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Гравитационное излучение вызывает квадрупольные колебания ма-
териального тела. Относительная амплитуда колебаний а=ЛL/L опре-
деляется искажением метрики (AL амплитуда колебаний, L ли-
нейный размер материального тела). Для импульсных космических ис-
точников этот параметр оценивается в пределах a~l0-18—10 -22 [ l>2 ]

(взрыв сверхновой в Магеллановом облаке в феврале 1987 г. дал
а~IСН 9 при длительности импульса -~'lСС3 сек). Покажем, что грави-
тационное излучение такой интенсивности может быть зарегистриро-
вано спектроскопически методом спектрального провала.

Предлагаемый метод состоит в следующем. Вызванные гравитаци-
онным излучением колебания материального тела (болванки) переда-
ются кристаллу, в котором предварительно приготовлен узкий спект-
ральный провал. Как известно (см., напр., [ 3 ]), при сжатии (растя-
жении) кристалла на величину Ad провал уширяется и сдвигается на
величину Асо~(оАd/d, где d толщина кристалла в направлении сжа-
тия. Это приводит к изменению интенсивности (амплитуды) пропускае-
мой через кристалл световой волны, которую можно зарегистрировать
с использованием интерференционной методики.

Схема эксперимента следующая. Между двумя подвешенными бол-
ванками (см. рисунок), служащими детектором гравитационного излу-
чения, помещается нитевидный кристалл, содержащий примесные

Схема эксперимента (обозначения в тексте). Справа внизу форма нитевидных
кристаллов 1 и 2.
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центры. Точно такой же нитевидный кристалл помещается вне болванок.
В обоих кристаллах выжжены одинаковые узкие спектральные про-
валы. Болванки и кристаллы размещены таким образом, чтобы послед-
ние находились в разных плечах интерферометра (3 зеркало, ППЗ

полупрозрачное зеркало интерферометра). Монохроматический ла-
зерный луч с частотой, находящейся в резонансе со спектральными про-
валами, направляется на интерферометр и проходит через оба крис-
талла. Интерферометр регулируется таким образом, чтобы на выходе
волны от разных плеч интерферометра гасили друг друга и минимум
света попадал на фотодетектор (ФД). Теоретический предел гашения
волн

6=pV/O ~pM-^,
где /0 иl\ интенсивность падающего и прошедшего света, N число
падающих на выходное полупрозрачное зеркало фотонов за время ре-
гистрации t, (3 численный коэффициент меньший или порядка еди-
ницы. В случае /0 —'o,ool Вт и t~ 101 сек можно достичь 9 .

Пусть 5 поперечное сечение, ах сжимаемость болванок,
s~dl площадь соприкосновения болванки с нитевидным кристал-
лом длины / и толщины d, Kk сжимаемость кристалла. Если
x~xft, d<tiL, то* Ad~AL/ln {L/d) , т. е. заметная часть колебаний бол-
ванок передается находящемуся между ними кристаллу. При этом в
указанном кристалле возникают сдвиг и уширение провала порядка

Доз ~mAd/d ~ avL/d In (L/d). (1)
Зарегистрировать можно Доз~/гГ, где Г ширина провала. Следова-
тельно, предлагаемым методом можно зарегистрировать гравитацион-
ное излучение, дающее относительное искажение метрики

а - ~ £>N-wJ~~ln{L/d). (2)
L оз L оз

Оценка при /o=o,ool Вт, /=10 1 сек, L=lo см, 5= 50 см2 , /= 1 см,
d= 10~4 см, Г = 3-10-5 см-1

, Г/оз -

9, As — 10“9 дает а— 10~9 -10~4
- 10~9=

= 10422 . Отметим, что можно еще уменьшить параметр Г/оз, например
до 1СН2 (Г~l0 3 сек-1 ). Поэтому метод спектрального провала позво-
ляет измерять сигналы от импульсных источников, дающих **а~

зарегистрировать гравитационное излучение космических источников.
Сравним предлагаемый здесь метод с одним из лучших интерферен-

ционных методов (см. [*]). Последний позволяет зарегистрировать сиг-
нал

/о \а ~ДГ' <3)

где Я длина волны света. При t~ 10~3 сек, &~1С)-9
, Я~lO~5 см

а~ 10~9 -10~ 12= 10-21 . Формула (2) метода провала содержит три
малых фактора ( k

, d/L и Г/оз), а формула интерференционного метода
(3) два [k и X/ct). Проблема подавления шума в предлагаемом
методе спектрального провала должна решаться проще, чем в обычном
интерференционном методе из-за возможности использования более про-
стого интерферометра (в интерференционном методе используются либо

* Необходимо также, чтобы выполнялось условие R<itv, где R радиус болванки,
V скорость звука в ней. При 3 сек и ü~5-105 см-сек~> см.
** От стационарных источников (напр., от нейтронных звезд) можно зарегистриро-
вать на несколько порядков слабее сигнал. В этом случае нет необходимости про-
водить эксперимент в патрульном режиме, что позволяет использовать более мощный
лазер и достичь меньших /г.
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очень длинные интерферометры, либо очень точно сделанные линии оп-
тической задержки, захватывающие свет на время /~10~ 3 сек). На
практике метод спектрального провала может также оказаться гораздо
более дешевым, чем обычный интерференционный метод ['].

