
超高速2次元イメージング

スペクトラルフィルタリングを用いたSTAMP (SF-STAMP)

■ モノクロパターン

単色しか使用できない新聞広告などの印刷物でご使用くださ
い。ペンマークを白、盾中央部のレッドの帯をK70%とし、それ
以外をK100%で表します。

■ 線画パターン

必要に応じて線画パターンをご使用ください。ただし、大きす
ぎるサイズでの表現は、エンブレムそのもののイメージを損なう
恐れがあるため、なるべく避けてください。

■ サブパターン

校名、設立年、モットーの表記は、盾の上下に置くパターン以外に、以下のような横組みと縦組みの2パターンを用意しました。アイテムや
表示スペースにあわせてお選びください。また、このサブパターンにおいては、一貫教育校等で使用する場合、校名、設立年を差し替え
て使用することができます。
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線形周波数チャープパルスを用いた全光学式
シングルショット超高速連写イメージング法の開発と応用

Ultrafast single-shot burst imaging with a frequency chirped laser pulse

STAMP

(generated by, but not limited to, a pulse-picked Ti:sapphire
femtosecond laser) is temporally and spectrally shaped into a
train of discrete daughter pulses with equal intensity by the tem-
poral mapping device (TMD), the details of which are shown in
the lower left inset of Fig. 1 and described in the Methods. These
are incident on the target as successive ‘flashes’ for stroboscopic
image acquisition (which can be configured in reflection or trans-
mission mode). The image-encoded daughter pulses are ‘passively’
and ‘optically’ separated by the spatial mapping device (SMD)
and directed towards different areas of the image sensor. Details
of the SMD are shown in the lower right inset of Fig. 1, and
Supplementary Figs 3 and 4, and are described in the
Methods. The data recorded by the image sensor are digitally
processed on the computer to construct a burst-mode motion
picture with the frame interval and exposure time calibrated
from the settings of the TMD (Fig. 1, Fig. 2a, Supplementary
Fig. 6). These settings can be tuned to optimize the camera’s
performance, depending on the timescale of the dynamical
event of interest. Here, the conventional definitions of exposure
time and frame interval in photography3 are applied to those of
STAMP such that they are equal to the full-width at half-
maximum (FWHM) of the pulse intensity profile and the time
gap between consecutive pulses, respectively (see Supplementary
Section ‘Relation between frame interval and exposure time’).
High pixel resolution can be achieved in both macroscopic
(600 × 490 pixels) and microscopic (680 × 560 pixels) imaging
configurations (Fig. 2b). In our proof-of-principle demonstration,
the total number of frames was limited to six due to our
simple embodiment of the SMD (Supplementary Figs 3 and 4),
but can be increased up to ∼100 by increasing the number of
periscopes in the periscope array of the SMD or by using a

more complex design (see Methods and Supplementary Section
‘Improvements in STAMP’s specifications’). In this demonstration
the effects of chromatic aberration and wavelength dependence
are negligible as the total optical bandwidth is only ∼20 nm,
centred at 810 nm.

To show the broad utility of STAMP we used it to monitor the
early-stage dynamics of plasma in a laser-driven micro-explosion,
an effect often used in laser machining24 and laser surgery25. It is
important to note that this phenomenon is, in general, difficult to
reproduce due to the complexity of the explosive process or difficul-
ties in setting up identical experimental conditions, hampered by
laser intensity fluctuations and environmental noise. As shown in
Fig. 3a, we ablated the surface of a glass plate (thickness of
50 µm) with a focused femtosecond laser pulse (pulse energy of
100 µJ, pulse width of 70 fs) and observed its resultant dynamics
with STAMP in transmission mode. Shown in Fig. 3b and
Supplementary Movie 2 is STAMP’s motion picture (movie)
of the plasma dynamics in a shadowgraph configuration with
470 × 470 pixels, an average frame interval of 15.3 ps and an
average exposure time of 13.8 ps. The movie indicates the generation
of free electrons known as a plasma filament and the generation and
expansion of a plume caused by the laser irradiation. The two-
dimensional frame sequence helps us analyse the complex angle-
dependent plume wavefront in two dimensions (Fig. 3c), which
the streak camera (only one-dimensional imaging) falls short
of providing.

