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All presented materials are ITAR-cleared.
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® (1) Update on the James Webb Space Telescope (JWST), 2015.
e (2) JWST-SPHEREx Synergy: Ground-Truth Calibration

e (3) JWST-SPHEREx Synergy: Rare & Red (Dusty) Objects for JWST
Rare and Red: (Dusty) z~2-7 QSOs.

® (4) Summary and Conclusions

e (5) First Light with JWST on lensing z50.5 clusters: SPHEREx Synergy

Sponsored by NASA/HST & JWST
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Talk is on: http://www.asu.edu/clas/hst/www/jwst/jwsttalks/spherexl6_jwstsynergies.pdf|



 http://www.asu.edu/clas/hst/www/jwst/jwsttalks/spherex16_jwstsynergies.pdf

JWST primary

mirror
Hubble primary
mirror
3 f":
{0
P e e——
- : a . 010



THE JAMES WEBB SPACE TELESCOPE
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JWST = 25 M*; HUBBLE = 4.5 M® ; SPITZER = 0.6 M*
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e JWST is the perfect near-mid-IR sequel to HST and

Area: ~JWST/30%; Q: > JW x 10%; Cost: ~ JW /48.



(1) Update of the James Webb Space Telescope as of 2016.

e A fully deployable 6.5 meter (25 m2) segmented IR telescope for imaging
and spectroscopy at 0.6-28 pm wavelength, to be launched in Fall 2018.

® Nested array of sun-shields to keep its ambient temperature at 40 K,
allowing faint imaging (AB=31.5 mag) and spectroscopy.
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(1) JWST hardware to date, and how to best use it for high redshift lensing.

[RIGHT]: Nov. 2014: First JWST mirrors mounted onto support structure,
using Engineering Demos — 18 Flight mirrors mounted by Feb. 2016.

e SPHEREXx can measure this for JWST lensing studies of First Light objects.
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Much progress has been made in OTE integqﬁi‘gﬁ

James Webb Space Telescope

Primary Mirror Assembly Scoreboard 3

& | Where we were at last month’s call

Current: all 18
PMSAs installed,
liquid-shim-cured, &
metrologized. Align-
ments meet specifi-
cations, and actuator
motions verified e | == [ /A
Big milestone! NEdaR - B = e T dl . / 'S

8 February 2016 JWST Monthly Telecon 8

JWST lifetime: Requirement: 5 yrs; Goal: 10 yrs.
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Flight ISIM with all 4 instruments: CryoVac Test 3: Oct. 2015-Feb. 2016.



* TELESCOPE ARCHITECTURE;
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Secondary Mirror Mount
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18) Primary Mirror Segment
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OTIS Test GSE Architecture and Subsystems

nter of Curvatur ical Assembl A

* Multiwavelength interferometer (MWIF), null, calibration
equipment, coarse/fine PM phasing tools, Displacement
Measuring Interferometer - COCOA was exercised at
MSFC in December

_Chamber Isolator Units
Dynamically isolates OTIS Optical Test
- Integration 6 units complete

Photogrammetry System
Integration Complete

F Structural Frame - supports Metrology
ready for chamber integration and Cryo Load tests

B Auto collimating Flat Mirrors (ACFs)

.5M Plano for Pass and Half Testing

Cryo testing underway, ACF 1 complete, ACF 4 in
Cryo test complete , ACF 5 ready for Cryo.

S N

. AOS Source Plate
A © Sources for Pass and Half Test

/ 72 optical fiber support cont.

ADM - new Leica {
delivered and under \
test

Space Vehicle Thermal Simulator

(SVTS) Mag Damper Cryo
and Sunshield Simulator Test
Article

Passed design review and started

Procurements and fab subcontratcs Fabrication started

HOSS - will be in the chamber for Bake out in June Thermal modeling of payload and DSERS

started b

World's largest TV chamber OTIS: Will test whole JWST in 2017.




Pathfinder & JSC Chamber A: getting readyifor,
OGSE1 (and eventually OGSE2 & Thermal Pathfif@ef)

Testing chamber with JWST Engineering model. 2017: Test real JWST.



