Telescope Optimization
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Folded PRC design
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mode mis-match
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Folded Design - II

combined focal length

f,=-4.74, f,= +18.0, L,; =14.1

F = fé fé
fé + fé - L,
nominal
£,=-4.74, £,=+18.0, L,,=14.1 £, + £, - L,; = -0.84
F = 101.6
L23 +5mm
f,=-4.74, £=+18.0, L,;=14.105 £, + £, - L,; = -0.845

F=101.0

fé error
0.5% * 5/17 = 1.5e-3

fg error
5e-3/18.0 = 2.8e-4

This design has no merit.
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Folded Design - II
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mode mis-match

Folded Design - II

£, = -4.74, £, = +18.0
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Folded Design - III f,=-0.81, f,= +15.0, L,; =14.1

combined focal length

F o= fé fé
fé + fé - L,,
nominal
£,=-0.81, f,=+15.0, L,,=14.1 £, + £, - Ly; = +0.09
F = -135.0
L23 +5mm
£,=-0.81, f,;=+15.0, L,,=14.105 f, + £, - Ly, = +0.085
F = -142.9
fé error

0.5% * 5/17 = 1.5e-3

f% error
5e-3/15.0 = 3.3e-4

This design has no significant merit.
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Folded Design - C f,=o (flat), f;= +31.79, L,; =14.1

combined focal length

f->00
fé fé 2

F = » £
£, + £f5 - L, 3
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Folded Design - C
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mode mis-match
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Telescope Optimization

Tolerances
£, £, F length £, £,
(mismatch=1le-4)
-1.95 +16.0 +624 3.0 mm 0.06% 0.5%
-4.74 +18.0 +102 3.5 mm 0.06% 0.15%
-0.81 +15.0 -135 2.5 mm 0.07% 0.8%
+31.79 +32 10 mm 0.03% —---—--
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Z Tl telescope MEiEEETZZE X DITSIC telescope ND
AHT (SRC AI(EHET) beam profile (ZE(C Rayleigh range) ([CDWTEMiTI LTz,

SHmOOFER. f3 = +16.0 m (CHBULT Rayleigh range (ZR) B\ K&E733.
Rayleigh range ’"AXEWZEDAU W ~

o FHETDEAHII TTFIET. PRM Hh'732< TH mode mismatch A\D
FEMNDIRLY, (PRM OHIERFEFERNKEZTNC EBRILTLDN)

o AT/ CD—IEINCHEWEAL D AFHEMEKR UIZIHS. telescope Rz AR
L TCHEAGE—/AED mode mismatch OFEZEN/NELN,



ZR (m)

60

50

40

30

20

10

2.15

focal length of PRM3 (m)

22

23

24



Telescope DS EDEER

(1.1) linear arrangement

[—— telescope length —»
. ' ) I
|

<>
PRM PRM2 PRM3

IT™

The resonated arm cavity has a beam profile with Rayleigh range of 2904 m.
Therefore, mode matching is insensitive for small change of PRM3 lens position.
It is the easiest way for adjusting telescope length to relocate only PRM3 lens.
In this report, all of telescope length changes are adopted this way.

Here the relocation means position change of larger than 10 mm.

** Order of relocation

In the case of that focal length of PRM3 is 16 m and its error is 1%,
the relocation is 16 x 1.0e-2 = 0.16 m = 160 mm.

(1.2) folded arrangement

PRM3
- >
telescope length I
I I IT™
PRM PRM2

In the folded design, a relocation of PRM3 causes not only telescope length change

but also PRC length change. If small change of PRC length is negligible, only relocation
of PRM3 lens is the best solution.



Telescope DS EDEER

(2.1) PRM3 is fixed in folded arrangement

PRM3
telescope length I
I I ITM
PRM PRM2
Ax or 2AX AX
— —>

Because PRM3 lens has same dimensions of ITM mirror of 250 mm diameter,
PRM3 needs large suspension system. In the view of seismic attenuator,

it is hard to relocate PRM3.

If so, there is two possibilities. One is common relocation of PRM and PRM2.

This has a demerit of PRC length change.
The other is to relocate PRM with twice displacement of PRM2.
This has a demerit of additional mode mismatch due to a length change between

PRM and PRM2.



Telescope DS EDER

(3) Adjustment of lens focal length

PRM3
telescope length I
I I IT™
PRM PRM2

As mentioned before, lens relocations have several problems.
Here let consider the way of lens adjustments.

Among the three optical components of PRM, PRM2 and PRM3,
a requirement for PRM3 is the most critical.
Therefore, the following procedure is considered.

(1) First of all, the PRM3 lens is polished within 1% error.
Then, the focal length is measured.

(2) Based on measured PRM3 focal length, focal length of PRM2 and
of PRM are designed and then are ordered with 0.5% and 1% error, respectively.

(3) Finally fine adjustment of lens position will be performed.
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Folded design - I
f; = +16.0m

Error of PRM2 (%)
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Telescope DA EDESR

(3) Adjustment of lens focal length

summary of results

Design Comments
I PRM is very sensitive for both PRM2 and PRM3.
It will be impossible to adjust with this procedure.

IT It will be possible, if focal length of PRM3 can be measured
less than 0.1% accuracy.

I1I Same as for design II
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