Недостаток метода спектрального провала необходимость исполь-
зования низкой температуры. Но и метод [ ! ] также требует исполь-
зования низких температур.

В заключение отметим, что предлагаемую схему эксперимента мож-
но дополнить еще двумя кристаллами со сдвинутыми на величину ~Г
провалами. В таком случае в процессе измерения можно отказаться от
использования лазера с высокой стабильностью частоты (такой лазер
нужен лишь для выжигания узких спектральных провалов).

Отметим также, что в предлагаемом методе следует использовать
системы с двухступенчатым (двухфотонным) выжиганием. Тогда в про-
цессе оптического измерения спектральные провалы не будут разру-
шаться.

Автор признателен К. К- Ребане и Р. Р. Таммело за обсуждение ра-
боты.
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	TIME- AND TEMPERATURE-DEPENDENT RELAXATION FEATURES OF SPECTRAL HOLES
	Fig. 1. Hole area (a) and hole width (b) as a function of time after burning. System: quinizarin in protonated and perdeuterated alcohol glass.
	Fig. 2. Hole area (a) and hole width (b) as a function of time after burning. System: tetracene in protonated and perdeuterated alcohol glass.
	Fig. 3. Reduction of the hole area by cycling the system (tetracene in alcohol glass) between the burning temperature Ть = 3 К and T—B К (curve 1 and 2). If the same cycle is repeated twice, no further reduction occurs (curve 3).
	Fig. 4. Hole area as a function of cycling temperature. Note that all data points are measured at the burning temperature TV Systems: quinizarin in PMMA and tetracene in alcohol glass (lower trace).
	Fig. 5. Change in optical density upon laser irradiation at the marked positions (arrows). AOZ)>O characterizes the spectral range of the photoproduct. a Tetracene in alcohol glass at 10 K- Note the occurrence of isosbestic points within 30 cm"1 of the laser frequency. b —• Quinizarin in alcohol glass at 4.2 K- Note that the isosbestic point is found 2500 cm""1 above the laser frequency.
	Fig. 6. Hole area as a function of a reduced temperature TJT* (see the text). The scaling behavior is quite obvious. The systems investigated are shown in the figure.

