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Milky Way Dark Matter

e From observations: compilation of rotation curve measurements, plus
baryonic models indicates dark matter inside the solar circle

Pato, locco, & Bertone, JCAP 12 (2015)
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Milky Way Dark Matter

e From simulations: State-of-the-art N-body + hydrodynamics simulations

Gammaldi et al., PRD 94 (2016)
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A Dark Matter Spike*

e As SMBH forms, it dominates
the potential in the inner galaxy

e Dark matter particles are
dragged into the deepening
potential well

e |f the growth of the SMBH is
slow enough, conservation of
dark matter angular momentum
and mass yields a “spike”

Gondolo & Silk, PRL 83 1719 (1999)
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Profile Form

p(’rcore) 1O'r'Sch,. < T < Teore
® ROughly: p(T‘) = Y PO (T/Tsp)_%p Teore < T < Tsp

po (r/rsp) ' Tsp <T
e Key features:

* looks like initial (uncontracted) profile at large radii

e density saturates at small radii:
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Spike Details

p('rco're) IOTSch. < T < Teore
o Roughly: p(T‘) = 3 PO (T/Tsp)—%p Teore < T < Tgp
po (r/rsp) Tsp < T,

e Ty, IS related to sphere of influence of BH (~0.4 pc) SZ?gig_e;ee V& (Z%fgé)

e Toore iS the radius at which p(r) = psat.

P
v~ I'Sech.
and <(7'I."> = Cp -+ C1 <—)> = Co — Cq ( 9, )
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e Note (ov)(r) Shelton, Shapiro, & Fields, PRL 115 (2015)

e For collisionless DM and adiabatic growth of the BH,
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What is not included?

eg. Fields, Shapiro, & Shelton, PRL 113 (2014)

e Gravitational interactions between DM and baryons

*scattering of DM on stars — “heating” of DM

Invisible compact objects

dramatic dynamical changes (mergers, etc.)

DM self-interactions

If growth is not adiabatic (BH appears suddenly)

eg. Gnedin & Primack, PRL 93 (2004);
Vasiliev & Zelnikov, PRD 78 (2008)

eg. Merritt et al., PRL 88 (2002)

Shapiro & Paschalidis (2014)

Ullio, Zhao,

e even if seed is large and then growth is adiabatic & Kamionkowski (2001)

BH off-center

= all “flatten” the spike



Spike Details

p('rco're) 107sch. <7 < Teore
e Rough form: p(r) = < po (r/rsp) 7P Teore < T < Tsp
PO (T/Tsp) e Tsp < T,

e Stars near the BH have much larger KE than DM, so tend to “heat up”
the DM, which flattens the spike:

o p(r,t) = p(r,0)e”™? with 7= TesuE] Che Merritt, PRL (2004)
® Traa &Y (9(1) Gyr (7) Bertone & Merritt (2005); Vasieliev & Zelnikov (2008)
® theat X My o > In(0.4N,)] ™ Merritt, PRL (2004)

e another way of thinking of this is that it changes "s»

GSP(t) =(rsp(0)| X exp ( 2(%:: %)D “depleted”

“idealized”
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A
/)(__‘7’) = Dyat m, = ]()()G("\"' |
1010 : Co = 3 x 10 40 ('IllJS . -
: Gy, = B: X 1072 em?®s™!
= e = 1.0
107 ¢ .
10* - .
: 71COT€
10
0.01 S el e e \
1072 0.001 0.1 10 1000

r (pc)



Dark Matter Spike
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Spike Radius
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DM Annihilations in the Spike

d(I)’Y — 17‘@ Po 2/ ds p(T(S,g)) 22( ) de
dQQdFE 24m NI[)M los. TG Po 7 / dFE

r(s,0) = (r% + s* — 2rg scosf)l/?

e Flux will contribute to GC point source
 Fermi-LAT GC point source is 3FGL source J1745.6-2859c¢ (Sgr A*)

* Integrated flux from 1 to 100 GeV is
Prermi = 2.18 x 1078 photons/cm?s

100 GeV f

e Note: we take / =

-dE = 1. Flux scales with integrated photon count.

e Subnote: The spectrum may be important: Fermi’s PSF is highly
energy-dependent below 10 GeV! This is not included.
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Depleted Spike - Complete Picture
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Observational Reach
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Depleted Spike
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|dealized Spike
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Factor of ~200 difference in flux depending on if ideal or depleted (!)



