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Outline

« To understand the accelerator, it is important to
understand the environment

 Enhanced material content is expected in galactic
VHE emission sites ...

e ...butis there an actual correlation?
 \Where to estimate the material content from

 What about the UNID VHE sources, can dark gas be
an important component in these locations?
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Content estimation

For hadronic emission related to CR (k=1 for CR sea only, k>1 for
accelerator nearby.

F(E>E,)~1x IU_HRE;l'Tf'.-jr'_GD_E-:m_ﬂs_l
VHE emission is also been predicted to be associated to regions of massive
star formation, usually traced by a dust content enhancement.
Tracing of material is done through:
---2.6mm line of “CO — Dame+01 galactic survey // Planck all-sky map

---Dust — Planck all-sky map (353+545+857)GHz+100um (3THz IRAS)
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Material content

Tracing of material is done through:
«2.6mm line of ?CO — Dame+01 galactic survey // Planck all-sky

map
Moo = ;,.:mHDEi\.ﬂXC

*Dust — Planck all-sky map (353+545+857)GHz+100um (3THz
IRAS)
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What is Planck?
PLANCK IS C&PLL.:

The LFI detectors require an operational temperature of
20 K while the HFI detectors need to be cooled down to a mere 0.1 K.

The Low Frequency Instrument (LFI) is designed to produce high-sensitivity, multi-
frequency measurements of the microwave sky in the frequency range 27 to 77 GHz
(wavelength range 11.1 to 3.9 mm). Survey of the sky for large part of 2014.

The High Frequency Instrument (HFI) is designed to produce high-sensitivity, multi-
frequency measurements of the diffuse sky radiation in the frequency range 84 GHz to 1
THz (wavelength range 3.6 to 0.3 mm). It “died” around January 2012 already cause
cooling gas was over.

http://www.rssd.esa.int/index.php?project=PLANCK&page=perf _top

OBJECTIVES:
The primary science goals of Planck include:
Mapping the Cosmic Microwave Background anisotropies with improved sensitivity and
angular resolution
Testing inflationary models of the early Universe
Measuring the amplitude of structures in the Cosmic Microwave Background
Determination of Hubble constant
Perform measurements of Sunyaev-Zel'dovich effect
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Spectral Transmission

CO lines:

CO (J1->0): 115 GHz
CO (J2->1): 230 GHz
CO (J3->2): 345 GHz
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This work is based
on 2013 data
release.

New data release
expected for middle
2015.
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DHT2001, CO survey of the galaxy

Galactic Latitude
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Information also on the line of sight (velocity dimension)
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This is the CO tracing compared with Dame(2001) compilation, you can
see the wealth of additional data.

This is all sky. Some clouds are at high latitudes, so that in projection they
might be nearby.

The stripes visible in the Planck image are an artifact of the mapping and CO component extraction process.

-. : r*:
r."_-'l

'-d e "'.-
.'._‘. ' e

http://sci.esa.int/science-e/www/object/index.cfm?fobjectid=50015




The tracers
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Use Dame survey for the CO and Planck dust map
Rebin at same resolution. For each VHE source, select a 3x3 bin
(0.375x0.375degq), similar in extension to 0.22deg radius for source

discovery in HESS
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Correlation of GPS sources with LOS mass?

E | — Sources in GPS with [[|<30° and |b|<2° For each bin,
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Select inner GPS survey because of exposure coverage

Select large enough bins to have enough sources inside and
enough randomization power.

G. Pedaletti, E. de Ona Wilhelmi & D. Torres A&A, 2014
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Correlation of GPS sources with LOS mass?
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Correlation of GPS sources with LOS mass?

Number of positions
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To estimate the association
with regions of enhanced
mass content, a threshold
is defined.

Equivalent to a surface
density that is exceeded by
10% of the positions in the
inner Galaxy.

24 =210

If this percentage were to
be smaller, this would
restrict de facto the study to
only the VHE sources in the
Galactic center region; if
larger, it would select
common values of the
surface density distribution.
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Significance of correlation
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When looking at the CO map, there are 19
sources in the inner GPS associated with
positions of surface density above 2, ,
corresponding to a significant correlation
of 3.90. The 3o level is at 17.

If we look at the dust map, we are just at
30 level, with 16 sources above 2, .

For a combined dataset (look at the
positions that are above the threshold for
both map), there is no improvement (15

positions — 3.90.

Sugar Workshop Jan 2015
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Significance of correlation

We made best guess assumptions in the set up of the problem.

