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Motivation: Hunt for Dark Matter

m Suitable targets: Dwarf spheroidal galaxies (dSphs)

m Observations by MAGIC, Fermi-LAT, HAWC, H.E.S.S.,
VERITAS, ...
— Combination of all measurements
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m Problem: Different analysis methods, different
analysis chains — Not open source and not _

MAGIC - 354h dSphs combined (this work)
standardized 10728 e VERITAS - 216h dSphs combined

. . AL . . . = Fermi-LAT - 6y dSph: bined
m Goal: Upper limits on the annihilation cross section in SrmILAT - 6y dSphs combine
10—27 ----- H.E.S.S. - 80h dSphs combined

areproducable and accessible way <~~~ HAWC - 1038d dSphs combined
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m Classical upper limit plot consists of: v
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m Upper limits for the observed signal 8 o
= Median, 10-region, 20-region for the expected »
signal 10
m Problem: Computation of the error band is 102
computational expensive
- Requires lots of toy simulations wte T tf::d?:;e"'ces fmit
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Reproducable, Accessible,
Faster & Sustainable
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Open Source Gamma-ray astronomy

m All experiments produce so-called EventList’s

m Gamma Astro Data Formats (GADF) define a common
format for these EventList’s
— Data Level 3 (DL3) soin10.3200/universe7100374

m Open source software for the analysis of gamma-ray
data: Gammapy
— Can read DLS3 files and produce all sorts of science
products
— Flux Maps, SEDs, Lightcuves, Source Catalogues, ...

= Accessible & Reproducable: Build upper limitanalysis on
top of Gammapy (GitHub:TITRATE)
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A Python package for
gamma-ray astronomy

doi:10.1051/0004-6361/202346488

Energy

RA

DEC

12186.64 MeV
25496.60 MeV
15621.50 MeV
12816.32 MeV
18988.39 MeV

260.4594°
261.3751°
259.5697°
273.9588°
260.8568°

-33.553337°
-34.395004°
-33.409 416°
-25.340391°
-36.355804°
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https://doi.org/10.3390/universe7100374
https://github.com/StFroese/TITRATE
https://doi.org/10.1051/0004-6361/202346488
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Poisson Statistics

I CAN'T BEUEVE SCHOOLS
ARE STiLL TEACHING KIDS
ABOUT THE NULL HYPOTHESIS.

|
Noy! Noge! T REMEMBER READING A BIG
STUDY THAT CONCLUSIVELY
DISPROVED IT MARS AGO.

U = strength parameter (

s = signal counts from model
Ny = signal counts from data
b = background counts from model

Noer = background counts from data
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https://xkcd.com/892
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Test Statistic
Profiled log-likelihood ratio (pLLR): 0.40 1
Null hypothesis 0354 Aqulu, by)
~ 0.30
L(data|y, bu)
qu =-2log — 0251
L(datal|f, b)
0.201
0.15
p-value: Probability that result at least as extreme as |
observed result under true null hypothesis 0.104 p-value
— small p-value means very unlikely under null hypothesis 0.5
p- [q IRCATERES oot . ; |
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Significance - No Signal

0.40
0.351 flqulu, by)
0.30

pu=0 0.25 1

p= [ N f(qo|0, Bo) dqo 0-207

"
0.15
- small p-value means: background only is very 010 p-value
unlikely
0.05
0.00 T T T T
0 2 4 6 8 10

Qu
= Calculate significane from p-value
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Upper Limit

Aquli, by)
0.304

0.25

p=[ fla, by b, Nda,

obs
q“UL

— Find UL for Confidence Level (CL) of 95 % 0.15 1
=p=1-CL 0.104 p-value
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Problem

We need to know f(q, |u, Bu)
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Asimov Dataset

m Solution 1: Generate a lot of toy datasets to compute f(qulp,B“)

= Solution 2: Use Wald’s take on the approximation — x2 distributed

22 logA(u) - ‘“0“ o(1 V)

= Gaussian distributed! But how do we find 0?7 = Asimov dataset
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Asimov Dataset

m Generate dataset where the expected counts are equal to the measured counts
m Calculating the estimators of the dataset obtains the true parameters
mn; =E[n]=ps;+b;

m Asimov likelihood:

m Find o:

- | @nL ] olnt,
Ik 96,06, | 96,06,
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Distribution
Gammapy + TITRATE Original Paper
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https://arxiv.org/pdf/1007.1727.pdf
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Finally

Annihilation Upper Limits for channel mu

—— Expected Upper Limits
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m UL data: Hyp = [ +0® 1-a) 8 o]
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= No use of toy MCs — Faster and more sustainable
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Conclusion & Outlook

Reproducable
m Goals achieved
m Asimov dataset is a good approximation Accessible
m Testinreal analysis - MAGIC Coma dwarf
m Next: Proposal for observation time with Faster

MAGIC+LST1 for dSphs
Sustainable
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