Exclusion zone -::45"'I Exclusion zone
from Anti-Sun <85 from Sun

Anti-Sun

-

JWST can observe North/South Ecliptic Pole continuously (r<5° CVZs):
e LMC affects SEP CVZ. NEP has good regions (see Finkbeiner's talk).

e Great for Galactic proper motion, high redshift variability, etc.
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FYZ16: JWST instruments can NOW be used for science parallels!!

e Currently being implemented for most used instrument pairs.
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JWST parallels: R~150 grism spectra to ABS27 + 1-5um images to ABS29.




Exposure Maps of NEP JWST-Windmill & GO-Extensions:

[LEFT]: Parallel NIRISS R150C+R150R grism spectra at APA=0+180°
overlayed on primary NIRCam images.

IMIDDLE]: Same with APA—90+-270° added.
[RIGHT]: Possible GO-Community extensions in JWST Cycle 2 1.

White regions: NIRCam exposures overlap, reaching S0.75 mag deeper.

10x 10" NEP provides ground-truth to ABS27 for SPHEREx (& WFIRST).
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e Careful contemporaneous orbital PSF-star subtraction: Removes most of
"OTA spacecraft breathing” effects (Mechtley ea 2012, ApJL, 756, L38).



(3) WFC3 Detection of QSO Host Systems at z~6: Dusty Merger?

counts/sec

;1// 0// - l‘/. - " 71// 0// 1// 711/ 0// 1// - = ) " " 71// 0// 1// 711/ 0// 1//
Quasar ML Model Host Galaxy ML Model Host Galaxy
(PSF-Convolved) Emission Only (PSF-Convolved) Emission Only

O
(O]
n
~
9]
+~
e
>
o
O

7111 0// 1// 71// 0// 1// " = - .ll l 7111 0// 1// 71// 0// 1// 711/ 0// 1//
ML Model ML Model Host Galaxy ML Model ML Model Host Galaxy
(PSF-Convolved) Emission Only (PSF-Convolved) Emission Only

® Same J+H structure! Blue UV-SED colors: (J-H)~~0.19, constrains dust.
® IRAS starburst-like SED from rest-frame UV—-far-IR, Agpgryy~1 mag.
o MR08t(7046)<-23.0 mag, i.e., ~2 mag brighter than L*(z~=6)!



(3) Observations of QSO Host Systems at z~6: Dusty Mergers?

NGC 4631
—e Arp 220 == |RAS 22491-1808 © © 2=6 (AGN + Host)
o—o IRAS 22491-1808 o e
oo 1C 1623 IC 1623 B @ 2=6 (Host Only)
& & NGC 4631
@ @ J1148+5251 (AGN + Host)
I @ J1148+5251 (Host Only)

10° 10 10°
Rest-frame Wavelength (um)

10! 10°
Rest-frame Wavelength (um)

e Blue dots: z~6 QSO SED, Grey: Average radio-quiet SDSS QSO spec-
trum at zZ 1 (normalized at 0.5u).

e Nearby fiducial galaxies (starburst agesS1 Gyr) normalized at 100gm:

(U)LIRGs & Arp 220s permitted (Mechtley etal. 2012, ApJL, 756, L38).

[RIGHT] Detected QSO host has IRAS starburst-like SED from rest-frame
UV—far-IR, Apgry (host)~1 mag (Mechtley etal. 2012; 2014 PhD).



(3) Observations of QSO Host Systems at z~2: Dusty Mergers?
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(PSF-Convolved) (Without PSF)
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(PSF-Convolved) (Without PSF)




(4) Summary and Conclusions

(1) JWST in final integration & testing: On track for Oct 2018 launch.
(Management replan in 2010-2011. No technical showstoppers thus far).
® More than 98% of JWST H/W built or in fab, & meets/exceeds specs.

(2) JWST-SPHEREx Calibration Synergy: Ground-Truth Calibrations
JWST provides perfect grism-+imaging calibration for SPHEREx (& WFIRST)
10x 10’ NEP provides ground-truth to AB<27 for SPHEREx (& WFIRST).