	EXCITED STATE DYNAMICS OF AMORPHOUS SYSTEMS AT LOW TEMPERATURE STUDIED BY HOLE-BURNING
	Untitled
	Fig. 1. Organic molecules studied as guests in amorphous hosts. They undergo photochemical hole-burning (PHB). Top; dimethyl-s-tetrazine (DMST), free-base porphin (H2P), free-base chlorin (H2Ch). Bottom: ionic dyes resorufin and cresylviolet (CV) [22]. Fig. 2. Log-log plot of Глот —FO versus T for: a dimethyl-s-tetrazine (DMST) cresylviolet (CV), resorufin and free-base porphin (H2P) as guests in PMMA b— CV resor.ufin and H2P in ethanol. All curves follow aT1 -3±°-i dependence [2o]
	Fig. 3. Double-logarithmic plot of FTom vs. T for pentacene in PMMA. (ГТот = 1/2Гьоlе for hole-burning data, and Г/ьош= (яТ^)"1 for photon echo data [']). The two upper curves (dashed lines) are reproduced from [*]• The lowest curve represents our holeburning data for Pt 7.5ХЮ-3 J-cm~2 [3].
	Fig. 4. '/«Fhole as a function of burning time for pentacene in PMMA at Г=l2 К for two burning powers. At P= 20 holes were detected simultaneously via’ the fluorescence excitation signal and the transmission signal through the sarnole At P = 0.75 mW-cm-2 holes were observed in fluorescence only For F 0 '/S ~ =ГАот = 0.50 GHz [3]. ’
	Fig. 5. VzT/ioie versus time after burning for pentacene in PMMA (sample of OD = 0.9) at 7=1.2 K. Holes were detected simultaneously in fluorescence (closed symbols) and in transmission (open symbols). From bottom to top, increasing values of burning fluences: />/ = 0.035±0.005, 0.35±0.05, 1.4±0.1, 6.0+0,5, 48+2 J-cm-2 [3],
	Fig. 6. Temperature dependence of the homogeneous linewidth Fh0m (we define Г нош=: VsF hoie for Pt-*- 0) of the o—o transition of resorufin in phase I and phase II of ethanol, between ~ 0.3 and 4.2 K- As a comparison, the photon echo data of [2] are shown (dashed line). Insert: detail of the extrapolation of Fhom to the fluorescence lifetime-limited value of resorufin, Гo= (2яГl)~1~20 MHz, when Г->-0, for both phases I and II of ethanol [4].
	Fig. 7. Log-log plot of Thom Г0 versus Г for the o—o0—0 transition of resorufin in phases I and II of ethanol, between ~ 0.3 and 4.2 K. Both curves follow а Г1-3*01 dependence over at least one decade in T [4].
	Fig. 8. a Effect of a magnetic field on holes burnt in zero field (thin curves) in the Si-t-So o—o transition of H2P in PE at 4.2 К for two different fields. Top: a field of Я —3.2 Tis applied to a hole of rhoie = 200 MHz; middle and bottom: a field of H = 6.0 T is applied to holes of, respectively, MHz and 984 MHz. b Fits of the theoretically calculated hole sphapes (eqs. (1), and (2)) to the experimental results for the same three holes of Fig. 8, a (see text) [s],
	Fig. 9. Hole shape D as a function of frequency v and magnetic field H, for a zero field hole of 500 MHz width, calculated with eq. (1). Insert: frequency shift of the maximum of the curve vs. field for different holewidths [s].
	KINETICS OF PHOTOPHYSICAL HOLE-BURNING IN TETRACENE-DOPED MTHF GLASSES
	Fig. I.a Profile of the inhomogeneously broadened TC absorption before (upper) and after (lower, offset) hole-burning. Part b illustrates the relative change in optical density, exhibiting the appearence of anti-hole states at energies above the zero phonon hole and the rise of OD by antiholes compensating the decrease of OD by hole-burning via the phonon wing of low energy sites.
	Fig. 2. Temporal progress of the hole-burning process detected via fluorescence intensity of the vibrational zero phonon line (dots). The solid line shows an upper estimate of the inherent dispersion as predicted by eq. (4) but disregarding any variations of tunneling matrix elements. A comparison with the experimental data indicates that the statistics of TLSs are essential for understanding the burn kinetics. Full circles denote the fit on the basis of eq. (4) which includes the Gaussian density of К and the inherent contribution to the dispersion. The fit parameters are a = 2.0, v 0 = 4.2X10-3 s->
	Fig. 3. a – Spontaneous recovery of a hole recorded via VZPL fluorescence (dots) and scanning the hole profile (circles) in the long time regime. The solid line represents the calculated kinetics assuming a Gaussian density of tunneling paramdters and hole saturation at —(AOD/OD)max = 0.55, using the parameter set a = 2.5, km =ks = = I.BXIO~3 s-1, 4sp = 0.3X10“3 s~L Section b shows data and fit curve on a logarithmic time scale. Deviations from a logarithmic decay law are obvious in the short time limit of the experimental findings.
	Fig. 4. Experimental hole profiles (lines) for various times after terminating the burn proeess as indicated, taken from the scan (circles) of Fig. 3. The holes are well approximated by Lorentzian line shapes (crosses) with constant width Г. This demonstrates that spontaneous hole-filling is not accompanied by spectral diffusion within the time frame of Fig. 3.
	Fig. 5. a The first 20 min of spontaneous OD recovery of holes of different depth detected via continuously recorded VZPL fluorescence (dots). Immediately after exposing the sample for burn times varying from 30 s to 4000 s and 7B = 0.5 mW/cm2 the interrogation intensity was reduced by a factor of 10~3. Solid lines depict the fits assuming correlated burn and recovery tunneling processes choosing the parameter set (see text) a —2, km = k5~0.007 s-1, &sp = 0.001 s-1 and a maximum hole recovery of 30%- b The same SHF-data yet plotted relative to the initial hole depth (10, 18, 32 and 47% from top to bottom, respectively) to illustrate that shallow holes recover faster than deep ones. Broken lines are guides to the eye not corresponding to the fits in Fig. sa.
	Fig. 6. Comparison of dispersive decays with Gaussian and uniform density of X calculated by means of eq: <2) with parameters Я,O=Ю, a= 3 and v 0 = 5 s-1 (Gaussian) and Xo= Ю, a 2.0 and Vo —5 s-1 (uniform), where a represents the square root of the dispersion in both cases. The inset illustrates both densities on a common X-scale. A logtime representation (lower plot) compares the decay with a logarithmic law indicated by the dotted line.
	Fig. 7. Schematic diagram of three possible TLS configurations accounting for unburnable sites (a), metastable holes (b) and stable holes (c). The notation of states and rates agree with the kinetic scheme in the text (eq. (5))


