JWST Sensitivity

Jane Rigby (NASA Goddard Space Flight Center)

ABSTRACT: We compare the sensitivity of JWST’s instruments
to those of current observatories. The purpose is to help
astronomers visualize JWST’s capabilities, and how JWST will
advance their own science. Requirements are plotted. We
summarize the key sources of background emission for JWST.
JWST Exposure Time Calculators will be available 1/2017.

Photometric performance:
Here is the limiting flux density of a point source that would achieve S/N«10 in

in 108

photometric performance, point source, SNR=10 in 10°s
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More on Spectroscopy:

LEFT: Continuum flux density for which R=1(X
spectrum has S/N=10 per resolution element in 10*s
RIGHT: The same, for higher-resolution spectroscopy
in red and green are JWST spectroscopy; in grey are
photometric limits of JWST and other observatories
This is a wav to Compar the spectroscopic and
photometric performance of JWST

Where to learn more:
* Sensitivity plots: ‘
* Backgrounds:
yJ/ssc.spi
* Quickly estimate Zodiacal emission:
httpsy//youtube/4TpNdIWF29K
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Spectroscopic performance:
Here, for medium-resolution spectroscopy, is the limiting line flux of a point
source that would achieve S/N=10 in 1045 L]

R=600-2400 spectroscopy, emission line, point source
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Plots online,
google “|WST
sensitivity’.
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Details and context: We select illustrative simple cases for fairly short (ten thousand second) integrations. | have published these plots, and the data tables that generabe them, on the STS<I JWST
¥ .4 ¥ ¥

website (Nink at top left) JWST sensitivities used here are requirements: the minimum performance rrquurd of each instrument. This is a conservalive approack; om-orbit performance may be better

Sensitivities for other observatories are laken from instrament handbooks, online calculators, and published papers, as documented in the data tables. If 2 wser believes they have discovered am error in

these semsitivities. thev are recuested to contact lane.Rigbv®nasa.cov.




Galaxy Assembly with Gravitational
Lensing and with JWST

Jane Rigby
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RCS 0327 at z=1.70; Sharon, Gladders, Rigby,Wuyts et al. 2012



For lensed galaxies, we are using JWST diagnostics now.

Hot stars: C IV, He |l
Bayliss et al. 2014
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Metallicity
Rigby et al. 201 |
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Outflows: Mg Il and Fe II*
Rigby+ 2014; Bordoloi+ 2015
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Physical conditions:
Rigby et al. 201 |

Kinematics: H alpha
Wuyts et al. 2014
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ne = 180 + 30 cm3
loglU = -2.79 + 0.06 + 0.1
Te = 1.1-1.2 104K

12 + log(O/H) > 8.17 + 0.03
[N/O] = -0.9 + 0.04 + 0.1
[Ne/O] = 0.0 + 0.09 + 0.1
[Ar/0] = 0.0 + 0.18 + 0.13

He /H
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Abundances in high-redshift galaxies
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C Ill] emission in high-redshift galaxies

20—
MagE z~2 ———

Stark et al. 2014 z~2 --=x-xx--
Shapley et al. 2003 z~3
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C lll] emission in high-redshift galaxies

i Leitherer et al. 2011
Pena—Guerrero et al. 2015
Giavalisco et al. 1996

-
—
—

1107137 ' ' — T

XOEH» e « 1

i o))
L [l NGC2366 == o5 | SGAS 1050
| 2. RCS 0327
—1a | MagE
8x10 5 Stark et al. 2014 *

-20 I Stark et al. 2015
I Erb et al. 2010
o< . Shapley et al. 2003

)

Lyman—a

6x107"* ||

R
GV 1848 /18580
T R B

L He Il 1640 1
SIS SR AN: ot
1 1 CI ||||] |1 gloz/

W,(C 111) (

4x107* H| . 5 N UEX0S

-10 |

fy (erg/s/cm/cm/A)

p—

HST-FOS

o1 ¥ Wt ittt Aot iuiitater neer, SENE NSRS 0.

-50 -100 -150
Wi(Ly @) (A)

1200 1400 1600 1800
Restframe Wavelength (A)



INES

3.625.

