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IS HINCHLIFFE’S RULE TRUE? -

Boris Peon

Abstract

Hinchliffe has asserted that whenever the title of a paper

is a question with a yes/no answer, the answer is always no.

This paper demonstrates that Hinchliffe’s assertion is false,

but only if it 1s true.
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BasICcs

e Two kinds of analyses
- Galactic center — below the Bubbles

—Inner Galaxy— excludes dISk goes out > O(1O )
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(Galactic Center

Total Flux Residual Model (x3)

excess with
normalization
~ 30% of raw!

0.316 - 1.0 GeV

point sources;
ISotropic;
diffuse emission;
map of 20 cm synchrotron

>

L
O
\O
o

1

<
—

Jlos(gNFW pr0fi|e)2
fits excess well

3.16 - 10 GeV
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0.316 - 1.0 GeV

1.0-3.16 GeV

\Y%

1402.6703

Ga\achc Center

Residual Model (x3)

excess with
normalization
~ 30% of raw!

point sources;

diffuse emission:
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(Galactic Center

Total Flux Residual Model (x3)

excess with
normalization
~ 30% of raw!

0.316 - 1.0 GeV

point sources;

diffuse emission:

D Of ZU vNCNrotron

1.0 -3.16 GeV

[, (ANIE\A ArAfilal?

\Y%

cosmic rays interacting with

poreviously mapped stuff
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Inner galaxy

jdiffuse map




INnner galaxy

0.5-1 GeV residual 1-3 GeV residual

JS/S/,W9/SIUN0d O}
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3-10 GeV residual 10-50 GeV residual
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JTotal Normalization

GCE $ 20°<t<20°
PSCs : - 2.12-3.32 GeV

794 Bremss I I

ICS : :

Isotropic ! }:

Bubbles '
$

- Sum

at energies of interest,
much brighter than Bubbles
(~ O(30%) of total!)
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Seen outto > 10
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HIghly spnerical...

05 0.7 1.0
Axis Ratio

0.7 1.0
Axis Ratio

1402.6703
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... robust to diffuse map
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The existence of an excess is pretty well
agreed upon (independent methods by

independent groups™ agree something is there)

Qualitative thing we
are not yet sure of:

IS the excess from

astrophysics or
dark matter?
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*also see work
by: Abazajian and
collaborators
(1207.6047,
1402.4090,
1410.6168);
Gordon, Macias,
and collaborators
(1306.5725,
1312.6671,
1410.1678,
1410.7840);
Murgia’s Fermi
symposium slides



Qualitative thing we
are not yet sure of:

If DM, we need to confront other issues:
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“‘Secondaries’

basic statements:
Nno positron "“bump” found,
understanding of anti-baryons is murky

Bergstrom et al. (2013)

1410.1527

dashed: Fermi LAT
solid: AMS-02 (this work)

1306.3983
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Cosmic Ray Constraints

Thin propagation models

Benchmark propagation models

e different colors:
different choices §
. of diffusion zone
Benchmark propagaton modes p arame t ers
¢ = ¢ + 50% § i
v different rows: |
different choices
RO
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Dwart Galaxies
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Dwart Galaxies

Significance
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Dwart Galaxies

—— DES J0222.7-5217
) 400

DES J0335.6-5403

— DES J0443.8-5017

DES J2108.8-5109

DES J2339.9-5424

DES J2251.2-5836

Combined DES Candidate dSphs
Combined Known dSphs

Thermal Relic Cross Section
(Steigman et al. 2012)

bb
102 103
DM Mass (GeV /c?)

Drlica-Wagner et al,
1503.02632
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Dwart Galaxies

Pass 8 Combined dSphs
Fermi-LAT MW Halo
H.E.S.S. GC Halo

MAGIC Segue 1

Abazajian et al. 2014 (10)
Gordon & Macias 2013 (20)
Daylan et al. 2014 (20)
Calore et al. 2014 (20)

Thermal Relic Cross Section
(Steigman et al. 2012)

bb

DM Mass (GeV/c?)