	OPTICAL TRANSITIONS IN PROTON TRANSFER SYSTEMS
	Fig. 1, Tautomerization of a symmetric carboxylic acid dimer.
	Fig. 2. Schematic representation of the double-well tautomerization potential of an acid dimer coupled to a dye molecule. The wavefunctions are indicated as broken lines. The asymmetry of the doublewell potential is reversed when the dye molecule is excited. The rate of tautomerization can be determined in this case from time resolved emission measurements.
	Fig. 3. Projection on the a, b crystallographic plane of a thioindigo molecule doped substitutionally into a benzoic acid crystal. Two of the four tautomer configurations of the two equivalent acid dimers sandwiching the indigo molecule are shown.
	Fig. 4. Top; emission spectra of thioindigo in benzoic acid recorded under selective excitation of the tautomer configuration with the highest (lowest) energy when thioindigo is in the excited (ground) electronic state. The lines marked Ru R 2 and R 3 correspond to the different tautomer configurations I ct, a), ja, p> and |p, a>, |p,p>. The bands marked ph and и are phonon side bands and vibronic lines, respectively some of the other sharp lines are Raman transitions of the benzoic acid matrix. Bottom: time resolved fluorescence emission from the Ri, R 2 and R 3 configurations subsequent to selective excitation of Ri.
	Fig. 5. Schematic representation of the optical resolution by fluorescence line narrowing of the delocalized proton levels of an acid dimer coupled to a dye molecule. The wavefunctions are represented by broken and dotted lines. The inhomogeneous width of the electronic transition indicated schematically masks the ground state level splitting in conventional absorption or emission spectra. p b
	Fig. 6. Line narrowed emission spectra obtained for thioindigo in benzoic acid: excitation into a vibrational level (top) and the o—o-transition (bottom) of the higher energy la, (3>, IP, a> configuration. The homogeneous linewidth of the transitions in the excitation process masks the ground state splitings when a vibrational level is involved, while it makes a negligeable contribution to the instument limited linewidth of the bottom spectrum obtained by excitation of the o—O-transition.0—O-transition.
	Fig. 7. Transient grating measurements in proto (top) and deutero (bottom) benzoic acid doped with thioindigo. The full and broken lines are calculated decays neglecting and including relaxation processes of benzoic acid dimers near ground state thioindigo molecules. The peak near t— 0 reflects a fast process possibly related to multiphoton excitation of higher electronic states.

	DEPHASING OF OPTICAL IMPURITY STATES IN GLASSES: LOW-TEMPERATURE REGIME
	Fig. 1. Top: Inhomogeneous spectrum originating from homogeneous lines with different central frequencies. Bottom: Change of the spectrum through hole burning.
	Fig. 2. The components of the model and their interactions.
	Fig. 3. Energy levels of a system consisting of one impurity and one TLS
	Fig. 4. Energy levels of a system of one impurity coupled to several in the case displayed, four TLSs. The left hand side corresponds to TLSs with identical energy splittings, and the degeneracies of the various levels are given.
	Fig. 5. Linewidth averaged with respect to A and A. The A ranges used in the averages are indicated. The A range covers an interval of size 2.6 toD. Parameters: AF=o.3cod, 0d = 3OOK (Debye temperature), c = 3km/s (velocity of sound), q—2 g/cm3, /=1 ev (deformation potential).
	Fig. 6. Linewidth according to (11) in comparison with experimental data from [39] and [lB]. Short range interaction is assumed. The A range is over in interval of length 0.2 ■cod. Parameter values: <AF> = 10“3а)о, AFmax = 0.1446a)D, AF ос 1Д3, rmax-= 10/-min, 0D = —l5O K, c 2km/s, q=l g/cm3, k = 0.3, /=1 eV. (H2P free-base porphin; MTHF 2-methyltetrahydrofuran; PMMA polymethylmethacrylate; PE polyethylene).
	Fig. 7. Linewidth (in units of cod) of the optical transition Ri as a function of AF. Parameter values: A —B, F“ = 0.6t0D, 0d = 300 K, c=3.75 km/s, Q=2 g/cm3, /=leV. Left: A=2Fa; the straight curve segments on the left hand side of the figure describe a AF4 law. Right: A=2Fa+lo~3wp, to the left of their bends the curves-are proportional to AF2
	Fig. 8. Linewidth in comparison with experimental data. The long-range nature of the interaction is taken into account. The A range covers an interval of length 0 2coD Parameter values: Ahmax = 0.72383X10-3coD = 106AFmin (->- <AF> = 10-stoD for the upper curves), 0d = 2OOK, c = 2km/s, p = 2g/cm3, ft =l.O, /=leV Full lines: =6, dashed lines: 7min =7, dotted lines: ?tmin =8; Ämax = Xmm+7. Upper Curves: Ah pc 1/r3, lower curves; Ah oc 1/r4.

