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Motivation

150 - " [Freese; EAS Publ.Ser. 36; 2009
- NGC 6503 i

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

Gravitational evidence at various
scales Iis overwhelming.
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Motivation
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Motivation

150 1 (Freese; £AS PubLSer 36;2009] Collider and early Universe
NGC 6503 - — .}
“ s A X e Mass range 1 GeV to 100 TeV
F T e Various search strategies
3
Y e \We focus on indirect detection
b N with cosmic rays and y-rays
Indirect detection
. Fuzzy DM Axions = WIMPs Primordial
http://www.llustris-project.or - bi&ﬂ‘f hOLﬁS
Gravitational evidence at various
scales is overwhelming. 10-31  1o-141 101 1086

nom [ CreV ]

Nature of dark matter remains unknown!
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Antiprotons in cosmic rays
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Antiprotons in cosmic rays
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Traditional method
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Traditional method

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

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

2. Marginalization over CR parameters
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Traditional method

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

2. Marginalization over CR parameters

3. Derivation of the DM Iimit
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Traditional method

Deriving the limit for one standard model final state
takes ~50 000 cpu-hours.
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New methods to derive DM limits

JAN
| r()l)

Importance Sampling to marginalize
over CR propagation parameters

RNNs to replace GALPROP | J:IA |

for an arbitrary DM model
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Importance sampling

Z.,(0) Likelihood without DM signal
Z,(0,x) Likelihood with DM signal

0 = Wips YiHe Y200 Vo Hes Ros S5 Dos 05 Vas Voo s Ty @ @5}

X = {Mppp, (OV) gos (V)55 (OV) o> (V) s (OV) 175 (OV) s (OV )y (OV) 77}

{Hi} ~ 31(0)

ZLH(x) = jdé’ <50, x)
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Importance sampling

Z.,(0) Likelihood without DM signal
Z,(0,x) Likelihood with DM signal
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Importance sampling

Z.,(0) Likelihood without DM signal
Z,(0,x) Likelihood with DM signal

0 = Wips YiHe Y200 Vo Hes Ros S5 Dos 05 Vas Voo s Ty @ @5}
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Importance sampling

Z.,(0) Likelihood without DM signal
Z,(0,x) Likelihood with DM signal

0 = Wips YiHe Y200 Vo Hes Ros S5 Dos 05 Vas Voo s Ty @ @5}

X = {Mppp, (OV) gos (V)55 (OV) o> (V) s (OV) 175 (OV) s (OV )y (OV) 77}

0.} ~ £ ,(0) We have this!
Note of caution: We assume N ®
that the full para;meter space  cp (x) = |do.Z (0)‘)%2(0’ X)N l 32(01-, X) we make R E\
(0, x) is sufficiently covered 2 N7 g 1(0) ~ N oA 1(01') It fast!
by our sample. =1 @B
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New methods to derive DM limits

RNNs to replace GALPROP | J:’A |

for an arbitrary DM model
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Architecture and training

DMNet

Input: Propagation Input: Dark Matter
parameters Mass

Pre-processing

Dense Layer:
8 nodes

Concatenate

Dense Layer: 40 Nodes

Recurrent layer:
GRU with 40 nodes, tanh activation

Output: Scaled logarithmic cosmic ray flux

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

Stockholm University and OKC

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))

Michael Korsmeier

Training Data:
Chain of a
MultiNest fit

RNNs efficiently learn
smooth spectra




Architecture and training

10- . sNet
| ___ Train H ¢
~ : final value: 3.04 - 107° yperparameers
o : Validation » Activation ReLU
= 10734 1 final value: 2.64 - 10
= . Dropout fraction 0.1 %
— |
S : Optimizer Adam, learning rate scheduling [ € [1072,107°], patience 10 epochs
T 104
10 |
c;) ] Loss Mean squared error (MSE)
< \
§ ] Batch size 500
-2 \
10 N Validation split 20 %
--------------------- Early stopping Monitor val. loss, patience = 40
0 25 50 75 100 125 150
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Validation
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Uncertainties from the NN prediction are almost negligible
compared to AMS-02 measurement uncertainties.
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Validation
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10—231

10—271
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DM limits (example bb)

95 % CL upper bounds

Thermal annihilation
Cross section

Marginalised over
propagation parameters

Profiling over
propagation parameters

Fixed propagation model
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Scalar singlet dark matter
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After EW symmetry breaking:
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Scalar singlet dark matter
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- == 95% CL upper bound

-—10

—30

10! T 'Ilféz | 10°
TNDM [GGV]

Stockholm University and OKC Michael Korsmeier



Scalar singlet dark matter

Deriving the limit takes ~ 60 cpu-hours.
Speed-up of O(100)!

Stockholm University and OKC Michael Korsmeier



Conclusions

We have developed tools to quickly derive
DM Ilimits for a large number of DM models

RNNs are particularly well suited to predict
CR spectra both for DM and the
astrophysical background

The networks are published.
Try it yourself on GitHub {)!

Stockholm University and OKC Michael Korsmeier
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