B. Anderson et al,

1503.02632
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How Bright”

DMDM-bb

|Isothermal solid: data
NEFW dashed: average MC limit

shading: population st. dev.

Einasto of the 10 MC limits

thermal WIMP

107
mpy [GeV]
55 Essig, Massari, et al 1503.07169




Qualitative thing we
are not yet sure of:

It SM, we need a consistent explanation:
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Point Sources

dark matter onl

curves
predicted DM only
------ predicted PS only
predicted PS only (w/o PSF)
histograms
simulated DM only
simulated PS only
simulated PS only (w/o PSF)

number of pixels

10 15
65'b (photons) photon count

1412.6099
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IN Andromeda

— diffuse only
diffuse + DM
------ diffuse + PS
diffuse + PS (w/o PSF)

substantial

number of pixels

..................
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negative

Bayes factor (in favor of PS)
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Point Source Fits

3FGL masked - - NFW PS

—— NFW PS — NFW PS (3FGL masked)
— NFW DM

-6+ 4 3FGL PS
DM only
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based on non-Poissonian template fit,

1506.05124 .
point sources can account for excess
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MilliIsecona Pulsars

Dark Matter
—§—§ - Msec. Pulsars
§ § Globular Clusters

e Spectra are “significantly”
different
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e Should have resolved many
more MSPs in inner 1.8 kpc
(~few’) given “reasonable”

uminosity function:

N(L>1034erg/s) ~ 200,

N(L>103%erg/s) ~ 60

1407.5625
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Globular Clusters

* globular clusters are dense
stellar environments (=> star-
star encounters are common)

~* Some star-star encounters
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1507.05616

DISRUPTED GLOBULAR CLUSTERS CAN EXPLAIN THE GALACTIC CENTER GAMMA RAY EXCESS
TimoTHY D. BRANDT!® AND BENCE Kocsis!? (with free parameters)

Projected Distance (kpc
—— TC93 Distances
1.5 . o — NE2001 Distances

Lee+2015 Cutoff
< at 8.3 kpc

= Disrupted GCs
4 Daylan+ 2014
1 Hooper+ 2013
Hed Calore+ 2015

1034 1035
L (ergs~!, 0.1-100 GeV)

----- = Average Field MSP

= Average Field MSP, ¢(2 GeV) = 8
% Daylan+2014 GeV Excess
i Calore+2015 Systematic Errors
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1507.05616

DISRUPTED GLOBULAR CLUSTERS CAN EXPLAIN THE GALACTIC CENTER GAMMA RAY EXCESS
TimoTHY D. BRANDT!® AND BENCE Kocsis!? (with free parameters)

Projected Distance (kpc B

— TC93 Distances
1.5 . o — NE2001 Distances

Lee+2015 Cutoff
< at 8.3 kpc

= Disrupted GCs
4 Daylan+ 2014
1 Hooper+ 2013
Hed Calore+ 2015

| | 111 | | | 111 |
1 103
L (ergs~!, 0.1-100 GeV)

----- = Average Field MSP

= Average Field MSP, ¢(2 GeV) = 8
% Daylan+2014 GeV Excess
i Calore+2015 Systematic Errors
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some concerns, still
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Point Sources, |

3FGL masked and unmasked (NFW PS)

— no cutoff
- - L <10* ergs/s

-- NFW PS
— NFW PS (3FGL masked)
¢+ +¢+ 3FGL PS

=

o
=
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L < 10** ergs/s
disk model
¢+ ¢+ 3FGL PS
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CI\ll_l
(@)]
)
©
n
(o]
=
O
7
n
c
@)
]
@)
L
S
L3
s
=
]

10°
F [photons / cm? / s]

F [photons / cm? / s]

1506.05124 still some missing point sources?
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| eSsoNs

existence of a signal is pretty robust, but...

e .. diffuse templates house large, energy-
dependent uncertainties
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Current Technigque

Test assumption of dark matter annihilation:

e gstatistical discrimination (x? test) between
fits with and without signal template
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Current Technigque

Test assumption of dark matter annihilation:

e gstatistical discrimination (x? test) between
fits with and without signal template
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Current Technigque

