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Gravitational Anomalies

e SM tension with astrophysical and cosmological observations
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Dark matter is the best way to fit these observations

(@)

[astro-ph/504097]

While astrophysical and cosmological data tell us some features of dark matter, its particle
physics nature remains a mystery
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e Bestfitwith xx — bb and m, ~ 40 GeV with cross sections O(10-26 cm?/s)
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Secondary Signals
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e Population of relativistic electrons and positrons
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Secondary Signals N

G
ool
X SM .

e Population of relativistic electrons and positrons

e Can possibly be observed through:
o Synchrotron from interactions with galactic magnetic fields —» radio
o Inverse compton from scattering with ambient photons —> X-rays and gamma rays
o Bremsstrahlung from scattering with nuclei and ionized gas — gamma rays
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o~ (szy /beam)

v = 8.35GHz

HPBW = 0.34kpc
Orms = 0.25 — 0.30 mJy /beam
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i (szy /beam)

v = 8.35GHz

HPBW = 0.34kpc
Orms = 0.25 — 0.30 mJy /beam

—10 -5 0 5 10
z (kpc)

+

e Relativistic e— produce non-thermal emission —» subtract thermal
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Calculation of Radio
Signal
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Propagation with Diffusion Loss equation

Diffusion Energy Loss
A A

O — 3, [Dij(a, B)9; fo] + 2 [b(z, B) f.] +
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Propagation with Diffusion Loss equation

Diffusion Energy Loss
A A

A\ N\
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Propagation with Diffusion Loss equation

Diffusion Energy Loss
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Propagation with Diffusion Loss equation

Diffusion Energy Loss
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Propagation with Diffusion Loss equation

Diffusion
A

Ae = 9, [Dij(z, E)0; f]

b(x, E) = bic(x, E) + bsyne(,

Energy Loss

12 b, B) f 1+ Q

) =+ bbrem(

E) + b@(% E)
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Propagation with Diffusion Loss equation

Diffusion Energy Loss
A A

N
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Depends on the Photon Energy Density

|

. 2
bic = b;%) (105\(//Zm3> (tGev)

Rutgers University Limits on Dark Matter Annihilation from the Shape of Radio Emission in M31 Mitchell Weikert  Pheno 2023 19



Propagation with Diffusion Loss equation

Diffusion Energy Loss
A A
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b(x, E) = bic(x, E)|+ bsync(x, E) + bprem(x, E) + bc(x, E)
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Propagation with Diffusion Loss equation

Diffusion Energy Loss
8 i ‘ ) s
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Depends on the Photon Energy Density
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Propagation with Diffusion Loss equation

Diffusion Energy Loss
A A

% — a [Dz] (fL‘ E)a fe] a% [ (',L.7E)fe] + 0
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Propagation with Diffusion Loss equation

Diffusion Energy Loss
A A

A\ N\

% = 0; | Dij(x, E)0; fe| + 8% bz, B) £+ O
b(x, E) = bic(x, E) + bsync(x, E) +H bprem(x, E) + bc(x, E)

/

Depend on densities of He, H and
lonized gas

Rutgers University Limits on Dark Matter Annihilation from the Shape of Radio Emission in M31 Mitchell Weikert  Pheno 2023 23



Propagation with Diffusion Loss equation
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Solving Diffusion Loss Equation

Diffusion Energy Loss
A A

O — 9, [Di;(a, B)0; fu] + 2o [b(x, E) f.] +

Rutgers University Limits on Dark Matter Annihilation from the Shape of Radio Emission in M31 Mitchell Weikert  Pheno 2023 25



Solving Diffusion Loss Equation

Energy Loss

Diffusion
A
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Solving Diffusion Loss Equation

Diffusion Energy Loss
A A
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Production of Radio

e Convolve phase-space density with standard formula > synehuoon
. . . . . otons
for synchrotron emission of a single particle in a T
magnetic field r 1’._\/»{ -
By \___r’// ¥
=l _4/"/
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Production of Radio

e Convolve phase-space density with standard formula > swevoion
for synchrotron emission of a single particle in a
magnetic field

(ov) = 2.2 x 1072° cm? /s \J

e
~L &
my, =39GeV Dy =1 x 10%®cm?/s

y = O0kpc m, =39GeV

—— Dy = 3.0 x 102" cm?/s
—— Dy =1.0 x 10®cm?/s
—— Dy =3.0 x 10%cm?/s

Dy = 8.0 x 10% CII7

10!
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Production of Radio

e Convolve phase-space density with standard formula > swevoion
for synchrotron emission of a single particle in a
magnetic field
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Statistical Method
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Masking Unmodeled Features

Lz (ZmJy/ beam)

arXiv:2303.11354
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Masking Unmodeled Features

