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The LSST camera, which will be the largest digital camera built to date, presents a number of novel challenges. The field of view will be 3.5 degrees in diameter and will be sampled by a 3.2 billion pixel array of sensors to be read-out in under 2 seconds, which leads to demanding
constraints on the sensor architecture and read-out electronics. The camera also incorporates three large refractive lenses, an array of five wide-band large filters mounted on a carousel (six total), and a mechanical shutter. Given the fast optical beam (f/1.2) and tight tolerances for
image quality and throughput specifications, the requirements on the optical design, assembly and alignment, and contamination control of the optical elements and focal plane are crucial. We present an overview of the LSST camera, with an emphasis on models of camera image
quality and throughput performance that are characterized by various analysis packages and design considerations.

o /

e dotew mles | wodsrmmac il | 2o ey | Qverview of LSST Camera Assembly Image Quality Modeling Throughput Analysis
(64cm F) 3.1Gpix
Fest /L2beam, shallow | Tightalignmentand | Platnessisum We model the image quality performance of the LSST optical system with the The system throughput depends on the wavelength-dependent optical properties of every
iate scale 20" mm small pxels, close butting | Pixel size: 10um? method of ray bundles. The field of view is populated with simulated sources from surface. Understanding the effects of nonuniformity, misalignments, deformations, and
Chin shim gam 250 which rays are propagated through the telescope and camera optical elements with contamination is an important goal of the camera model, which will inform engineering,
Fast readout (2s) with low | Highly parallel readout 16 amplifiers/4K CCD . . . A
noise (5 ¢) clectronics ’ r—— geometric optics. Each geometric ray is actually a bundle of rays at many construction, and data analysis. The budgeted throughput change is 0.5 millimag (0.046%)
oy mmated A ot | somaty e i wavelengths, which can, as a group, behave realistically for the wavelength between calibrations.
Seeing-limited image Internal electric field to -I::];:Cr::i(::\clzzebvi:::;W dependent refleCtlon and refraCtlon propertles Of eaCh Optlcal Surface e :r_,é"}”‘.; Fatlesilot = Q410 o E 100 F bﬁdi_‘.niq _ T Saa
quality minimize diffusion silicon (>3 kQ—'cm, -50V) N 5“/ | | n v 'I
(l\yhm.hcw)‘.=(0.U.J25.0;f1124.) ','] 7., =00mm "i 0.01 : H I l/\:. !l',” ,"ﬂ‘“‘-. ,‘,"J"_. “:. :"S 0.01 ". ‘.l'\. M| ']"“:‘.f!’v"r 98.01
; l []‘ \IL".‘*.I_ r\':\z [ 1 u'..% ::C:; {_".’ '. Ll s ML '.A.“A'..“. — 97.01
Focal plane ; “”,_..--._";’i':uH I {ll'w’\?‘hr’d‘ " o '.ln.t-ki)::u.l:‘. HL:LJov | "“;L":"U h i.?:ki:u:r'o:!t, |
O b makadadialk et 'I"u"m P 00 1l F-lleakiTol - 0033 . o0 i F_fleakiTot ’_uw;o . 96.0 1
(fwhm.hew) =(0.0019,0.0025) I e
Utl|lty Trunk—houses t ; - 560 50 600 620 640 660 680 700
N support electronics ;i : [ ': ! Transmittance (%) wvs Wavelength (nm)
-~ and utilities v ? TootE | | R W T Y | : : :
o Z, 0.001 {1 I\ TV 1] oo YR [k Effect on transmittance of r band filter with 0 (black), 5
& = 0.0001 i ST NSNUNNES NN S K (S LI S DU P (ST 1 P N (red) and 10 (blue) nm layer of H,O contamination on
Cryostat—contains focal =_ T avalenath (Rngetros) O either side.
plane & its electronics ~ =, o o & FjleakiTol = 0035 _ . o0 2 Edeed ol = 0589
S ,§ -:;-‘.;L " ; / { . . . .
= = . [1) Effects of contamination due to diffraction and
= 2 e ® ! { & or ] : : . .
B = L 1T ob b bl | absorption (Rayleigh and Mie scattering) and
= T oo N Ea S A Y | change in index of refraction can be simulated
@ 1  oo0, L | |, AL R T || e with TFCalc, a thin film design and analysis
™ . 1000 6000 8000 o¢ 1000 6000 8000 o* . . . . .
2 Vavelength (Angstrom) package including AR (anti-reflection) coatings.
1.65 m _ |
(5°-5”) Filter 245455 -24545  -ds4s 0 s 100 First design of the LSST filters showing the out-of-
L Xy [mml band leaks and threshold objectives.
W L1 Lens L2 Lans Detected focal-plane position of ray bundles from simulated source ‘star’ onto the LSST camera - _
focal plane, for a particular off-axis viewing angle (1.68°) and focal plane piston position (z=0) for a g\lltowable dl?goi’_'t'on :ay?)rot;\éco/kr:ess °f_|t':20 on iCDs AR laver u 8 v i 2 ya
s e iven focal plane area of 15um?2 (one LSST pixel=10um?2). etween calibrations for U. o transmittance change,
Raft Con_trol_ Crate—digitizing s £ J P hm( P hm?) for two different antireflective coatings. One monolayer eonmHfo, ~10069nm |L.11am 10.28nm 1029 nm |034m 041 nm
electronics in copper structure 5 , e of H,0 is 0.25 nm. 110nm HfO, [0.067 nm |0.48nm  |0.23nm  [0.57nm  |5.0nm  |0.94 nm

