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Extreme scattering events in quasars suggest the exisiédagk H» clumps of mass- 103 M,
and size~ 10 AU. Such clumps are extremely dense compared to WIMPspduwhthe same
mass obtained by N-body simulations. A WIMP clump gravimadilly attracted by a centralH
clump would experience a first infall during which its depsitcreases by 10in ~ 1 Myr. In
this poster | begin to explore the phenomenology of mixedhglsi made with K and WIMPs.
Molecular clouds built with clumps are efficient machinegramsform smooth distributions of
WIMPs into concentrated networks. If WIMPs are neutraligavitationally attracted in clumps
of such molecular clouds, they may either enrich the bargmtos over cosmological ages, or
remain mixed with cold bl clouds until the clumps evaporate either by collision or tejlar UV
heating. A phenomenological model based on an hypotheatiddayonic component (DBC) that
was invoked in the past to explain one of the main drawback¥i¥ profiles, their overly dense
cores, is briefly revisited in this context. The DBC is repgldby a mix of b and WIMPs, with a
small fraction of HI produced by internalHcollisions, in slightly dispersive clumpy clouds that
may migrate from the halo towards inner parts of a galaxy aski d
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1. Introduction

Most cosmological models studied today are variants of as@®in which perturbations start
in a medium of massive weakly interactive particles (WIMPE)e present-day universe contains
a fraction of non-baryonic dark matter (DM), with a relic déy of the orderQpyhg ~ 0.22. If
this WIMP dark matter is made of supersymmetric neutralittosir annihilation mainly produces
y, protons, antiprotons, electrons and positrons. The datidn signal from WIMPs in dense
substructures of the Milky Way is expected to be strongen thasmooth regions. This question
was studied for DM clumps derived from numerical simulasioand lead to the conclusion of a
large cosmic variance in annihilation products [1] [2]. histposter | begin to consider the issue of
neutralinos gravitationally attracted into clumps of nmolar clouds, possibly into dark molecular
clouds. A phenomenological model based on an hypothetic lsktyonic component (DBC) that
was invoked in the past [28], to explain one of the main draskbaf CDM profiles, their overly
dense cores [3], is briefly revisited in this context. The OBf&placed by a mix of bl and WIMPs,
with a small fraction of HI produced by internabldollisions, in slightly dispersive clumpy clouds
that may migrate from the halo towards the inner parts of Hiaxy and the disk.

2. Hy, molecular clumps and clouds

The estimated value for the stars and gas fraction in d@kgys~ 0.004+ 0.002 [4], com-
pared with the primordial nucleosynthesis requiremenggroom for a dark baryonic component.
The existence of small dark clumps of gas in the Galaxy waskien to explain Extreme scatter-
ing events of quasars [5] [6]. The duration of such eventgessig sizes and masses of individual
cloudlets of the order 10 AU and 1®M..,. These values of mass and size are also allowed by the
searches for lensing toward the LMC [7]. Primordial gas @iasof atomic hydrogen HI, but in
high density cloudlets three-body reactions convert HI tdarular H. Cloudlets can survive in a
molecular cloud if the number of collisions is sufficientiypall which, according to [8], requires
a fractal dimension X D < 2. If D > 2.33, internal and external collisions are too numerous for
maintaining a fragmented cloud.

The fractal structure of molecular gas clouds, their foramtthermodynamics and stability
were intensively studied [9] [10] (most references in [1H)arge fraction of molecular gas in the
Galaxy is under the form of §j and cold H may be a significant component of dark matter [12].

H, clumps are extremely dense compared with WIMP clumps ofdhgesmass, as predicted
by N-body simulations [13] [14]. More precisely the simidats suggest that a WIMP clump of
103 M, has a typical size of 1000 AU. Therefore a low density WIMP clump that would be at
rest with an H clump would experience a local gravitational infall. In adya smooth distribution
of WIMPs, approximately at rest with a network of ldlumps, forming a fractal kcloud, will
experience as many local infalls as there apecldmps. When WIMPs enter an,Hclump, some
of their gravitational energy and momentum are transfeloddp particles. Some of the low speed
WIMPs form a mini-halo. The energy transferred tp plrticles increases their velocity dispersion
and therefore the number obldollisions. Dissipative processes start to be at work ircthep of
H, enriched with WIMPs, including the transform, H-> Hl.
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3. Baryon factories? Icebergs?

