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Motivation
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Gravitational evidence at various
scales Iis overwhelming.

More details:
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Michael Korsmeier - 2023/09/12


http://www.illustris-project.org/media/

Motivation

[Freese; EAS Publ.Ser. 36; 2009l
NGC 6503

150~

Fuzzy DM Axions  WIMPs Primordial
black holes

Gravitational evidence at various

scales is overwhelming. 10-31 1086

1*14- 11

YWADm fGQVi]
More details:
Kenny CY Ng Nature of dark matter remains unknown!

Tuesday, 9:00 am

Michael Korsmeier - 2023/09/12


http://www.illustris-project.org/media/

Motivation

"1 [Freese; EAS Publ.Ser. 36; 2009] |
NGC 6503

150~

Collider and eari.v Universe

»

Gravitational evidence at various

Direct debection
; . lb y

i

Iv\dire_cf: debection

~ wz.zy DM AxiLons WIMPs

scales is overwhelming. 10-31  1o-141 101
More details:
Kenny GY Ng Nature of dark matter remains unknown!

Tuesday, 9:00 am

Michael Korsmeier - 2023/09/12

e Mass range 1 GeV to 100 TeV
e \arious search strategies

e \We focus on indirect detection
with cosmic rays and y-rays

Primordial
black holes

106
nom [ CreV ]


http://www.illustris-project.org/media/

Limits for DM Annihilation
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Limits for DM Annihilation
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Limits for DM Annihilation

* Neural Network predicting
CR signals

* Wide range of propagation
parameters/models

for bb annihilati 1102

* Likelihood of AMS-02 data

» Correlation, p cross
section uncertainties,
marginalization over
propagation

1 1 1
) = (\ w =~ Ot @p) =~ oo

mpmM [GGV]

e Global fits of DM models
including pbarlike
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Limits for DM Annihilation
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Limits for DM Annihilation

n Deriving the limit takes ~ 60 cpu-hours.
Speed-up of O (100)!
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State of the Art CR Modeling
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State of the Art CR Modeling
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More details:
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State of the Art CR Modeling
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State of the Art CR Modeling
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State of the Art CR Modeling

<

M 1071
| Conv v, Reaccyp—Inj
F —===- Conv dv./dz —— TOA
[ —-— Reacc --—- IS

S Reaceis ¢ AMS-02
FRAGMENTATION e —
JSM H ot He

— 09 I A

10~

Nt

@
~
qu | —— L =05kpc e
------- L =1kpc — TOA
 —— L =2kpc ——s T :
—— L =4kpc ¢ AMS-02
L =6 kpc
1 -2 e
2,

= 1.1

More detalils: Zp \ | l“ H /,
¥ & Yoann Genolini :1.0 , | cuEEgiis
{ /' Monday, 10:20 am §
80—y
R [GV]

Michael Korsmeier - 2023/09/12

[Di Mauro, MK, et al. 2023]



State of the Art CR Modeling
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Two Distinct CR Propagation Models
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Two Distinct CR Propagation Models

DIFFBRK INJ.BRK
Souice S?Q’.,.é«w @‘ﬁ ugen C@%Sie“mi Colas _wodulation

+ Cowvection % .

+ reaccelewntion '\{A

Michael Korsmeier - 2023/09/12



Two Distinct CR Propagation Models

CR propagation is described by diffusion equations.
We use the GALPROP code to solve them.

Michael Korsmeier - 2023/09/12



Secondary CR Antiprotons
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Secondary CR Antiprotons
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Antiprotons from Dark Matter
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Antiprotons from Dark Matter
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DM Limit — the Traditional Way
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DM Limit — the Traditional Way

1. Parameter scan with O (10°) likelihood evaluations
using GALPROP

2. Marginalization over CR parameters

Michael Korsmeier - 2023/09/12
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DM Limit — the Traditional Way

Parameter scan with O (10°) likelihood evaluations

Michael Korsmeier - 2023/09/12

using GALPROP

Marginalization over CR parameters

Derivation of the DM Iimit

— WTW/ZZ
systematic uncertainty
local DM uncertainty

— gglcc
qq
—— bb

—— hh =
— 7]

mpm

10*
GeV]

[Cuoco, Heisig, MK, Kramer; 2018]
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DM Limit — the Traditional Way

a ‘
J

‘, Deriving the limit for one DM model ‘
; takes ~50 000 cpu-hours.
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Dark Matter Limits and Propagation and the
Indirect Detection Role of Antiprotons
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Importance Sampling

Z(0) Likelihood without DM signal
<0, x) Likelihood with DM signal
(@) = (@) Prior CR propagation

0 = Uips Y1 He Y200 VoHes Ros S5 Dos 05 Vas Voo s Ty @5 @5}

X = {Mpp; (OV) gos (V)55 (OV) o> (V) s (OV) 175 (OV) s SOV )y (OV) 77}

{Hi} ~ ZL(0)n(0)

Z(x) = [d@ Z(0,x)r(0)
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Importance Sampling

Z(0) Likelihood without DM signal
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Importance Sampling

Z(0) Likelihood without DM signal
<0, x) Likelihood with DM signal
(@) = (@) Prior CR propagation
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Importance Sampling

Z(0) Likelihood without DM signal
<0, x) Likelihood with DM signal
(@) = (@) Prior CR propagation

0 = Uips Y1 He Y200 VoHes Ros S5 Dos 05 Vas Voo s Ty @5 @5}

X = {Mpp; (OV) gos (V)55 (OV) o> (V) s (OV) 175 (OV) s SOV )y (OV) 77}

{Hi} ~ ZL(0)n(0)

We have this!

- We make L@~
it fast!

Z(x) = Jdé’ Z(0)n(0)
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Dark Ray Net

DMNet

Input: Propagation Input: Dark Matter
parameters Mass

Pre-processing Pre-processing

Densely Layer: Dense Layer:
11 nodes 8 nodes

Concatenate

Dense Layer: 40 Nodes

Recurrent layer:
GRU with 40 nodes, tanh activation

Output: Scaled logarithmic cosmic ray flux

[Kahlhoefer, MK, et al. 2021]

P (E) = log,(E*'$(E))

Michael Korsmeier - 2023/09/12

sNet

Input: Propagation parameters

Pre-processing

Set of dense layers

Recurrent layer:
LSTM with 100 units, tanh activation

Output: Scaled logarithmic cosmic ray
flux

Pom(x) = log,o(mpyxd(E))

Training Data:
Chain of a
MultiNest fit

RNNs efficiently learn
smooth spectra

13



Dark Ray Net

2021]

[Kahlhoefer, MK, et al.

Mean Squared Error

10-2 : sNet
I L Train
: final value: 3.04 - 1079
: Validation
10734 final value: 2.64 - 10~°
1 1
I
|
|
|
10744
1

Hyperparameters

Activation
Dropout fraction
Optimizer

Loss

Batch size
Validation split
Early stopping

ReLU
0.1 %

Adam, learning rate scheduling ! € [1072,107°], patience 10 epochs 1
Mean squared error (MSE) |

500 |
20 % |

Michael Korsmeier - 2023/09/12

Monitor val. loss, patience = 40 l
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Performance of Dark Ray Net
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Uncertainties from the NN prediction are almost negligible
compared to AMS-02 measurement uncertainties.
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2021]

[Kahlhoefer, MK, et al.
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Application: Scalar Singlet DM
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After EW symmetry breaking:
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GAMBIT 2.4.0 GAMBIT 2.4.0
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Summary

Correlated Errors
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Fast DM Limits from CR
antiprotons
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Fast DM Limits from CR
antiprotons

State of the art propagation and
uncertainty treatment
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