(-35 °C) — N &
* Y PSF_structure_model_fitting_1.68deg_offax.qdp
1] L) T 1 Ll T T L) l

FEGmE E".d C_rate—front Bod ) ﬂ ) ‘ ) The LSST image simulator incorporates many of the camera and telescope image quality and throughput effects
electronics in copper structur x 9 $2(z) = S2co + S2c2 * (z-S220) + S2c4 * (z-S2z0)’ - - : - :
(-120 °C) < =g ) ) ) . modelled here, and also includes atmospheric effects and simulated fields of view.
é S2El(z) = S2Elcl # (z=S2Elzo) + S2Elc2 # (z—S2E1z0)
Pump plate and S2E2(z) = S2E2¢c] * (z—S2E2z0) + S2E2c2 * (z—S2E2z0)
Raft Sensor Assembly—9 VACHLIM & _ ,
) : ystem S2co = 6.88%e—6 mm . . +Obtical Perturbati &
g;::/) f:fvzurﬁf,’ﬁ:t f:,az;e,}';'th g components — §2z0 =—1.282e-3 mm $2E1z0 =2.122¢-3 mm Optics (Aberratione) Misgli.g.nm:nts gl
(-1 03 °C) 4 (~5°C) E o« §2c2 = 0.1308 S2Elcl = 1.260e—4 mm
P Zz x| S2c4 = 1.045¢—3 mmr2 S2E1c2 = —2.441e—3 )
;g B ’ v ‘
Xt . § S2E2z0 = 2.822e—-3 mm
L3 flange (~5 °C) \ - :ﬁ;# ; S2E2c1 = -3 .898e—4 mm |
Z 2 el
o S2E2c2 = 6.805e—3
L3 lens (~-5 °C) “ 2r .
7 gn “ +Atmosphere
- ‘ !9;
Cryostat housing—vacuum
Predicted LSST system throughput SHVEIORS, SUP PG SlEiure
: (~5 °C) o - _
due to atmosphere, optics, and
detector quantum efficiency Cold Plate—supports and P T S S S—
(colored lines). Dashed lines are _ T — cools Raft Confrzl Crates —us —-u . . S D2
total filter response only. G:;js_o(s;-lpports Rafts Cryo Shroud—shields (-40 °C) FP piston position [mm]
(- ) Grid from radiant heat Crvo Plat . g
1 = _ (-130 °C) cz‘l’s F?o?\t_Es:gF():c:atse:n Image second moment quantities S2, S2E1 and S2E2 plotted against focal plane axial position, for a
R E PR G B A T M e (130 °C) simulated star at 1.68° off-axis viewing angle. The red curve (S2) is simply related to the image size, Both image quality and throughput are highly dependent on CCD QE specifications (Red triangles). Measurements
whereas the magenta and blue curves (S2E1 & S2E2) are measures of instrument-induced ellipticity. of prototype CCDs indicate that specifications can be met. Read noise measurements show optimum output
crald § ‘ The full description is captured in 10 x,y dependent parameters. They are available for each of 6 amplifier voltage at 28-29Volts and the diffusion in the CCD silicon shows that about 35-40 volts is optimum for
N —— Atmosphere wavebands. minimum spot size.
—— Optics : : : : i .
