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HET Image quality error budget & Other requirements

Current knowledge of WFC mirror prescription & alignment state

Prediction of the HET on-sky image quality & other requirements

Summary
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ARIZONA@ HET Image Quality Budget

TUCSON ARIZONA in EE50 [a rCSQC] mfgg?:l'g gl?f:xa:?rx
Radial Field Position
Contribution
0 arcmin 2.7 arcmin 5.4 arcmin 8.1 arcmin 11.0 arcmin
WFC Nominal design 0.10 0.09 0.07 0.13 0.24
WFC Mirror prescription 0.10 0.09 0.07 0.08 0.12
WFC Alignment 0.02 0.02 0.08 0.11 0.11
WFC assembly 0.00 0.01 0.02 0.03 0.03
Mirror polishing/figuring 0.06 0.07 0.07 0.07 0.04
WFC Thermal effect 0.10 0.10 0.10 0.10 0.10
WFC internal mirror motion 0.00 0.00 0.02 0.01 0.03
WFC Windows / ADC 0.03 0.03 0.05 0.07 0.08
HET M1 0.45 0.45 0.45 0.45 0.45
HET Tracking error 0.34 0.34 0.35 0.36 0.36
HET Facility 0.2 0.2 0.2 0.2 0.2
HET Seeing 1.0 1.0 1.0 1.0 1.0
RSS 1.18 1.18 1.18 1.20 1.22
RSS without seeing 0.62 0.62 0.62 0.66 0.69

HET Specification




ARIZONA.  HET on-sky performance prediction %

TUCSON ARIZONA McDonald Observatory

WFC Nominal design

WFC Mirror prescription

WFC Alignment

These first three contributions are modeled in Zemax based on the current
knowledge of

- The WFC mirror prescriptions

- The WFC alignment state due to the 6 possible cases from the conjugate test

The rest of the contributions are summed to
the first three in RSS.

Then, the resultant EE50 across field has been compared to the HET
specification.
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TUCSON ARIZONA List of other requirements McDonald Observatory
Metric Requirement Expectation PASS/FAIL Unit

Effective focal

36450 — 36550 mm
length

Focal ratio* 3.645 — 3.655 --

Max. marginal

7.863 — 7.884 degrees
ray angle ;
Max. telecentric 0.0 — 0.01 degrees
angle
Max. distortion 0.0 -1 %
Un-vignetted > 80 on-axis

(0]
portion of beam | > 64 at edge %

* Focal ratio is the paraxial focal ratio given by EFL / 10m pupil at on-axis.
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Paramet

M4

Current knowledge of WFC
Mirror Prescription

M5

M2

M3
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ACP

er

Radius of
Curvature
(*¥20)
[mm]

376.604
(0.045)

742.343 (0.040)

2620.719 (0.05)

2032.675 (0.05)

Conic
constant
(*¥20)

-2.09847
(0.0004)

-0.2672 (0.00006)

0.6628 (0.0007)

-7.7137 (0.0008)

A2 [mm/
mm*2]

-7.7179%x10¢

A4 [mm/
mm#~4]

-6.5514x10-"

A6 [mm/
mm*6]

1.5875%x10-1°

-8.2493%x10-17

A8 [mm/
mm~8]

6.4401x1026

8.4345x10-23

A10 [mm/
mm#*10]

