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Fig. 1 (Color online) Energy flow after inner shell ionization. The
superscript number of KLM mean the number of vacancy in
these electron orbits. The ratio of the branching and transi-
tion energy in the figure are for Cu atoms as example.
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Fig. 2 (Color online) Change of propagation inside the material
when laser intensity is beyond the threshold of saturable ab-
sorption. In higher intensity case, the transition properties is
similar feature as optical fiber due to the breaching of satura-
ble absorption, while in lower intensity case, intensity distri-
bution is explained with single exponential decay curve.

166 © 4t May 2016 Vol.29 No.3



PE Y7 ZX B S5RE XFEL FiE(C & ZIRFHEML —H — DR

-5 LM TEALT LT, XFEL e X §#
V—Y—OFREMER R 2 1B T B - 72,

4. XFELFIE X V- —DRRY

AO LV ——8L, SACLA OJE% Cud K BRI
WOBEETH 5 IkeVICE DY, BINED 4~5 ERED
B A FEOBEICBH L7z, BHIZHATSmBEEDO L C
AILHRELZFmY Y aVEmETH WX L&
MPCCD # A S m#H\WTIT -7, AFSN/IoBiEL —
Y—DIT X )VF—F1I0uJ BETHD, £DDH20% 5
KaffiCiz -7z LTh, BARETHAEREE b7/
WAL X R I B IO T A 100E R RE L 3£ T
ERVWEDLBRETH > /e FRTHONIAXY T IVE
§% Fig. 319, COK, MESTMA5HHEDHETITT
BTN RBA TR s > T b, ASH# XFEL AT
FIVE—IETL0 eV D - 724 DN 5 eV BRI ER S
N, SHICESIWEFRTHTEX/Z LD TH S, &
7o, MHWEE X TH B Kafild, #OTHEMOLRE
FOBEAES R OEIC L D20 eV ZE T RILF—DliN
722 ROFBNDPBH SN, ZORIIHMETERTHRED 2
1b7->Twah, Lal, Bllan/z Keffl —H—I3,
KalfL Wb DTHoTz, ST, fMBEELD, 1
RICDAEHE e AN E Y R 2 U — 5 VBT - 7ofE R,
Fig. 4 0 L5 R BB Nz, Tiabb, V—Y—»DH

=

N Kal#g

"

N

i c?
® 2hv37Y

REAAM

Fig. 3 (Color online) The figure of spectrometer output when we
observed Cu Ko laser amplification for the first time. The
horizontal axis is divergence of x-ray from the focus point
and vertical axis is photon energy of x-ray. In normal Ko
emission spectrum, both of Ka 1 and Ko 2 are observed and
the ratio of these lines are 2:1. In this figure, only Ko 1 line is
observed.
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Fig. 4 (Color online) The result of 1D rate equation model simula-
tions for the Ko laser. The intensity profile of the transmitted
pump wave is also shown. Due to saturable absorption, the
peak position of the transmitted wave is shifted toward later
time than that of incident wave. As shown in Fig. 3, the in-
tensity of Ko 2 is quite small to compare that of Kal.
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Fig. 5 (Color online) The typical result of seeding Ko laser. By tun-
ing the spectrum of the seed pulse on K« 2 line, almost pure
spectrum of Ko 2 is obtained. This result shows that even
hard x-ray and transition of 1s—2p deep levels of electron in-
side atoms, they can be controlled by strong induced transi-
tion process with intense resonance x—ray laser filed.
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Development of atomic inner shell ionized hard
X-ray laser with intense X-ray free electron laser
pulse

Hitoki YONEDA Institute for Laser Science, University of Electron-Communications
1-5-1 Chofugaoka, Chofushi, Tokyo 182-8585, Japan

Abstract Recently, we succeed to develop the shortest wavelength atomic—line laser with pumping of x-ray
free electron laser pulses. Even though it looks easy method to achieve it, there are a lot of steps
to consider for this success In this article, what are the main difficulties and what happens after
this success of well-controlled hard x-ray lasers.
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