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Outline

We aim to characterize the uncertainty of slope measurements obtained by the Alba-NOM,
contributed by stochastic effects and systematic errors:

1. The bench
a. Motion metrology
b. Raytracing of the guidance induced error

c. Vibrations, noise and stability

2. The optics

a. Calibration wusing redundant-independent
datasets.

b.  Optimization of the iris aperture.

3. One application

a. surface correction using few point forces

b. Exsitu vs Insitu
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Motion performance

The use of a differential interferometer allows an accurate characterization of the
motion performance of the bench

o

Amplitude (um)
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o

time (s)

Resolution (linear) 1nm
Resolution (angular) 41 nrad
Maximum sampling rate 5 kHz
Noise level ~0.1 nm RMS
Accuracy (linear) +0.7p.p.m
Linearity (angular) +0.5 prad
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Motion performance

The use of a differential interferometer allows an accurate characterization of the
motion performance of the bench

Backlash Accuracy = Repeatability Resolution
Position 100 nm 3.5um 77 nm 20 nm
Resolution, a 40 nm step Positioning error

Y position error (um)
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Raytracing

Double pass raytracing of the scanning

pentaprism is used to determine the influence of
guidance error on the measurement
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Total - 17 nrad
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Roll - 0 nrad

Pitch - 2 nrad
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Straightness - 0 nrad

Contribution of the guidance error to the LTP error

Flatness -
Position -

200

150
100

(pedu) Joss Buioen

>,
O
©
-
S
O
O
S
Q
O
=
©
>,
=
O




,
|
”
I ,
L ” W
m e ——— | |
| o | |
” - o |
0 ” e ” o ” W
0 I ” \J,r\\\m , ”
™~ T | ” — | ” !
& Ty ” | “re-eooae
N/ .. o | | | -——-
_ ” ” ‘ﬂ#‘ﬂm S m | o
| ! | o ! o
o [T | o ol | &
o ” Tao | ! =) RS -
” I S ” ™~ I T
S 8% N -
- ! 8 e & , S
R T | | L ! o
g | , E =
_ e
2 m”mm - | s = | o
S nat 83 S - .
s S 18 8 =
Q e m - ca S| . 8 £
+ d,:ﬁ_unn_u i I ” m d, \\\\\ L,\\\ (m\
S gig £ o 3 35 8 8 - =
Q EIE S ” 18 2 Z=E = o =
lown 8 ! N~ S 0
38% | m 2 “1_‘@‘1& 8 8
X Q mru ! | o d”.ﬁ_u.m‘z o
oo NN [ Lo
pUL IR o o | SE c g
w, w ccA I , - O (D] o = e o
! | | « Q. py o
S o 51288 S
Q o I | N ]
N o o ! _,101,
— , __,_ + !
o | ”h ¥ +
S S o m”dwkﬂl o
Agw\_r_v 10l ! N L= o0 m
L@DC_O.@ 1 o !
1oel) S S
N o
-
o
m W , AU.@;CVLOCO@
> o e
c L ” ”
\4\\\\, |
” ,T‘L ! ,
S - o= — T
N o g 3 o | ,
L___/ | ! — L | | | | !
,\\\\,\ ! L - =t - = | | | !
- o S - ”
” ” ” o n ” ” ,\\\4,\\\\ ”
& A g . 8
%) I | | s B | | | | | S
c Q lm | ey I [ [ ! =
S . 3 R ”
a Q | | I it o ” ” ”\\\\”\\\\ |
! ! ! o P | | | | ! o
h | | | o] | | | | -
| | I o E | | | Q
p\\\\L\\ I I © = _ {\\\\” | I I ! n1U_
- -+ | - -
o HEE - EL[TTTT N
S | | | _____
O w2z 28 B8 A s
QL ! = ! o W0 QL | | | | | e —
- e M, © O | | | | | Q m
~ T o Dn o o h - | | | | [e0]
& S E g7 S | S | £
a | P
..,_U Do £ m” “n 0,5 m | | S | 5
™! N~ I | o o M, M S S, | — == o e
D ™! i Avo [ o o' M | | | --4 O —
d R m 3, < n L = ,R R M, | [ O %
£ EE-E ol BE o | o
. = g S & Aaw‘dr | |
= _._o, ol =3 i QL clc E o] B !
-3 RTINS s B Sl £ < | .18
,R Du 1! m — 1,6 A,O ' | | --4 0O
S d SIS D s
Ln o ! , = \\m\ | | I
N m _L‘OU o O”O O\ \”\\\\” ”
— o 5,,ﬂ|_u o o! 4 |
— I ~ Q! I I
o @' D__n 1 Tl I ”\\\\m
(pesu) 1o LEE . TR
LLGDC—O 5 O L | | |
o % 8 8 8 ” ”
— o o ,
— o) o nw o
(peuu) L S
101
Ja Buioesn 0