-3.8661x10-2°
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TUCSON ARIZONA . McDonald Observatory
AI Ignment THE UNIVERSITY OF TEXAS AT AUSTIN
M2 M3
DX/
Ry DZ DX R« Ry DZ DY ';’;’ pz 2V RR’;’ 74
(£20) (+20) (£20) (t20) (£20) (:20) (£20) Gl (#20) oo ol (220)
[prad]  [um]  [um] prad] [rad] [um] [m] SSRGS SR fum]
(|79 17 | 95 | 201 -188.1 | 18.1 | 19.4 | 1275 |
27.40 | 26.80 | 54.80 | 55.30 48.80 | 48.20 | 68.80 | 68.50 |
o | 134 | 26 | 26 | 1749 223 | 49 | 29.2 | -143 ]
62 | 64 | 546 | 542 162 | 158 | 524 | 524 ]
02 | -7.7 | 97.9 | -841 135 | 79 | 95 | -66.8 ] n
3 1 - within
62 | 64 | 533 | 535 | o0 | 162 | 158 | 524 | 523 | 3.0 ! within ;’;‘2‘;‘)’; 6.0 | within | (833 | 0.0
4| 29 | 77 |-1004| -136 (16.7) | 12.7 | 81 | 9.1 | -77.3 | (16.7) 1 (256) | 5550 | (167) | (256) | (23317 | (167)
1
62 | 64 | 546 | 545 162 | 158 | 525 | 52.3 i
1
5| 492 | 232 | 678 | 584 -55.7 | -23.6 | -12.1 | 28.8 !
1
263 | 255 | 54 | 54.3 464 | 455 | 677 | 675 !
1
6| 59 | 54 | 559 | 301 173 | 6.6 | 18.2 | -435 i
6.1 63 | 514 | 51.2 162 | 158 | 523 | 522 !

1. Uncertainty in knowing the absolute values of Rx/Ry of M2/M3.
2: Uncertainty in knowing the relative value of Rx/Ry between M2 and M3.
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6 scans across azimuth
9 field point along one scan

22 arcmin = (232mm) 9
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As-designed WFC spot diagram

Circle diameter = 1 arcsecond
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OBJ: -0.1283, 0.0000 (deg)

Focallhsurfbeb6, 0.000 mm

O0BJ: 0.0000, 0.0000 (deq)

OBJ: 0.0000, 0.1283 (deq)

/
/

177.00

IMA: 0.000, 0.000 mm
OBJ: 0.0000, 0.1833 (deq)

IMA: 0.000, 116.309 mm IMA: -0.000, -116.309 mm

OBJ: 0.1833, 0.0000 (deqg)

IMA: 116.309, -0.000 mm

O0BJ: 0.0000, -0.1283 (deg)

IMA: -0.000, -81.646 mm

OBJ: 0.1283, 0.0000 (deg)

IMA: 81.646, -0.000 mm
0BJ: -0.1833, 0.0000 (deq)

MA: -116.309, 0.000 mm

10
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Case #1
(Expected HET EE50 diameter)
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M4/M5 Specification Terms used
DY Rx Ry DX DY Rx Ry
(#20)  (¥20) (¥20) (¥20) (¥20) (#20)  (+20) @deez) CRV
[um] [urad]  [urad] [um] [um] [urad]  [urad] :
R 70.2 -19.8 | -114.4 | -156.6
E 20 20 80 80
L 56.0 55.1 88.0 88.0 X O O
S -153 8.2 -37.8 49.2
Y 50 50 56.7 56.7
S 56.0 55.1 88.0 88.0
o | | | II-IorizonItaI FieldI scan ((I:ase #1|) | | o | all Field ?can (C?se #1) | | |
X scan Y scan
—90.0% limit =—90.0% limit
— — Spec — — Spec.
1.75+ - 1.75+

EE50 [arcsec]
&
T

125

1
EE50 [arcsec]
&
T

41 125f

Field [arcmin]

Field [arcmin]
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Y-Field [arcmin]

//
Case #1

. McDonald Observatory
(Expected HET EE50 dlameter) THE UNIVERSITY OF TEXAS AT AUSTIN
EES50 (Case #1) ies
10+ 7
41.6
8L
41.55
6+
1.5
4L
ol 1.45
0 1.4
2L 1.35
-4 L
1.3
-6 L
1.25
-8 F
1.2
-10 L
1.15

-10 -8 6 -4 -2 0 2 4 6 8 10
X-Field [arcmin]

12



THE UNIVERSITY OF

ARIZONA.