- thector aasellnf flllter culrvestf]sollr:j_%tcglor(fd) and quote_{wtl_al t(r11 %f'ﬁf Broadband QE Read noise < 5 rms e- @ 550kHz
- 06 = baenggzgs (‘(’j":;’fe%r;g ) shift due to nonuniformity in the filter The 10 x,y dependent PSF parameters and the z piston position of any x,y o 6.5
& e : s . . : C e e —e— 09213-10-01
: = L O posmor_\ on the focal plane_ uniquely determlqe the spot size and ellipticity at = = <o e e
Eoald. bl i B i B LY kLY. S oslf that point. We can use this model to determine, for example, the effects on 9 /A AN _
z 5 image quality arising from focal plane non-flatness. S oo / \\ g 55 \
y 0.6 w ‘ =
e i E g 40%%/ \ g 5.0 \\//E
k d ............ .......... \ ............ 50.4 vog ‘ 8 \\‘\/
' I f N\ = 0.2 Focal plane non-flatness contributions to image quality (r band), for three separate model 3 20%/ \ 45
. L k ‘ : _ distributions (left to right: uniform, bimodal & Gaussian). Spot size second moment (S2) ‘
. \ : : ; . : : X o 2 | O | i<} by . 4. " i i . . . . . . . 0 :
T TR R TR R T TR T 0000 200 500 600 700 BOD 900 1000 1100 1200 distribution means (black), medians _(red) and 90% levels (blue) are_plotted _agalnst the width ool L 40
Wavelength (nm) Wavelength (nm) parameters (w) in each case. Irreducible contributions from the optical design are seen near w=0, WavSISRgth; A 25 26 27 28 29 30 31
and correspond to approximately 0.100” FWHM. Flatness 3.5um p-v PSF < 5um Vop (V)
. twod._structure_functions_Rband tnt_statpars_Uniform qdp . . . twod._structure_functions_Rband in_statpars_Bimodal qdp . . . K_wo _structure_functions_Rband.tnt_statpars_Gaussian. | A 15 ——model 100um
X R % 20 . 50 A VKE 106-05
— A 90thp 1 5 | g-
- 32 E ~ 15
§E ¢ £E g
Z5 £ 0.
ég % ——————— 0.150" FWHM é;; 10 | & A A
E a s —————h 4 4
-20 |
i o % 10 20 30 40 50 60 70

n n 1 " " 1 " 1 L 1 ! -
0 0.01 0.02 0.03 0.04 flatness (z distribution width parameter w) [mm] flatness (z distribution width parameter w) [mm] "30 g
flatness (z distribution width parameter w) [mm]

Vo, -V
Uniform - f(z)=C (-w/2<z<w/2) bimodal - f(z)=0 (|z|-w/2) Gaussian - f(z)=exp(-0.5*(z/w)?) o
=0 elsewhere

Ah

> ‘ l _

— Ze <! LSST is a public-private partnership. Design and development activity is supported in part by the National Science Foundation. Additional funding comes
I = \‘ from private gifts, grants to universities, and in-kind support at Department of Energy laboratories and other LSSTC Institutional Members.
i~ - ’:::‘ January 2012



