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Most of the Warm-Hot Intergal actic Medium (WHIM) has yet to be found, posing a fundamental challenge to the current theory of cosmological
structure formation. A key prediction is that the WHIM resides in the "cosmic web" structures that are traced by galaxy superstructures and served as
"signposts’ of baryons. Our detection of an OVII K-alpha absorption line located in the Scul ptor Wall superstructure of galaxies (z ~ 0.03) in the X-
ray spectrum of the blazar H 2356-309 is arguably to date the most promising X-ray detection of gas that could represent the typical WHIM.
However, despite the solid statistical significance of our detection (4-sigma) and the consistency of the measurements with both good-quality
Chandraand XMM data, further verification is warranted because of the scientific importance of the result and the history of controversial claimed
detectionsin thisfield. We therefore propose a HST/COS observation of the blazar H 2356-309 sightline. The detection of an HI broad Ly apha
absorber (BLA) will offer an independent confirmation of the Sculptor Wall WHIM absorber at even higher significance than achieved with X-ray
data. This sightline also passes through two other galaxy superstructures, therefore offering the best opportunity to perform a comprehensive, joint
UV/X-ray study of the WHIM residing in the three galaxy superstructures, the signposts of the cosmic web.

OBSERVING DESCRIPTION
We propose a COS observation of the blazar H 2356-309. The main science goal is to detect UV absorption lines produced by ion speciesin the
foreground superstructures, as well as any other locations along the sight line, and perform ajoint analysis with high quality X-ray observations.

Choice of Gratings; The major ion species we plan to study are listed in the phase | proposal Table 1. We will select COS over the Space Telescope
Imaging Spectrograph (STIS) mainly because COS is more sensitive in the far ultraviolet (FUV) band. We will aso select the G130M grating of the
COS FUV. Theresolution of G140L istoo low for resolving narrow UV absorption lines. We will use multiple grating central wavelength and FP
positions to ensure continuous spectral coverage between 1150 and 1450 A and to dither instrumental features across the spectrum. Our team
members have extensive experience in this area.

Exposure Time: Recent observations with the HST/COS suggested the spectrum must have a S/N of around 20 per 6 pixel resolution element to
detect the BLA. Using the COS Exposure Time Calculator, we estimate an exposure time of 16 ksec., or about 7 orbits after taking into account all
the instrumental overheads. With this exposure time, we should be able to detect the BLA down to 30 mA, or H | column density of 5 10M12 cm-2,
at 10-sigma significance.
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Proposal 12864, Visit 01, scheduling
5 Diagnostic Status: Warning
S | scientific Instruments: COS/NUV, COS/FUV
Special Requirements. SCHED 100%
8 (Visit 01) Warning (Form): For the best data quality, it is strongly recommended that all four FP-POS positions be used when observing at a given COS CENWAVE setting.
@
o
c
o
8
o
# Name Target Coordinates Targ. Coord. Corrections Fluxes Miscellaneous
(0] QS0O-B2356-309 RA: 23 59 7.9320 (359.7830500d) Redshift: 0.165388 V=17.0 Reference Frame: ICRS
% Alt Namel: Dec: -30 37 40.91 (-30.62803d) B magnitude: 18.4
rar} 2MASXJ23590793- P
o 3037409 Equinox: J2000
S Alt Name2: 1H2351-315
8 Comments: This object was generated by the targetselector and retrieved from the SMBAD database.
-E V and B magnitude is adopted form SMBAD, which was reported by 2dF Galaxy Survey (" The 2dF Galaxy Redshift Survey: spectra and redshifts’, Colless et al., 2001, MNRAS, 328, 1039
UV flux is taken from previous FUSE measurement (FUSE program data | D P2070701000). GELAX also gave similar flux.
No LLSor DLA will block all flux below a certain wavelength since the FUSE data show non-zero flux.
# Labe Target Config,ModeAperture Spectral Els. Opt. Params. Special Regs. Groups Exp. Time/[Actual Dur.] Orbit
(ETC Run)
1 ACQ/SEAR (1) QSO-B2356-309 COS/NUV, ACQ/SEARCH, PSA MIRRORB SCAN-SIZE=2 63 Secs
CH _—
(COSta414 [==>] (1]
593)
2 ACQ/IMAG (1) QSO-B2356-309 COS/NUV, ACQ/IMAGE, PSA MIRRORB 63 Secs
E ——
(COSta414 [==>] (1]
593)
8 3 G130M 130 (1) QSO-B2356-309 COSFUV, TIME-TAG, PSA G130M FP-POS=3; 1739 Secs
= 9-3
) - = ==
7 (COS.sp.414 1309 A 7%U FFER-TIME=21 [==>] (1]
o 346)
L|>j 4 G130M 129 (1) QSO-B2356-309 COSFUV, TIME-TAG, PSA G130M FP-POS=4; 2711 Secs
1-4
1291 A BUFFER-TIME=27 ==>
(COSs414 B [==>1 (2]
346)
5 G130M 130 (1) QSO-B2356-309 COSFUV, TIME-TAG, PSA G130M FP-POS=2; 2711 Secs
0-2
1300 A BUFFER-TIME=27 ==>
(COSs414 B [==>1 (3]
346)
6 G130M 132 (1) QSO-B2356-309 COSFUV, TIME-TAG, PSA G130M FP-POS=1, 2711 Secs
7-1
1327 A BUFFER-TIME=27 ==>
(Cosspane B [==>1 (4]