An Interesting Example

Fukushima, Kelso, Kumar, Sandick, & Yamamoto, (2014)

esinglet DM coupled to SM fermions via charged scalars
=» bino DM =*b quarks = b squarks

® s-wave annihilation is chirality suppressed ~ -'m.? / mi

® p-wave is velocity-suppressed (12 &~ ().1) at freeze-out

® Solution: L-R mixing eliminates chirality-suppression

Lint = )\L-ﬁ?i(b/zfi XPr f + )\Re_""’d)/.zf;} XPrf + c.c

ﬁ cosa —SIn fL
]; sinx COS & fR_

® Four mass parameters: 1My, Mg, Mgz, My

® Yukawas, , CPV phase, ¢ , scalar mixing angle,



An Interesting Example

Fukushima, Kelso, Kumar, Sandick, & Yamamoto, (2014)

esinglet DM coupled to SM fermions via charged scalars
=» bino DM =*b quarks = b squarks

® s-wave annihilation is chirality suppressed ~ -'m.? / mi

® p-wave is velocity-suppressed (12 &~ ().1) at freeze-out

® Solution: L-R mixing eliminates chirality-suppression

Lint = )\L-ﬁ?i(b/zfz XPr f + )\Re_""’d)/.zf;} XPrf + c.c

100 GeV 105 GeV decoupled mp

N N 2 )

® Four mass parameters: 1My, Mg, Mz, My

N CPV phase, &4 scalar mixing angle, &

SUSY Zero




An Interesting Example

Fukushima, Kelso, Kumar, Sandick, & Yamamoto, (2014)

e singlet DM coupled to SM fermions via charged scalars
=» bino DM =*b quarks = b squarks

® DM abundance & lepton dipole moments (light sleptons), PRD (2014)

® Direct DM det. (light squark mediators) w/ Kelso, Kumar, & Stengel, PRD (2015)
® Direct DM det. (anapole moment) w/ Sinha & Teng, JHEP (2016)

® |ndirect DM det. (dwarf galaxies) w/ Kumar, Teng, & Yamamoto, PRD (2016)

® | HC searches for nearly deg. charged mediator w/ Dutta et al. 1706.05339

See Also:

® Direct DM det. in coannihilation regime w/ Davidson, Kelso, Kumar, & Stengel 1707.02460

100 GeV 105 GeV decoupled mp

N N 2 )

® Four mass parameters: 172y, M7 , mf, m
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An Interesting Example

|dealized Spike

m, =100, mj =105, and mj, = 1000GeV and 4 =1.0 Prermi
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An Interesting Example

|[dealized Spike Depleted Spike

my =100, mj, = 105, andms, =1000GeV and ye=1.3 Prermi
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Mini Summary

e Constraints vary dramatically with the properties of the spike.
e Depleted or idealized?
e |[f depleted, how much?

* Typical timescale for heating via scattering with stars?

Change Perspective

e What if we understand something about the dark matter?



Galactic Center y-ray Excess
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Galactic Center y-ray Excess
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Assuming a DM Model
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m, =49 GeV, ¢y =1.76 x 10 % em?s~'and ¢; =107 em®s ™! Prerm

Depleted Spike

® GC excess fit by

m, = 49 GeV

co=1.76 x 107%° ecm?’s™!

D N N N N N O O A

Calore, Cholis, & Weniger,
JCAP 1503 (2015)

® Only a conflict if 7C is large
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Summary

C il

e

* |f spike is not depleted, pretty strong constraints can be placed
on DM models, tension with dark matter explanation of GC
excess (see also Fields Shapiro, & Shelton PRL 2014).

 |f spike is depleted, it may not be a “spike” at all anymore, and
it really doesn’t help us say much about dark matter.

 Bottom line: Modeling of astrophysics near the Galactic
Center is complicated, but really important.

e Future: Use dark matter to learn about our galaxy (?)



