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Big science question: Dark Matter

observation

s

Z= 0.00 o

=
distance from center

Vera Rubin,
© Washington Times & Zuma

Wikipedia &
Hopkins Research Group/Caltech . . .
P P Simulations were performed at the National Center for

Supercomputer Applications by A. Kravtsov and A. Klypin.
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NASA/CXC/M. Weiss matter https://cordis.europa.eu/project/id/679305
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Big Science experiments for DM |
: Cta P —— Cutting edge dark matter experiments are increasingly unique
telescope  ground-based
array gamma-ray astronomy

- large, complex, costly experiments
- only one or a few experiments of each type worldwide

Maxi mi sing each experimentAs sci

- create and store new analyses, datasets and results
- combine multiple results studying the same guestion
- reinterpret existing studies for new questions

The Dark Matter Science Project provides the community with tools to do all these tasks
and allows access to data and software on the EOSC through ESCAPE infrastructure

ESCAPE The European Science Cluster of Astronomy & Particle Physics ESFRI Research

Unfrastructures has received funding from the European UnionAs Hor i ESEARPERM Scienge Project

and innovation programme under Grant Agreement no. 824064.




ESCAPE Y Dark matter: complementary approaches
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Example where dark matterisa Weakly Interacting Massive Particle:

@©
= o .
indirect detection
A joint discovery of the nature 'f %’ Y breaki dar k mSMt e%"
of dark matter requires c Q Q
o o
different experiments and inputs & Dark matter Ordinary @
- g matter 8
Experiments have different data sizes, < |2 =8
workflows, data and result sharing policies < g g
)
4 SM
\/ collider searches \/
Jnakej dar k matter

We need all three approaches to discover/constrain this DM hypothesis!

ESCAPE The European Science Cluster of Astronomy & Particle Physics ESFRI Research

Unfrastructures has received funding from the European UnionAs Hor i ESEARPERM Scienge Project

and innovation programme under Grant Agreement no. 824064.




| indirect detectlon

Example of discovery scenario
Future

collider searches ]

1 Late 2020s Direct detection experiment sees a hint of a signal,
with characteristics compatible with WIMP dark matter

Sketch depicting qualitative projections, which are further quantified by the references provided in the text

Sketch, notrealistic

.

dark matter mass
Inspired by:
Dark Matter Complementarity (Snowmass report), arXiv:2210.01770
Y 1 Slatyer's "Paths to discovery" talk at Snowmass 2022

ESCAPE The European Science Cluster of Astronomy & Particle Physics ESFRI Research . .
Unfrastructures has received funding from the European UnionAs Hori EORAPEDRM Scicnge Project

and innovation programme under Grant Agreement no. 824064.


https://arxiv.org/pdf/2210.01770.pdf
https://indico.fnal.gov/event/22303/contributions/245276/attachments/157467/206034/PathsToDiscovery_DarkMatter_Slatyer.pdf
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| indirect detection

Example of discovery scenario
Future

collider searches

1 Late 2020s Direct detection experiment sees a hint of a signal,
with characteristics compatible with WIMP dark matter

Sketch depicting qualitative projections, which are further quantified by the references provided in the text

Direct detection  experiment (using another
technique) confirms these hints
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—4— Mid 2030s Sketch, notrealistic
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dark matter mass

Inspired by:
Dark Matter Complementarity (Snowmass report), arXiv:2210.01770
VT Slatyer's "Paths to discovery" talk at Snowmass 2022
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—— Mid 2030s

—— 2040s

Inspired by:

Example of aiscovery scenario >@<

Dark Matter Complementarity (Snowmass report), arXiv:2210.01770

| indirect detection

Future

< collider searches |

1 Late 2020s Direct detection experiment sees a hint of a signal,

with characteristics compatible with WIMP dark matter

Direct detection  experiment (using another
technique) confirms these hints
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Indirect detection ~ experiment observes  __ i
signals of DM annihilation
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VT Slatyer's "Paths to discovery" talk at Snowmass 2022
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100 TeV