GG ..Lw
.MV“— N
-

[ ZGL 1S

rest-frame UV |

Livl WS —

Zori AI'S

-

£651 NS

.SGAS 1050+0017, arc z

NI

LS L N =

Bayliss, Rigby et al. 2014

oL NQ ——
SETL W) ——

€O WS/ ——

09Z1I NS ——

VLl AN ———

Abundances in high-redshift galaxies

Two hours on Gem

~~~~~~~~~~~~~~~~~~

........

.................

______________________

1600

Q ot
- o

< e N
o o o
A.-< (S g W2 bsa -0l x) Y

0.0p=

o

o

'y

&
<

o

0(

¥ 3
).

o

o

3

1200

1950

_ m\r.um: I

zesL [m s

__sims o i
y

2981 linv

¥S8L iy
- .-

0ssL [m N
lllllllllllll — w0

8Ll AIN —

9991 T 0 0L liny .7 1
BT TN O e
llllllllllllllllll B

OraL 119K ....
1 8091 1194 :
__._______________ ___pn_
3 Q L = ) o
~N o~ - - o o

(,.¥ .5 ;w2 bJa (-0l x) Y

1900

o
O
0
o
o
w0
~~
ol
~
¢
~<
o
e
~

1700

1650



Abundances in high-redshift galaxies: rest-frame optical lines

T T 1 1 T

- Steidel etal. 20I4
“There is great chaos under heaven, S e & SN

and the situation is excellent.”
-Mao, on metallicity diagnostics
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Abundances in high-redshift galaxies: rest-frame optical lines

NGC 628-42.8-158.2

18
F | | (0 m) 4363
16 |

14 |

] | || I | S 1

LI |

|
I

5500

o

[o I1] 7320,7330

—~~
|
of|
o\
|
O
N
n
o7}
—
QL
-
|
)
—
~—
~<
=

6000

12 —
E (S ) 8312
10 |-

° A
6F~ﬂdL\,ﬁJﬂ

4 Claaa liss lxxxlxtill

MMWMWWM’W‘M‘M
| l | 1
8000 8500 9000

et al 20 I 5 Wavelength (A)

llllll]llrlllllll

-

vy,
0
o




Abundances in high-redshift galaxies: rest-frame optical lines

HST WFC3/Gl141
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Yuan & Kewley 2009 Brammer et al. 2012
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Mg Il 2796, 2803 emission
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Risb 8.5 kpc = 17 Bordoloi, Rigby et al. submitted to MNRAS



Mg Il 2796,2803 emission

><
o=
o3
o

O
N
'g

O
Z

Normalized Flux

S
a
o
i

o
=
o
=

-2000 -1000 0 1000 -2000 -1000 0 1000 2000 3000
Velocity [km/sec] Velocity [km/sec]

Source reconstruction

‘
‘r

0.0 0.1 0.2 0.3 0.4 05
l()g Z SFR [ N'\l—ﬂ )r : k[x -]

- @‘

Rigb "85 kpc = 17 | Bordoloi, Rigby et al. submitted to MNRAS




New program in HST Cycle 23

SDSS J1723+3411 wC3

WFC3 F160W F775W F390W

SGAS J234042947

NOT gri
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* 20 orbits (Pl Rigby)

* Two targets at z=1.329 and z=1.420

* G102 + G141 grism

* Every emission line diagnostic from [O Il] 3727 to [S 1I] 673 |
* Diagnostics of SFR, logU, Z, E(B-V), spectral hardness, shocks

Rigby




From WFC3/HST to NIRSpec IFU

-
A3

WO
Bl 1
WFC3 F160W F775W F390W

«|

NIRSpec G140H +

FO/0LP & FIOOLP

with IFU: cover all
the rest-frame
optical lines.

fed

Rigby
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- JWST will bring a powerful toolbox of spectral diagnostics.

* Physical cogditions, kinematics and outflows C/N/O/Sl '

abundances, and re-calibration of.metaII|C|ty dlagnostlcs
»

With lensed galaxy spectra, we can test thz[t toolbox now.

C Il] emission : Rigby, Bayliss et al. 2015, Ap) Letters in press

C,N,O, Si abundance at z=3.6 |Bayliss, Rigby.et al.'20I4 ,ApJ.

|Bordoloi, Rigby et al. 2015 subm. to MNRAS;
Rigby, Bayliss et al. 2014

Outflows, kinematics of HX  |Wuyts, Rigby et al. 2014, Ap]
Excitation from Hel/HL |Whitaker, Rigby et al.2014,Ap]

Outflows from Mg II, Fe II

-

Physical conditions Rigby, Wuyts et al. 201 |



