
⾚外フェムト秒レーザーの開発
さまざまな周波数の光を巧妙に重ね合わせることで、
100 fs（10-13 秒）という⾮常に短い時間幅をもつ光を創ることができます。
私たちは、とくに⾚外光が秘める可能性に注⽬し、
⾚外域で直接発振する最先端の固体レーザーを開発しています。
また、個々の周波数の光の振幅と位相を精密に制御することで、
任意の電場波形を創り出す技術も開発しています。

光電場デザインと物質操作の科学

芦原研究室 ­超⾼速・ナノ光科学­
東京都 ⽬⿊区 駒場 4-6-1

東京⼤学 ⽣産技術研究所 Ce-301
Tel: 03-5452-6136

E-mail: ashihara@iis.u-tokyo.ac.jp

私たちは、超⾼速・ナノ光科学の実験研究を推進しています。
レーザーのスペクトル構造と電場波形を精密に制御する技術を究め、
デザインされた光の場でこそ発現する光－物質相互作⽤を探求しています。
また、エネルギー・環境問題の解決など、未来社会への貢献を視野に⼊れ、
⾰新的な分光計測法および物質操作法の創出に取り組んでいます。

先端レーザーで拓く振動分光
⾚外域の光は、分⼦の振動と共鳴するという重要な性質を持っています。
この性質を利⽤すると、分⼦に吸収された光の波⻑から、分⼦の構造が分かります。
この⼿法は振動分光法と呼ばれ、基礎科学にとどまらず、環境計測や呼気診断など
さまざまな分野への応⽤が期待されています。
私たちは、⾚外フェムト秒レーザーがもつ⾼い空間・時間コヒーレンスを活⽤して、
分⼦の⾼感度検出に向けた新しい分光法の開発に取り組んでいます。
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To stabilize the interferometer, we use a He-Ne CW laser with a wavelengh of 632.8 nm.
The He-Ne laser is collinearly combined with the Cr:ZnS laser by the first dichroic mirror to
be sent into the interferometer. The interferometer output of the He-Ne laser is bounced o� by
the second dichroic mirror and sent into a homemade ’dithering and locking’ feedback loop
[23]. This feedback loop consists of a Si photodetector, a lock-in amplifier (NF LI5650), a PI
servo, and a piezoelectric transducer. The amplitude and frequency of the dithering is 5 nm and
401 Hz, respectively, and the time constant for the lock-in amplifier is 20 ms. As a result, the
interferometer is stabilized to represent the RMS phase variation of ⇡/70 for 100 seconds for the
He-Ne laser wavelength (which corresponds to ⇡/250 for the Cr:ZnS laser wavelength).

3. Results and discussion

3.1. Background-free absorption spectrum

Figures 2(a) and (b) show the measured power spectra of the interferometer output, namely, the
background-free absorption spectra (red lines) for a 10 cm long gas cell (the e�ective interaction
length is 20 cm because of the double pass geometry) filled with 0.28 atm CH4 and 0.6 atm CO,
respectively. The spectra are measured with an input laser power of 27 mW, a detector integration
time of 1 ms, and an averaging number of 50. The entrance slit width is set to 20 µm so that the
spectral resolution is 0.4 cm�1.

Fig. 2. The measured background-free absorption spectra (red lines) for (a) methane (a 10
cm cell with a 0.28 atm pressure) and (b) carbon monoxide (a 10 cm cell with a 0.6 atm
pressure). The reference absorbance spectra calculated from the HITRAN data are shown as
gray lines with reversed signs. The two arrows in (a) indicate the bands at 2312 nm and
2330 nm, which are investigated in Fig. 3.

For CH4, the rovibrational transition lines of the combination tones of the symmetric CH
stretching and scissoring vibrations and the second overtone of the scissoring vibration are
observed. For CO, the rovibrational transition lines of the first overtone of the CO stretching
vibration are observed. In both cases, the measured spectra match well the reference absorbance
spectra (shown as gray lines with reversed signs), which are calculated using the HITRAN data
[24] and the experimental spectral resolution. Here, we note that the spectrometer is calibrated
by using the absorption lines of CO, acquired in the normal transmission geometry.

The measured optical power spectra represent peak structures with a well-suppressed back-
ground, which indicates that the destructive interference condition is satisfied for a broad spectral
range from 2200 to 2400 nm, which corresponds to a spectral span of >380 cm�1.

l Cr:ZnSモード同期レーザーの開発

l Background-free振動分光法の開発
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system [16] and a mid-infrared dual-comb source based on thulium-fiber pumped subharmonic
GaAs OPO [17]. However, a small absorbance measurement on the order of 10�4 or less has not
yet been achieved in vibrational BFS.

