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<7z Giant Molecular Cloud (GMC)
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 Launched on June 11, 2008
 TWO Iinstruments:
- Large Area Telescope (LAT)
e+/e- pair-conversion
with silicon detectors

R R - m\m»#—wﬁ@

- Gamma-ray Burst Monitor (GBM)

CGRO-EGRET Fermi-LAT
Angular resolution @100MeV 5.8 deg 3.5deg
@1GeV 1.7 deg 0.6 deg
Effective area 1500cm? >=8000cm?

Energy range

20 MeV - 30 GeV

20 MeV - 300 GeV

Detected sources (>50)

271(10 years) 444 (3 months)

Katsuhiro Hayashi



L
/ ASJ meeting, @Yamaguchi Univ. Sep 15, 2009

/G Motivation

Detailed study of large
GMCs (M~10° M_sun)
such as Orion

(2009 HEE BHER)

With Fermi, we are able to study
small (M<=10*M_sun) GMCs.

ZLDYUTILOHFISFHRECHME S TEFMICHLNZTS

- Cosmic-rays
What is the distribution of local CRs?
Dependence on the star-formation activities?

- Matter distribution
Molecular mass calibration ratio,
Xco = N(H,)/W(CO) ~ (1-2) x 102° cm-?/(K km/s) is highly uncertain.

Fermi-LAT [ 5 “questions” ZEZHANMNT REDIEER
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U<z, Chamaeleon Molecular Clouds
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- ~200 pc away from the Solar system (Dame et al. 1987)

- Three MCs (Cham |, Il and 1ll) with different star-formation rate

- Separated from the Galactic plane (-19 deg<b<-12 deg; 45 pc<|z|<70 pc)

- Mass of molecular gas has been estimated to be ~ 10000 M_sun (Dame et
al. 1987)

- Reported by EGRET, but detailed study not performed yet in gamma-rays
Katsuhiro Hayashi o}
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/.. Data Count Map of Chamaeleon Region
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« Data Count Map (E>=200 MeV) smoothed with a gaussian of 0.75 degree

. : CO line intensity (Dame et al. 1987) 2 FHRADEEMNSH LT
Y EEHESNTLNVS

e Cyan dots: the position of point source (Ts>=100, 11 month source list)

. : the region used for the fitting
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/<. Data and Analysis Procedure
=(A(E)x N (HI)(l,b) + B(E) xW (CO)(I,b)
(FEHBEDHEEER)
+Hothers...|

" | »Extra galactic diffuse (uniform)
2 CO maps " | »Inverse compton (galprop model)
. ~ Excess of E(B-V) map (Grenier et al. 2005)

-300 -
Negatice GLON

R=0-7.5kpc, 7.5-9.5kpc ~ 8 point sources (sources with Ts>=1000),

11 month source list

| HI column density [10°° cm?], R=7.5-9.5 kpc |

/" Fit data at each energy bin : )
(100~144 MeV), (144~200 MeV), ...,
(9.05~12.8 GeV)

2 HI maps .
Gamma-ray spectrum (A(E), B(E),...)
\ \_ of each component )
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/<wz.. Data and Model Maps (E>=200 MeV)
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» Clear detection of gamma-rays from the molecular cloud region.
* Our model reproduces the gamma-ray data well.

Katsuhiro Hayashi

Detailed study of obtained spectra in progress
— CR and matter distribution
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_,, o Summ ary

Fermi-LAT will allow us to study the CR and matter distribution of
many GMCs (e.g; orion GMC (2009&£% BEfEHE)).

* Preliminary analysis of GMCs in Chamaeleon
(EEBEDNIELY, HEBRIBE EHV/INELY) region is presented.
» Clear detection of gamma-rays from Chamaeleon region.
* Fit gamma-ray data with a combination of models (gas map, IC,
Isotropic and point sources)
The model reproduces the gamma-ray data well.

Future work
»Detailed study of obtained spectra of each component
— CR and matter distribution in detail
»Compare with other GMCs
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Backup Slides
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Molecular Gas

The principal phase of the molecular gas
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EGRET all sky map E>100 MeV LAT all sky map E>200 MeV
(10 years) (3 months)
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Dame et al. 1987
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Sample of GMCs

TABLE 2
(see also Dame et al. 2005) MorecuLar Gas wirss | KiLorarsec oF Suw

I ] M = T,
Region Lin (- B B s (km s~ %) ipc) Ref. (10* M) ipc) (pch
R 18”5 kT L —&° 107

Aquila Rift ... | 1 b » el 8 w0 1 LS 9 15
Cloud A ..., 44 40.% =i 2 27 SO0 1 0.4= -7 14
Cloud B ....oooiiiiiinns 44 4 —d 5 7 300 1 0.4¢ ] 11
Cloud C© ..........00ivis 50 55 —1 15 24 s00 1 0.3 ] 12
Vul Rift ... 54 (X —3 5 1] 400 1 0.8 h] 12
Cyg Rift ....ooovvinnnnnns 63 86,5 —4 4 7 T00 1 B.5 —4 24
Cyg OBY _............... &7 ey -1 g -1 RO | 1.5 41 52
Lindblad Ring .......... 1080 164 - | 1 | 0 2 1.6 2 2%
Cepheus _................ 100 120 11 22 -5 450 4 1.9 11 133
Taurus ..o oo, 163 178 — 22 —0.5 5 1440 5 03 17 1§
[ 154 1625  —25 7 51 o ; ) |
Per OB2 ......oooveeie { g3 171 3 - _3] 350 5 1.3 R4 92
Mon OBL .......... 197.5 205 =1 4 7 HOO 7 1.6 17 22
Orion A .....ovoes. . 208.5 218 —21 — 145 5 500 f 1.6 163 164
Oron B .._.............. 2025 208 —121 —& 5 200 & 1.7 —129 133
Mon R2 __............... 210 218 —14 10 7 £30 i 1.2 — 182 153
i - 425 8 .8 g 1%
................. — —12 4 E[E g %E m

Coalgack 300 07 —d =4 1 r -
GilT—4 315 320 —& -2 —6 170 11 .03 —11 11
Lupus 333 346 4 22 5 170 ] 0.3 Kl 35
P W e : = o 3 165 12 03 I W
R CrA 357 4 —22 —1i4 & 150 3 03 —35 55

Detailed analysis by EGRET (e.g; Digel et al. 1999)
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ez Gas traced by excess of E(B-V)

*Some fraction of gas is not
detectable by 21 cm line
(atomic hydrogen) and CO line
(e,g; Grenier et al. 2005,
Goodman et al. 2009).

\We estimated their

contribution from the emission
of dust

Katsuhiro Hayashi

“LTE”
13C0

thermal”
13CO

Goodman et al. 2009
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ST Model Count Map

PRELIMINARY!!
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Dark_gas model count map

15



ASJ meeting, @Yamaguchi Univ. Sep 15, 2009

J/<=z.  Derivation of CR density and Xco

Xco = N(H,)/W(CO) ~ (1-2) x 1020 cm-?/(K km/s)

Gamma-ray flux
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|
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|

(E)xW (CO)(I,b).]+...

-> CR density

Emissivity of HI gas

-> distribution of CR
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Emissivity of H, gas (in unit of Wco)
(emissivity of H, is 2 X emissivity of HI)
-> CO-to-H, conversion factor
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