1 TeV
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1 Late 2020s Direct detection experiment sees a hint of a signal,
with characteristics compatible with WIMP DM 1o
. . . . CE Sketch, not
Direct detection experiment (using another 7 realistic
technique) confirms these hints
—— Mid 2030s T
Indirect detection  experiment observes LTev

signals of DM annihilation

Z
1 _ 2040s Future collider , built to target particles = ‘ %
with the mass of the putative DM g : %
candidate, sheds light on interactions f - Sketch, nmg%
inspired by: between DM and ordinary matter realistic %g
Dark Matter Complementarity (Snowmass report), arXiv:2210.01770 58 ﬁiv L 1001,; A

VT Slatyer's "Paths to discovery" talk at Showmass 2022

dark matter mass
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—— 2040s

Inspired by:

1 Late 2020s Direct detection

Dark Matter Complementarity (Snowmass report), arxiv:2210.01770

Example of discovery scenario

uonoep 121p |

<

with characteristics compatible with WIMP DM

Direct detection  experiment (using another
technique) confirms these hints

—— Mid 2030s

Indirect detection  experiment observes
signals of DM annihilation

Future collider , built to target particles with the
mass of the putative DM candidate, sheds light on
Interactions between DM and ordinary matter

VT Slatyer's "Paths to discovery" talk at Showmass 2022

ESCAPE The European Science Cluster of Astronomy & Particle Physics ESFRI Research

indirect detection
x%
X
collider searches

experiment sees a hint of a signal,

| AN
SG Future
SM : ”}/

Such a scenario
requires interoperable
and reproducible
analyses

- comparison and
combination of results
from different
experiments

- end -to -end workflows
available for
cross-checks

With the Dark Matter Science Project,
we build a prototype that fulfills these requirements

Unfrastructures has received funding from the European UnionAs Hor i ESEARPERM Scienge Project

and innovation programme under Grant Agreement no. 824064.
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Experiments in the DM Test Science Project

Direct detection: DarkSide Colliders: ATLAS @ LHC Indirect detection: FermiLAT, KM3Ne~

X yR KSA NSk dArdo2AVLAY @ HIHC, CTA
Some of thanalysis & ML toolsiecessary for these evolutions are also part of this Science Project

With the Dark Matter Science Project,
we understand the computing and analysis challenges of some of the future DM experiments

ESCAPE The European Science Cluster of Astronomy & Particle Physics ESFRI Research

Unfrastructures has received funding from the European UnionAs Hor i ESEARPERM Scienge Project

and innovation programme under Grant Agreement no. 824064.
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Science outputs of the DM TSP

lanned domain science outputs

/N Sketch depicting qualitative projections, which are further quantified by the references provided in the text

Sketch, not realistic
(only depicting type of experime

- Individual results and publications

asD [cm2}

- plots highlighting complementarity of ol @
different experimental efforts N
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Data and software objects + pipelines e Mo iy s

1 GeV 1 TeV

dark matter mass
- data on the Data Lake, and software on & sketch _ _
the ESCAPE Software Catalogue SEmle seiEn iy SSCARS OREImens
highlighting direct detection, neutrino experiment
indirect detection and collider complementarity

- pipelines accessible via VRE

ESCAPE The European Science Cluster of Astronomy & Particle Physics ESFRI Research . .
Unfrastructures has received funding from the European UnionAs Hori EORAPEDRM Scicnge Project

and innovation programme under Grant Agreement no. 824064.
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Analysis workflows for DM Science Project s Future

\"‘-...

Technical solutions

Generation &
simulation Combination of results
JupyterHub REANA with other
(smaller workflows) (larger workflows) searches/experiments
Expt. data
Analysis of A
Data processing events/distributions
(including reconstruction } (including background } Interpretation  of results
& calibration wherever subtraction, background
possible) estimation, statistical
analysis) v

PaTLAS

Comparison of results

ESCAPE tools, used in EB8@ire with other searches /

experiments

Virtual Research Environment

Data Lake Software Catalogue

Credit: SLAC/LZ/ATLAS/ICTA

Data sharing processing Data analysis, preservation and interpretation

ESCAPE The European Science Cluster of Astronomy & Particle Physics ESFRI Research . .
Unfrastructures has received funding from the European UnionAs Hori EORAPEDRM Scicnge Project

and innovation programme under Grant Agreement no. 824064.



DM TSP integrates with a number of
infrastructure components from
ESCAPE

Data Lake:

N
”!

