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Constraints on dark matter
annihilation cross section with

the Fornax cluster




Galaxy clusters:Why interesting?

Bullet cluster (IE0657-56)

® The largest virialized dark-
matter structure

® The largest number of dark
matter particles

® Presence of collisionless
dark matter clearly seen in
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Cluster constraints on DM properties

Ackermann et al., JCAP 1005, 025 (2010) Dugger et al., JCAP 1012,015 (2010)

bb final state - constraints from clusters
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Annihilation boost in substructure

Gao et al.,, arXiv:1 107.1916
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Annihilation boost in substructure

Huang et al., arXiv:| [ 10.1529
U.L. on DM annihilation; effect of DM subhalos

Upper limits, bb channel

- 3.107% - - Draco - - Sextans
Bootes | - - Fornax — - Ursa Major Il
- Carina — Sculptor — Ursa Minor
Coma Berenices — Segue 1 = Joint Likelihood, 10 dSphs

Solid: with subs. (M, =10"°M )
Dotted: w/o subs.
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Cluster limits with subhalos

WIMP mass [GeV]

Ackermann et al.,, arXiv:| 108.3546
Geringer-Sameth & Koushiappas, arXiv:| 108.29 |4



Motivation

® Does stacking help? If so, how much?

® There are many more clusters than dwarfs!!

» No! It doesn’t help

@ What is the effect of baryons (stars+;

as)!

| \ It improves limits by a factor ~4



Dark matter annihilation in galaxy clusters

Gamma-ray intensity from annihilation
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Astrophysical factor: density profile

Umetsu et al, Astrophys. J. 738,41 (201 1)
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— — — Stacked cosmic noise
NFW fit (x°/dof=5.8/13)

100 1000
Projected radius, R [kpc/h]

Numerical simulations
imply universal form of
density profile: NFW

p= -
(r/rs)(r/rs +1)7

p ~ r~! for small radii, and
p ~ r~3 for large radii

NFWV profile is confirmed
with lensing observations



Gamma-ray intensity

Coma

S _Mmin = |0_6 Msun
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Subhalos
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Log(6/deg) Log(6/deg)
My ® |[ntensity due to subhalos is much more
2 (10" h ! M) extended than the smooth component
R 0005 2 ® Subhalo boost factor is ~1000 for cluster-size
Coma |0.023 9.6 halos, if minimum subhalos are of Earth size



Analysis of Fermi-LAT data

® We analyze data of Fermi-LAT for 2.8 years around 49 relatively large galaxy
clusters

e DIFFUSE and DATACLEAN class of photon data between MET = 239557417 s and
329159098 s

® 23 clusters from X-ray (Reiprich & Boehringer 2002) and 34 from cosmology catalogs
(Vikhlinin et al. 2009); 3 are found in both and 5 are at low Galactic latitudes




Fermi-LAT data and best-fit model for Fornax

Model Map (Fornax)

Counts Map (Fornax)
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e R i Integrated maps for |-100 GeV

® There is no gamma-ray source at cluster location

® We then add cluster component at the center of the best-fit
model map, to put upper limit on that component



Upper limits on cluster component

Analyze With

Counts Map (Fornax)

Fornax (with subhalos)

Fornax (host halo only)
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Limits on annihilation cross section from Fornax

NFW halo with no subhalos
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Ando & Nagai, arXiv:1201.0753 [astro-ph.HE]




Cross section limits for all clusters
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Fornax, M49, NGC4636, Centaurus, A2256
Hydra, A3571, Coma, A3558, NGC5813

NGC5044, A1367, A1795, A3562, A1644
A2199, A2063, A2052, A2589, A3266

NGC5846, 2A0335, A2142, A401, A119
A2634, A3376, A2147, ZwCI1215, A4038

A85, A478, A3158, A496, A754
AQ754, A2065, A4059, MKW3s, A576

A3667, A2657, A133, A1736, A3391
HydraA, A2029, EX00422, A399
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10