TUCSON ARIZONA

OBJ: 0.0000, 0.0000 (deg)

IMA: 0.001, -0.001 mm

OBJ: 0.0000, 0.1833 (deq)

Surface IMA: FocalPsurfiec&82, -0.000 mm

—
//
Case #1 - 496 McDonald Observat
(Spot diagram) iy rpre.

OBJ: 0.0000, 0.1283 (deg) OBJ:Q; 18, -0.1283 (deq) +  0.3500
Rl T 0.3940

s 0.4620

x 1.0000

IMA: -0.001, 81.671 mm IMA: -0.001, w?a m

OBJ: 0.0000, -0.1833 (deg) OBJ: 0.1283, 0.0000 (deq)
2]

A (g
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Case #2
(Expected HET EE50 diameter)
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M4/M5 Specification Terms used
DY Rx Ry DX DY Rx Ry
(#20)  (¥20) (¥20) (¥20) (#20) (#20) (¢20) COM Qos_d?) @deez) CRV
[um]  [urad] [wrad]  [um]  [um] [urad] [urad] : :
R | -35.7 -7.5 -31.8 189.2
E 20 20 80 80
L 17.3 17.0 75.7 75.4 O X O X O O
S 4.45 1.15 13.3 80.3
Y 50 50 56.7 56.7
S 17.3 17.0 75.7 75.4
o Horizontal Field scan (Case #2) o Vertical Field scan (Case #2)
X scan Y scan
—90.0% limit =—90.0% limit
— — Spec — — Spec.
1.75+ - 1.75+
§ 1.5+ _ § 15
125 1 125t Tt ~ol ,,”/
~~~~~~~~~~ /
"o 8 © 4 2 o0 2 4 e 10 ' 10 8 © 4 =2 0 2 4 6 & 10
Field [arcmin]

Field [arcmin]
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TUCSON ARIZONA

Y-Field [arcmin]

10k

Case #2
(Expected HET EE50 diameter)

EE50 (Case #2)

10+

-0 8 6 -4 -2 0 2 4 6 8§ 10
X-Field [arcmin]

— 1.65

411.6

41.55

41.5

1.45

1.4

1.35

1.3

1.25

1.2

=

McDonald Observatory

THE UNIVERSITY OF TEXAS AT AUSTIN
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TUCSON ARIZONA McDonald Observatory

(Spot diagram) TAE UNIVERSITY OF T0XAS AT AUSTIN

O0BJ: 0.0000, 0.0000 (deq) 0BJ: 0.0000, 0.1283 (deq) OBJ: 0. Oﬂﬁﬂ Wﬁ &3 Qdeg) + 0.3500
- ﬂw M i

s 0.4620
= w 1.0000
—

IMA: -0.001, 0.000 mm IMA: 0.001, 81.687 mm
0BJ: 0.0000, 0.1833 (deg) OBJ: 0.0000, -0.1833 (dqu

<m*a,;—’ A

IMA: 0.002, 116.361 m Iih~,§*ﬁgog, ﬁqa 338 m
tl
0BJ: -0.1283, 0.0000 (deg) 0BJ; ﬂ@@? 0.0000 (deg)

Surface IMA: FocalAurfiked’l, 0.001 mm *+*fBA; ii% 370, 0.002 mm
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Case #3
(Expected HET EE50 diameter)
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M4/M5 Specification Terms used
DY Rx Ry DX DY Rx Ry
(£20)  (#20) (¢20) (¥20) (#20) (#20) (+20) COM g\OSdTe 1) @dee% CRV
[um]  [prad] [wrad]  [um]  [um]  [prad]  [urad] : :

R | -13.3 -15.6 | 1074 | -17.3

E 20 20 80 80

L 17.3 17.0 74.7 74.8 O O X O O

S 6.85 0.1 -44.2 | -75.45

Y 50 50 56.7 56.7

S 17.3 17.0 74.7 74.8

o | | | II-IorizonItaI FieldI scan ((I:ase #3I) | | o | | | | Verticall Field ?can (C?se #3) | | |

X scan Y scan
——90.0% limit ——90.0% limit
— — Spec — — Spec.
1.75+ = 1.75+
§ 1.5+ _ § 15
125 IR _ | = 1 125t
__________ /
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
