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AFC in the impedence matched cavity:

R2
1 Watt
A ANNN
~ d 7

if R, =R, = reflected power =0

add absorption media &R, ~1=R, =e 2% = ¢, = % InR

Mikael Afzelius and Christoph Simon, Phys Rev A 82, 022310 (2010) ST
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Cavity Design

» 0.05% Pr:YSO

» Light propagation along the b axis

» Wedges: to control the overlap between cavity resonance frequency & ion absorption linewidth
» = 9GHz inhomogeneous line-width

2mm

12mm
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R1=80%

250nm
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Cavity Design

» 0.05% Pr:YSO

» Light propagation along the b axis

» Wedges: to control the overlap between cavity resonance frequency & ion absorption linewidth
» = 9GHz inhomogeneous line-width

Aw = 9GHz
FSR=41GHz
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Experimental setup

DReﬂection
N
R1=0.8 R2=0.997
DTransmission
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Mode spacing

Aw =w 0, =Qq om _¢C
dw C dn_ ()
g w)=n(o)+w
dk ng(a)) g( ) r( ) do
. dn, (@
Cold cavity: n, (@) >> a)L
do
. dn, (@
Slow light: n, (o) << a)L
do
. dn (@
Fast light: nr(a))z—coL
do
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cavity transmission

Cold cavity = 2.5GHz

Transmission, cold cavity
T

—— Experimental
----- Theoretical

Trans., Arb. units

Frequency (GHz)

Cavity trans. through pit = 2MHz

Transmission, spectral hole

— Refractive index
—— Absorption profile
— Experimental

10 % ----Theoretical

f

R,

Absortion, oL

1.8

0 -5 10 15

20 15 10 -5
Frequency (MHz)

IM(x (@) < a(w)

1.801

1.799

t Kramers-Kronig relation

Re(x(w)) oc ng (@)

Note: Regarding finesse, for 29GHz scan we had just one cavity transmission
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To have the same linewidth in the Cavity with and without medium:

R1 R2

d/1000
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Possibility to engineer the cavity transmission

Transmission
1.801

—— Refractive index
— Absorption profile
—— Theoretical

1.8

Absortion, oL
=
_SL-
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0 S 10 15
Frequency (MHz)

-20
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Tuning the cavity transmission frequency

0,50 | |
0,45 different cavity
[ |length(40_ total
0,40 9407 mtotel
= . 007
‘S 035
) [ 008
S 030 009
g L
S 025
o I
9}
» 0,20
£
0
@ 015
E L
~ 0,10
0,05 PS
e et a i Y s Ay R S
0,00 :
I 18MHz pit
-0,056 Lo - : A
5 10 15 20 25 30 35 40
Freq.(MHz)
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Tuning the cavity transmission frequency
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Tuning the cavity transmission frequency
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Transmission(arb. Unit)
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Slow light

Absorption profile
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Absorption profile
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Slow light
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Slow light
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Slow light
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Slow light
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Storage experiment & AFC structure
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Storage experiment & AFC structure
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Storage experiment & AFC structure

— Theoretical data

Experimental data, scaled in height
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Storage results:

Absorption profile Absorption profile
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Storage results:
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Note: Since we have almost half of the input in the reflection seems cavity is not

match properly. But WHY?
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What is the best absorption?
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Why is the absorption not 100%?

Transition dipole moment & Refractive indices axis orientation
Gaussian spatial laser mode is not fit with the cavity.

Wedge losses is more than we expected?

Bulk loss of the YSO crystal is considered? [Opt. Exp. 18, No. 23 23763 (2010)]

B wN e
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Cold cavity transmission VS polarization
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Cold cavity transmission VS polarization
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Cold cavity transmission VS polarization
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Transition dipole moment & Refractive indices axis

orientation
D2
" Hu (eg)
15.5
bEJ > D1
: 1
;

Ref:
1. PRB 68, 085109 (2003).
2. Discussion with Prof. Y. Sun
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Summary:

>

Line-width narrowing = 3 orders of magnitude

Slow light experiment v,=2000m/s

Storage efficiency = 22%

Optimizing absorption line-width parameters is in progress.

