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Dark Matter Need Not Apply

Adrian Cho

The Milky Way galaxy may be held together by plain old ordinary matter after all. New
research indicates that the space between stars contains twice as much caold gas as
previously thought. If so, the gas might provide enough gravity to keep the galaxy from

flyving apart, eliminating the need for mysterious dark matter.

There all along In the solar neighborhood, clouds of cold,
dark gas (vellow and red) appear to surround clouds of

maolecular hydrogen (hluel
CREDAT: Greniar af af, Sofasca

The matter strewn through
interstellar space consists
mostly of hydrogen. Mearly
all of this comes in twao
farms: Relatively warm
clouds of individual hydrogen
atoms and caolder clouds of
diatomic molecules.
Researchers measure the
amount of warmer atomic
hwdrogen by tracking radio
waves emitted by the atoms.
But to spot the colder
hydrogen, which emits no
gasily detectable signal,
researchers must measure
radio wawes emitted by
carbon monoxide and assume
that the two molecules are

found together in a certain ratio. Using such measurements, astrophysicists have estimated
the amount of mass in our galaxy and come up with 3 value too small to generate enough
gravity to prevent the outermost stars from whizzing into space. So researchers generally
believe that some form of undetected dark matter must provide the extra grawity.



S. Hunter, GLAST meeting, Oct.2004
The Galactic Diffuse Gamma-ray Emission

... the dominant feature of the gamma-ray sky and
a probe of the Galactic ISM and the CR distributions

Galactic ridge High latitude (halo?)

Tangent points of the local arm Inter-arm region



S. Hunter, GLAST meeting, Oct.2004

The Galactic Diffuse Emission

Straight forward integral over the line-of-sight:

Galactic cosmic-ray distribution of Galactic matter distribution of
electrons and nucleons (+ He, heavies) atomic, molecular, and ionized hydrogen
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Gamma-ray production functions Low-energy photon energy density
electron bremsstrahlung, nucleon- cosmic microwave background,
nucleon (7t °), and inverse Compton infra-red, visible, and ultraviolet
Synchrotron emission is not significant

The hard part: determining the 3-D matter, ISR, and CR distributions.



S. Hunter, GLAST meeting, Oct.2004

Composition of the ISM - Matter & Radiation

* Interstellar Clouds 0.011Mg /pc3, ~90% of ISM

— Bright Nebulae, e.g. Orion (M42) — Dark Nebulae, e.g. Ophiuchus
— HI 8 H-atoms/cm3, 0.01 elec/cm3 - H, 1H-mol/cm3
— All other elements — HIl ~8 elec/cm?
o Interstellar Gas
— Mean density between clouds 0.1 H-atoms/cm3, 0.035 elec/cm?
e Interstellar Grains 0.0015 Mg, /pc3, ~10% of ISM
— Number density 0.5 x 1012 cm3 Mass density ~1g/cm?3
e Stellar radiation 7x10-13 erg/cm?
— CMB (2.7°K) 4x1013 erg/cm?
e Turbulent gas motion 5x1013 erg/cm3
« Cosmic rays 16x1013 erg/cm?3
« Magnetic field 15x1013 erg/cm?

» Should this list also include dark matter?



|. Moskalenko, GLAST meeting, Sep.2004
Gas Distribution
| | | | ]HydrlogenldistrTibuticI)n MOleCL”ar hydrogen H2
IS traced using J=1-0
transition of 2COQO,
concentrated mostly
in the plane
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Molecular mass ratio:
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S. Hunter, GLAST meeting, Oct.2004

CR Distribution from Dynamic Bal

20+

H1

 Derive 3-D distributions of Hi, H,, and Hii

« Determine Galactic mater surface density,

normalize total Solar density to unity,
Ce = ¢y = C(lp) \
« CR density atl,pisthen ©”
Solar CR density x c(l,p) * 48
» The diffuse emissionis S
o (Matter density)? o

« CR scale height assumed ..,/
to be large compared to '
matter scale height
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|. Moskalenko, GLAST meeting, Sep.2004

stellar radlatlon fleld

Energy density
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S. Hunter, GLAST meeting, Oct.2004

$o<1<120

Compariso

123 30<b< 10
1] 3
[RVE E
I3 E
[ E
nad E
PE 3
ot S B st f bt talt il bt y b e iy bty L | o
B leb 14 g o Eb b ] W 0 T T T
10=h= & 3
e |\ WMot 1 il I g gt Iyl Iyl 3

o Il T L L)

51} (111} (&) (P (i} 1) bl 40 180
6<bs 2 3

i ! Wil by Ll
- u an g1} ) B -al ) 1)
GLat G Lat GLat GLat
120<]<150 150<] <180 1¥0<)<210 210<)<240
SNIRES
BT H
=
i
=
vy ‘ “ ‘ |
Al ") 5U
U Lat