	HIGH-RESOLVED OPTICAL SPECTROSCOPY OF MODEL PHOTOSYNTHETIC SYSTEMS
	Ri R 2 Rs R 4 Rs Re TPP H Н Н Н Н Н ТРРС —СООН —СООН —соон —соон н н TPPS S03H —SO3H S03H S03H н н PARA—TPP-L-Phe —СН3 —СН3 b —СН3 Н Н ORTHO—TPP—L—Phe —СН3 -СН3 -СН3 —СН3 b Н ME—ТРР —СООСНз —СООСНз —СООСНз —СООСНз Н Н MC—ТРР —СНз —СНз —СООН —СНз н н ТРРА Q —СООН —СООН а —СООН Н а Fig. 1. The structures and abbreviations of tetraphenylporphyrine-based model systems.
	Ri R 2 Rs R 4 Rs Re Chn-t —CH = CH2 —CH3 —CO2CH3 —CH2CO2CH3 H —CH3 7—CChn-t -CH-CHj —C = N С02СН3 —CH2CO2CH3 H —CH3 MChn-d —CH2—CH3 —CH3 H —СН2СO2СН3 H —CH3 13—A—Mchn-d —CH2—CH3 —CH3 —СО—CH3 —CH2CO2CH3 H —CH3 20—Cl—Mchn-d —CH2—CH3 —CH3 H CH2C02CH3 Cl —CH3 Chi a -CH =CH2 —CH3 с с H fvtol Pheo а —CH =CH2 —CH3 с с H H В—Pheo а —CH2=CH2 —CH3 с с H d Fig. 2. The structures and abbreviations of chlorine-based model systems.
	Fig. 3. Hole burning spectrum of tetraphenylporphyrin antraquinone system in toluene at 4K. The spectrum in the bottom represents the hole burned by pulsed dye laser into the excitation spectrum in the top.