Proposal 12864 - Visit 01 - UV Spectrosco

of the H 2356-309 Sightline: Confirming the X-ray WHIM Absorber and Testing the Struct..

Orbit 1 Server Yersion: 20121031
Exp. 2
=5 Amg Pointing MMenswrar Tnuessd Yisibility = 0
.1 (€3] Exp. 3 tmton
k 4 y
ST RTETETR"A"s"R"N"s"s"n"8a"s"R"s"s"2"a"s"2"a"s"W |
n m
|IIII|IIIIIIIIIIIIIIIIIII|IIII|IIII|IIII|IIII|IIII|IIII|II
0 S00 1000 1500 2000 2500 3000 3500 4000 4500 S000 5500 smce.
Orbit 2 Server version: 20121031
=5 Feacg Tnuezed Yisibility = 0
< (€3] Exp. 4 tmtion
°
=
n
= L A
o _I-"E':':':':':':':':':':':':':':':':':':':':':':':':':':':':':':':':':' |
© .
|IIII|IIIIIIIIIIIIIIIIIII|IIII|IIII|IIII|IIII|IIII|IIII|II
] S00 1000 1500 2000 2500 3000 3500 4000 4500 S000 5500 =mce.
Orbit 3 Server Yersion: 20121031
=5 Feacg Tnu=ad Visibility = 0
EEEP a tatiom
LA
= AR AR R R R AR R R R R R AR AR R R R REH h |
|IIIIIIIIIIIIIIIIIIIIIIII|IIII|IIII|IIII|IIIIIIIIIIIIIIIII
] S00 1000 1500 2000 2500 3000 3500 4000 4500 S000 5500 sece.




Proposal 12864 - Visit 01 - UV Spectrosco

of the H 2356-309 Sightline: Confirming the X-ray WHIM Absorber and Testing the Struct..

Orbit 4 Server Yersion: 20121031
TTnu=ad Yisibility = 0
'3 Feacg tRtomn
€3 Exp. & Home
h 4 L 4
'—r"i-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:- | |
-
IIIIIIIIIIIIIIIIIIIIIIIII|IIII|IIII|IIII|IIII|IIII|IIII|II
a 500 1000 1500 2000 2500 3000 3500 4000 4500 S000 5500 =ec
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Sat Apr 1301:05:09 GMT 2013

