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[1] the relevance of the local dark matter density

[P0 = pam(Ro ~ 8 kpe) |

: po is a main astrophysical unknown for DM searches ::

key ingredient to compute DM signals and draw limits
uncertainties on po are crucial in interpreting positive DM detections

scattering at the detector
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sensitive to (o) mpc

capture in Sun/Earth
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halo annihilation/decay
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[not the largest unknown]



[1] from dynamical observables to pg

Milky Way mass model
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dark halo
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[1] from dynamical observables to pg

observables
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[1] from dynamical observables to pg

aim: use observables to constrain mass model parameters

selected references (different models/observables)
Caldwell & Ostriker '81 po =0.23 £ x2 GeV/cm3

Gates, Gyuk & Turner '95  pg = 0.307%12 GeV/cm®

Moore et al '01 po ~ 0.18 — 0.30 GeV/cm®

Belli et al '02 po ~ 0.18 — 0.71 GeV /cm?® (isoth.)

Strigari & Trotta '09 Apo/po = 20% (projected; 2000 halo stars, vesc)
Catena & Ullio '09 po ~ 0.39 £ 0.03 GeV/em®  Apy/po = 7% !l
Salucci et al '10 po ~ 0.43 +£0.21 GeV/cm®

usual assumptions: pdm = Pdm(r), pdm from DM-only simulations



[1] the role of baryons on dark matter halos

adiabatic contraction [Blumenthal et al 1986]
spherical mass distribution M;(< R;): baryons + dark matter  f, ~ 0.17
baryons cool and contract slowly — M(< R)
circular orbits + L = const
R (My(< R) + Mam(< R)) = RiMi(< Ri) = RiMam(< R)/(1 — 1)
pom ox R™> an

final DM profile is significantly contracted
[+ Gnedin et al 2004, Gustafsson et al 2006]

halo shape
DM-only halos are prolate
+ baryons: more oblate halos (still triaxial)
in any case, pdm 7# pdm(r)

aim
address systematics on pg in light of recent N-body+hydro simulations
a realistic pdf on pg is needed if we are to convincingly identify WIMPs



[2] our numerical framework
difficult to obtain a MW-like galaxy at z = 0 with simulations

usually large bulges and small disks result (L problem)

recent sucessful attempt: Agertz, Teyssier & Moore 2010
dark matter + gas + stars

cosmological setup baryonic features
WMAP 5yr cosmology star formation (Schmidt law; es, ng)
selelzt DM-only halo pg = _gff%’
Myir ~ 10 Mo Ruir ~ 205 kpc stellar feedback (SNII, SNla, wind)

no major merger for z < 1
numerical features
mpm = 2.5 x 10° Mg
Ax = 340 pc

main result

MW-like galaxy with v, ~ const, B/D ~0.25, r4~4—5 kpc



[2] our numerical framework

Run Eff Feedback Star formation threshold, ng
SRé-n01el 1% SNII 0.1em—*
SR6-n01e2 2% SNII 0.1em=3
SR6-n0les 5% SNII 0.1em=2
| SR6-n01cIML 1% SNII, SNIa, mass loss 0.1cm—3 |
SRE-n01e2ML 2% SNII, SNla, mass loss 0.1cm=>
| SR6-n0leSML 5 % SNII. SNla, mass loss 0.1cm= |
SRé-nlel 1% SNII lem=3
SR6-nle2 2% SNII Lem™3
SR6-nleb 5% SNII Lem™3
Run -'”dlsk_.s -‘ﬂ'jdisk.g Mbulgg.s Td [kpc] (1) feas tz) BffD BJ'FT Jbar (33
SR6-nllel 8.6 1.6 2.0 3.8 0.13 023 019 1920
SR6-n0le2 74 1.3 4.6 7. 0.10 0.62 0.38 1655
SR6-nlle5 56 0.72 7.0 ~ 15.0 0.05 125 056 1305
|_SR6-n0lelML 8.0 2.3 2.2 5.0 0.18 027 0.21 1960 |
SR6-n01e2ML 8.1 1.6 3.8 5.0 0.12 047  0.32 1718
| SR6-n01e5ML 5.5 0.93 7.2 ~ 15.0 0.07 1.30  0.57 1464 |
SR6-nlel 6.6 33 2.9 2.7 0.26 044 031 1504
SR6-nle2 6.4 2.4 4.3 2.5 0.18 0.67 040 1804
SR6-nleh 6.0 21 5.2 2.7 0.16 087  0.46 1643

[0T0Z @100 % 421SSAal ‘ZHaby|

to bracket uncertainties we consider: DM-only, SR6-n01elML, SR6-n01e5ML



[3] han shape: a first look
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[3] halo shape: a first look

log10(p(x,y) (Msun’kpcA3))
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profiles of dark matter density
SR6-n01elML :: MW-like

approximately axisymmetric halo

10" Mg /kpc® ~ 0.38 GeV/cm®




[3] halo shape: a first look
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[3] halo shape: a first look