10 -8 -6 4 0 4 8 10 -10 8 6 -4 6 8 10
Field [arcmin]

Field [arcmin]
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Y-Field [arcmin]

-10 L

Case #3
(Expected HET EE50 diameter)

EES0 (Case #3)

10+

-0 8 6 -4 -2 0 2 4 6 8§ 10
X-Field [arcmin]

— 1.65

411.6

41.55

415

1.45

1.4

1.35

1.3

1.25

1.2

=

McDonald Observatory

THE UNIVERSITY OF TEXAS AT AUSTIN
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TUCSON ARIZONA McDonald Observatory

(Spot diagram) FHE UNIVERSITY OF TERKS AT AUSTIN

0BJ: 0.0000, 0.0000 (deg) 0BJ: 0.0000, 0.1283 (deg) OBJ: 0.0000, -0.1283 (deg) +  0.3500
T AFTNE ).394C

s 0.4620
e W 1.0000
—

IMA: -0.000, -0.000 mm IMA: 0.000, 81.649 mm IMA: 0.000, -81.643 mm

OBJ: 0.0000, 0.1833 (deg) OBJ: 0.0000, -0.1833 (degq) OBJ: 0.1283, 0.0000 (deg)

IMA: 0.000, 116.307 mm IMA: 81.648, 0.000 mm

OBJ: -0.1283, 0.0000 (deg) OBJ: -0.1833, 0.0000 (deq)

Surface IMA: Focalurfikesd3, 0.000 mn IMA: 116.306, 0.001 m IMA: -116.296, 0.001 m
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(Expected HET EE50 diameter) THE UNIVERSITY OF TEXAS AT AUSTIN

M4/M5 Specification Terms used
DY Rx Ry DX DY Rx Ry
(£20)  (#20) (¢20) (¥20) (#20) (#20) (+20) COM g\OSdTe 1) @dee% CRV
[um]  [wrad] [wrad]  [um]  [um]  [wrad] [urad] : :
R -8.8 -15.8 | -109.5 | -58.7
E 20 20 80 80
L 17.3 17.0 75.7 75.5 O O X X
S 7.3 0.2 -45.65 | -106.65
Y 50 50 56.7 56.7
S 17.3 17.0 75.7 75.5
o Horizontal Field scan (Case #4) o Vertical Field scan (Case #4)
X scan Y scan
——90.0% limit ——90.0% limit
— — Spec — — Spec.
1.75 = 1.75+
g 1.5 E g 1.5+

1.25

Field [arcmin]

125

Field [arcmin]
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Y-Field [arcmin]

-10 L

Case #4
(Expected HET EE50 diameter)

EES0 (Case #4)

10+

-0 8 6 -4 -2 0 2 4 6 8§ 10
X-Field [arcmin]

— 1.65

411.6

41.55

415

1.45

1.4

1.35

1.3

1.25

1.2

=
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THE UNIVERSITY OF TEXAS AT AUSTIN
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TUCSON ARIZONA McDonald Observatory

(Spot diagram) TAE UNIVERSITY OF T0XAS AT AUSTIN

OBJ: 0.0000, 0.0000 (deg) 0BJ: 0.0000, 0.1283 (deq) + 0.3500
e 0.4620
% .
— w 1.0000
—if |
i 7 ;.ﬁﬁ_‘
: w’ﬂf’ﬂ‘é?‘% i
Mﬁf{‘: H
-~ UL A
IMA: -0.001, -0.001 mm IMA: O.JOOfﬁgl.%88 m IMA: 0.000, -81.687 mm
OBJ: 0.0000, 0.1833 (deqg) 0BJ: 0.0000, -0.1833 (deq) OBJ: 0.1283, 0.0000 (deg)
b

IMA: 0.001, 116.359 mm IMA: 81.691, -0.001 mm

OBJ: -0.1283, 0.0000 (deg) OBJ: -0.1833, 0.0000 (deg)

Surface IMA: FocaMAsurfie683, -0.001 m IMA: 116.366, -0.001 mm IMA: -116.349, -0.001 mm



THE UNIVERSITY OF — /
—

Tucslc% 8(!:\]A" Case #5 McDonald Observatory