‘RUCIO ESCAPE
. Data Lake
Y (LHC Data
upyter FEeANA
VRE: S’
kubernetes

Host/Ingest open data
from sources into a
common view

Software

ESCAPE The European Science Cluster of Astronomy & Particle Physics ESFRI Research

DM Science Project and ESCAPE tools s Future

5 &

Common Authentiation/

Vector med., Dirac DM

r @ =025,
r
r
r
r
Virtual Research 4
Environment (VRE) :3:.;;
¥
o |
cloud-based computmg L - L al
resource w/ experiment software Mo [GeV)

Software Repository

Archive of reusable pipelines

Unfrastructures has received funding from the European UnionAs Hori ESFAPEDRM Scicnge Project

and innovation programme under Grant Agreement no. 824064.
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Next presentations: DM science on the VR

Talk #3: Dark matter indirect detection: FermiLAT results and CTA plans i C. Eckner and P. Bhattacharjee

s
K&I3NeT covered in Extreme Universe TSP 1T M. Smirnov

4

@

8
Talk #2: Dark matter e
direct detection: o %

x H
DarkSide plans and i §
results 1 V. Ippolito < 5

n B
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indirect detection
I breaki;i darSMmeE-'t e
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—
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SM

collider searches \/

Jmake}4 dark matt e

Talk #4: Common Machine
Learning tools for big data
_ compression i A. Ekman
and A. Gallen

(as example of tool that could go beyond the
DM Science Project and be used by other
Science Projects and clusters)

r_

Talk #1: Dark matter at particle colliders: searches in the ATLAS experiment - Jared Little

ESCAPE The European Science Cluster of Astronomy & Particle Physics ESFRI Research

Unfrastructures has received funding from the European UnionAs Hor i ESEARPERM Scienge Project

and innovation programme under Grant Agreement no. 824064.
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ESCAPE The Large Hadron Collider

and the ATLAS Experiment s Future

The Large Hadron Collider i s t he worl dAs | ar ge:
0 The final stage is a 27 km ring colliding protons up to 14 TeV.
O The beams inside the LHC collide at four locations, where four

particle detectors are positioned.

3 ATLAS, CMS, ALICE, LHCD

The ATLAS Experiment , along with CMS, are the two general
purpose detectors located on the Large Hadron Collider.

Wide range of physics investigated:
O Higgs discovered in 2012. e al
0 Precision measurements on Standard Model properties. LA MM“
0 Searches for new physics, including particles that makeup - ) " e et clrimates

Muon chambers Solenoid magnet | Transition radiation fracker

d ar k m atte r . Semiconductor tracker

ESCAPE The European Science Cluster of Astronomy & Particle Physics ESFRI Research

Unfrastructures has received funding from the European UnionAs Hori ESFAPEDRM Scicnge Project

and innovation programme under Grant Agreement no. 824064.
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ESCAPE Dark I\g{latter Production at the LHC
- = - . .
- indirect detection
qv]
U%’ X I breaki darSMme.%ter
Q a
°le &
s |6 3
- e =
e o
o |5 =
i y4 SM
\/ collider searches \/
Jmakej dar k| matt ejr

In the next presentationsndirect and direct detection experiments search for dark matter signals in /
from outer space (see next presentations)

This presentationat the LHC we are trying to make dark matter by colliding-eiggrgy protons.

How do we detect it?

ESCAPE The European Science Cluster of Astronomy & Particle Physics ESFRI Research

Unfrastructures has received funding from the European UnionAs Hor i ESEARPERM Scienge Project

and innovation programme under Grant Agreement no. 824064.




ESg;PE Detecting Dark Matter at ATLAS M
AR S et B Fesaarcs LR - Futu rE

LT 6S YI1S REFENJ YIFIGGSNE K29 2 S
" Dark matter woulchott S @S | &aA3Iylf Ay 2dzNJ
4 omenaion X a ¢S SELISOG SySNBEHeée O2yaSNBIF G
‘ something missing

Invisible
Dark Matter particle

i arap ertcs For each collision event we calculate the tdtahsverse momentum

ey of all particles in the detector (also callbtET)

e " This spoyld be zero as protons collide head o o
lfnonl SNRBY az2YSUKAYy3d Kla SaoOl LISR T

point

LHC detector
transverse

Experiments looking in space are needed to confirm that invisible particles
g ooy e discovered at the LHC are dark matter
*********** Colliders camprobe the interactionbetween ordinary and dark matter

The DM TSP analysis
. » | searches for the new particles
":,"‘: > responsible for this interaction
particle!

