreased.
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Omega 1
l l 212.556 nm
LiF 6° wedged
window

Spherical lens
f=1500 mm /MgF2 window

=4

Enhanced coated aluminum mirror
R=80% @122 nm, ROC=

Surface muon beam
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_ Without power Amp. With power Amp.
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Final output of Lyman-a also decreased.

Reaccelaration of
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Principle of wavefront sensor
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Experimental setup Deformable mirror 40 piezo layout

Beam samplzﬁ ,,,,,, ................................ [
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Distortion by ceramic
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Wavefront distortion of Nd:YSAG ceramic was
successfully compensated without pumping.
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Reference (silver mirror)

Damage threshold of DM
1 J/ecm? (1064 nm, 10 ns, 10 Hz, 310 mm)

Irradiation condition
0.09 J/cm? (1063 nm, 2 ns, 25 Hz, @12 mm)

l
Safety factor : 2

Damage to the mirror coating occurred
when steep modulation was applied between neighboring pixels.



. Development of power amplifier

- Optimized Nd:YSAG shows a good amplification gain at 1062.78 nm light

- Conversion reduction was obtained with amplified pulse

- Compensation of wavefront distortion with low poser laser beam was
demonstrated

- Power up of Lyman-a intensity is not achieved due to deformable mirror

damage

. Upcoming upgrade k
- Replacement of deformable mirror to high-damage threshold product
- Automatic mirror moving in vuv chamber for stable operation

- Spectrum shaping of Lyman-a pulse for the matching of Doppler of Mu