(3) JWST-SPHEREx Synergy: Rare, Red (Dusty) or Dead Objects:
e SPHEREXx provides ALL-SKY samples of (dusty!) z~2-7 QSOs for JWST.
e SPHEREX provides ALL-SKY samples of Early Type Galaxies (M. kriek's talk).

® (4) To see the most First Light, JWST must cover the best lensing clusters!

® Need to consider brightness of — and low-level gradients in — IntraClus-

ter Light (ICL). SPHEREx will help map & calibrate this.
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® References and other sources of material shown:

http://www.asu.edu/clas/hst/wuw/just/| [Talk, Movie, Java-tool]

mttp://www.asu.edu/clas/hst/www/ahah/| [HUbble at Hyperspeed Java—t00|:

http://wuw.asu.edu/clas/hst/www/jwst/clickonHUDF/| [Clleable HUDF map

http://www. jwst.nasa.gov/| & http://www.stsci.edu/jwst/

http://ircamera.as.arizona.edu/nircam/

http://ircamera.as.arizona.edu/MIRI/

http://www.stsci.edu/jwst/instruments/nirspec/

http://www.stsci.edu/jwst/instruments/fgs

Gardner, J. P., et al. 2006, Space Science Reviews, 123, 485—606
Mather, J., & Stockman, H. 2000, Proc. SPIE Vol. 4013, 2

Windhorst, R., et al. 2008, Advances in Space Research, 41, 1965
Windhorst, R., et al., 2011, ApJS, 193, 27 (astro-ph/1005.2776).
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(5) How will Webb measure First Light: What to expect in (Ultra)Deep Fields?
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e Can't beat redshift: to see First Light, must observe near—-mid IR.

= This is why JWST needs NIRCam at 0.8-5 gem and MIRI at 5-28 pm.



] . -
. oo ."b. » . ..
w £ -~
. pe - ‘ " al -.: o
~ 1\ . - » - 0§ . - .
-.’.' . . ‘-.

n - - -+ ¥R
e e o, ®
. 3 s . pe - ¥ el
a ; - '. ." L 3 ; £ == .-‘ ¢ .. 2 % . '
: 2wl .- ’ - * '_ - a0 ; -:" # o : e
Ty I i 2 v . - -
p . ‘ - L e S L 2 . .. " ‘*"‘
4 . ! s _' 4 ' . ¥
. . - ™ » e - % e "
. F ‘ . ’ . 3 ! s ! LY " E - - oA
: "’ 2 . . .f“' ’ : . " .- # e
L ; e ‘ 2 IS ki “w - -~
3 - ¥ i X . . - - 5
" s g o . ; : _. .
? ¥ ' . - 3
: : B i ’
: - . : @ . -
. L - s - ' - o e
e - .. .
- _‘. o ‘l" - . R " o ]
. o !
. ' o
. Y 5 - . . A
s i - ' px A ®
_ ¥« - . -
re .\.‘ ' L4 . A =
o ’ LR
- ) & % A
. '. . . - ’ * e B pi L “
. .o a3 k3 - = ‘ - -
; . W .
: - . : . |
. Wi, : : . L] . %.’. =
.ty § r 3 e il z
., - 8 -.-'. ‘ :
" 3
¢ ‘* L . g #
. . = 255
v ) - ! " " . - % - -.. " ) : :
o - e 1 } . - .- i g e - - %
-'x." . : .! . 3 ’ L = A L] - . {
s‘ oF g - " . . ‘_ S .“_ s . - d . X
= : s e S ’ i' : ¥ - @ . ".. 2 # . ’- . 3

- . . . i - - P
,' S b ) T ' s 5 5 g
2 d.. T 5 . :

593" HUDF Deighted Toglog” FuvNuUBViI AV AB<28 51




r.si g e

§







Hierarchical
pred. (z>10)

JWST needed

Faint—end slope «

JWST needed
+lensing

CR
3
2.
=
>
E-Y
o)
)