ESCAPE The European Science Cluster of Astronomy & Particle Physics ESFRI Research

Unfrastructures has received funding from the European UnionAs Hor i ESEARPERM Scienge Project

and innovation programme under Grant Agreement no. 824064.
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Looking for a bump (= new particle)
over the background of known particles

10*
10°
10°

10

107"

-LI{JOI\J-IB

B ﬁlaTLAS | | é

\s=13TeV, 139 fb" =

e Data ,' _%

—— Background-only fit 3

---- Generic signal at 1.34 TeV, I'/m = 0% =

-------- Generic signal at 2 TeV, I'/m = 0% S .
-+ - Generic signal at 3 TeV,I'/m = 0% .

g ° S
ﬁﬂ, _t.’f++f+f++{+. i ++.++f+ I++ ty TR TS S S |
T ¢ ’

3x10? 10° 2x10°  3x10°
m,. [GeV]

ESCAPE The European Science Cluster of Astronomy & Particl

e Physics ESFRI Research

%

Current Status of search for DM mediators: <]
. . SC Future
Inclusive Dilepton Resonance Search /

DM mediator decays in two electrons

Y search in di -electron final state

d No signal Y constraints on the fiducial cross -
section of a new ZA part.|

Large backgrounds in the region below 1 TeV.
0 Well-motivated dark matter models could have
evaded detection!
0 We can improve sensitivity to new physics by
performing a more specific ( exclusive search

Two projects within this TSP:
1. Reinterpretation of inclusive resonance search in
terms of dark matter mediators
2. Exclusive ZA+MET anal ysi s
0 New results expected early next year.

Unfrastructures has received funding from the European UnionAs Hor i ESEARPERM Scienge Project

and innovation programme under Grant Agreement no. 824064.
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ESCAPE Reinterpretation of the resonance search /

G Future

T

Use the dilepton resonance search to constrain dark matter mediators.
0 Assuming a non -zero coupling to leptons, a neutral mediator associated with a
dark sector would produce an excess in the dilepton invariant mass distribution.
1200 .

Upper Limit Vector 1 dijet
= HLSLHC, g,=1.0 iat
3 °F T3 £ 4 100014,20.1, g/=0.1 = dileoto
%4 C Expected p*u” limit n et e
. - 1.8
2 e Vector Z',, (m =2.00 TeV) E - — 8001
z o
10 > O 600+
- - <
i H S
10,3? E_ 200_
10_4_I . - :_“I 1 1 1 I L 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 0 ; '
; ] > 3 4 5% 0 2000 4000 6000
Mass Z' mzl"[ eVl Mmed [GEV]

Results included in this paper: https://arxiv.org/abs/2206.03456
(prepared within the US prioritizatior

ESCAPE The European Science Cluster of Astronomy & Particle Physics ESFRI Research

Unfrastructures has received funding from the European UnionAs Hor i ESEARPERM Scienge Project

and innovation programme under Grant Agreement no. 824064.
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ESCAPE Reinterpretation workflow

Eeropean Sciance Cluster al
PRrHiCls phynice ESFRT reasrca In

This analysis was set up with REANA, sending the jobs to a remote computer.
0 Multiple stage workflows can be sent, passing the output to the following stage.

reana

© SettingLimits #29 finished in 1 min 34 sac
Finished a minute ago

step 3/

< C

Jologs [ Workspace [ Specification £3 Most Visited &) Getting Started

Name & Modified &

size &

File Edit View Aun Kernel Tal

= S RUCIO

plots/DMsummary.png

o EXPLORE  NOTEBOOK =

=
(]
e
E

P Privacy Notice

U === Verifying REANA specification file... /home/jovy L
Valid REANA specification file.
==> Verifying REANA specification parameters..
REANA specification parameters apnear valid.
=== Verifying workflow parameters and commands.
Workflow paraseters and commands app-ear valid.
=== Verifying dangerous workflow operations..
Workflow operations appear \‘alld.
=== Verifying compute backends in REANA specification file...
workflow compute backends appear to be valid.
SettinglLimits.27
File /python/MakeLimit.py was successfully uploaded.
File jpython/Sumsary.py was successfully uploaded.
File fdata/DMCrossSectionGraphs_axial_massmass.root was successfully uploaded.
File /python/Makelimit.py was successfully uploaded.
File /python/Summary.py was successfully uploaded.
File fdata/DMCrossSectionGraphs_axial_massmass. root was seccessfully uploaded.
Settinglimits has been queuved
Jovyan@jupyter—jlittle:~/atlas—dm-reinterpretations