Lz (ZmJy/ beam)

& arXivi2303.11354

e Point sources
e Center - sensitive to Dy
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MaSklng Uandeled Featu res oo j  arxiv2s03.11354
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e Point sources

e Center - sensitive to Dy
e Elliptical ring
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Constructing Background Model

. Lz (ZmJy/ beam)

PO (x;w, p) = w1 + wa exp [— (Re(m’ul)_M)Q]

2,u§

w1, W2 : background coefficients

y (kpe)

M1, 42, 3 : morphological parameters
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Constructing Background Model

i . Lz (ZmJy/beam)

6 e Fix morphological
' parameters with signal
indep fit
o Test to ensure that fit
does not absorb signal
present in the data
e Background coefficients
remain free

z (kpe) -

2
O (z;w, ) = wy + wy exp [_ (Re(wgﬁg?—m) ]

o e <2mJy /beam)

y (kpe)

w1, W2 : background coefficients

M1, 42, 3 : morphological parameters
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Setting Limits Using C'L,
e Construct test statistic

no({di}) = Ax* = X2, — X3

di— @50 ((ov),0,ws1?) ;—
_y : ¥ _y, et

rms,? rms,?
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Setting Limits Using C'L,
e Construct test statistic

Moopo({di}) = AX* = X34, — X3
di—®; " ((00),0,w 1)) d;— b (wh))
= ZZ G _ ZZ 7

. 0'2 .
Pixel-level rms,?

data
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Setting Limits Using C'L,

e Construct test statistic

Background-only

model
Nowy,o({di}) = A = X3, — Xi \
d;—®5 T ((ov),0,wsTP 2 d; — PP (wb 2
/ :EL_[ D ((00),6 )] —Zi[ a?;ii)]

2
Pixel-level Urms,i
data
Signal plus

background model @ = (m,, Do,...)

® | ower scores more s+b-like, higher scores more b-like
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Setting Limits Using C'L,

e Construct test statistic

Background-only

model
Nowy,o({di}) = A = X3, — Xi \
d;—®5 T ((ov),0,wsTP 2 d; — PP (wb 2
/ =Z@-[ D5 ((00),0,wTP)] —Zi[ ag;i;)]

2
Pixel-level Urms,i
data
Signal plus

background model @ = (m,, Do,...) Mostlikely values of background

coefficients under each hypothesis

® | ower scores more s+b-like, higher scores more b-like
® Independent of absolute flux
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Do =1x10%®cm?/s
my = 39 GeV

Setting Limits Using C'L,

e Construct test statistic £
Background-only 091
5 5 5 model £
_ _ 2 0.6
A(av),@({di}) — AX — Xs—|—b — Xp \ <
0.3
/ N Y T A U
— . ) 5 A - —_ . 5 4 0.0
Pixel-level ¢ Urms,i\ L Orms,i
data
Signal plus
background model 0 = (mx, Dy, ... ) Most likely values of background 107
coefficients under each hypothesis 0s)
® | ower scores more s+b-like, higher scores more b-like o
Q
e Independent of absolute flux 04
® Simulate ensembles of synthetic observations to 021
approximate pdfs of test statistic 00
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Dy =1 x 10% cm?/s; Full Map Analysis
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Dy =1 x 10% cm?/s; Full Map Analysis
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{ov) = 7.4 x 1072 cm®/s

Exclusion Limits for Right-only Analysis **
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Default Value

10_\% Diffusion Coefficient Normalization

[\ Do =3x102"cm?/s = Ackermann et al. 2015
\_ | — Dy =1x10®cm?/s | Gordon & Macias 2013
\ e Do =3 x 1028 cm?/s Daylan et al. 2014
A w Dy=8x 10% cm?/s Calore et al. 2014

10—24 J

107251 R e

{(ov) (cm3/s)

10—26 J

Limits from Dwarfs

arXiv:2303.11354

—27 - .
10 1(7 102
my, (GeV)

Best fits of GCE
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Conclusions

Default Value e Limits on DM annihilation in M31 using
1023 \P_nifuilor: igefliciefiliolfmahf&?tﬁ? morphology of radio data
\ [— D= 1x10%cw?js] —— Gordon & Macias 2013 e First work modeling propagation of e* with
\ ..... Do =3 x 1028 sz/s = Daylan et al. 2014
Lg-oa |\ T D e emte R position dependent diffusion coefficient

e Limits are weaker than in previous work but
are robust to variations of the diffusion

coefficient
o Starlight model suggests more energy emitted in
X-ray

Limits from Dwarfs o Excluding the center likely lowers the sensitivity but

ArXiv-2303.11354 makes result more robust
10-% : : S .
1(7 102 e Search in X-ray
m (GeV) e Search more frequencies of radio

Best fits of GCE
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