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Intro

Search for Dark Matter via high energy y ray.




Intro

Traditional background methods: dark space in telescope FoV.
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Problem Method Result Conclusion

Sizes of extended sources are larger than telescope FoV.

Traditional background methods do not work.




Problem Method Result Conclusion

Taking OFF region from a different pointing is expansive and
difficult to control Systematic uncertainties.
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Method

A new method exploits the correlation between shower
longitudinal and lateral development.
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And it also borrows the idea of Recurrent Neural Network.
(the algorithm that automatically generates text in your cell phone)

Step 1:

Step 2:

Step 3:

Step 4:

Seed sequence of words Predicted word

the man ‘ is H walking ]m

Seed sequence of words Predicted word

the [ man 5 H walking down ]“

Seed sequence of words

Predicted word

the man [ IS H walking down the ]m

Seed sequence of words

Predicted word

the man is [ walking down ‘ H the street ]-




Scaled Width

We will build a mapping function

M, which transforms the blue
layer to the red layer.
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Scaled Width
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Here is the structure of the mapping function:

o ™ W EEI I m E mEE SN E S & == .

Nwe.L+1) s N(wy, L)
N(WlaL + 1) \ : > N(Wl,L)
Nw,, L+ 1) E > ° E > N(w,, L)
N(ws, L + 1) /E‘/ — N(w, L)
Nwy,L+1) ; — N(w,, L)

N(w,, L) = ¢(w)) Y H(w; — w)N(w;, L + 1)
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Method

The inverse kernel in the mapping function has a Gaussian form:

(w; — w; — x)?
H‘l(wl- —w) =Aexp| —

2062

And an activation function:

pw) =3 0, ifw -1, <0
(w; = )/(t; — 1)), otherwise

These parameters are determined by minimizing:

)(2 _ 2 (N data(w) - N, bkg(w))2

2 2
unblinded  %data T Ohig
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Method

\/% (per bin)

Scaled Width

Blinded

E >1585.0 GeV (62.4 hrs)
Excess (RDBM) = 28.9+139.4
Bkg (RDBM) = 10008.1:96.9
S/B = 0.003+0.014
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E >1585.0 GeV (62.4 hrs)

Excess (RDBM) = 23.8+149.2
Bkg (RDBM) = 10728.2:107.3
S/B = 0.002:0.014
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Method

250

200

S . -
Determine H in W>1 re 40O
A
2 50
N ‘ — =5 o

Scaled Width
0

o Blinded

Scaled Length

E >1585.0 GeV (62.4 hrs)
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Result
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E >2239.0 GeV (3.3 hrs)
Excess (RDBM) = 54.3+45.3
Bkg (RDBM) = 1195.7+28.3
S/B = 0.045+0.038

Examples of Closure Tests
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E >2239.0 GeV (62.4 hrs)
Excess (RDBM) = -28.1+35.3
Bkg (RDBM) = 884.1:19.8
S/B = -0.032+-0.040

SegueiV6
Bkg (RDBM)

- electron (MC)

NN
N\
|

nh,\.]}l-

MM

IO

\ AN

-2 0 2 4

6 8

Data from Segue 1



Conclusion

Conclusion

e Recurrent Deconvolution Background Method has a wide range of

applications (large clusters, Galactic halo) for current and
future gamma-ray telescope arrays.

* |t utilizes the correlation between longitudinal and lateral
shower developments and the idea of Recurrent Neural
Network.

* |t's NOT a real neural network. We impose strong constraints
on the “neuron”, parameter space of the model is largely limited.

But it also allows us to interpret the parameters with physical
meanings.

17



Backup



Result

Example of validations on 8 point sources
(ON region excluded)
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