pretation/reana. yaml

Simpie 1Mo @

Terminal 1

ESCAPE The European Science Cluster of Astronomy & Particle Physics ESFRI Research . .
Unfrastructures has received funding from the European Uni onAs Hori ESCAPEDRM Scicnge Project

and innovation programme under Grant Agreement no. 824064.
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Search targeting dilepton resonances in the [I+MET final state.

0 Searching for three well -motivated models that could have escaped detection up to this point.
0 Benchmark models help guide our analysis techniques, but we aim to stay as general as possible.
3 Reproducible and reinterpretable results are necessary for collaboration.
0 By targeting dilepton events with MET in the final state, we will be more sensitive in the low -mass regions

where the dilepton analysis was dominated by Standard Model events.

Dark Higgs Light Vector Inelastic EFT

Z/
X2 14

q X1

https://arxiv.org/pdf/1504.01386.pdf

ESCAPE The European Science Cluster of Astronomy & Particle Physics ESFRI Research . .
Unfrastructures has received funding from the European Uni onAs Hori ESCAPEDRM Scicnge Project

and innovation programme under Grant Agreement no. 824064.
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Status / Timeline

.,
\"..

Small reinterpretation project implemented

Dilepton reinterpretation (almost) fully implemented with ESCAPE tools.
Interactive jupyter notebooks set up, allowing the user to follow the different steps
of the analysis.

Used to test connection to computing infrastructure with REANA.

3 With samples in the data lake, the workflow can be run on the REANA cluster.

O¢ O«

O¢

New dilepton analysis in development
0 Progressing quickly, new results targeting early next year.
0 Developing with EOSC Future framework in mind for a seamless transition.

ESCAPE The European Science Cluster of Astronomy & Particle Physics ESFRI Research

YUnfrastructures has received funding from the European UnionAs Hori ESFAPEDRM Scicnge Project

and innovation programme under Grant Agreement no. 824064.



Dark matter direct detection:
DarkSide plans and results

ESCAPE The European Science Cluster of Astronomy & Particle Physics ESFRI
Research Unfrastructures has received funding from the European UnionAs Hori zon
2020 research and innovation programme under Grant Agreement no. 824064.
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< indirect detection - |
o = Jbreakj daf' a .ter;gii |
g Z Ingn 5 § i | / .
.; - = g || nucleus o
oL o = L
ol = . N q
© 8 8 o \ liquid o
= ﬂ". ﬂ‘, : : Fag 1qu : :
i 17 SM | . .
i -recoil induces scintillation/ionization, both-measured
\/ collider searches \/ ~““through light signals (STand S2)
3makej dark mattdr measure both to search for highass WIMPs

(~100 GeVfew TeV)
measure ionisation alone to extend to lawass
WIMPS(~ GeV)

ESCAPE The European Science Cluster of Astronomy & Particle Physics ESFRI Research

Unfrastructures has received funding from the European UnionAs Hor i ESEARPERM Scienge Project

and innovation programme under Grant Agreement no. 824064.
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DarkSideLM
- conceptual design
- 1tradiopure argon

Argo
- 2033+,300t
- reach neutrino floor

+

DarkSide50 _ Tttt
_ 20132018 Darksz"é‘;%?rk
- 50 kg radi A i

g radliepure A1 - 20 tradicpure Ar

ideal target for ~100 GeV DM
world-class sensitivity to ~GeV DM

ESCAPE The European Science Cluster of Astronomy & Particle Physics ESFRI Research

improved technology, LHC
like data rate

Unfrastructures has received funding from the European UnionAs Hori ESFAPEDRM Scicnge Project

and innovation programme under Grant Agreement no. 824064.
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Challenges for a noblejuid TPC
Future