Tog10(p(xy) (Msun'kpct3) SR6-n01lelML Iog10(pty.z){(Msun/kpc*3) SR6-n01lelML
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[3] halo shape: a first look
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SR6-n01lelML
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DM overdensity towards z ~ 0

‘ ‘ [T ‘T; local spherical shell: 7.5 < R < 8.5 kpc
| (i.e. stellar disk)

6.8 Zrho2

E [Entries 3814

6.7/—|Mean -0.01085

E [Meany  7.157

6.6F| AMS 4.221
RMSy 0.1546

P Farar s I B P B
10 8 6 -4 2 0 2 4

8 10
2 [kpe]
bottomline

baryons make DM halos rounder (but still non-spherical) and
flattened along the stellar disk



[3] halo shape: getting more quantitative

inertia calculations

N,
242 M
N,
Sily mi
principle axes: eigenvectors j, (major), j, (intermediate), jo (minor)

axis ratios: b/a=+/Jp/Js, c/a=+/Jc/Ja prolate

T=1l/2

for a set of N, particles, J; =

oblate
1—b%/a° T<1/2

iterative procedure ['a la Katz et al '91]

triaxiality: T =

r<R — b/a, c/a,j;,ybyc —q= \/x2+ T C/az <R — ..

convergence criterium: 0.5% change in b/a, c/a



[3] halo shape: getting more quantitative
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[3] halo shape: consequences for pg

/ many studies assume a spherical halo [e.g. Catena & Ullio, Strigari & Trotta]

/ data then constrains the spherical average local density go:
- 1 1 B(VZR) _dMy
Po=172zr2 | G TOR . dR IR,
0

/ model triaxial halo is tricky (b/a, c/a not known nor constant)

/ to estimate systematic uncertainty compare pg < po in simulations

: 75<R<85 kpc
strategy

spherical shell 7.5 < R < 8.5 kpc
_\ select particles in 3 orthogonal rings
_\ IA“: divide rings into 8 portions Ay = 7 /4
¥ evaluate p along the ring, p(¢)




[3] halo shape: consequences for pg
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[3] halo shape: consequences for pg

P [M@/kpcﬁ
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/ p(®) > po because halo is flattened

/ halo-to-halo scatter can change normalisation
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[4] halo profile

DM-only simulations find NFW/|Einasto profiles

Jlnp
amp — —10as R — 0

baryons expected to contract DM profile

d(In p)/d(in r) dinrhodinr

Entries 54

- k m Iﬁ R oere gl'gf? < —1for R <1 kpc
osf- | Hl\ | SR6-n01e1ML but: no convergence; R > 2Ax
a J[ ﬂ lH DM only
It

: P I teaser
2 + I: 1

| 118 if pdm < R™2, extrapolation to pc (why not?)

28f- | == l'_" yields extreme annihilation signals
3 §| |§ e.g. for Fermi-LAT GC ~,
-35 I1 o‘lslclzo‘51“ i <U'annV> 5 10_28 Cm3/S © Mdm = 100 GeV
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[4] halo profile
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SRG-n0Te1 ML 757 (7.61) 948 (8.43) | 197 (I58) | LIA(L16)
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significant contraction wrt DM-only case

hint for an inner cusp



[4] halo profile: mass enclosed

Mgm(< 3 — 8 kpc): important for dynamical constraints

il

insensitive to inner cusp: R™%7, R = 3(8) kpc  AMum(< R) = 3(1)%
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[+] phase space: a first look

0,0035-
0.003F
0.0025
0,002

0.0015}-

0.0005-

relevance

for direct detection: %€ [ dv I

dE Vmin v
for capture in astrophysical objects: C fov’"“ dv @
standard approach: use Maxwellian f(v) = \/gg—zexp (f%), o =270 km/s

uncertainties related to mismodelling of f(v)

velDiskmod

SR6-n01elML [utes 11|

0.001F

Mean 3102

ms 45| SR6-n0lelML
7<R<9 kpc, |z|]<1 kpc

. local stellar disk 7 < R < 9 kpc and |z| < 1 kpc
— Maxwellian
---- Gen. Maxwellian v wrt (V)Rr<s0 kpe

Maxwellian and generalised Maxwellian give
poor fits x°/Nyor =~ 3 — 4

[ongoing work...]
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[+] phase space: a first look
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[!] conclusions

po in light of recent N-body-+hydro simulations

halo shape: < 40% systematics

halo profile: no shift

inner cusp? (indirect detection)

phase space: departure from Maxwellian (?)

upcoming direct detection experiments and results urge for accurate
control over systematics of astrophysical parameters