T T T
| | |
| | |
AWM N s e F— {48
s | e
| | |
) ” ” ”
QS ! ” | =
| | |
(a'ey ” ” ”
| | |
| | | o ~
_r It i N (£ i R At I~ m
| | |
m ” ” ” =
. | | | S
| N .18 .w
g O — 5 T O ” © g
T T © O © © © |
0 = 8 e ,
.S n,n o= ,n | |
n | N~ | M~ A © |
p E_/V,Rﬂ.o — o - M © | m
—rRerRI === -=-- F=-—=1—- (il ” 2 4 / St - =
e Ut ! I | <
S|esEs 2 EEE |
m,m T | = | |
n c'e e E & S m, I
() o O 10 39 o
Q. -2-o-&4 - Cr-3-Bfy--—---- —-----7--19
rO.,n/_ oo [ O | | N
o o ¥ ¥ T S | |
___Am___ i LINPIRNTRNTE, | |
S,SASA e | |
o o o o o o °
S 8 = S g
(peuu) Jous Buioen (peuu) Jous Buioen
T T T
” ” ”
| | |
| | | T
” ” ” 8 )
| e Sl el R Bl v | o Al el S| 2
y o 8§ 3
O A S
| | |
| | | O
S A g S
1 T | O ® —
. - ” ” ” — 2
o %
- o o~ -
O R R REER T > RREh i SE | o | :
- ! ! ! c e | | | | m
U o Y | o | =
| | | o = A
m'\lL,ll,fll” “““ 8 8 < I | I | 8
, , , a p | | | | o
M) o 22 e v | |
¥ S g = > S S 5 = | |
e c X 5 X @ o ._m ) o @ o ” ” o
U oi& o g = TR ] A CT =
= < m, m © m, I | <
O EIRREE o ZEEE ﬁ
S Dl QL P ” ”
— © —
c = ogid o o s | 9¢ m o | o
Ql e s £ NW o N [ g === . . &
S I3 Q o o o ! ! N
e o 9 oo o O , ,
O” o O 0” N« N L I I
d rRIRTHR Tt U TR DR ” ”
. X' o ¢ o r'o ¢ o | |
I L | | | | 0
| | | O
o o o o o o o o
o o o o o
= g 8 2 8 S SR TS
G (peiu) Jous Buroes (peuu) Jous Buioen



Vibrations on top of the NOM

Although the amplitude of the vibration in the ground is 50 nm RMS, the
measurement on top of the NOM is 13 nrad RMS
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Redundant-independent datasets

The use of redundant-independent measurements of a mirror allows to estimate
the slope error and the linearity error of the instrument

The resolution of the surface is limited
« Validity of the error model - short mirrors vs long mirrors
 Noise of each measurement

 Number of measurements
Simulation: accuracy dependence on

Simulation: accuracy dependence on noise number of datasets
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F. Polack, et al, Nucl. Instrum. Meth. Phys. Res. A 616 (2010) 207
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Redundant-independent datasets

A 100 mm, R=75 m sphere has been used to cover 12 mrad range of the NOM.
Each reconstruction is based on 54 scans

Residual aberration + periodic subpixel interpolation error found for two different
roll positions of the pentaprism.

best fit surface slope instrument angle error
Ve R — o roll A 10— A —— E— A IR
‘ < rollB ‘ ‘ j j ‘
e o S ROGhE TR
= g 1 Al
8 = H I A I \Aw | \
= <o ] A Y A LA, | P P :
; 20 Y ol j
Q fW ! A
% 9 41 i H" | :
2 : :
] | I
Br : 777777777 : 777777777777777777
roll A
: $ : : : : roll B
_10 | _10 | | | | I T
-50 0 50 -6 -4 -2 0 2 4 6
position (mm) angle (mrad)

w




Measurements of the same mirror, using different iris apertures, all compared with
a reference measurement at 3 mm iris

Error Contribution R =20 m
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Systematic error?
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* For small apertures uncertainty is limited by noise and repeatability

* For larger apertures, the error increases, mainly, due to the loss of lateral resolution

w




Slope error optimization

For whatever correction technique, accuracy of metrology is a limit to the
achievable slope error
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Conclusions

Positioning error correction (LUT) and accurate pentaprism
allow reducing the bench induced error to the few
nanoradian

tracing error (nrad)

The usage of redundant-independent datasets allow an
accurate modeling of the optics induced error.

Using them, also allows reducing the iris aperture, to
Increase spatial resolution preserving accuracy.

The measurements provided by the NOM are accurate
enough to optimize the mirror figure to nanometer accuracy
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