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ПРОСТРАНСТВА СУЩЕСТВЕННО ОГРАНИЧЕННЫХ ФУНКЦИЙ

(Представил Г. Вайникко)

1. Постановка задачи. Пусть m конечная регулярная борелев-
ская мера с носителем SczR 1

, определенная на сигма-алгебре 2 боре-
левских множеств из 5. Рассмотрим пространство функций L°°{S, 2,m),
состоящее из m-измеримых существенно ограниченных на 5 функций
y{s) с нормой

||г/|| = vraisup jy(s) \,
seg

где | • | евклидова норма вектора.
При дискретной аппроксимации экстремальных задач и оператор-

ных уравнений возникает вопрос: какие условия гарантируют сходи-
мость (см. [ 1 ])

\\рпУ\\п-*\\у\\, n->oo yy<=L°°{m), (1)
где р п кусочно-интегральный связывающий оператор между прост-
ранствами L°°(s, 2, m) и пространством векторов Ь п с топологией шах-
нормы

\\Уп\\п= max \y in \, Уп^Ь п
1

(требование (1) гарантирует единственность предела любой дискретно
сходящейся последовательности элементов).

Пусть имеется сходящийся квадратурный процесс:
П

h{sin )m in -+- / h{s)m{ds), oo, (2)
2=l

для любой непрерывной на 5 функции h{s), где Sin, i= 1, ... , п, не-
которые точки из 5.

Введем между пространствами L°°(m) и Ь п связывающий их опера-
тор р п в следующем виде:

{Pny)in=m{Ain)-x f y{s)m{ds), i=\, ..., п, VpeL°°(m), (3)
Atn

где множества Л,-П е2, i= 1, ... , п, удовлетворяют следующим усло-
виям:

1) т(ЛгП)>(>; 2) =s; 3) Ain (]A jn=o,
г=l

4) sin Ain, 5) п-+ 00-6)

6) max I т lпт{А^)~х —l|->O, п~>оо\
1 г п

7) m{Ä0. n )=m{Ain )—m{Äin)
(здесь diamy4 = sup |s—-t\, а через А 0 и А обозначены соответственно

s, teA
внутренность и замыкание множества А).
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В следующем пункте приведем достаточные условия, гарантирую-
щие сходимость (1) в пространстве существенно ограниченных функ-
ций.

2. Достаточные условия аппроксимации. Предположим, что мера т
удовлетворяет ограничению А1):

Al) m(s||s — so|=const}=o Vso е 5
(например, если т вероятностная мера с плотностью, то ограничение
А1) выполнено).

Введем кроме нормы \\у\\ элемента у из L°° еще и ее LP-норму
WyWp— if \y{s) I Pm{ds)) IIPlIP

и следующие нормы векторов:
\\рпУ\\п= max | (рп*/) г« | = max \m{A in )-i Jу (s)m(ds) \,

Ki<n IСгСп Aln

f n \i Ip
\Pny\n,p— ( 2 \m(Äin )~l J y{s)m{ds)\Pmin ] .

\ <=l Aln
'

Предложение. Пусть имеется система связывающих' операто-
ров {р п} в виде (3) со свойствами 1)— 7). Пусть носитель S меры пг
ограниченное замкнутое мнооюество и пусть выполнено А1).
Тогда, если квадратурный процесс (2) сходится, то

\\р пу\\п->- \\у\\, Vy<=L°°{m).
Доказательство. Идея доказательства заключается в сле-

дующем: исходим из известных сходимостей
1. \\у\\р-*\\у\\, р-+оО Vy^'L°°{m)

(см., напр., [ 2 ], § 14.11) и
2. \\рпУ\\п. Р -+\\у\\р, п-+оо уре[l,оо)

(эта сходимость эквивалентна двум следующим условиям:
2а. Ilpnlln^const,
26. \\рп\\п,р-+\\у\\р для любого уиз пространства непрерывных

функций С (5), где С (S) всюду плотно в Lp (m) , I^р<оо).
Для доказательства сходимости (1) исходим из неравенства

| \\у\\ \\рпУ\\ п | < | \\у\\ \\у\\р\ +
+ I \\у\\р НРпРИп.р I I llp?iPlln,p HPnplln I • (4)