N

top hit pattern:

x-y localization_
<3 &
1
S 2 8 3 '8
,8. -
4
% M I

T | distance: 200 ns
g8 8 400
edweseyd

300 A
Dark Matter type )
highmasy G-0 5 QP 3 NBuiiidrgehts 200

low-massy  &f A YitSctidhisation spectrum -
rare events, radioactivity backgrounds from calibratiosirhulation+ parameterisation <
0 4
experiment scale
DS50: can acquire fulvaveformfrom photodetectors =
DSHA1Y Ydzad NI O 2fifieriigebOigueshtga dath éate ¢-RBilyR 0 1000 2000 3000 4000 5000

ns

ESCAPE The European Science Cluster of Astronomy & Particle Physics ESFRI Research . .
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Example workflow for higmass WIMP
Future

DarkSide collaboration

RECONSTR'LCTED observed & bkg
calculates ;

RAVy DATA ANALYSIS FORMAT
expected yield for gl METADATA

DAGA
various signal K l
hypotheses and K 5

converts
waveforms into
calibrated data puts together (1-
(e.g. S1, S2, foromet) applies analysis bin) histograms
cuts (e.g. fiducial with correct
volume) B normalisation

METADATA

RECONSTRUCTED MC ANALYSIS FORMAT METADATA limits
gives photons

into calibrated
data

background materials activity database
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Status and plans

Implement highmass operdata workflow in jupyter
" validated against BSO0 publication

REANAased integration in VRE ongoing
re-interpretation of D0 highhmass and lownass
searches
" vary WIMP halo model & systematics

vary detector response (Ar)
Implement sensitivity workflow for D30k / DSLM / Argo
iImplement D0k workflows for signal extraction

use ESCAPE infrastructure to optimize reconstructio

standard & MEbased pattern recognition techniques
opendata release policy being discussed within DS
collaboration

ESCAPE The European Science Cluster of Astronomy & Particle Physics ESFRI Research
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Christoph Eckner
Laboratoire d'Annecy De Physique Des Particules (L.A.P.P)

Supervised by:
F. Calore
Laboratoire d'Annecy-le-Vieux de Physique Théorigue (L.A.P.Th)
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How can we search for thermal dark matter? N ut
5 Future

Thermal dark matter is (weakly) coupled to the Standard Model of particle physics!

©
= In regions of high DM density, DM annihilation process occur at an experimentally testable rate.
4
; indirect detection p +
UE': Jbreakj darr ag'.ter
a| X o e-l_-
- |8 <l
tE 5
2 8 8 fragmentation, ])
» g E hadronisation,
- |2 = decay
X SM D
D+
\/ collider searches \/ ’
IJmakej dar k matter
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Indirect Searches for dark matter
Future

diffusive |
propagation

KM3NET
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Indirect Searches for dark matter with gamma rays % .
s Future

Dark matter signal shape: 7
dq)rr . 1 2 UU)ann dN
(r) da&l;r:gﬁ;ter dQ dE, (Ey ) = an /l:o.s de(‘P)Px(rI 25, m2 EB

cosmology/astrophysics  particle physms
Dark matter gamma-ray diff. intensity (MW-like) 9.5-year Fermi-LAT gamma-ray sky

subhalos,
extragalactic o
1010 1079 10~8 107 [em2s~lsr ! GeV~]
[M. Hiitten et al., JCAP 1609 (2016) 047]

strong signal ‘ moderate/low signal

. moderate signal

high background é moderate bagckground @ low background
Galactic centre LMC, Andromeda galaxy Milky Way dwarf satellites
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Credit: NASA

— 4-year Pass 7 Limit

Connection between dark

matter, gamma rays and dwarf jg-22| = Gyear Pass 8 Limi

. s o} Draco == Median Expected

galaXIeS: Zond LW' TC"C - 3| 68% Containment
: ‘ |'U.\1un ‘

Seguel [ 95% Containment

Milky Way =t

- 10—26
10727} bb
107 102 10° 10t
100,000 light years DM Mass (GeV/c?)
; 3 P o« - I p2dl i relatively close (~ 25 - 150 Kpc)
,' e ' d?les.m A I ratio of DM/baryonic matter in dwarfs almost 1 to 3 order(s)
BRI J-fact of magnitude larger than in the Milky Way
L N -factor I Low magnetic fields, little gas and dust, no sign of active
: CDM-on'ly, ‘Aquarius project star iormatlon _ .
Ty d>Acl ean DM | aboratori eso: Can
up to O(100 GeV)
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Why MLFermiDwarfs?

usl
e

Improvement of the typical approach adopted in Fermi-LAT dwarf analyses!

independent determination of background in a 15° X 15° region around each
dwarf using pre-defined models for Galactic diffuse emission, isotropic
background, re-fit of known localised gamma-ray sources, etc.