(Expected HET EE50 diameter) THE UNIVERSITY OF TEXAS AT AUSTIN

M4/M5 Specification Terms used
DY Rx Ry DX DY Rx Ry
(#20)  (¥20) (¥20) (¥20) (#20) (#20) (¢20) COM QOSdTe 1) @deez) CRV
[um]  [wrad] [wrad]  [um]  [um]  [wrad] [urad] : :
R 6.5 04 -55.7 29.6
E 20 20 80 80
L 53.3 52.2 86.6 86.6 O O O O O O
S | -52.45 | -23.4 | -39.95 | 43.6
Y 50 50 56.7 56.7
S 53.3 52.2 86.6 86.6
o Horizontal Field scan (Case #5) o Vertical Field scan (Case #5)
X scan Y scan
——90.0% limit ——90.0% limit
— — Spec — — Spec.
1.75+ = 1.75+

EE50 [arcsec]
&
T
1
EE50 [arcsec]
&
T

~
~ -
NNN —" =~ -
125+ ~ o - 1 1.25 S~ - N
~ - ~ -
-~ - -~ -
____________

Field [arcmin] Field [arcmin]
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Y-Field [arcmin]

-10 L

Case #5
(Expected HET EE50 diameter)

EES0 (Case #5)

10+

-0 8 6 -4 -2 0 2 4 6 8§ 10
X-Field [arcmin]

— 1.65

411.6

41.55

415

1.45

1.4

1.35

1.3

1.25

1.2

=

McDonald Observatory

THE UNIVERSITY OF TEXAS AT AUSTIN
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TUCSON ARIZONA McDonald Observatory

(Spot diagram) FHE UNIVERSITY OF TERKS AT AUSTIN

OBJ: 0.0000, 0.0000 (deq) OBJ: 0.0000, 0.1283 (deg) OBJ: O.QQUﬂ,N;D.;283 (deg) + 0.3500
= o

b b

= 0.4620

177.00

w 1.0000

Ty

- ]
;%4 &) ,;31 g

2}

IMA: 0.000, -0.000 mm IMA: -0.001, 81.671 nm IMA: -0.001, -81.665 mm

OBJ: 0.0000, 0.1833 (deq) OBJ: 0.0000, -0.1833 (deg) OBJ: 0.1283, 0.0000 (deq)

"y fm EI,!"J
IMA: -0.002, 116.338 mm IMA: -0.00¢; 216,325 m IMA: 81.665, 0.000 mm
[8*1 B B
OBJ: -0.1283, 0.0000 (deq) OBJ: 0.1833, 0.0000 (deq) OBJ: -0.1833, 0.0000 (deq)

Surface IMA: FocalMAurfikes7l, 0.000 m IMA: 116.325, 0.000 mm IMA: -116.338, 0.000 mm
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M4/M5 Specification Terms used
DY Rx Ry DX DY Rx Ry
(#20)  (¥20) (¥20) (¥20) (#20) (#20) (¢20) COM QOSdTe 1) @deez) CRV
[um]  [wrad] [wrad]  [um]  [um]  [wrad] [urad] : :
R | -23.2 -12 -74.1 73.6
E 20 20 80 80
L 17.3 17.0 73.3 73.1 O
S 5.7 0.6 -18.85 -6.7
Y 50 50 56.7 56.7
S 17.3 17.0 73.3 73.1
o Horizontal Field scan (Case #6) o Vertical Field scan (Case #6)
X scan Y scan
——90.0% limit ——90.0% limit
— — Spec — — Spec.
1.75+ = 1.75+

EE50 [arcsec]
&
T

125

EE50 [arcsec]
&
T

125

Field [arcmin] Field [arcmin]
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Y-Field [arcmin]

10k

Case #6
(Expected HET EE50 diameter)

EE50 (Case #6)

10+

-0 8 6 -4 -2 0 2 4 6 8§ 10
X-Field [arcmin]

— 1.65

41.6

41.55

415

1.45

1.4

1.35

1.3

1.25

1.2

=

McDonald Observatory

THE UNIVERSITY OF TEXAS AT AUSTIN
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TUCSON ARIZONA McDonald Observatory

(Spot diagram) TAE UNIVERSITY OF T0XAS AT AUSTIN

