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Day 8 — Optical
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Day 1 built the cavity as an open-loop matrix. Today you close the loop around
it and hold it in lock — the length loop the rest of ISC is built on.




The beam is one number g

w(z) + far-field cone
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A Gaussian beam is one complex
number,
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w(z) = wov 1 + (z/zg )? opens into a
cone 0 = A/mwy; R(z) = z + Z%{ /Z.
Each optic is an ABCD matrix and
moves the beam by

q = (Aq + B)/(Cq + D) — a lens re-
forms the waist f downstream. That is
a mode-matching telescope.
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Cavity stability and Gouy phase

stable 0=g10>=1

1 2 3 4 5
mirror radius R [m] (symmetric, L=1 m)

g; = 1 — L/R;. A cavity holds a stable mode only forO < g1g, < 1. The

round-trip matrix also sets the round-trip Gouy phase, which fixes where the

higher-order modes sit relative to the carrier — the spacing Thursday's
wavefront sensors read.

32



Light builds up: the cavity

input mirror end mirror

transmitted

m partly reflective highly reflective
cavity length L (tuned to resonance)

A Fabry-Pérot cavity: light injected on resonance builds up between the mirrors — one
optical pole, the plant you will lock.
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FSR, finesse, linewidth, Airy

5 Airy comb: one resonance every FSR
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detuning [FSR]

FSR = ¢/2L, finesse I = 7,/r1r2/(1 — r1ry), linewidth = FSR/F. The
buildup peak repeats every FSR — the comb behind the “detuning [FSR]" axis.
Arm (L = 4 km): FSR= 37.5 kHz, F = 4435, linewidth = 84 Hz, buildup

~ 280%, pole = 42 Hz.
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Day S - afternoon — lock the cavity
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m oy m 1. Sweep — form the PDH discriminant
2. Close the loop — acquire and hold lock

mixer (demod.)

é ror sonal 3. See what limits it — loop gain, loop noise

?

S A I SCREPANCY

correction — laser frequency (holds the cavity on resonance)

A companion cavity has extra loss —
measurement disagrees with your prior. Localize

lock acquisition: catch a flash, then hold — nonlinear — linear |t, then judge whether it costs you anything.
servo . . | |
nonlinear — flies grabs linear — small error, Deliverable - locked cavity + loss diagnosis
A through in milliseconds ! big gain

cavity power

]

]
N catch itin the
| linear zone

time —

free-swinging: power flashes through resonance

>
>

locked: held on resonance
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Localizing the loss — reflection is degenerate

reflection: degenerate build-up: tie broken
E il round_trip lose (2%) E 40 ....................................................................................
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Low buildup means loss — but input-coupler loss, round-trip loss, and mode mismatch all lower it,
and reflected power alone cannot separate them: 2% round-trip loss and 0.67% coupler loss give
the identical dip. A second measurement breaks the tie — the build-up does (22x vs 33x, against
50x for the matched cavity).

Whether the loss matters is a budget call
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