When the hydrogen clumps first form, the gas is almost eptireatomic form. On a time
scale of~ 10° yr however, most of the hydrogen is converted tp[B] [10]. Let consider the
simple case of a piclump at rest in a WIMP clump of the same mass3® ., The WIMP clump
alone would have a radius of 1 000 AU in the absence of Binder the attraction of the central
H> clump, it will experience a first infall in about 1 Myr duringhich its density will increase by
10°. If WIMPs are typical low mass neutralinos of the order of m10 GeV, number density,n
and cross-sectioty—g = 1026 cm?® s~1 for annihilation [15], then the WIMPs concentrated into a
clump enter a regime of significant annihilation rate/2n, )20v_o/t, leading to a mass transform
of 1.4 10" M., Myr~1. The cumulated mass loss of those neutralinos is 50% éGyr. This
case may be called a "baryon factory".

If the neutralino mass is pr~ 100 GeV(see Noté), with a cross sectiogy_o =102’ cm®s 4,
the annihilation rate is divided by 1000, and the ¢lump may build up a WIMP halo over cos-
mological ages, which might be an "iceberg" in the case dfigently high background den-
sity. The scale of clumps, is obtained by setting the frdleifae equals to the Kelvin-Helmholtz
time and assuming virialization. The main relation betwparameters is that warmer clumps are
smaller and more massive, and in that case the number ofi@hteollisions increases. The WIMP
mass may smoothly modify the clump equilibrium up to a limhieke too large masses become
Jeans unstable, fragment and cool. For a WIMP density sinailthat of the solar neighborhood
(0.3 GeV cnt3), the amount of neutralinos attracted by a clump in 15-20 Myof the order of
10~" M., only, namely a small fraction of the clump mass, and a low fiteasity. Higher concen-
trations require significantly longer infall time.

A molecular cloud in equilibrium with scale 30 pc would haveypical mass~ 5x 10° M,
[16], a density 1& M., pc3, and a linear separation between clump componerits< 10° AU.

If such a cloud were embedded in a diffuse background of WINRy of the zero velocity WIMP
particles would reach an4tlump in less than 16 Myr. Therefore the smooth WIMP distitu
would quickly become a clumpy network.

Note': A weak signal of a broay line atE, ~ 130GeV was found17] [31] in Fermi-LAT data
[18] near the Galactic Center. It may be interpreted either asggesline or a pair compatible with
al273+2.7 GeV WIMP annihilating througtyy andyZ [19]. According to[20] an off-centered
source at> 100GeV is associated with the Sgr C molecular cloud.

4. Pamelaxcess of positrons

A rising positron fraction in cosmic rays was discoverredl][ih Pamelasatellite [22] data.
It was quickly understood that explaining such an effect lly-groducts of neutralino annihila-
tions would require a significant boost factor. Numerous dedse halo substructures were in-
voked to produce such an enhancement. Large dark moledalaiscat rest in a WIMP medium
would indeed provide local boost factors. Neverthelesenéf/that question were resolved, the
positron excess would still be hardly explained by neutméinnihilations alone, because too many
anti-protons would be generated at the same time (refeseinci3]). Alternately a population
of nearby astrophysical sources (pulsars) would qualéhtiexplain both the positron and anti-
protons spectra [24], with large uncertainties. So thesélighe possibility of a mixed explanation
for the Pamelapositron excess, but with a large variance and poor constrai
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5. Dwarf spiral galaxy profiles

That a significant fraction of dark matter may be baryonic iBDs suggested by the propor-
tionality between the radial distributions of dark mattadad | gas in a number of faint objects,
sometimes all the way through a galaxy [25], and by corrdlteal density variations between
gas and dark matter [26]. Systematic studies suggestedidhniatmatter profiles may be decom-
posed into two components: one with a distribution simitathtat of the H | disk at K 1.5 ropt ,
and a halo component with a distribution coupled by a tiglati@n with the disk baryonic matter.
Modeling suggested a systematic increase of the BDM fractiith decreasing luminosity [27],
and a larger radial scale length for the BDM than for the HI[@&3.