	ГЛАДКОСТЬ РЕШЕНИЯ СЛАБО-СИНГУЛЯРНОГО ИНТЕГРАЛЬНОГО УРАВНЕНИЯ С РАЗРЫВНЫМ КОЭФФИЦИЕНТОМ
	УСЛОВИЯ ДИСКРЕТНОЙ АППРОКСИМАЦИИ ПРОСТРАНСТВА СУЩЕСТВЕННО ОГРАНИЧЕННЫХ ФУНКЦИЙ
	ЭНТРОПИЯ СИСТЕМЫ И СОВОКУПНОСТИ
	ВЛИЯНИЕ СЕГНЕТОЭЛЕКТРИЧЕСКИХ ФАЗОВЫХ ПЕРЕХОДОВ НА ФОРМУ КРАЯ ОПТИЧЕСКОГО ПОГЛОЩЕНИЯ
	МАКРОДЕФЕКТЫ ЭПИТАКСИАЛЬНЫХ СЛОЕВ GaAs И ИХ ВЛИЯНИЕ НА НАПРЯЖЕНИЕ ПРОБОЯ СИЛОВЫХ ДИОДОВ
	Рис. 1. Характерная морфология поверхности толстых ЭС.
	Рис. 2. Наследование эпитаксиальным слоем царапин на подложке: а область р—n-перехода, б поверхность ЭС.
	Рис. 3. Морфологические дефекты ЭС; а «ложбина», б «канал», в «дырки».
	Рис. 4. Глубокая пора; а оптическая микрофотография, б•— изображение в растровом электронном микроскопе.
	Рис. 5. Неглубокая пора с видимым дном; а оптическая микрофотография, б изображение в растровом электронном микроскопе.
	Рис. 6. «Большой дефект»: а оптическая микрофотография, б изображение в растровом электронном микроскопе.
	Рис. 7. Окрашенные сколы через поросодержащие дефекты: а «большой дефект», б пора.
	Рис. 8. Гистограммы распределения процента выхода D структур с UBr = U°br и короткозамкнутых (КЗ) от толщины /2°-слоя: а бездефектные структуры с Übr U°br, б бездефектные структуры, короткозамкнутые, в дефектные структуры с Übr = U°Br, г дефектные структуры, короткозамкнутые.
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	ИЗУЧЕНИЕ ВЗАИМОДЕЙСТВИЯ МЕЖДУ GaSb И ZnTe
	Рис. 1. Принципиальная схема аппаратуры для записи термограмм. I добавочный источник напряжения; 2 ампервольтомметры Ф-30; 3 цифро-аналоговые преобразователи Ф 4810/2; 4 многоточечный потенциометр КСП-4.
	Рис. 2. Концентрационные профили Zn, Ga, Те и Sb около перехода между первичным кристаллом и эвтектикой. I первичный кристалл, II эвтектика.
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	Рис. 1. Спектр свечения YBajCuaO.,; в металлическом криостате при температуре 4К и длине волны возбуждения 309 нм.
	Рис. 2. Спектр свечения стенок кварце’ вого криостата при фокусировании лазерного луча на стенку (верхняя кривая) и на объект в нем (нижняя кривая) при температуре 6К и длине волны возбуждения 309 нм.
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	Fig. 1. Hole area (a) and hole width (b) as a function of time after burning. System: quinizarin in protonated and perdeuterated alcohol glass.
	Fig. 2. Hole area (a) and hole width (b) as a function of time after burning. System: tetracene in protonated and perdeuterated alcohol glass.
	Fig. 3. Reduction of the hole area by cycling the system (tetracene in alcohol glass) between the burning temperature Ть = 3 К and T—B К (curve 1 and 2). If the same cycle is repeated twice, no further reduction occurs (curve 3).
	Fig. 4. Hole area as a function of cycling temperature. Note that all data points are measured at the burning temperature TV Systems: quinizarin in PMMA and tetracene in alcohol glass (lower trace).
	Fig. 5. Change in optical density upon laser irradiation at the marked positions (arrows). AOZ)>O characterizes the spectral range of the photoproduct. a Tetracene in alcohol glass at 10 K- Note the occurrence of isosbestic points within 30 cm"1 of the laser frequency. b —• Quinizarin in alcohol glass at 4.2 K- Note that the isosbestic point is found 2500 cm""1 above the laser frequency.
	Fig. 6. Hole area as a function of a reduced temperature TJT* (see the text). The scaling behavior is quite obvious. The systems investigated are shown in the figure.
	Untitled
	Fig. 1. Organic molecules studied as guests in amorphous hosts. They undergo photochemical hole-burning (PHB). Top; dimethyl-s-tetrazine (DMST), free-base porphin (H2P), free-base chlorin (H2Ch). Bottom: ionic dyes resorufin and cresylviolet (CV) [22]. Fig. 2. Log-log plot of Глот —FO versus T for: a dimethyl-s-tetrazine (DMST) cresylviolet (CV), resorufin and free-base porphin (H2P) as guests in PMMA b— CV resor.ufin and H2P in ethanol. All curves follow aT1 -3±°-i dependence [2o]
	Fig. 3. Double-logarithmic plot of FTom vs. T for pentacene in PMMA. (ГТот = 1/2Гьоlе for hole-burning data, and Г/ьош= (яТ^)"1 for photon echo data [']). The two upper curves (dashed lines) are reproduced from [*]• The lowest curve represents our holeburning data for Pt 7.5ХЮ-3 J-cm~2 [3].
	Fig. 4. '/«Fhole as a function of burning time for pentacene in PMMA at Г=l2 К for two burning powers. At P= 20 holes were detected simultaneously via’ the fluorescence excitation signal and the transmission signal through the sarnole At P = 0.75 mW-cm-2 holes were observed in fluorescence only For F 0 '/S ~ =ГАот = 0.50 GHz [3]. ’
	Fig. 5. VzT/ioie versus time after burning for pentacene in PMMA (sample of OD = 0.9) at 7=1.2 K. Holes were detected simultaneously in fluorescence (closed symbols) and in transmission (open symbols). From bottom to top, increasing values of burning fluences: />/ = 0.035±0.005, 0.35±0.05, 1.4±0.1, 6.0+0,5, 48+2 J-cm-2 [3],
