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ABSTRACT

Large scale filaments, with lengths that can reach tens of Mpe, are the most prominent
features in the cosmic web. These filaments have only been observed indirectly through
the positions of palaxies in large galaxy surveys or through absorption features in
the spectra of high redshift sources. In this study we propose to go one step further
and directly detect intergalactic medium filaments through their emission in the HI
21em line. We make nse of high resolution cosmological simulations to estimate the
intensity of this emission in low redshift Olaments and use it to make predictions for
the direct detectability of specific filaments previously inferred from galaxy survevs, in
particular the Sloan Digital Sky Survey. Given the expected signal of these filaments
our study shows that HI emission from large filaments can be observed by current and
next generation radio telescopes. We estimate that pas in flaments of lenpth [ = 15
' Mpe with relatively small inclinations to the line of sight (< 10°) can be observed in
~ 40— 100 hours with telescopes such as GMRT or EVLA, potentially providing large
improvements over our knowledge of the astrophysical properties of these filaments.
Dhe to their large field of view and sufficiently long integration times, upeoming HI
surveys with the Apertif and ASKAP instriuments will be able to detect large filaments
independently of their orientation and curvature, Furthermore, our estimates indicate
that a more powerful future radio telescope like SKA-2 can be used to map most of
these flaments, which will allow them to be used as a strong cosmological probe.
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Figure 5. Slice of the simulation box at = = 0.1 with a width of 0.33 /' Mpe. The loft panel shows the overdensity § and the right
panel shows the differential brightness temperature of HL Cells with overdensities Ap = A have been masked in the differential brightness
tempeaeratre i,

C Apyroil CTOPOHbI — Katasior huiaMeHToB, BblAeeHHbIX No AgaHHbIM SDSS Tempel et al
2014
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Figure 6. Dhstribution of the length of the filaments found in the
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Bblgenmnm n3 katanora HeCKO/IbKO AJ/IMHHbIX (OUTAMEHTOB, OPUEHTMPOBAHHbIX
BAO/b /yYa 3PEHUS

Table 1. Properties of SDSS filaments with small aligrunent an-
gles. The parameter [ is the length of the filament, # is the align-

ment angle and MWegy 13 the mamber of _|§:|i:|_‘.~:i|':-i asaociated with the
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Figure 7. The density fields of the selection of flaments from
Eh-:- r-i'l||}||:'|1i:|||. '|'|||' |||I:|1_' ]itu".—x 1:|<_':|H:-r-e' 1h<" by
whereas the magenta line shows what part would be prefecentially
detected by SDES. The colorbar denotes the mean overdensity

X (b Mpc)

L)

over the slices in the g-direction,
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3areM — BblAeNININ U3 CMOAENMNPOBaHHbIX
hunameHTOB Hanbonee Noxoxue Ha peasnbHble (No
AJINHE, YNCY TanakTuk).

[anble moaennpoBasiv 3T KOHKPETHbIE
punameHTbl — Kakoit curHan oyget ot HI B aTnx
omnameHTax, KAaKUMN NHCTPYMEHTAMMN MOXHO
ero AeTeKTupoBartb U 3a Kakoe BpemMmsa?

CurHan oT SPKMX raslakTUK NPy 3TOM A0/HKEH
MaCKMpPOBaTbCH
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Figure 8, The cxpected signal of the three filnmenta in thi= stucy {see Figure 7} together with the noise temperatures for the different
iratrumerts bedng congiders]. The shaded BHoe sren shows the signnl for the fll iksment, whers the top and bottoan desiote the mininmom
ancd maximmm signal when rototing the observational skewer -6 to 45 degrees. The winte striated shaded oren shows the same, bot Tor
the ease where the filnment i cnly == long 8= expectad Irom 5088 dots, The colored lines demote the naize Jovel of the instroments
descrilexd in Toble 3 for A8 = 10 arcimin, &y = 15 MHz, The orango salid line shows the oiacsinmom signal of the {ifsmeot afier incressing
the bestine aned the nhotoioniznton by o foctor af |

[AaXe npu NOMoLLU yXXe CyLLeCTBYIOWNX UHCTPYMEHTOB MOXHO HaxXoAUTb Takue
¢omnameHTbl C CyMMapHbIM BpeMeHeM HakonieHus B npegenax 100 yacos
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Figure 9. The density field of the eelocted corved Flament from
the siimulation, The magenta lines show the abservational shewer
over which the integration wes performed with an angular pos-
almtion of 10 aromin and & frequency bandwidth of 0.6 Mz,

coresponding to s filament rading of ~ 1 l‘r"h'[r-:; The colorbar

donetes tho moan overdensity over the filament in tho 2~direction.
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Figure 10, Expected signal 1o noise of the simmlated Glamernts
with the HI survey instruments Apertif and ASKAP. We asonme
an angular resolution of 10 aremin and a frequency bandwith of
(L6 MHz. The color of the lnes denotes the insteament and the
!l.lln'.'ﬁl._'.-'h: shows for which filament it is.



13 doknada Carignan Ha KOHghepeHUuU 8 BeHeyuu.

MeerKAT. 64*13.5m, makcumanbHasa 6a3a 8km. KoHeu 2017 roga
- MHONGOQOSE 30 ranaktuk no 200 4yacos

Nanblie - SKA
Table 1.  Expected sensitivities of different telescopes at Ser.
Telescope Integration resolution  beam  sensitivity Expected
Array(s) hours kms™! arcsecs cm™> date
VLA (THINGS) 10 5 30 5.0 % 10Y
KAT-7 100 5 210 50x 10
WSET (HALOGAS) 120 5 30 5.0 10:°
KAT-7 + WSRT 100 6 210 1.0 % 10'%
MeerKAT 200 16 90  5.0x 107 2017
SKA;-MID 100 5 30 7.5 % 1017 2023
SKA; 10 5 30 25x107 2030
SKA; 100 5 30 75x10'% 2030

Carignan 2016:

However, in the near future (2017), the best combination to study low column density
Hr with a good spatial resolution will be to combine the sensitivity of FAST with the
spatial resolution of MeerKAT. The combination of the data from those two telescopes
will allow, 6 years before SKA -MID, to do "cosmic web" research to levels < 5.0x1 017
ecm2, close to 10'® em™2, densities that would normally only be accessible to the full
SKA around 2030. It is at those densities that we expect the galaxies to connect with
the surrounding cosmic web.
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