Let suppose that a fraction of DM is in a form of cold fractabuds, made with primordial
H, and gravitationally attracted WIMPs. Far from sources ddtimg, the gas is thermalized at
3 K, but there are regimes where the cloudlets collide. Hiramipced when cloudlets annihilate
through collisions. In a collision process the leading pater is the square of the number density.
Then the neutral hydrogen collapses towards the galaxyagidknner regions, taking some of the
bounded WIMPs, and some of the lthat was not converted to HThe HI - H, mix is weakly
dissipative and should form a flattened BDM hafystematic relations between the HI disk, the
BDM, and the dark halo, in gas rich spirals of intermediate sivere interpreted as being due to 1)
the collisional nature of the ;tlump annihilations in the outer regions, 2) the dissipatollapse
of the diffuse neutral hydrogen towards the disk and inteliate regions from the fractal cold gas
in the outer regions, and 3) stellar UV heating in the inngraes (Figure 1).
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Figure 1: Surface density distributions in M33 from [29] showing théd#s (squares), the BDM profile
(thick line) and how the BDM profile can be deduced from thespre-day HI distribution. The arrow
illustrates the inverse motion of the dissipative gas wattpect to the BDM. The dashed line is the inner cut
off due to UV heating. If the BDM component is made of H2 cluntpeay contain a WIMP fraction.

In dwarf spiral galaxies, the BDM fraction is very large caamgd with the detected disk com-
ponent, and the density of DM is low compared with that in Inrigalaxy halos. All processes
involving density are slowed down relative to bright spigallaxies, but low surface brightness
dwarf spirals are particularly interesting for studyingké between WIMPs, BDM and HI distri-
butions and processes. The BDM is mostly located at a radigsenit makes significant changes
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to the value of the concentration paramedgr Its density distribution usually shows a hole in the
central region which can be easily understood: if this congod is made of molecular hydrogen
in a frozen form, heating by the stellar UV flux annihilatee #mallest cloudlets, building a cavity
in the inner region from which H | evaporates in a diffuse form this process the leading pa-
rameter is the number density. Those WIMPs that were oncadiio dark molecular clouds,
may then show density variations following roughly the rlisttion of evaporated hydrogen. A
concordance model for dwarf spiral galaxies was achieveld roiughly half the mass in baryons
and a mass concentratiop = 6.2 [30], a large fraction which may now be corrected for inahggd
both bound and released WIMPs (work in preparation).

6. A comment in conclusion

| conclude with a remark on the distribution of the doulple ray lines from unassociated
Fermi-LAT sources [32], interpreted as being due to newahnnihilations in sub-halos. These
sources were all found within 8f the galactic plane, while WIMP sub-halos are expected to
populate randomly the Galactic halo. If the detections ardianed, and really due to WIMP an-
nihilations, this may mean that 1) the transport mechaniswilPs by H, clouds with dissipative
HI, and 2) a boost factor by structural overdensities jckbud networks, may be meaningful.
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References
[1] P. Salati,Neutralino clumps and cosmic rays; Identification of Dark Matter, M. Axenides, G.
Fanourakis, J. Vergados (eds), World Scientific Publisking 108, 2007

[2] J. Lavalle, J. Pochon, P. Salati, and R. Taill@fumpiness of dark matter and the positron annihilation
signal,A&A 462, 827, 2007

[3] W.J. W. de Blok, S. S. McGaugh, A. Bosma, and V. C. Rubiass density profiles of low surface
brightness galaxie#pJ 552, L23, 2001

[4] M. Persic, and P. Salucchhe baryon content of the univerddNRAS 258, 14, 1992

[5] R. L. Fiedler, B. Dennison, K. J. Johnston, and A. HewEktreme scattering events caused by
compact structures in the interstellar mediuNgture 326, 675, 1987

[6] R. Fiedler, B. Dennison, K. J. Johnston, E. B. Waltmarg Bn S. SimonA summary of extreme
scattering events and a descriptive modgd,) 430, 581, 1994