Proposal 12864, Visit 02, scheduling
5 Diagnostic Status: Warning
S | scientific Instruments: COS/NUV, COS/FUV
Special Requirements. SCHED 100%
8 (Visit 02) Warning (Form): For the best data quality, it is strongly recommended that all four FP-POS positions be used when observing at a given COS CENWAVE setting.
I
o
c
o
8
o
# Name Target Coordinates Targ. Coord. Corrections Fluxes Miscellaneous
(0] QS0O-B2356-309 RA: 23 59 7.9320 (359.7830500d) Redshift: 0.165388 V=17.0 Reference Frame: ICRS
%) Alt Namel: Dec: -30 37 40.91 (-30.62803d) B magnitude: 18.4
ko) 2MASXJ23590793- P
o 3037409 Equinox: J2000
S Alt Name2: 1H2351-315
8 Comments: This object was generated by the targetselector and retrieved from the SMBAD database.
-E V and B magnitude is adopted form SMBAD, which was reported by 2dF Galaxy Survey (" The 2dF Galaxy Redshift Survey: spectra and redshifts’, Colless et al., 2001, MNRAS, 328, 1039
UV flux is taken from previous FUSE measurement (FUSE program data | D P2070701000). GELAX also gave similar flux.
No LLSor DLA will block all flux below a certain wavelength since the FUSE data show non-zero flux.
# Labe Target Config,ModeAperture Spectral Els. Opt. Params. Special Regs. Groups Exp. Time/[Actual Dur.] Orbit
(ETC Run)
1 ACQ/SEAR (1) QSO-B2356-309 COS/NUV, ACQ/SEARCH, PSA MIRRORB SCAN-SIZE=2 63 Secs
CH _—
(COSta414 [==>] (1]
593)
2 ACQ/IMAG (1) QSO-B2356-309 COS/NUV, ACQ/IMAGE, PSA MIRRORB 63 Secs
E
==>
@ (COSta414 [==>] (1]
= 593)
8 3 G130M 131 (1) QSO-B2356-309 COSFUV, TIME-TAG, PSA G130M FP-POS=3; 1739 Secs
8-3 _ _—
% (COS.sp.414 1318 A 7%U FFER-TIME=21 [==>] (1]
w 346)
4 G130M 130 (1) QSO-B2356-309 COSFUV, TIME-TAG, PSA G130M FP-POS=3; 2711 Secs
9-3 _ _—
(COS.sp.414 1309 A lBlU FFER-TIME=27 [==>] (2]
346)
5 G130M 132 (1) QSO-B2356-309 COSFUV, TIME-TAG, PSA G130M FP-POS=4; 2711 Secs
7-3 _ _—
(COS.sp.414 1327 A BUFFER-TIME=27 [==>] (3]
346) 11




Proposal 12864 - Visit 02 - UV Spectrosco

of the H 2356-309 Sightline: Confirming the X-ray WHIM Absorber and Testing the Struct..
Server Version: 20121031

Orbit 1
Exp. 2
=5 Amg Pointing MMenswrar Cocultation
1 (€3] Exp. 3 nuead Visibility = 0
k4 y
PlshsmsEeaenEnenEnenapenajepapepsaneianeianeian |
N m
|IIII|IIIIIIIIIIIIIIIIIII|IIII|IIII|IIII|IIII|IIII|IIII|II
a 500 1000 1500 2000 2500 3000 3500 4000 4500 5000 S500 smcs.
Orhit 2 Senver Version: 20121031
=5 Feacg Tnuezed Yisibility = 0
< (€3] Exp. 4 tmtion
S
>
&
= LA i
2 —fdaaasasaririiiiiiacacacacatatstatetititacacasasatatitatatatacacacanas |
© -
IIIII|IIIIIIIIIIIIIIIIIII|IIII|IIII|IIIIIIIIIIIIIIIIIIIIII
] 500 1000 1500 2000 2500 3000 3500 A000 4500 S000 S5O0 zmce,




Proposal 12864 - Visit 02 - UV Spectrosco

of the H 2356-309 Sightline: Confirming the X-ray WHIM Absorber and Testing the Struct..

Orbit 3 Server Yersion: 20121031
Ciccultation
=5 Feacg nuzed Visibility =0
(€3] BExp. 5 Home
h 4 L 4
'—r"i-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:- | |
-
IIIIIIIIIIIIIIIIIIIIIIIII|IIII|IIII|IIII|IIII|IIII|IIII|II
a S00 1000 1500 2000 2500 3000 3500 4000 4500 S000 5500 =ac