Dark Matter Mass m, [GeV]

NFW halo only
bb channel




Cross section limits from stacking analysis

Stacking ® Procedure

— o)

® Remove clusters with >30
excess compared with
(fixed) background

(b) w+w-
Stacking

— Cd) ® This reduces to 38 clusters
| to be analyzed

® Result

Stacking
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® Stacking does not help

® PBetter to model Fornax more
brecisely
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Dark Matter Mass [GeV] Ando & Nagali, arXiv:1201.0753 [astro-ph.HE]



The Fornax cluster
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Baryons in Fornax

HST photometry (4°x4” region)

Stars

Precision
measurement
down to | pc!

Lauer et al. Astron. J. 129, 2138 (2005)

ROSAT observations
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Paolillo et al. Astrophys. J. 565, 883 (2002)




Density profiles of Fornax

Dark matter

® Surface brightness —
luminosity profile —
density profile

® Stars dominate the
gravitational potential at
the central region

Profiles from DM-
only simulations

® What is the feedback
effect of this deepened
potential?




Adiabatic contraction

Blumenthal et al. Astrophys. |. 301,27 (1986)

Angular momentum conservation:
Mi(ri)ri = My (rs)ry
My(ry) = [Mam,s(ry) + My s (rg)lry = [Mam,i(ri) + My, (ry)]ry



Modified halo contraction

Gnedin et al, Astrophys. J. 616, 16 (2004); arXiv: | 108.5736

dark matter:
cooling

no cooling
— ———standard AC
- modified AC

M;i(7:)ri = [Mam,i(T:) + My, £(7¢)|rs

® Ap=1.6,w =0.8 well
baryons: explain simulation results

cooling
no cooling

® Uncertainty range: w =

1000 0.6

® There is no firm
observational evidence for/
against this effect yet




Effect of halo contraction

Ando & Nagai, arXiv:1201.0753 [astro-ph.HE]

Contraction
— — — — Initial DM

Contraction
— — — — Initial DM
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® Canonical contraction model (Ao=1.6, w=0.8)

® Density is enhanced at the center for both
NFW and Einasto profiles



Gamma-ray intensity enhanced

Ando & Nagai, arXiv:1201.0753 [astro-ph.HE]

Contraction (w=0.8)
— — _ Initial profile

e Contraction produces sub-
PSF structure at 10™4-1073
deg (30-300 pc)

® Gamma-ray flux is boosted
by a factor of

Einasto

o ~4 (NFW)

® ~2 (Einasto)




Cross section upper limits

(a) bb

Contraction (w=0.8) /
— _ NFW/Einasto Z

Z ® Limits improve by a factor
of
o 4.1 (NFW)
(b) W+w-
Contraction (w=0.8) S
— — NFW/Einasto // ® 04 (Einasto)

® This is almost independent
of mass and annihilation

(e) T*7-
Contraction (w=0.8) / - Cha’n nel
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® <gv> < (2-3)x107% cm?/s
for low-mass WIMPs
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Dark Matter Mass [GeV] Ando & Nagali, arXiv:1201.0753 [astro-ph.HE]



Other model parameters

Ando & Nagai, arXiv:1201.0753 [astro-ph.HE]

Contraction
(w=0.6,0.8,1)

__ __ __ Adiabatic
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“Adiabatic’: Ao=1, w=1I

“Break’: no contraction
within | kpc (~ current
resolution limit)

Uncertainty range of
the boost: 2—-6



How important is this?: Compare with subhalos

Ando & Nagai, arXiv:1201.0753 [astro-ph.HE]
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To boost the limit by
a factor of 4, the
minimum subhalo
mass has to be
smaller than | Msun

Otherwise, one
cannot ignore the
effect of halo
contraction



Conclusions

® Galaxy clusters are potentially strong source of gamma rays from
dark matter annihilation

® We showed that stacking ~50 clusters does not improve the limits
obtained with Fornax

'@ The detailed mass modeling

-

of Fornax is therefore important