	Fig. 6. Temperature dependence of the homogeneous linewidth Fh0m (we define Г нош=: VsF hoie for Pt-*- 0) of the o—o transition of resorufin in phase I and phase II of ethanol, between ~ 0.3 and 4.2 K- As a comparison, the photon echo data of [2] are shown (dashed line). Insert: detail of the extrapolation of Fhom to the fluorescence lifetime-limited value of resorufin, Гo= (2яГl)~1~20 MHz, when Г->-0, for both phases I and II of ethanol [4].
	Fig. 7. Log-log plot of Thom Г0 versus Г for the o—o0—0 transition of resorufin in phases I and II of ethanol, between ~ 0.3 and 4.2 K. Both curves follow а Г1-3*01 dependence over at least one decade in T [4].
	Fig. 8. a Effect of a magnetic field on holes burnt in zero field (thin curves) in the Si-t-So o—o transition of H2P in PE at 4.2 К for two different fields. Top: a field of Я —3.2 Tis applied to a hole of rhoie = 200 MHz; middle and bottom: a field of H = 6.0 T is applied to holes of, respectively, MHz and 984 MHz. b Fits of the theoretically calculated hole sphapes (eqs. (1), and (2)) to the experimental results for the same three holes of Fig. 8, a (see text) [s],
	Fig. 9. Hole shape D as a function of frequency v and magnetic field H, for a zero field hole of 500 MHz width, calculated with eq. (1). Insert: frequency shift of the maximum of the curve vs. field for different holewidths [s].
	Fig. I.a Profile of the inhomogeneously broadened TC absorption before (upper) and after (lower, offset) hole-burning. Part b illustrates the relative change in optical density, exhibiting the appearence of anti-hole states at energies above the zero phonon hole and the rise of OD by antiholes compensating the decrease of OD by hole-burning via the phonon wing of low energy sites.
	Fig. 2. Temporal progress of the hole-burning process detected via fluorescence intensity of the vibrational zero phonon line (dots). The solid line shows an upper estimate of the inherent dispersion as predicted by eq. (4) but disregarding any variations of tunneling matrix elements. A comparison with the experimental data indicates that the statistics of TLSs are essential for understanding the burn kinetics. Full circles denote the fit on the basis of eq. (4) which includes the Gaussian density of К and the inherent contribution to the dispersion. The fit parameters are a = 2.0, v 0 = 4.2X10-3 s->
	Fig. 3. a – Spontaneous recovery of a hole recorded via VZPL fluorescence (dots) and scanning the hole profile (circles) in the long time regime. The solid line represents the calculated kinetics assuming a Gaussian density of tunneling paramdters and hole saturation at —(AOD/OD)max = 0.55, using the parameter set a = 2.5, km =ks = = I.BXIO~3 s-1, 4sp = 0.3X10“3 s~L Section b shows data and fit curve on a logarithmic time scale. Deviations from a logarithmic decay law are obvious in the short time limit of the experimental findings.
	Fig. 4. Experimental hole profiles (lines) for various times after terminating the burn proeess as indicated, taken from the scan (circles) of Fig. 3. The holes are well approximated by Lorentzian line shapes (crosses) with constant width Г. This demonstrates that spontaneous hole-filling is not accompanied by spectral diffusion within the time frame of Fig. 3.
	Fig. 5. a The first 20 min of spontaneous OD recovery of holes of different depth detected via continuously recorded VZPL fluorescence (dots). Immediately after exposing the sample for burn times varying from 30 s to 4000 s and 7B = 0.5 mW/cm2 the interrogation intensity was reduced by a factor of 10~3. Solid lines depict the fits assuming correlated burn and recovery tunneling processes choosing the parameter set (see text) a —2, km = k5~0.007 s-1, &sp = 0.001 s-1 and a maximum hole recovery of 30%- b The same SHF-data yet plotted relative to the initial hole depth (10, 18, 32 and 47% from top to bottom, respectively) to illustrate that shallow holes recover faster than deep ones. Broken lines are guides to the eye not corresponding to the fits in Fig. sa.
	Fig. 6. Comparison of dispersive decays with Gaussian and uniform density of X calculated by means of eq: <2) with parameters Я,O=Ю, a= 3 and v 0 = 5 s-1 (Gaussian) and Xo= Ю, a 2.0 and Vo —5 s-1 (uniform), where a represents the square root of the dispersion in both cases. The inset illustrates both densities on a common X-scale. A logtime representation (lower plot) compares the decay with a logarithmic law indicated by the dotted line.
	Fig. 7. Schematic diagram of three possible TLS configurations accounting for unburnable sites (a), metastable holes (b) and stable holes (c). The notation of states and rates agree with the kinetic scheme in the text (eq. (5))
	Fig. 1, Tautomerization of a symmetric carboxylic acid dimer.
	Fig. 2. Schematic representation of the double-well tautomerization potential of an acid dimer coupled to a dye molecule. The wavefunctions are indicated as broken lines. The asymmetry of the doublewell potential is reversed when the dye molecule is excited. The rate of tautomerization can be determined in this case from time resolved emission measurements.
	Fig. 3. Projection on the a, b crystallographic plane of a thioindigo molecule doped substitutionally into a benzoic acid crystal. Two of the four tautomer configurations of the two equivalent acid dimers sandwiching the indigo molecule are shown.
