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Optical setup
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Problem : optical aberrations
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Zernike polynomials




Zernike polynomials

Zi(p,0) = 72 (5. 6)
2(n+ 1)RY (p)cosmb, m # 0, j is even,
= { V2(n+ 1)R™(p) sinmb, m # 0, j is odd,
\/mﬂﬂ*(p)? m =0,

(n—m) /2 g
(=1) (n—s)' 2
R = 2 ()i’

s=0 2

n= K\/ﬁnuo.s) - 1J |

2 X Vﬁl_f(”"'l)J , n is even,
m =

2 x f(””;”(”*”J ~ 1, nisodd,




Mathematical properties that are interesting




Mathematical properties that are interesting

> Orthogonal, so the coefficients of the expansion are totally independent




Mathematical properties that are interesting

> Orthogonal, so the coefficients of the expansion are totally independent

> Recurrence relations that allow for optimized calculations




Mathematical properties that are interesting

> Orthogonal, so the coefficients of the expansion are totally independent
> Recurrence relations that allow for optimized calculations
> Good corresponding with classical aberrations: astigmatism, coma, spherical

aberration
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Usual aberrations
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Usual aberrations
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Usual aberrations
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Usual aberrations
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Usual aberrations
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How does it work in practice ?
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How does it work in practice ?

|Residua|5 distribution - AQ (Tilt and Defocus subtracted) - 632.8 nml

Y Zonal WF AQ [-Tilt, Def.]
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How does it work in practice ?

Zonal WF AQ [-Tilt, Def.]

Standard Zernike coefficients - Noll notation

Aber m n Z Z_e{nm) Z Z_o{nm) C{nmy) D{um)
Tilt 11 2 -414.5 Z3 -298.8 511.0 23.96
Defocus 02 74 - -90.1 -29.25
o Ast3 22 Z6 6.1 Z5 -43.9 44.3 10.18
eyl
t;i?;*ﬁ;;;t:z*“ ‘." Coma3 13 Z8 27.3 7 -14.2 30.8 18.36
st gl
bt TComa 33 210 -26.3 29 83.6 92.4 36.75
SA3 0a - Z11 -37.7 -23.71
Ast5 24 712 -15.4 713 121 19.6
QAst 44 Z14 -13.3 £15 -13.9 19.3 11.43
Coma5 15 216 7.4 217 16.8 18.3
TComas 35 Z18 -3.2 Z19 -5.7 B6.6 -
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The deformable mirror




The deformable mirror
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Aberration correction
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erration correction
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Injection in the optical fiber
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Injection in the optical fiber

Beam expander group




Injection in the optical fiber

Start of the optical fiber

Beam expander group




Imaging setup
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Wavefront of the laser beam
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Imaging setup
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Imaging setup
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Imaging setup
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Imaging the beam

50

100
100

200 150

200

300
250

300
400

350

0 100 200 300 0 50 100 150 200 250 300 350
Beam before the imaging system Beam after the imaging system

e}



Characterization of the aberration

Step 1: Defining the regions of interest
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Characterization of the aberration

Amplitudes distribution
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Characterization of the aberration

Waists-x distribution
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Correction setup
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Correction setup

Deformable Mirror

NS

) Beam expander group




Correction setup
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Angle of incidence on the DM
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Correcting a specific aberration
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Correcting a specific aberration

Zonal WF AQ [-Tilt, Def.]
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orrecting a specific aberration

Zonal WF AQ [-Tilt, Def.] Zonal WF AQ [-Tilt, Def.]

After correction
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Correcting a specific aberration

Superposition of the plane wavefront and the aberrated one

e Flat wavefront
e Wavefront with astigmatism
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Another correction: defocus
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Another correction: defocus
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Another correction: defocus
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Problem with Zernike coefficients




Problem with Zernike coefficients

> Mismatching due to different Zernike conventions

A link had to be established between the coefficients of the SH and those of the DM

> Mismatching linked to the aberrations themselves

No linearity between the applied coefficient on the DM and the response seen by the SH




Problem with Zernike coefficients

Link between the SH and the DM for astigmatism Link between the SH and the DM for several aberrations
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Correlation

Ideal correlation between the DM and the SH for a change of 0.2 on the Dl\"l700
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Correlation

Correlation between the DM and the SH for a change of 0.2 on the DM
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Correcting the tilt

Aber m n ‘Z ‘ Z_e(nm)
Tilt 11 2 765.5
Defocus 02 24

Ast3 22 Z6 310.9
Coma3 13 Z8 17.8

Aber m n z Z_e(nm)
Tilt 11 Z2 -414.5
Defocus 02 4

Ast3 22 Z6 6.1
Coma3s 13 Z8 27.3




Correcting the tilt
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Correcting the tilt
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Using a beam splitter
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Using a beam splitter o
Angle of incidence 0

Beam expander group
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Conclusion

We built a simplified replica of the imaging setup used at CESQ.

We used optical tools and successfully corrected optical aberrations.

We helped the team by making a detailed user guide.

We provided the team with ideas to improve the correction efficiency.
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