Для любого малого е>-0 можем выбирать
1. число pi такое, что при имеем

1 lipil llpllpj е/3,
2. индекс п\ п\{р\) такой, что при щ имеем

I llр/II Pi llpnpllni, Pi I 8/3.
Рассмотрим третье слагаемое из суммы (4). Покажем, что сущест-

вуют (независимые) р 2 и п2 такие, что при р^р 2, п^п2 имеем

\\\рпу\\п,р—\\рпу\\п\ е/з Vp е L°°(s,S,m).
Для любого пщ 1,2, ... и ре[ 1, оо) имеем

/ п \1/р / п \l/р
(2J I {Pny)in\ p min I max 1 (Pny)in \ ( Щп I

.

'

i=l '
' i— l

/ n \l/p
Так как при n^n3 имеем I m ?n 1 при p->oo, то при

\ i—i I
/ n \l/p3

p 3 e[l,oo) имеем I% I iPny)in\ p *tn in I < max | (pny)in | +b/3.' i—i '
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Докажем обратное неравенство. Объясним идею доказательства.
Исходим из того, что для любого е>o существует множество
с положительной мерой, m(D)> O, такое, что |p(s) | lIу II —е/6.
Тогда и

I y{s) \ р (flpli е/6) р

для любого ре[l,оо). Введя характеристическую функцию множества
Г 1, если s еД

%D is ) уо, если s ф D,
имеем теперь уже для любого seS

%d{s) \у (s)\v {\\у\\ —е/6 ) p %d(s) (5)
д

Функцию ф (s) —%D (s) I у (s) I p мы можем (как элемент пространства
L l {S, S,m)) аппроксимировать непрерывной функцией вида

Л
cp(s) =z(s) | pc (s) \ р

. Для последней в свою очередь можем использо-
вать эквивалентную (см. j4 ], с. 14) системе {р п} систему связывающих
операторов {р' п } в виде (p'n(p)in=<p(s<n), где ••• , п, точки
из (2). Но {p'nq))in= {p/

n z) in {p'n\yc \p)in. А последнее дает нам возмож-
ность разность

П

I {рп (xö |У|Р) ) in {р п%) in I ( РпУс ) in Iv I ЛТ-in-
i—l

После этих вводных замечаний приступим к доказательству не-
равенства: существуют (независимые) р 4 и я4 такие, что при р^р 4 и
ц^п 4 имеем

/ п VI/р
( \ {pny)in\ vmin ) max i (Pnp)in| е/3.' г‘=l ' 1< г <п

Из неравенства (5) получим, что и
(Р« (X D |У|Р) ) in ( lipil s/6) Р (рп%в) in ( HPnPlIn б/6) р ini

i= 1, .. . , П, И
п п

JŽj (Рп (хъ |Р| Р )) inW-in ( НрггрИп б/6) {р in^in-
г=l г=l

п
Ясно, что Д? {pn%B)inm при п->оо (сходимость ||p nplln,i->
-Hlplli).
Возьмем /г 5 настолько большим, что

П
i/2m{D)^^{pn'iß)inm i при ц^пs .

2=l
Тогда и

{l/zm{D)) IIPllP < (Д/ {Pniß)inmin ytv (2 m{D))Vp. (6)
2=1

Возьмем теперь р 4 настолько большим, что
( 1/2m(Z))) 1 е/15 при р р 4. (7)

Аппроксимируем функцию ф (s) =xd(s) |р (s) [ р (как функцию из
АДS, 2, m)) непрерывной функцией qp(s) вида <p(s) =z(s) |pc (s) |р,
где Рс(-) е С (5), 2(-)eC(S), 0 z(s) 1, seS, и

/ I |P( S ) l p — \yc{s)\ p \m{ds)^e/60,
/ |xd(s) z{s) |pc (s)]p).

seS
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Тогда / |xd(s) \y{s)\P z{s)\yc {s)\p\m{ds) <