	Fig. 4. Top; emission spectra of thioindigo in benzoic acid recorded under selective excitation of the tautomer configuration with the highest (lowest) energy when thioindigo is in the excited (ground) electronic state. The lines marked Ru R 2 and R 3 correspond to the different tautomer configurations I ct, a), ja, p> and |p, a>, |p,p>. The bands marked ph and и are phonon side bands and vibronic lines, respectively some of the other sharp lines are Raman transitions of the benzoic acid matrix. Bottom: time resolved fluorescence emission from the Ri, R 2 and R 3 configurations subsequent to selective excitation of Ri.
	Fig. 5. Schematic representation of the optical resolution by fluorescence line narrowing of the delocalized proton levels of an acid dimer coupled to a dye molecule. The wavefunctions are represented by broken and dotted lines. The inhomogeneous width of the electronic transition indicated schematically masks the ground state level splitting in conventional absorption or emission spectra. p b
	Fig. 6. Line narrowed emission spectra obtained for thioindigo in benzoic acid: excitation into a vibrational level (top) and the o—o-transition (bottom) of the higher energy la, (3>, IP, a> configuration. The homogeneous linewidth of the transitions in the excitation process masks the ground state splitings when a vibrational level is involved, while it makes a negligeable contribution to the instument limited linewidth of the bottom spectrum obtained by excitation of the o—O-transition.0—O-transition.
	Fig. 7. Transient grating measurements in proto (top) and deutero (bottom) benzoic acid doped with thioindigo. The full and broken lines are calculated decays neglecting and including relaxation processes of benzoic acid dimers near ground state thioindigo molecules. The peak near t— 0 reflects a fast process possibly related to multiphoton excitation of higher electronic states.
	Fig. 1. Top: Inhomogeneous spectrum originating from homogeneous lines with different central frequencies. Bottom: Change of the spectrum through hole burning.
	Fig. 2. The components of the model and their interactions.
	Fig. 3. Energy levels of a system consisting of one impurity and one TLS
	Fig. 4. Energy levels of a system of one impurity coupled to several in the case displayed, four TLSs. The left hand side corresponds to TLSs with identical energy splittings, and the degeneracies of the various levels are given.
	Fig. 5. Linewidth averaged with respect to A and A. The A ranges used in the averages are indicated. The A range covers an interval of size 2.6 toD. Parameters: AF=o.3cod, 0d = 3OOK (Debye temperature), c = 3km/s (velocity of sound), q—2 g/cm3, /=1 ev (deformation potential).
	Fig. 6. Linewidth according to (11) in comparison with experimental data from [39] and [lB]. Short range interaction is assumed. The A range is over in interval of length 0.2 ■cod. Parameter values: <AF> = 10“3а)о, AFmax = 0.1446a)D, AF ос 1Д3, rmax-= 10/-min, 0D = —l5O K, c 2km/s, q=l g/cm3, k = 0.3, /=1 eV. (H2P free-base porphin; MTHF 2-methyltetrahydrofuran; PMMA polymethylmethacrylate; PE polyethylene).
	Fig. 7. Linewidth (in units of cod) of the optical transition Ri as a function of AF. Parameter values: A —B, F“ = 0.6t0D, 0d = 300 K, c=3.75 km/s, Q=2 g/cm3, /=leV. Left: A=2Fa; the straight curve segments on the left hand side of the figure describe a AF4 law. Right: A=2Fa+lo~3wp, to the left of their bends the curves-are proportional to AF2
	Fig. 8. Linewidth in comparison with experimental data. The long-range nature of the interaction is taken into account. The A range covers an interval of length 0 2coD Parameter values: Ahmax = 0.72383X10-3coD = 106AFmin (->- <AF> = 10-stoD for the upper curves), 0d = 2OOK, c = 2km/s, p = 2g/cm3, ft =l.O, /=leV Full lines: =6, dashed lines: 7min =7, dotted lines: ?tmin =8; Ämax = Xmm+7. Upper Curves: Ah pc 1/r3, lower curves; Ah oc 1/r4.
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	Fig. 3. Hole burning spectrum of tetraphenylporphyrin antraquinone system in toluene at 4K. The spectrum in the bottom represents the hole burned by pulsed dye laser into the excitation spectrum in the top.
	Рис. 1. Характерная морфология поверхности толстых ЭС.
	Рис. 2. Наследование эпитаксиальным слоем царапин на подложке: а область р—n-перехода, б поверхность ЭС.
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	Рис. 5. Неглубокая пора с видимым дном; а оптическая микрофотография, б изображение в растровом электронном микроскопе.
	Рис. 6. «Большой дефект»: а оптическая микрофотография, б изображение в растровом электронном микроскопе.
	Рис. 7. Окрашенные сколы через поросодержащие дефекты: а «большой дефект», б пора.
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	Рис. 1. Принципиальная схема аппаратуры для записи термограмм. I добавочный источник напряжения; 2 ампервольтомметры Ф-30; 3 цифро-аналоговые преобразователи Ф 4810/2; 4 многоточечный потенциометр КСП-4.
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