JWST neede
N\

+lensing
Oesch (13): M*(z>8)=-20.29+n*(z-86); n=0.33 \ AN
— — Khochfar (2013) SPH: Steeper n=1.1? \ \ \
Best fit: M"(z<8)= —18.32-1.52*2+0.26*22—0.012*23 %
—__ _ Best fit: M'(z2>7)=-20.29+u*(z—7); u=0.7: 2.0\ 0.2\ 0.5

® For JWST 228, expect a<-2.0; @* <1073 (Mpc—3) (Bouwens™ 14).
e HUDF: Characteristic M™ may drop below —18 or —=17.5 mag at zZ10.



p(M)

MW= —25 (Mpc™9)
S : T N 10~

— Gxy LF (z=6-20):

CANDELS

d
Q
~~
N
N
&
)
|
o
o
©

E ¢°(z) & p=0.16
— M*(z) & w=0.50

3% | —FIF /
+ ensin{
 /

OWMDF's
+1¢nsing /

II|T|

HST GOODS ACS

z=15
F ]k
/ / WD(/IAPQ/F/Iancle:
I L I / / RIEion z=[11+/-1
osts? (h,0,,Q,)=(0.68,0.3,0.7)
? 1 Il /n / | I | | I ]
25 30 35
m¢bs(0.9-2.5um)

)
4

'H-LLIII'U\'
N

] ]

Schechter LF (65z520) with best-fit a(z), ®* (z), M™ (z)
Area/Sensitivity for: HUDF /XDF, 10 WMDFs, 2 WDFs, & 1 WUDF.




0.0141 0.135

0.197

0.275 0.486

i1iidd

50 —_— om— —
: . DCG%VI%A 'ggrgetg* = o Confirmed by HST]

aDCo 1 eg O GAMA clusters

SPT-SZ 2500 deg® - o | 0 CLASH clusters
ROSAT-AIll Sky - Pk 3

;§ Planck 2015 -

ACT o] i) Te) 3 2N 1
X CLASH= 1< " [B i%d 003
e HFF 1< o ]
s W '
8 18 3 i
= - g - \SO(
< ]

i fC‘(/\ b)
1 g -4 L " | M " ; /JG | |
5 10 15

Concentration

Redshift

What are the best lensing clusters for JWST to see First Light?:

ILEFT] Best lensing clusters vs. ROSAT, Planck, SPT, MaDCoWS.
[RIGHT] Best lensing clusters vs. CLASH clusters.
(Contours: Number of lensed JWST sources at z~1-15 to AB<31 mag).

® Resulting sweet spot for JWST lensing of First Light Objects (zZ10):
Redshift: 0.35z50.5: Mass: 1012—15.6 M); Concentration: 455C<8.5
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Galaxy SEDs for different ages: peak at Apegt™~1.6pum (Kim etal. 2016).
JWST-NIRCam peaks in sensitivity for A=3-5um, where Zodi is lowest.



[TOP]: [Left] HUDF F160W image with worst case (95% of Zodi) rogue-path amplitude imposed

+ a 4% linear gradient from corner-to-corner.
[Middle]: Best fit to sky-background with R. Jansen’s “rjbgfit.pro”.
[Right]: HUDF image from left with best-fit sky-background subtracted.

[BOTTOM]: Same as top, but with single-component 2D pattern superimposed, modeled & removed.

SPHEREX to characterize total light of best lensing zS0.5 clusters for JWST.
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[LEFT]: Completeness tests in HUDF F160W image before imposing on
top of Zodi (=22.70 H-mag arcsec™%2; Petro 2001) [2nd-5th row]:

Constant 95% of Zodi amplitude; + a 4% linear gradient; or simple 2D
pattern of =4%; or a more complex pattern.

[RIGHT]: Same as left after best fit to 4+ removal of image sky-background.

and blue lines: 50% and 10-o0 AB-completeness limits, resp.
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8 February 2016 JWST Monthly Telecon .

Keys to stay on schedule: 1) Sufficient Project contingency (225% of total).

2) Well replanned and managed Project (starting late summer 2011).