Test assumption of dark matter annihilation:




Wavelets

Allow analysis sensitive to both location and scale

Used for a wide variety of industrial and
academic applications:
* Image compression (JP_G 2000)
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What are wavelets?

wavelet coetticients original signal
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What are wavelets?

wavelet coefficients original signal
Y b)i/f{)w* A
D = " X - X

er wavelet
ent choices)



sine wave
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tWO SIine waves




sine waves with transition

A

2
815
i 1.0
\‘\6 0.5
oS 00
05 10 15 20 25 3.0

' ' 1.0
S 0.6

oo o




How Mignt this approach
improve upon templates”

GeV sky can be thought of as a high resolution
picture; wavelets can find structures in it

Poisson noise and SM uncertainty dominate at
~ scales that are small relative to bubbles or NFW,
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How Mignt this approach
improve upon templates”

GeV sky can be thought of as a
picture; wavelets can find str

glle

UCt

N resolution

Jres In it

Poisson noise and SM uncertainty dominate at

scales that are small relative to bubbles or NFW,
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How Mignt this approach
improve upon templates”

GeV sky can be thought of as a high resolution
picture; wavelets can find structures in it

Poisson noise and SM uncertainty dominate at
- Sscales that are small relative to bubbles or NFW.
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How mignht this approach
improve upon templates®

GeV sky can be thought of as a
picture; wavelets can find str

glle

UCt

N resolution

ures In it

Poisson noise and SM uncertainty dominate at
scales that are small relative to bubbles or NFWV.

and the wavelets can identify those scales

by identifying and removing such structures,
wavelets provide a background expectation

that is (relatively) robust against systematic

astrophysics uncertainties



Example (mock data

counts counts (increased contrast)

Qmax:51 2

296.305

wavelet level (increased contrast)

mock
data only

50<£<512

wavelet level j=1

7 <B<1.4°

diffuse
templates
subtracted



Example (mock data

counts counts (increased contrast)

296.305

mock
data only

28<L<256

wavelet level j=2

diffuse
templates
subtracted

-0.811234 1.37488 1.37488

50



Example (mock data

counts counts (increased contrast)

296.305

wavelet level j=3

mock
data only

‘. - _
04<£<128

> Adnc A A AT

wavelet level j=3 wavelet level j=3 (increased contrast)
'-m-—-

diffuse 3 <B<06’
templates

subtracted

-0.470315 0.477184 . 0.477184

il



Example (mock data

counts counts (increased contrast)

Qmax:51 2

296.305 296.305

wavelet level j=4 wavelet level j=4 (increased contrast)

mock
data only

32<l<64

wavelet level j=4 wavelet level j=4 (increased contrast) ~U¢
diffuse 6°<6<10°
templates
subtracted

|
-0.334388 0.243233



Example (mock data

counts counts (increased contrast)

Qmax:51 2
mock
data only
4<f <256
diffuse 1.4°<9<90°
templates

subtracted

2.12214 . 2.12214



Example (mock data

counts counts (increased contrast)

296.305

mock
data only

4<f<128

3 <B6<90°

diffuse
templates
subtracted

-0.408641 1.28114 -0.408641 1.28114
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Example (mock data

counts counts (increased contrast)

7 (increased co

-,

mock
data only

4<f <64

7 (increased co

6 <B<90°

diffuse
templates
subtracted

H
1.03158



Example (mock data

counts counts (increased contrast)

296.305

7 (increased co

mock
data only

4<f<32

7 (increased co

10°<B<90°

diffuse
templates
subtracted

-0.210449 -0.210449
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Example (mock data

counts counts (increased contrast)

Qmax:51 2
mock
data only
4<€<16
diffuse o« -~ 220<9<9OO

templates
subtracted

| .
-0.167264 0.813487 -0.167264 0.813487



| esson:

Getting rid of some wavelet levels can
provide a much clearer picture of a signal