240<1<270 0.5-1 Ge¥

va T T T

Obs - 1.06 7 1.02 x Mdl +0.01320071x10°
Kumars spectrum gwr:sUUIfJxIU1

=
F

180 160 190 120 [ 1o 6l a0 2 u EET) 520 s 20 20 240 £ 200 180 [ ]
[ELS ! —
144 2<h<? 3 [ ]
124 | ‘ E L ]
1o ‘ ‘ ‘ ‘ E : L ]
S iR ]
2 | | “ ‘| E R 1
oy ““ ‘ | \ ‘ H | | 3 300<]1€330 330<1<360 o ]
R ‘ ” Hl | ‘ i ‘ ‘ E 1.2 B & A ]
uzd E E g
| | I [ i
vu ! AN | | f ] e f ]
3.0 160 140 12u [ B0 bl au 20 U EE 1 X L) 280 260 2910 20 2 180 r ]
Gialustis Longituds ] wil =
nz o L ]
PR iy ! DOLCE v b b byl
=50 ") Bl bu wl n2 X}
G Lat Mudel wio EGD alU*phant s s
U.5-1 GeV Residual Histogram
68.026 0.014 0.004 L =
(] E 4 F
[ 6<b<10 3 EQs,
- - E [ ]
1.0 E ;u [ ]
ued E 1 ERRITIEIS 3
T E B n ]
ugd | E -k b
[RPE| |‘ | ‘ | H ‘ | || | I ‘ ” | ‘ H £ 7 THO 160 190 120 100 BD 60 40 20 0 340 320 300 28U 260 240 220 200 I8
0 3ttt gl by gt ! i i ! wL _ Galastic Lonsitud
5.0 160 190 1en [ B0 bl au 20 U EE 1) X L) 280 260 290 20 m 180
u ]
14 i E
] 10<b=30 3 ] ]
124 3 wl _ ua 4
10 E :
LR E e 02 |
[LE| E . £
U4 E wol
vz E 1 E ]
U0 Jtab s gt . a0 ol [} TN AN, T T 20 . . . b
140 160 140 120 1ow B0 ] 40 20 [} 140 EED] Ei) 280 260 290 20 20 180 04 L2 =D - ol 3 e v 50
ity A 10* phooat 2t ] Latitude




Grenier, Casandjian & Terrier, Science 307, 1292 (2005)

Dark gas contribution

« Additional gy lg,<(l;0) term

e Possible dust intensity maps:
— E(B-V): reddening map

* l5000, IRAS 3000 GHz map, corrected to 18.2K with
use of DIRBE 100-240um ratios

— lg,: INntensity map at 94 GHz
« COBE DMR/FIRAS



Grenier, Casandjian & Terrier, Science 307, 1292 (2005)

Map of “excess dust reddening” =
dark gas?

+
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Fig. 1. Map, in Galactic coordinates centered on [ = 70°, of the excess dust reddening found above that
linearly correlated with the integrated HI and CO line intensities. The 94-GHz emission map shows the
same excesses. CO intensities above 4 K km s~ ' are overlaid in cyan. The dust excesses form extended
halos around all CO clouds, the bright ones as well as the fainter CO cloudlets that are not overlaid.
This dust spreads in a dark gas, not seen in Hl and CO but detected in y rays.



Grenier, Casandjian & Terrier, Science 307, 1292 (2005)

Best fits to diffuse gamma-ray data

Table 1. Best fits to the y-ray data at 5° < |b| < 80° and 10° < |b| < 80°, for
the complete and residual (in bold and italics) dust maps. The log-likelihood
ratios 2.In(1), measuring the fit improvement, are given with respect to the
N(HI)4+-W(CO) gas model and are distributed as a y* with one degree of

freedom (72). The errors are statistical, not including systematic uncertainties
[10% in the EGRET exposure (70), 20% in the true N(HI) (32) and dust maps
(5), and 20% in the "dust-free” g, because of cloud-to-cloud variations in
the dust residuals toward the CO douds].
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Grenier, Casandjian & Terrier, Science 307, 1292 (2005)

Comparison with data

Galactic center, 5° < b < 40°
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Fig. 3. Longitude (top) and latitude (bottom) profiles of the observed y-ray intensity in the Aquila-
Ophiuchus-Libra region versus the N(HI)+W(CO) gas model (blue) and the N(HI)+W/(CO)+E(B-V)
model (red). The dashed and dotted curves (bottom) outline the IC and extragalactic background
intensities, respectively. Error bars show mean + SD.



Grenier, Casandjian & Terrier, Science 307, 1292 (2005)

Dark gas distribution based on the fit
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log(NH,, ) (atom cm™) 2N(H,)
19 195 20 205 21

Fig. 4. Map, in Galactic coordinates centered on [ = 70°, of the column densities of dark gas found
in the dust halos, as measured from their y-ray intensity with the reddening map. This gas
complements that visible in HI and CO. The two dust tracers [E(B-V) and 94-GHz emission] yield
consistent values within 30% over most regions.
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Grenier, Casandjian & Terrier, Science 307, 1292 (2005)

Latitude profile
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Fig. S1. Latitude profile of the observed y-ray intensity in the Taurus-Perseus-Triangulum
region versus the N(HI)+W(CO) gas model (blue) and the N(HI)+W(CO)+E(B-V) model

(red). The dotted line notes the extragalactic background intensity.