/ \ld(s) [|*/(s) \p I£/c (s) \ p ] \m{ds) +
,+ / I \Ус{s) | p z(s)] Lm{ds) <

/1 \y(s) l p — | */c(s) | p \m{ds) -\-

!+ sup | yc {s) | pJ Ixd(s) z(s) \m{ds)^ 2e/60.
seS

Тогда при n^n6 имеем
n n

I2j {Pn (Хг* | |P ) ) ,21 (Pn {z 1i/c | ) inWin S-C
i=l i=l

«2.f Ixp(s) \y{s) | p z(s) I yc {s) I P\m{ds) =sC
i=l A,„ "МЛ гп)

lxö(s ) |«/(s) I p z(s) I г/с (s) lP|m(ds) < 3e/60.
Но для непрерывной функции z(s) | г/с (s) | р мы имеем право исполь-
зовать и эквивалентную [*] системе Р={р п} систему связывающих
операторов Р'={р'п} в виде

{Р п {z | |Р) ) ii}. =Z (Sin) |ус (Sin )j Р
)

где s in , i= 1, ... ,п, точки из (2).
Следовательно, при п^п7

2 1 [Pn{z\y c \v)) in [р' п {z\yc \ p ))in\min\
г=l

и при {п6 , п 7 } имеем

П

2 1 {Pn{XD\y\ p ))in {P n {Z IУсI р ) )in I
г=l

Но для функции 2(5) j yc (s) I p справедливо
(Pn i z IУсIP) ) in = {p'n Z) гп 1 */c) гтг 1P -

Следовательно,
П

2 1 {Pn{z\yc \ p ))in— {p'n z)in l (р' п г/с)гп1 р lт^^4е/60.
2=1

Возьмем теперь индекс п8 настолько большим, что при п^пB

П

2l I {PnZ}in \ (РпУс)гп\Р {P'n Z )in | (Рп Ус) in \P [ б/60.
г— l

Следовательно, существует индекс /г 9=шах (пе, п7, пB} такой, что
п

2 I (xr> IУ| P ) ) гп — (Pny c )in 1Р 1 тгп^sе/60.
г=l

Тогда при П^Пд
•п

2t (Р {рпУс) in I p
г=l

, п
б/6) sб/60.i=l
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Тем более (так как 0 (p'n z)in 1, i=\, ...» П)
п п

Ž I (Pnyc )in\ p m in > {WpnyWn е/6)р {PnXD)intn in se/60.
г=l г=l

Взяв индекс «ю таким, что при п^пхо имеем
П

I TL' [ | (Р'пУс) in | р | (РпУ )in | | 8/60,
г=l

получим, что при («б, ..., пlo }

п п
I {pny)in\ pm in (\\р пу\\п {pnXD)inm in 6е/60.

г=l г=l

Теперь из (6) и (7) получим, что при /г шах (л 5, Ли} и

('
п \l/р

| (Рп*/)гп| I (llpni/lln 8/6) 8/15 е/10=||/7„#Нп —е/з.
г—l *

Возьмем в качестве л4 теперь п4=шах {пs,пц}.
Взяв (рз, л2 =тах {мз, щ}, получим, что при

и л72=л2
| НРпРПгг.р llPnPlin |

Тогда при [п х (р х ), л2}

| lipil \\р пу\\п\
Предложение доказано.
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R. LEPP

OLULISELT TÕKESTATUD FUNKTSIOONIDE RUUMI DISKREETSE
LÄHENDAMISE TINGIMUSED

On defineeritud oluliselt tõkestatud funktsioonide ruumi ja lõplikumõõtmeliste vek-
torite ruumi ühendav, tükati integraalne lineaarne sideoperaator. On esitatud piisavad
tingimused, et oluliselt tõkestatud funktsioonide ruum oleks lahendatav lõplikumõõtme-
liste vektorite ruumi kasvava jadaga.

R. LEPP

DISCRETE APPROXIMATION CONDITIONS FOR THE SPACE OF ESSENTIALLY
BOUNDED FUNCTIONS

A linear piecewise integral connection operator between the space of essentially
bounded functions and the space of finite-dimensional vectors is defined. Sufficient
conditions that guarantee approximation of the space of essentially bounded functions
by the increasing sequence of finite-dimensional spaces are presented.
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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
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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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