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1 Quantities of Interest

Consider the standard reflection-locking scheme for a two-mirror cavity. Let I =
intensity of light on photodiode, A = amplitude of component on diode leaking
out of cavity, K = contrast, and M = fraction of light correctly mode-matched.
Normalize to incident intensity = 1. Then

K = 1-1
M (11— A)) (1)

2 The Leakage Field

On resonance (and with zero modulation),

A = t?'f‘z (1 + rire + (1‘17'2)2 + .. )
= DV (2)
1-+RiRy
where r1,%1,... are amplitude reflectivities and transmissions, and R;, T, ...

are energy reflectivities and transmissions.
Now R; ~ 1, and Ry 3 + T12 + L1,2 = 1 where L; 3 = absorption and
scattering loss. Then,

1= VRiRy =~ (L/2)(1+ 71 + 72) ()
where L = L; + Ly and 71,2 = T1,2/L. Therefore,
A= (4)
I+y1+7
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3 Contrast and Throughput

3.1 General Cavity

Combining (1) and (4),

_ 4Mn(1+72)

=TT (5)
(1+71+72)

The contrast has a maximum value of M when the transmission of the input

mirror matches the sum of the scattering and absorption losses of both mirrors

plus the transmission loss of the end mirror: 9, = ¥ + 1. The throughput,

or power transmissivity of the cavity »n is related to the cavity leakage field by

1= M|A|*(y2/71). From Equation (4),

M1y

- (©)
1+7+172)

The throughput is unchanged if the cavity mirrors are interchanged (assuming

the mode matching is the same). The throughput is always less than the con-
trast, and their ratio ¢ is independent of the transmission of the input mirror:

— I ¢
b=0/K = (M

K

n

3.2 Mode Cleaner

A high throughput cavity such as a mode cleaner requires large v; and ;. If
Y1 = Y2 =7, then

4M~(1+7)
K T (8)
28 M- (27 ] (9)
4M~?
(1+27)? (19
21 MA-y ) (11)

A measurement of contrast, throughput, and storage time gives the reflec-
tivity, loss, and transmission. Define the bounce number n

n = ¢ - energy storage time/cavity length.
Then
Rl,z = 1—1/71, 7 (12)

T, = (%)T?—w (13)
L, = (l>l“_‘/’ (14)
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1 Quantities of Interest

Consider the standard reflection-locking scheme for a two-mirror cavity. Let I =
intensity of light on photodiode, A = amplitude of component on diode leaking
out of cavity, K = contrast, and M = fraction of light correctly mode-matched.
Normalize to incident intensity = 1. Then

K = 1-1
M(1-[1- 4P) 8)

2 The Leakage Field

On resonance (and with zero modulation),

A = t%rz (1 +rira + (7'17‘2)2 +.. )
_ _TivR, (2)
1-VRR;
where ry,t;,... are amplitude reflectivities and transmissions, and Ry, T},...

are energy reflectivities and transmissions.
Now R; ~ 1, and Ry 2+ Ty 2 + Ly 2 = 1 where L; 2 = absorption and
scattering loss. Then,

1—vV/RiRy =~ (L/2)(1+ 71 +72) (3)

where L = L; + L and 41,2 = T1,2/L. Therefore,

2’71 '
A= — 0 4
1471+ 72 ()
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3 Contrast and Throughput

3.1 General Cavity

Combining (1) and (4),
- AMyi(1+ ) (5)
(1471 +12)?
The contrast has a maximum value of M when the transmission of the input
mirror matches the sum of the scattering and absorption losses of both mirrors
plus the transmission loss of the end mirror: 43 = 42 + 1. The throughput,
or power transmissivity of the cavity 5 is related to the cavity leakage field by
n = M|A|?*(v2/71). From Equation (4),
n = M1z ©)
(1+7+72)?
The throughput is unchanged if the cavity mirrors are interchanged (assuming

the mode matching is the same). The throughput is always less than the con-
trast, and their ratio ¢ is independent of the transmission of the input mirror:

_ T
¢='I/K—1+,72 (7)

3.2 Mode Cleaner

A high throughput cavity such as a mode cleaner requires large v; and v2. If
T =72 =7, then

4M~(1+ 1)
K T+ 2 (®)
2 M- (292 +.. ] (©)
4M~?
T T P u)
21 M-yt (11)

A measurement of contrast, throughput, and storage time gives the reflec-
tivity, loss, and transmission. Define the bounce number n

n = ¢ - energy storage time/cavity length.
Then

Ry (12)

(1) 2
e = (31 (13
Lz = (-1')':—__;—:% (14)
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