Here, we develop a broadband BFS in the 2-micron wavelength range by using a high brightness,
low noise, mode-locked Cr:ZnS laser. Interferometric subtraction across the broad laser spectrum
and the multichannel acquisition realize the simultaneous background-free detection of the
multiple vibrational modes over a spectral span of >380 cm�1. With appropriate balances of loss
and phase delay between two interferometer arms, we experimentally demonstrate detection of
small absorbance on the order of 10�4 with a 1 ms integration time. The demonstrated sensitivity
is well beyond the limit for conventional DAS determined by the dynamic range of the detector.
The current work makes significant progress in broadband BFS regarding detectable absorbance,
indicating promising potential for the ultrasensitive, rapid detection of trace gases and chemicals.

2. Experimental setup

As a broadband infrared source, we use a homemade mode-locked Cr:ZnS oscillator [18–20],
which emits 40 fs pulses with a center wavelength of 2270 nm and an average power of 200
mW at a repetition rate of 40 MHz. Cr-doped chalcogenide lasers are useful for vibrational
spectroscopy because of their broad emission ranges in the infrared [21,22]. In fact, our Cr:ZnS
laser spectrum covers the first overtones and the lower-order combination bands of various
industrial gas molecules, as shown in Fig. 1(a), while existing at an atmospheric window.

Fig. 1. (a) A mode-locked Cr:ZnS laser spectrum on a logarithmic scale (red) and absorption
lines of several industrial gases (black). (b) The experimental setup of broadband BFS. VOA:
variable optical attenuator, M: a gold mirror, DM: a dichroic mirror, BS: a beamsplitter, PD:
a Si photodiode.

The experimental setup is shown in Fig. 1(b). To eliminate the background light, we use
a Michelson interferometer composed of a 5 mm thick, wedged CaF2 beam splitter with a
single-side coating (Thorlabs BSW511) and Au mirrors. We place a 10 cm long gas cell with
a 1.5 mm thick MgF2 window on each end. To balance the energy throughput and the phase
delay between the two arms, we place two 1.5 mm thick MgF2 windows and a 5 mm thick
CaF2 window in one of the arms. This CaF2 window has an anti-reflection coating on one side
(Thorlabs W510D) so that both the number of Fresnel transmission and that of Fresnal reflection
are balanced between the two arms. The resulting group-delay dispersion (GDD) proves to be
well balanced according to spectral interferometry analysis (see the Supplement for more details).
The interferometer output or the molecular response signal is dispersed by a monochromator
(SOL Instruments MS5204i) and detected by an InGaAs arrayed sensor (512 pixels, Hamamatsu
Photonics G9208-512WB). In this way, the full background-free absorption spectrum is obtained
simultaneously without any mechanical scan.
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破壊的⼲渉により分⼦振動の放射光を直接観測︕
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光電場駆動の科学

超⾼速分光・量⼦制御
物質を原⼦・分⼦レベルで観測・制御することは、現代科学の⼤きな⽬標の⼀つです。
⾚外フェムト秒レーザーを⽤いれば、化学反応や相転移などの超⾼速現象を
直接捉えるだけでなく、それらを積極的にコントロールすることができます。
私たちは、⾚外フェムト秒レーザーをはじめとする光技術を駆使しながら、
⾚外光と物質のコヒーレント相互作⽤を突き詰めることで、
新しい超⾼速分光法・量⼦制御法の創出に取り組んでいます。

物質内部のクーロン電場に匹敵するほどの⾼強度光電場を物質に作⽤させると、
光の瞬時電場に追随した極めて⾮線形性の強い応答が発現します。
私たちは、これらの光電場駆動現象を利⽤して
・光周波数に追いつく光電場検出器
・テーブルトップの真空紫外コヒーレント光源
・固体の結晶構造解析⼿法
の開発に取り組んでいます。
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芦原研究室では、⽣研という総合⼯学研究所の強みを活かして、
固体物理・表⾯物理・化学・エレクトロニクスを専⾨とする研究室や企業との
共同研究を活発に⾏い、分野の垣根を超えた光科学研究を推進しています。
超⾼速光科学分野の実験研究を通して、サイエンスを愉しみ、
アイデアやテクノロジーを⽣み出す苦しみと喜びを経験できます。
興味を持たれた⽅は、是⾮⾒学に来てください。

l CO2分⼦の振動回転波束の⽣成
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l ⾚外フェムト秒プラズモニクスを活⽤した化学反応制御

l 多段階振動励起に最適なパルス波形の探索

v＝6 準位への強励起（18000 Kに相当）
液相で初めて解離反応の誘起に成功︕
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⾓度分布の時間発展