BUT: — unequal performances in different regions of the sky

— no guarantee that background is consistently determined from one region to another

— somewhat arbitrary choice of background window
— systematic uncertainty due to background modelling hard to quantify

What is the idea behind AMLFer mi Dwarf so?
(performance demonstrated in [F. Calore et al. JCAP10 (2018) 029],[A. Alvarez et al. JCAP09 (2020) 004])

latitude [deg]

o PSRN : ' data based on real gamma -ray measurements from Ferm
A _> learning based approach.

See P. BhattacharjeeAs t al

180 120 60 0/360 300 240 180
longitude [deg]
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Results achieved with MLFermiDwarfs

To code is based on a (stacked) Poisson likelihood function (terms perdiavedf
energy bire) and deriving upper limits on the dark matter annihilation cross

section via the lodikelihood ratio test statistic.

1. Profiling over J-factor uncertainty
(also done in Fermi-LAT analyses)

2. Profiling over background uncertainties
0 > additional feature of MLFermiDwarfs

10-22 profiling & b
{—— Draco
! Leo-Il
_23 Sculptor
10 {—— U-Minor
{—— combined
B oon-24
m 10
£
=,
~ 10—25
o}

example set
of dwarfs

bb

10! 102
DM mass [GeV]
[A. Alvarez et al. JCAP09 (2020) 004]
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background and J-factor as nuisance

PP —

ﬂd,e = ﬂd,e((av),mDM, log,oJ; In bd’e) — 1020 J"RGV)%,e(mDm) + elnba.

signal parameter

. Summary plot
."— prof. ] & B (this work) 7
1= prof. ] (this work)
1=—— Fermi-LAT, measured J-factors (2016)

1024 Mazziotta et al. (combined)
Calore et al. 2015 (20)

10—25 4

ov [cm3/s]

10725 i

Impact of
consistent
background
treatment

10! 102

DM mass [GeV]
[F. Calore et al. JCAP10 (2018) 029]
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Pooja Bhattacharjee
Laboratoire d'Annecy De Physique Des Particules (L.A.P.P)

Supervised by:
Francesca Calore
Laboratoire d'Annecy-le-Vieux de Physique Théorigue (L.A.P.Th)
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W Domains and type: Astroparticle Physics; Theory and Phenomenology

W Data provenance: Gamma-ray data detected by Fermi Large Area Telescope (Fermi-LAT). The data and

main processing software (Fermi Science Tools) are publicly accessible, and now also fully imported into the
data lake.

W Programming language: Code is entirely written in python 3 and relatively well-known packages like scikit-
learn.

W User access: Package can be optimised from the command line enabling a quick check of the viability of a
user-defined Dark Matter model.

W Reproduction: It is based on the Fermi-LAT data set used for paper A. Alvarez et al. JCAP09 (2020) 004.
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A completerunning workflow connecting the
= J open VRE platform with RUCIO data
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W Software development on VRE gitlab:
MLFermiDwarfs is accessible from https://gitlab.in2p3.fr/escape2020/virtualenvironment/mlifermilatdwarfs.

W What is available on VRE?
source code, python setup script, tutorial jupyter notebook, default data to reproduce the figures of A. Alvarez et al. JCAP09
(2020) 004.

W Date uploaded to RUCIO:
The Fermi-L AT weekly photons and spacecraft files (Fermi-L AT daga is getting updated every week) are now uploaded to
the RUCIO data lake.

W Complete running workflow:
We developed a complete-running workflow connecting the open VRE with the RUCIO data lake.

We can run MLFermiDwarfs code within the VRE by calling the Fermi-LAT from the data lake and obtain our desired outputs
(For e.g. exclusion plots).
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We reproduce the results of A. Alvarez et al. JCAPQ9 (2020) 004.
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