To highlight STAMP’s single-shot movie-shooting capability, we
visualized the complex dynamics of lattice vibrational waves
(phonon–polariton waves) using STAMP at a much higher frame
rate than in the above demonstration. In general, imaging of
phonons is essential for understanding the physical properties of
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Figure 1 | Schematic of STAMP. An ultrashort laser pulse is split by the temporal mapping device (TMD) into a series of discrete daughter pulses in
different spectral bands, which are incident on the target as successive ‘flashes’ for stroboscopic image acquisition (which can be configured in reflection or
transmission mode). The image-encoded daughter pulses are ‘optically’ and ‘passively’ separated by the spatial mapping device (SMD) and directed towards
different areas of the image sensor. The data recorded by the image sensor are digitally processed on the computer to reconstruct a motion picture (movie),
with the frame interval and exposure time calibrated from the settings of the TMD. Details of the TMD and SMD are shown in the insets and described in
the Methods. Note that the pulse colours in the figure are only for illustrative purpose and do not represent real wavelengths.
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Figure 3 | Monitoring of plasma dynamics with STAMP. a, Schematic of the experiment. A thin glass plate was ablated by a high-intensity femtosecond
laser pulse for a micro-explosion, and the resultant dynamics was monitored at an angle perpendicular to the ablation pulse by STAMP in a shadowgraph
configuration. b, STAMP movie, showing the generation of free electrons, known as a plasma filament (corresponding to the dark area indicated by the white
arrow in the second frame) and the generation and expansion of a plume caused by laser irradiation. c, Evolution of the plume wavefront. The
angle-dependent analysis of the wavefront profile indicates slight asymmetry in its expansion.
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Figure 4 | Observation of lattice vibrational waves with STAMP. a, Schematic of experiment. The crystal is excited by a cylindrically shaped femtosecond
laser pulse to produce lattice vibrational waves in the crystal via impulsive stimulated Raman scattering and their dynamical evolution is monitored by
STAMP. b, STAMP movie, showing the irregular and complex electronic response of the excited region in the crystal (t < 1 ps), followed by the formation of a
coherent terahertz phonon–polariton pulse and its upward propagation at ∼15% of the speed of light, leaving the electronic response behind (t > 1 ps). Insets:
detailed dynamics captured by STAMP with a finer frame interval (Supplementary Movies 4 and 5). c, Temporal waveforms (with its carrier envelope) and
corresponding spectra of the propagating phonon pulse in each frame from t = 2,167 fs to 3,297 fs.
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まとめ

SF-STAMPによる超高速イメージングおよびマルチスペクトラルイメージング
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STAMP utilizing Spectral Filtering 

STAMP× STRIPED FISH ⇒ SF-STAMP

P. Gabolde and R. Trebino,  J. Opt. Soc. Am. B 25, A25 (2008)
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フェムト秒レーザ誘起プラズマ現象

従来のCCDやCMOSなどの電気的なイメージセンサを用
いた高速度カメラを使用することで撮影が可能な時間域は最
短でナノ秒(10−9 s)領域である．
ナノ秒以下の高速現象の撮影には，超短光パルスレーザ
を用いたポンプ・プローブ法による時間分解計測が広く利用
されているが繰り返し計測が必要であるため再現性に乏しい
現象を撮影することはできない．

したがって，衝撃波，プラズマ物理，光化学などにおける超
高速現象の解明のために，高速連続撮影技術の向上が求
められている．

p 照明光として線形周波数チャープパルスを利用
p 波長分散(瞬時周波数)に遅延時間を対応させ，各波長成分を時空間分解
→サブピコ秒(10−13 s)の時間分解能でシングルショット2次元連写撮影を実現
露光時間： 各フラッシュ光のパルス幅
フレーム間隔： フラッシュ光パルス列の間隔

格子振動の波

アブレーション過程

超短パルスレーザの特性と
光学的フーリエ変換を応用し，

1つの線形周波数チャープレーザパルス
の時間幅を計測時間窓とする全光学式
超高速シングルショット連写撮影法を開発

(フレーム間隔: 190 fs)

6枚の超高速連写撮影を実現
(フレーム間隔: 15.5 ps)

( λ ⇄ t )

p STAMPの原理
– フラッシュ光に線形周波数チャープパルス
–波長成分を時空間分解

p STRIPED FISHのアイデア
– DOE (回折光学素子) と
波長選択バンドパスフィルタ (BPF)で波長成分を空間分解

→ シンプルな光学系で 25枚連写STAMP を実現

SF-STAMPシステムは，DOE，BPFから構成される4f 結像光学系
– 線形周波数チャープパルスを用いることで
マルチスペクトラルイメージは，時間差の付いたスナップショットとして計測

SF-STAMPにおける撮影枚数は
DOEで複製されるビームの数によって決定される

撮影

空間分解
(ビームを複製)

時間分解
(波長選択)

周波数チャープパルス

− BPFを縦に2枚並べて配置
−可視域における20波長を選択

(520 ~ 650 nm)
− SC光は，中空ファイバにおける

ω + 2ω の誘起位相変調で発生

ü超広帯域光と可視域BPFsを利用した
マルチスペクトラルイメージング

RGBカラーフィルム

p 回折光学素子（DOE）とバンドパスフィルタ（BPF）による空間的な波長選択を利用した
SF-STAMP光学系により，簡素化かつ小型化したSTAMPを実現 (連写枚数: 25枚)

p 使用するBPFの帯域および傾きを調整することで容易に選択波長帯域が可変

p 従来の手法では計測できないナノ秒以下の領域の現象をシングルショット2次元連写撮影可能
→遅延光学系を利用してサブナノ領域までの時間領域のカバーを目指す

与える分散量により時間分解能可変

マルチスペクトラルイメージ

üシングルショットポンプ・プローブ実験系

T. Suzuki, et al., Appl. Phys. Express 10, 092502 (2017)

結晶相

アモルファス相

ガラス(50 μm)内部にフェムト秒レーザを集光

R. Hida, et al., in CLEO 2016, paper SM2I.4