Good agreement to cavity Maxwell-Bloch simulation
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Axel Thuresson Samuel Kometa Lars Rippe

Thanks for
your
attention
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Wedge losses larger than expected?
(FRED simulation)

wg = 150 um
=> Zp = 291 mm
Tws
R = ———
A

28 |- /0
26 |- o
S\?/
= |
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o 24+ 9 3
Q
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@
22 - 0\
20 | ]
1 1 " 1 1 "
60 80 100 120 140 160

w(um)
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http://upload.wikimedia.org/wikipedia/commons/5/53/GaussianBeamWaist.svg

Cavity storage idea DONE

AFC in cavity DONE

Matching cavity & absorption peak- frequency pulling

Pit creation-slow light-mode spacing (possibiliy previous work on slow light in cavity)
Comparison theory & experiment DONE

Matching cavity & AFC [at low absorption side of inhom. profile] DONE

Storage experiment DONE

Obtaining 100% absorption DONE

Polarization effects DONE
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W e

o

10.
11.
12.
13.

inhom. Profile of the cavity 2011-03-25 DONE

Cold cavity — experiments (2010-12-29)& theory

Polarization (2011-01-19) (2011-04-06) cold cavity DONE
Possibility to move cavity transmission (2011-01-21)(2011-01-26)
DONE

Gauss in different frequency position in the pit 2011-01-25 DONE
AFC cavity transmission(2011-01-26) (2011-03-24 104, 094)(2011-
04-06;009) DONE

Cavity transmission width VS pit width (2011-01-27) & height(2011-
03-24) trans. & refl. DATA 031 (nothing special found!!)

Slow light effect-2011-03-22 -041 DONE

Storage result 2011-03-25 076 2011-03-24 095 DONE(check for
others)

Gaussian scan 2011-04-05 100% absorption DONE

latest paper about FSR of warm cavity

two cavity transmission peaks should be included (2011-01-27)
check the best echo that we had

- s ¥ i RIS SPRRRNIE U < - ORI, SO . IS S | . NSNS NS b e ] W, P
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Cavity ldea:

1. From what paper? Bring AFC cavity idea also here!!ll DONE

2. How is look like our cavity? Wedges and dimension and picture &
Pr:YSO DONE

Discuss about R1=R2 condition (matching condition) DONE

How we control resonance frequency?

5. Experimental setup

B W
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Beam

Crystal Parameters
Crystal Dimensions =10x10x20 mm

(D1,D2)=90, (D1,3) = 79

(a,c)=102.68, (D1,c) =24
DI&D2&a&cLlb

“1
D2
D1
b
— 7 >
a

Luhwoend surfaces curved,with radiys=i200mmM o na/12-13May2011




Cold cavity transmission VS polarization
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Tuning the cavity transmission frequency

Transmission; scan cavity width (5mm)
1 peak is included @O; pit 16MHz @O

MM4WA,WWV\NWNWM
WA

At LA AL
o W W M

VW

0,08

0,06

0,04

Voltage (V)

0,02 4

0,00 ' ,

Time (us)
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Tuning the cavity transmission frequency

No pit, just 10kHz/us readout, -10to+10MHz(80kHz rabi)
scan cavity length (60nm);No efaser

Ll

0,08 | k P
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o e ¥ Y
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g 0,04 PR
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Tuning the cavity transmission frequency

Readout (10kHz/us); same cavity position
Pit center freq. @ +11MHz; Eraser ON (-60to+60MHz)

Transmission

0 5 10 15 20
Freq.(MHz)

Different pit width
Ref.
—— 10MHz
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Cavity transmission width VS pit width

Pit width(MHz)

10

0,6 0,8 1,0 1,2 1,4
Cavity transmission width(MHz)

1,6
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Slow light?
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Sto ra ge re S u ItS : Absorption profile
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Line-width narrowing

Opt. Lett. 25, No.23, 1732(2000).
Rb atom vapor, EIT

Output Intensity (a.u.)

20 4 60 8 100 120 140
Frequency Detuning (MHz)
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Slow light

Opt. Lett. 33, No.1, 46(2008).
Rb atom vapor, EIT

Time delay=200ns Opt. Lett. 32, No.21, 3122(2007).

——Cavity EIT E s
£ mpty Cavity A7\ - ; #
. D Referenc \z;._ 271 i ¥
= , =
5 T : gt
g = LR
5 218- S ______iq.ﬁ
2 0.5 g
8 3
94
£ 5
L
0.0 - ot
-1 0 1 0 8 16 24
Time (ms) Input power (mW)

Fig. 3. (Color online) Experimentally measured cavity
linewidth versus the input power. Dotted line corresponds
to the empty cavity linewidth. Squares are the linewidths

measured under the same experimental conditions as in
Fig. 2.
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