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The Mystery of Missing Mass

1970s- Rubin, Ford,
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Galactic Rotation Curves

Keplerian:
v(r)~M(r)/Vr
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http://cse.ssl.berkeley.edu/bmendez/ay10/2002/notes/lec18.html
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Fermi-LAT y-ray sky
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Fermi-LAT y-ray sky
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Dark Matter Distribution

Search Strategies

R. Caputo, UCSC L. Pieri et al., PRD 83 023518 (2011)



Dark Matter Distribution

Search Strategies

Dwarf Spheroidal
Satellite Galaxies

Galaxy Clusters

Galactic Center
Milky Way Halo |

Spectral Lines y
Isotropic Background

R. Caputo, UCSC L. Pieri et al., PRD 83 023518 (2011)
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Why is the Galactic Center so hard to observe?
Follow up: With which wavelengths can we observe the GC?
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2009
Excess in gamma-ray flux from GC

2009 — NOW

Many papers confirming the excess

Speculation as to its origin

R. Caputo, UCSC

What’s Going On in the Galactic Center?

Not exhaustive:

L. Goodenough, D. Hooper, arXiv:0910.2998

D. Hooper, L. Goodenough, PLB, arXiv:1010.2752
D. Hooper, T. Linden, PRD, arXiv:1110.0006

K. Abazajian, M. Kaplinghat, PRD, arXiv:1207.6047
D. Hooper, T. Slatyer, PDU, arXiv:1302.6589

C. Gordon, O. Macias, PRD, arXiv:1306.5725

W. Huang, A. Urbano, W. Xue, arXiv:1307.6862

K. Abazajian, N. Canac, S.Horiuchi, M. Kaplinghat,
arXiv:1402.4090

T. Daylan, et al., PDU 12 1 (2016), arXiv: 1402.6703

Dark Matter
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. . C. Gordon, O. Macias, PRD, arXiv:1306.5725
Many Papers conflrmlng the excess W. Huang, A. Urbano, W. Xue, arXiv:1307.6862

Speculation as to its origin K. Abazajian, N. Canac, S.Horiuchi, M. Kaplinghat,
arXiv:1402.4090
T. Daylan, et al., PDU 12 1 (2016), arXiv: 1402.6703
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Unbinned Maximum Likelihood Fits
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Background model (grey dashed): Signal model (blue):

e Single power law with index I'vkg allowed * Edispersion (Gaussian)
to float * nsig fit model independent

e Energy dependent exposure correction
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Spectral Lines
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arXiv: 1503.02641
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arXiv: 1205.6474

Spectral Lines
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Isotropic Background
arXiv: 1202.2856
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4 Dwarf Spheroidal Satellite Galaxies
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/ o DES Dwarf Candidates

DES Year 1 Annual Release: new ~1.5k deg?

R. Caputo, UCSC

Total DES Survey: 5k deg?

Koposov et al: ApJ, 805:130 (2015), arXiv: 1503.02079
DES Collaboration: ApJ, 807:50 (2015), arXiv: 1503.02584
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We actually got this working more or less...
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And now for something completely different...
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Portrait of Another Candidate

* A solution to a different problem
— Quantum chromodynamics (QCD)
— Axions! 10 to 10~ eV
— Couple to photons in an external magnetic field
— strong field = more coupling

We can make strong

magnets...

What else has a strong
Y magnetic field?

» Axion-Like Particles (ALPs) <— this one
— not restricted to those masses... but still light

arXiv:1603.06978v1

http://depts.washington.edu/admx/index.shtml

R. Caputo, UCSC 32
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OSCILLATIONS

* Interact with SM via photon-ALP

E%dN / dE

oscillations
Perseus > -
Energy — mass/photon coupling ind. parameters
Cluster > :
— DM candidate!
B a — coupling to gamma-rays in
\ astrophysical B fields

* light ALPs m, =< peV

OBSERVED SP RU

stolen from M. Mayer

E?dN / dE

[e.g. Csaki et al. 2003; De Angelis et al. 2007,2011;
Mirizzi et al. 2007; Hooper & Serpico, 2007;
Abramowski et al. 2013; Wouters & Brun 2013;

MM et al. 2013, 2014]
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Current Axion Limits
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MeV Dark Matter: Axions

e Axions produced in supernovae (arXiv:1410.3747)
— core collapse supernova (SN1987A)

10-l0

Globular clusters

ALPSII F
-11
1 IAXO [
- I I
8 Fermi LA

~ " 10M - SN (@ GC
¢ 107°° 3
=) =

10-l3 .
- TeV transparency
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10-10 107 10°® 10”7 10°° 10 10

mg (eV)
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MeV Dark Matter: Axions

e Axions produced in supernovae (arXiv:1410.3747)
— core collapse supernova (SN1987A)

10-l0

Globular clusters

- Limited by PSF
ALPSII
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10! -
— IAXO E
g Fermi LAT :
“€rint L.
&) Bl 100 SN @ GC |
< 107 =
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g TeV transparency
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: Axions in Pulsars

Predicted Spectral Energy
Distribution for gamma
rays from axion decays for
J0108-1431

(m,

10 10 L 50 100 200
E (MeV)

arXiv:1602.00091
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Pulsar Targets

What characteristics are we looking for in a good target?

Source Name|RA (°) |Dec.(°)|4 (°) |b(°) |d (kpc) |Age (Myr)|Bgsut (G)
J0108-1431 [17.035 |-14.351(140.93|-76.82(0.2407 0124 166 2.52x 10
J0953+0755 |148.289(7.927 [228.91(43.7 [0.26270002(17.5 2.44x101!
J0630-2834 [97.706 |-28.579|236.95|-16.76(0.3321 0055 |2.77 3.01x10'2
J1136+1551 |174.014|15.851 |241.90|69.20 |0.36070 014 |5.04 2.13x1012

R. Caputo, UCSC
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Pulsar Targets

What characteristics are we looking for in a good target?

R. Caputo, UCSC

Source Name|RA (°) |Dec.(°)|4 (°) |b(°) |d (kpc) |Age (Myr)|Bgsut (G)
J0108-1431 [17.035 |-14.351(140.93|-76.82(0.2407 0124 166 2.52x 10
J0953+0755 |148.289(7.927 [228.91(43.7 [0.26270002(17.5 2.44x101!
J0630-2834 [97.706 |-28.579|236.95|-16.76(0.3321 0055 |2.77 3.01x10'2
J1136+1551 [174.014|15.851 |241.90(69.20 |{0.360 5019 5.04 2.13x1012
Away from G9e Measured
galactic plane B-Field

38
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/ ‘ Space Telescope
(a) J0108-1431 Our Pulsar
Known Source(s) ' e ﬁ
\ + " 0.10
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-
s 10.02
: p {0.00 3
g - {-0.02 5
- g ~0.06
T -0.08
I
1 -0.10
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Ey: 60-200 MeV R.A. Degrees (J2000)

No excess, set a limit: 7.9x10-2 eV

R. Caputo, UCSC 39
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* Summary

— We can learn a lot about “W”IMPs

e maybe at least what they aren’t

Fin

— We can learn a lot about axions
e or also at least what they aren’t

— We can learn a lot about other things? (Sterile neutrinos? from other
complementary experiments?)

e Not finding DM in the obvious places

— Continue searching because we really need to figure this whole thing
out...

R. Caputo, UCSC 40
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Discussion!
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