
Logo soggetto 
attuatore

Hands-on Session: 
Examples of 
wavefront 
decomposition and 
curvature calculation 
from real 
measurements
Maria Cifaldi

INFN – Sezione di Roma Tor 
Vergata



Logo

Zernike polynomials

Note del presentatore
Note di presentazione
Maybe you have already seen what is the loss angle first of all for a linear dissipative system it is the inverse of the quality factor at the resonance frequency. High dissipation low Q. Low dissipation high Q. The loss angle is an additive quantity, and any physical system can be composed by many different dissipative mechanisms considering the loss angle the ratio between the dissipated energy wrt the total energy in a cycle, every dissipation mechanism is weighted by a dilution factor that depends on the store energy with respect the total one
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Zernike polynomials and subtraction

Original WF Piston, Tilt X, Tilt Y, Curv subtracted

1) Zernike polynomials decomposition 
of the WF

2) 2D polynomial fit with
𝑦𝑦 𝑟𝑟 = 𝑎𝑎 ⋅ 𝑟𝑟2 + 𝑏𝑏 ⋅ 𝑥𝑥 + 𝑐𝑐 ⋅ 𝑦𝑦 + 𝑑𝑑
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Maybe you have already seen what is the loss angle first of all for a linear dissipative system it is the inverse of the quality factor at the resonance frequency. High dissipation low Q. Low dissipation high Q. The loss angle is an additive quantity, and any physical system can be composed by many different dissipative mechanisms considering the loss angle the ratio between the dissipated energy wrt the total energy in a cycle, every dissipation mechanism is weighted by a dilution factor that depends on the store energy with respect the total one
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Measure parameters 

Heating Phase Cooling Phase

Goal of the measurements: Alignment checks
# total WF: 190
Time sleep: 30 s
CH power injected: 120mW Top secret How to perform an HWS measurement: 
- dark WF
- Reference WF
- Live WFs with a determined sleep time

Note del presentatore
Note di presentazione
Maybe you have already seen what is the loss angle first of all for a linear dissipative system it is the inverse of the quality factor at the resonance frequency. High dissipation low Q. Low dissipation high Q. The loss angle is an additive quantity, and any physical system can be composed by many different dissipative mechanisms considering the loss angle the ratio between the dissipated energy wrt the total energy in a cycle, every dissipation mechanism is weighted by a dilution factor that depends on the store energy with respect the total one



Logo

Goal of the session: 

1. WF analysis with Zernike polynomials decomposition

2. Extraction of the Curvature coefficient

3. Computation of the tau value

All the material is collected at the link
𝑦𝑦 𝑥𝑥 = 𝑎𝑎 ⋅ exp −

𝑥𝑥 − 𝑥𝑥0
𝜏𝜏 + 𝑐𝑐

MATLAB script: 
WF_analysis_Zernike_HANDSON.m
Data folder:
wavefront

plot Time vs Curvature
MATLAB: Curve Fitting
EXCEL

If we have time: 
Gaussian weighted RMS and 
determination of center coordinates

Note del presentatore
Note di presentazione
Maybe you have already seen what is the loss angle first of all for a linear dissipative system it is the inverse of the quality factor at the resonance frequency. High dissipation low Q. Low dissipation high Q. The loss angle is an additive quantity, and any physical system can be composed by many different dissipative mechanisms considering the loss angle the ratio between the dissipated energy wrt the total energy in a cycle, every dissipation mechanism is weighted by a dilution factor that depends on the store energy with respect the total one

https://drive.google.com/drive/folders/1cj6NmMle5jSrDdwykWnDApB8Yc9G8APA?usp=sharing
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Gaussian Weighted RMS Used to quantify the deviation from an ideal wavefront surface

𝑅𝑅𝑅𝑅𝑅𝑅 = 𝜎𝜎𝑔𝑔2 =
∑𝑚𝑚.𝑛𝑛 𝐺𝐺 𝑥𝑥𝑚𝑚,𝑦𝑦𝑚𝑚 ℎ 𝑥𝑥𝑚𝑚,𝑦𝑦𝑚𝑚 − ℎ𝑔𝑔

2

∑𝑚𝑚.𝑛𝑛 𝐺𝐺 𝑥𝑥𝑚𝑚,𝑦𝑦𝑚𝑚

𝐺𝐺 𝑥𝑥𝑚𝑚,𝑦𝑦𝑚𝑚 =
2

𝜋𝜋𝑤𝑤𝑌𝑌𝑌𝑌𝑌𝑌2  𝑒𝑒−2(𝑥𝑥𝑚𝑚2 +𝑦𝑦𝑚𝑚2 )/𝑤𝑤𝑌𝑌𝑌𝑌𝑌𝑌
2

ℎ𝑔𝑔 =
∑𝑚𝑚,𝑛𝑛 𝐺𝐺 𝑥𝑥𝑚𝑚,𝑦𝑦𝑚𝑚  ℎ(𝑥𝑥𝑚𝑚,𝑦𝑦𝑚𝑚) 

∑𝑚𝑚,𝑛𝑛 𝐺𝐺 𝑥𝑥𝑚𝑚,𝑦𝑦𝑚𝑚

Wavefront distortion

ITF normalized beam 
intensity
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