[7] B. T. Draine,Lensing of stars by spherical gas cloudgJ 509, 41, 1998

[8] D. Pfenniger, and F. Combels, dark matter in spiral galaxies cold gas? Il. Fractal mosl@ind star
non-formation A&A 285, 94, 1994

[9] M. Walker, and M. WardleExtreme scattering events and galactic dark masgd 498, L125, 1998

[10] J. A. Irwin, L. M. Widraw, and J. EnglistAn Observational test of dark matter as cold fractal clouds,
ApJ 529, 77,2000

[11] F. CombesH2 in Galaxiesjn: Molecular hydrogen in space, F. Combes, and G. Pineataiéts
(eds.), Cambridge University Press, 275, 2001



H2 clumps and WIMPs Edmond Giraud

[12] D. Pfenniger, F. Combes, and L. Martinetdark matter in spiral galaxies cold gas? |. Observational
constraints and dynamical clues about galaxy evoluti®A, 285 79, 1994

[13] J. Diemand, B. Moore, and J. Stadeirth-mass dark-matter haloes as the first structures iretingy
Universe Nature 433, 389, 2005

[14] V. Springel et alProspects for detecting supersymmetric dark matter in thiaGic halo,Nature
456, 73, 2008

[15] D. G. Cerdeno, T. Delahaye, and J. Laval®smic-ray antiproton constraints on light singlino-like
dark matter candidate$jucl. Phys. B 854, 738, 2012

[16] P. M. Solomon, A. R. Rivolo, J. Barrett, and A. YalMass, luminosity, and line width relations of
Galactic molecular cloudsipJ 319, 730, 1987

[17] C. WenigerA tentative gamma-ray line from Dark Matter annihilationtbe Fermi Large Area
TelescopeJCAP 8, 007, 2012

[18] W. B. Atwood et al, Fermi LAT collaboratiorlhe Large Area Telescope on the Fermi gamma-ray
space telescope missiofpJ 697, 1071, 2009

[19] M. Su and P. D Finkbeinegtrong evidence for gamma-ray line emission from the inreday,
arXiv1206.1616

[20] A. Neronov, and D. V. Semiko%alactic sources of E > 100 GeV gamma-rays seen by Fermi
telescopearXiv:1011.0210

[21] O. Adriani et al, An anomalous positron abundance in cosmic rays with engfgie-100Ge\Wature
458, 607, 2009

[22] http://[pamela.roma2.infn.it/index.php

[23] I. Cholis, D. P. Finkbeiner, L. Goodenough, and N Wejidre Pamela positron excess from
annihilations into a light boson]CAP 12, 007, 2009

[24] T. Delahaye, J. Lavalle, R. Lineros, F. Donato, and Nneago Galactic electrons and positrons at
the Earth: new estimate of the primary and secondary fluk&g#, 524, 51, 2010

[25] C. CarignanThe DM-HI connectionin: New extragalactic perspectives in the New South Afriza,
L. Block and J. M. Greenberg (eds), Kluwer Academic PublishaSSL 209,447, 1996

[26] N. Martimbeau, C. Carignan, and J.-R. RBgrk matter distribution and the H | - H-alpha
connection in IC 2574AJ 107, 543, 1994

[27] E. Giraud A universal coupling relation between luminous and darkteraurface densities in disk
rotating galaxiesApJ 531, 701, 2000

[28] E. Giraud,Dark baryons and disk-to-halo mass coupling in M3, 539, 155, 2000
[29] E. GiraudCollisional H | versus annihilating cold fractal cloud&pJ 544, L41, 2000
[30] E. Giraud,Dark baryons and the profile crisis in cold dark matter halapJ 558, L23, 2001

[31] E. Tempel, A. Hektor, and M. Raiddfermi 130 GeV gamma-ray excess and dark matter annihilation
in sub-haloes and in the Galactic centseXiv:1205.1045

[32] M. Su and P. D FinkbeineQouble gamma-ray lines from unassociated Fermi-LAT s@jrce
arXiv:1207.7060