OBJ: 0.0000, 0.0000 (deg) OBJ: 0.0000, 0.1283 (deqg) 0BJ: 0.0Q@0:ﬁ76u12%3 (deq) + 0.3500
M i . 7 7

s 0.4620

=]
12}
PR m M by
b B iR,
PP e

w 1.0000

177.00

IMA: 0.000, -0.000 mm IMA: 0.001, 81.672 mm IMA: 0.001, -81.664 mm

OBJ: 0.0000, 0.1833 (deg) OBJ: 0.0000, -0.1833 (deq) OBJ: 0.1283, 0.0000 (deg)

2 ~ 1?— ST
IMA: 0.001, 116.340 mm IMA:M%@-D&:N“TJ'IG.324 m IMA: 81.674, 0.000 m
: %

OBJ: -0.1283, 0.0000 (deg) OBJ: -0.1833, 0.0000 (deg)

Surface IMA: Focaﬂh’i&hr‘f&ké&’i, 0.000 rm IMA: 116.343, 0.001 rm
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Y-Field [arcmin]

Y-Field [arcmin]

-10

-10

TUCSON ARIZONA

EE50 (Case #1)

L N L 2 2 L

-0 8 6 4 -2 0 2
X-Field [arcmin]

EE50 (Case #4)

L N L 2 2 L

-0 8 6 4 -2 0 2
X-Field [arcmin]

Y-Field [arcmin]

Y-Field [arcmin]

'S

N

o

o

A

All cases

EE50 (Case #2)

-6

4

-2

0 2
X-Field [arcmin]

EES50 (Case #5)

At

-2

0 2
X-Field [arcmin]

10

Y-Field [arcmin]

Y-Field [arcmin]

=
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EES50 (Case #3)

-10

-8

-6

4

-2

0 2
X-Field [arcmin]

EES50 (Case #6)

-10

-8

-6

4

-2

0 2
X-Field [arcmin]

1.15

1.65
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Other requirements

(for all cases)

Metric

Requirement

Expectation PASS/FAIL Unit

Effective focal

36450 — 36550

36492 — 36530

PASS

=

McDonald Observatory

THE UNIVERSITY OF TEXAS AT AUSTIN

mm

length
Focal ratio* 3.645 — 3.655 3.649 — 3.653 PASS --
Max. marginal | 7 a63_ 7 g4 7.780 — 7.791 ACCEPTABLE | degrees
ray angle
Max. telecentric | 4 5 _ g o 0.0032 — 0.0048 PASS degrees
angle
Max. distortion 0.0-1 <0.585 PASS %
Un-vignetted > 80 on-axis > 80 on-axis o
portion of beam > 64 at edge > 64 at edge PASS %

* Focal ratio is the paraxial focal ratio given by EFL / 10m pupil at on-axis.

30
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« 5 out of 6 possibilities are within the specification. S
— Laser tracker / Center reference data favor other cases againt Case 1.
— Case 1 would require substantial amount of focal surface tilt to compensate
the image quality.
* However, this would result in the WFC system that severely violates
the telecentric angle requirements.

» Astigmatism remains unchanged after FPA tilt, resulting in elongated /
asymmetric PSF shape - Guiding issue (to be addressed in the next
presentation).

« Other requirements appear to meet the specifications.

— These requirements are fundamentally dependent on the WFC system
prescriptions (mirror prescriptions + axial positions).

— Lateral misalignment (decenter / tilt) has negligible influence on these
parameters.

« On-sky image quality verification & compensation plan is presented in
the next. 31