Fiscal Year 2016 JWST HQ Milestones
eF
Month Milestone § ¢ Comment
(=]
Oct-15 1 Start Integrated Science Instrument Module (ISIM) cryovacuum test #3 e Completed 10/27/15
2 Deliver update for launch and activation sequence of events for JWST commissioning Completed 10/29/15
Nov-15 3 Deliver the Observatory Operations Handbook Vol 1&2 updates Completed 10/30/15
4 Deliver new build of the proposal planning software for Telescope plus ISIM (OTIS) testing Completed 10/30/15
5 Complete second test of Pathfinder Telescope equipment at the JSC Chamber A Completed 10/31/15
6 Complete Solar Array panel #2 cell installation Completed 12/24/15
Dec-15 7 Complete Sunshield Mid-Boom Assembly #1 functional test
8 Complete Delivery of Reaction Wheel Assemblies to Observatory Integration and Test (I1&T) .
9 Deliver Data Management Subsystem build for basic data search and distribution functionality Completed 11/30/15
10 Deliver flight Aft Optics System to Telescope I&T Completed 12/14/15
11 Complete final checkout of new GSFC vibration shaker table
12 Sunshield Flight Layer #4 shipped to Northrop-Grumman Completed 12/3/15
RS 13 Sunshield Forward Cover Assembly shipped to Northrop-Grumman .
14 Complete Flight Operations Subsystem System Design Review #2 Completed 12/17/15
15 Complete Mission Operations Center construction at STScl Completed 12/29/15
16 Deliver Aft Deployable Instrument Radiator to Observatory I&T
17 Deliver Command & Telemetry computer to Observatory I&T
Feb-16 18 Deliver Secondary Mirror Support Structure verification report to GSFC Completed 1/28/16
19 Complete deliveries of Spacecraft wire harnesses Completed 1/22/16
20 Deliver spare Cryocooler Compressor Assembly to JPL .
21 Start Spacecraft Panel Integration Completed 10/26/15
Mar-16 22 Complete Sunshield Mid-Boom Assembly #2 functional test e
23 Complete cryocooler thermal performance acceptance testing

Milestones: How the Project reports its progress monthly to Congress.




Milestone Performance

* Since the September 2011 replan JWST reports high-level
milestones monthly to numerous stakeholders

Total Total Number Number Deferred to Deferred
Milestones Milestones Completed Completed NextYear more than
Completed Early Late one quarter

FY2011 21 21 6 3 0 0
FY2012 37 34 16 2 3 3
FY2013 41 38 20 5 3 2
FY2014«% 36 23 10 8 11 10
FY2015 48 44 22 12 4 3
FY2016 46 15 13 7* 0 0

*Late milestones have been or are forecast to complete within the year. Deferred milestones are not
included in the number-completed-late tally.

<+ Milestone accounting in FY2014 was complicated by the government shutdown and multicomponent
milestones

8 February 2016 JWST Monthly Telecon 4

FY14: 8 milestones late by 1 month due to Oct 13 Government shutdown.

FY15: Most the “Lates’ not on critical path, causing no launch delay.



Simplified Schedule

2015 2016 2017 2018
J[r[m[AaIM]ssJA]s|o[N][DJJ[F[M[A[M[J]IJ]A]S|[O[N]D]J[F[M]A[M[I[Is]A]Ss[oO[N]D|J[F[M]A[M[IJ]I]A]S][O]N]D

k 'months of project funded critical path (mission pacing) schedule reserve

1
Spacecraft panels to I&T
Panel Integration > Spacecraft | & T =+ 1 Observatory I&T |= 3
Spacecraft Fabrication & Assembly
Flight Sunshield Fabrication Sunshield Integration
Cryocooler Assembly & Test C I
Detector Changeout & I OTIS (33—
ISIM Cryovacuum Test #3 3
N

) OTIS = Optical Telescope + ISIM
Science Instruments

Northrop-Grumman

Goddard Space Flight Center

Backplane L, Optics
Assembly Integration Johnson Space Center

Telescope

Guiana Space Center
2015-04-13 JWST Monthly Science Telecon 5

Path forward to Launch (in Oct. 2018): 10 months schedule reserve.

Instruments—+detectors & Optical Telescope Element remain on critical path.