Nearby dark gas clouds

Table 2. Total mass and H,:dark:HI mass proportions in the CO, dark, and atomic phases in nearby

regions.
Region Longitudes, latitudes izl Total mass H_:dark:HI
' (pc) (10° M) S

Cepheus-Cassiopeia-Polaris [80,165] [5, 50] 300 5.4 7.5:1:7.3
Orion [-163, —134] [-40, -5] 450 4.8 8.6:1:7.3
Aquila-Ophiuchus-Libra [-70, 50] [5, 60] 140 1.6 0.8:1:1.0
Taurus-Perseus-Triangulum [140, 197] [-60, —5] 140 1.4 2.3:1:3.1
Aquila-Sagittarius [-36, 50] [-50, 5] 140 0.43 0.2:1:0.5
Chamaeleon [-90, —35] [-50, 8] 160 0.40 0.9:1:3.7
Pegasus [50, 140] [-60, —26] 150 0.16 0.7:1:3.4




H, mass vs. dark mass: evolution?
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Fig. S3. Evolution of the dark-gas mass with the H; mass in the CO clouds for the seven local
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regions, in solar masses, using X, =(1.74 £0.03) 107" cm™ K~ km' s.



Grenier & Casandjian, Paleisaeu workshop (April, 2005)

Model comparison

old model b| > 5 new model x exposure

S |

now EGRET source detoction:
preliminary results; many 2EG sources

+sour
toward the dark clouds do not meel the 4-
ces 5 o threshold requirement over the new
Interstellar  background, others have
moved
= If:xtrag al ]



Casandjian, Grenier & Terrier, ICRC 0G2.1 (2005)

New diffuse model
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Figure 1. Latitude and longitude distributions of the EGRET photons above 100MeV. The EGRET data are in blue, our
new diffuse model in red.
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Casandjian, Grenier & Terrier, ICRC 0G2.1 (2005)
4. Evaluation of the method

To evaluate our method, we have first used the same interstellar emission model at all latitudes as for the 3EG
catalogue. Our analysis yields 169 persistent sources with a detection significance above 5c at |b|<10° and 4c
at higher latitude. The 3EG catalogue lists 174 persistent ones with the same criterion. but 18 of them. very
near the detection threshold. have dropped below the threshold in the new analysis or moved to a position
outside the error box. Conversely, we have found 18 significant sources that are not listed or have a different
position in the EGRET catalogue. To compare positions. we have used a match test with a completeness of
99%. If we release this criterion and allow a slight shift in position. the number of 3EG sources without a

match falls to 11, among which 9 were statistically weak excesses. only 0.5 ¢ above the threshold.

Figure 2. Relative flux difference between the 3EG and
present estimates for persistent sources in cycles 1-4 at

“f_ energies E > 100MeV. The Gaussian curve that best fits

bad the distribution has an 8% dispersion.

12—

m; Figure 2 shows the relative flux difference for the

BE_ persistent sources between the 3EG and our
E estimate. This difference can be mainly attributed to

o the data reprocessing by the EGRET team after the

ak catalogue was published. We indeed obtain the

2l _ | same distribution when we measure the 3EG source

UL m A1, fluxes at their catalogued position with the new

4 o (N 5 L |
% 30 4 » o w Flux ditterence [%) . Photons and exposure maps.

In conclusion. our method compares well with the 3EG analysis. Most of the sources were found at a
consistent position and within 20% in flux. The only differences between the two source lists arise very near
the detection threshold where flux variations from the reprocessed data make several sources move up or drop
below the threshold. A few sources were found at a different position.



Casandjian, Grenier & Terrier, ICRC 0G2.1 (2005)

EGRET unlD sources

Figure 3. Distributions (in Galactic coordinates) of (a) the 67 persistent unidentified 3EG sources at [b[=2.5°
and the Gould Belt [5]. (b) the 49 3EG persistent sources at |b|=5° that do not pass the detection criteria with
the new diffuse emission model including the nearby dark clouds.




localssD < 500 pc

- e shock wave
= Herschel (1847), Gauld (1874)

m inclined: 15'“"’-%3

= young: 20 — 80 Man

origin ???
. multiple SNe (Olano *82, Burton 92, Moreno 99, P6ppel '00)
. high—v HI cloud impact (Comeron & Torra 92, '94)
- supercloud braking in the spiral arm (olano 01)

Grenier, XXIVth MORIOND Astrophysics (2004)
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P ~ Grenier, XXIVth MORIOND Astrophysics (2004
y-fay. SOUrcES Physics (2004)

40 + 5 associated with Belt

not unresolved clouds 104 M®
not Belt SNR (too extended)
no O-early B star in boxes
not accreting systems
pulsars ?

(Grenier ‘00)



Grenier & Casandjian, GLAST meeting (Aug. 2005)

Model comparison

3EG persistent EGRET sources new persistent EGRET sources
E:fan_dji_an ‘05




Summary

e New Interstellar emission model that
Includes the local dark clouds were
developed.

 Mass of local dark clouds is comparable to
that of molecular clouds.

« With the new interstellar background, only
several new sources appeared and most
of the persistent unidentified sources
associated with the Gould Belt lost their
significance.
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