But how much is the correlation affected by changing those?
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Zero significance means that we did
not have enough randomized
smaples to construct the high end
tail of the distribution
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Case Tracer Yihr Probability S
ﬂ-f@m'_g

A Dust 196 16 0.9977 3.050
A CO 274 19 (0.9999 3.890
A C'ombined — 15 0.9995 3.020
13 Dust 196 16 ().83606 1.390
13 CO 274 19 ().9822 2.370
B3 C'ombined — 15 0.9610 2060
C Dust 266 1 0.8804 1.550
C CO 137 1 0.9170 1.730
C Combined — 1 (.9663 2120

A: initial case

B: reduced binning in latitude

C: |b|>0.5°
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Unidentified TeV sources

Are they in an ambient particularly rich in molecular material?
Looking at absolute numbers can be misleading (different regions, diverse exposure
leading to VHE detection)
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The infamous case of RX J1713.7-3946

Correlation with CO mass is less convincing than
with X-ray profile... But the atomic gas correlates quite well!
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Fukui+ 2012: In addition, Galactic-scale studies of y-rays suggest that there is “dark gas”
which is not detectable either in CO or in HI but still contributes to the y-rays and visual
extinction (Grenier et al. 2005, Ade et al. 2011). Such gas may be either cold HI or H2 with no
detectable CO. Therefore, it is important to consider HI carefully in order to have a
comprehensive understanding of the ISM protons.

The more diffuse is the material, the more relevant this is
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Unidentified TeV sources

Unfortunately the correlation is much more weak than expected. But what about a subset
of the VHE sources? Are they in an ambient particularly rich in material content? Trace this

with CO... or should also consider dark gas?
Are the estimates of the masses really different? Or just an artifact on our knowledge of

the conversion factors?

: ; o I, I =5
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It is well know that this is not a constant in different regions of the
Galaxy ---> when account for HI, no need for dark gas for UNID TeV?
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1.820 cm? (K km/s)"
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The tracers

Latitude
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Use Planck CO and dust map, use LAB survey for HI.
Rebin at same resolution (0.5 deg).

G. Pedaletti, E. de Ona Wilhelmi, D. Torres & G. Natale, JHEAP, 2014
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Take minimum and
maximum from
literature and
normalize to average
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Conversion factor variations

Taking a large latitude cloud complex, Fukui et al 2014 demonstrated
that also the XHI factor might need to be revisited, if the optically thin
approximation for HI 21cm line breaks down.

In this case the mass calculated from HI changes by a factor of 2.

In regions of very high density (e.g. close to the galactic center) the Xco
factor needs to be lower than the average.

Case A parameters are satisfactory most of the time when considering
all tracers. No necessity of dark gas in these specific regions if a
variation of the conversion factors inside the possible ranges is allowed.

Case o(353GHz) Xco XHi
ecm? H™! em2(K km/s) ! em ™ ?(K km/s)™!
A 11072 (low) 2 x 10%° (average) 1.82 x 10'® (opt. thin)
B 1x1072% (low) 0.5 x 10% (low) 1.82 % 10'® (opt. thin)
C  1x1072% (low) 2 x 10%° (average) 3.64 x 10'® (opt. thick)
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Conclusions

* The correlation of VHE source location and positions
of enhanced material content is very weak

* Need a finer knowledge of the tracer distribution and
a larger number of sources (wait for CTA?)

 When looking at absolute values need to take into
account the large variation of the conversion factors

* No excess of dark gas at the position of the VHE
UNID sources is needed

Giovanna Pedaletti Sugar Workshop Jan 2015
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Back-up
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1.5 m. (proj. apert.) aplanatic; shared

Telescope focal plane; €gygtem ~ 1%

Viewing direction offset 857 from spin
axis; Field of View ~8°
Instrument LFT™ HFI
Center Frequency (GHz) 30|44 [7o |[100/[143|[217/[353 [545/857
HEMT radic

Detector Technology recejver Bolometer arrays
arrays

Detector Temperature ~ 20 K 0.1 K

_ _ Hz sorption|| Hz sorption + 4K J-T stage +

Cooling Reguirements —

cooler Dilution

Number of Unpolarised Detectors

o plo o & g & g |ja

Number of Linearly Polarised Detectors

4 |6 12 8 B B B |0 [0

Angular Resolution {arcmin)

B3|24 14 lfo.5[7.11[5.0[5.0 |[5.0[5.0

Bandwidth (GHz)

e s.814 33 [47 [72 116 180283

Average AT/ /il per pixel ¥

2.0L2.74.7(2.5|12.2 4.8 |14.7|147 [6700

Average AT/T" per pixel ¥

2.813.9/|6.74.0 4.2 9.8 |29.8

-
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Detailed morphology

3.7' resolution with Planck HFI

But resolution of the CO(1-0) map is 9.5'
CO (2-1) and (3-2) have %'

And no velocity information... but it is all-sky!!!

' , One might say that for current
8.8"resolution  respjutions of HE and VHE, this

Dame 2001 is more than enough...
public survey But our future promises 3'-5'
(CTA~1TeV)
NANTEN ~2.6'

Taurus - T. Dame et al. (2001)
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Raust/co = NXco0u, =

The other 2 parameters contain the missing information to reconcile the estimate of the final mass.
Take minimum and maximum values from literature.

0(353GHz) = {1.—4.1} x 107%cm? H™!
Xco = {0.5—4.8} x10®%m=? (K km/s
Normalize for average values
o(353GHz) = 2.5x 107%¢cm? H™1
Xco = 2x10%m™2 (K kmm/s)™!
So that the range is _ |
9 R{lustl.-’C‘D — {Ul e 'l}
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