Kolmogorov-Smirnov Test

maximum distance between two CDFs

CDFs, w4, E_ =16.0 GeV
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"KS2 Example" by Bscan - Own work.
Licensed under CCO via Commons -

hitps://commons.wikimedia.org/wiki/
File:KS2_Example.png#/media/
File:KS2_Example.png
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https://commons.wikimedia.org/wiki/File:KS2_Example.png#/media/File:KS2_Example.png

Kolmogorov-Smirnov Test

maximum distance between two CDFs

CDFs, w4, E_ =16.0 GeV
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"KS2 Example" by Bscan - Own work.
Licensed under CCO via Commons -

hitps://commons.wikimedia.org/wiki/
File:KS2_Example.png#/media/
File:KS2_Example.png
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“Thresholded” wavelets

Selnel = &
set of backgrounds = {B

w; if KS(S | Asimov) > 40% KS(Bi | Asimov)
i
J | O otherwise
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Cleaned Map Method

DM35: 2.2 < E < 4.9 GeV
s>ignal a>vg of bgds ! residualAC > Al\/lresidual (maps

B

-7.46e-07 -6.57e-07 2.73e-06 -1.33e-07 1.47e-06 -1.04e-06

sidual (maps)
b
i .

signal avg of bgds residual

’
;.-I_I -'._ L e

DMBY~2.2 < E_< 4.9 GeV (increased contraAt
> > ) NC> AM.
.1'.|I

-7.46e-07 -6.57e-07 2.73e-06 -1. - -1.04e-06

wavelets provide clearer residual than maps
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Cleaned Map Thresholo

DM35: residual
0.5 < E, < 1.0 GeV 1.0 < B, < 2.2 GeV 2.2 < E < 4.9 GeV 4.9 < E, < 10.8 GeV

L ——eeee—— | L ——eeee—— | L ——eeee—— | L —eeee—— |
-1.05e-05 Te- -1.17e-06 2.38e-05 -1.33e-07 1.47e-06 -2.11e-08 2.49e-07

DM35 (dim): residual
0.5 < Eq, < 1.0 GeV 1.0 < Ew, < 2.2 GeV 2.2 < E < 4 9 GeV 49 < Ev, < 10.8 GeV

L —eeee—— |
-1.69e-06 7.46e-06 - -1.47e-08 6.12e-08

30% as bright is much harder to see
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DM vs. Point Sources”?

0.5 < E < 1.0 GeV (increased contrast)
PS1.5 PS2.0

==

-7.11e-06 0.000138 -7.12e-06 0.000165

1.0 < E, < 2.2 GeV (increased contrast)
PS1.5 PS2.0

.

—
-1.19e-06 3.09e-05

22 < E, < 4.9 GeV (increased contrast)
PS1.5

A=
=

-1.24e-07 1.58e-06

4.9 < E, < 10.8 GeV (increased contrast)

-2.11e-08 2.49e-07




Cleaned Map, Bubbles

22 < _EV < 4_.9 GeV
| " —

A

L ——eee——— |
-1.1e-07 8.55e-08

Bubbles, wavelets
49 < FE <10.8 GeV 10.8 < E_ < 23.7 GeV

L AN A

0

L ——eee——— | L ——eee——— |
-1.87e-08 9.97e-09 -2.82e-09

23.7 < E, < 51.9 GeV
-

"i

¥y

-6.16e-10 5.28e-10

22 < Ey <74.9 GeV

I ——
-8.66e-07

Bubbles, templates

49 < EY < 10.8 GeV 10.8 < E <« 23.7 GeV

I SSS— I SSS—
-1.45e-07 2.35e-07 -3.07e-08 6.41e-08

23.7 < E, < 51.9 GeV

P St el
s -\.-"1"‘-!: ::1.

-4.47e-09 8.01e-09




What are wavelets?

Allow analysis sensitive to both position and size

|

different structures have “power” at different levels of the
decomposition (edges = sharp variation, important first;




Conclusions

Galactic center gamma ray excess is exciting to
follow, but still so much more to learn about it

Need some less-model-dependent information
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Conclusions

Galactic center gamma ray excess is exciting to
follow, but still so much more to learn about it

Need some less-model-dependent information
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