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(1)collisions with other atoms
(2) returning to the ground state along a down-hill energy path
that involves several coupled vibrational and electronic energy
States
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Introductlon 2 energy transfer
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Introduction 3: Radiation trapping
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Lifetime lengthening
due to radiation trapping
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Measuring lifetime with pinhole method

Lens Sample

.....
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Nd:YAG Relevant Crystal i

OSCilloSCop@e-------weseeneasimeaieas: Photomultiplier | Spectrometer

H. Kiihn et al. Opt. Lett. 32, 1908-1910 (2007).



Problems using pinhole method
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Q1: Using small pinhole needs strong pump.
Q2: Collecting light from unpumped region
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Foundatlon 'o'f hﬁole method

Consider (1) two-level system (2) excited state density
N<<N, , neglecting stimulated emission

Suppose (1) one region with spatial homogeneous excitation
(2)simulating loss by a factor ¢  p=r-r

T ex N +1/
N NED oy (NED PPN, IO ey
ot T,y Ty 47p
N(T,t) N N(T,t) GgNg
T,y T ooNg +1/¢

N(?,t)+ N(F,t) ooN &

R f oo ;+ 1 Reabsorption and > depend on &
N(?,t) N(T, t)/ a /J that is proportional to pinhole
7, 7, '« §+1 ' diameter
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HB equation for radiation trapping
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Finding Kernel functlon G(r’, r)
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Definition of transmission function
B R
If the radiation energy transfer problem has
mean free path, then the probability of
transmission (not absorbed) after distance p
is T(p) =e™"

AT R
T(p)=[P(A)e™ “Mp, o)) : absorption coefficient



HB eq. applled to two -region model

Consider (1) two-level system (2) energy transport
governed by TIR (3) high symmetry geometry

Suppose (1) no correlation between emission point and
absorption point (2) energy redeposition is f
unpredictable (3) two regions D&U > G(r',7) =G = v
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Solution of HB rate'equation

y .. - N2, reD
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Initial condition: N(T,t=0)={ ' '
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double exponential function S=W, 4 W,
T

S. Guy, Phys. Rev. B 73, 144101 (2006).



Wi
R

Ll L .
.......

1 1 OT
> K(p) =———
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As p—>0,G s large and notconstant

G(F',F) =

- G(T',T) :_ 1 : dl : f » long-range coupling
 Amp© Op Vs,

________________________

SR I » short-range coupling
Suppose N (F,t) = Np (D)f 5 (F).ny (F,1) = Ny (O (F), [ (F)d°F =1

dN, N, o fV 1AY/
=——P24+W.N (+W N °)+W. N D
dt 2_21 r D(a<p>D) r D(VS) r U(VS)
dN N, o fV fV
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G. Toci, Appl. Phys. B 106, 63-71 (2012).
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Our rate equations for intermediate regime
Consider (1) three-level system (2) two regions (3) pump-dependent
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The cause using nonllnear coefﬁuent
(1) oNg, 2, >11s possmle

(3)0 < gnga\\<1 unreasonable
\gNp,/, +¥

i SR

oNg.?,
oN_ 0, +1 °

oNyZ,
oNy /., +1
simulating reabs. due to TIRs

(4) As oN,, 7/, <<1,

|12

(5) As oN,l, >>1,

(6) 0 < f\\//: <1, extending (3) to long-range coupling



~ _Collected light
. to detector

Pinhole

Parameters for 0.05at% ruby crystal
N, = 2.4x10% cm3, 1, = 3.3x10° s, 75, = 5x10°% s,
T,, = 2.8x103s, 6 = 1x10%cm?, f = 0.5,

V, IVg =1, £, =0 =4.25mm, /, =4.25x10"mm,
At =2x10"s
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Result 1: saturation of radiation trapping
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Fitted with single & double exponential function

Aexp(-t/t)) + Aexp(-thr,)
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Result 2: lifetime clamping due to
saturation of radiation trapping
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Power (A.U.)

Exp. result: fluorescence decay & fitting

Pumping
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Output power (a.u.)

1.0

0.8 4

0.6

0.4 4

0.2 4

0.0

Data: Datal_B
Model: ExpDecl

Equation: y = Al*exp(-x/t1) + y0

Weighting:
y No weighting

Chi*2/DoF =0.0001
R”2= 0.99773

y0 0.01322 :0.00004
Al 0.97067 :0.00016
t1  3.2471 :0.00092

Time (ms)
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Exp. result: measured Ilfetlme VS. pump

Experiment Simulation
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Conclusions

. The pump intensity was considered for the first
time to give a theoretical description of radiation
trapping. The Intermediate radiation trapping
regime af ~1 was treated.

. Saturation of the radiation trapping was
numerically verified under strong pumping and
this saturation clamps the lifetime lengthening.

. We experimentally verified the numerical results
by an axial pinhole method on a ruby crystal.

. Our model 1s confirmed valid for measured

lifetime with the fluorescence from both the
pumped and the unpumped regions.
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