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The discovery of inefficient diffusion
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The measurement of
diffusion coefficient

» How does diffusion depend on energy?
» The shape of injected electron spectrum?

Abeysekara et al., Science 358, 911-914 (2017) 17 November 2017
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Data introduction

»Duration:
e 1o KM2A: 27 Dec. 2019 — 30 Nov. 2020
e 34 KM2A: 1 Dec. 2020 — 19 Jul. 2021

»Data selection criteria are the same as Crab(zenith angle is 10-50deg).

F. Aharonian et al 2021 Chinese Phys. C 45 025002



Background estimation
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Significance map
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Morphology analysis method

* Morphology model:

A Diffusion property is the same around

_ i 1.52 _
1O = -G+ 00858, PL12400) )| two source, e.

Hd.ge’mingu X Di ls"rg;emi'ngu = gd.mfmmgfm X D”Imrmw;{'m

* Detected signal distribution

N=owee(g) = £(6,) (X) PS F

_ _ _ The signals from Geminga
* Likelihood Analysis and Monogem, respectively
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The PSF around sources
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Region of Interest—exclude known sources
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The white circles are the exclusion domain: ~ The white circles are the AGNs:
the Galactic TeV source with a radius of 2 the redshifts of which are all greater than
degrees. 0.15 and do not need to be deducted

» The fitted range is a 15-degree circles centered on both sources.



The photon energy distribution of both sources
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v" The spectra of both source are
considered.

v" The pivot energy of y-rays
are:15,21,31,46,73,117TeV



The Morphology results by

Y2 KM2A
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Morphology of Gemingna by % KM2A
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Morphology of Monogem by 34 KMZ2A
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The energy-dependent morphology
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TABLE 1. Diffusion coefficients in different energy bins. The E,
is the median energy of each analysis bin,E, is the parent electron
or positron mean energy, 6, is the typical diffusion extension of
Geminga, the extension of PSR B0656+14 equals to 6, x 250/288
due that the distance of Geminga (PSR B0656+14) is 250 (280) par-
seconds.

E/(TeV)|0,(°) 2KM2A|TS  |6,(°) 1KM2A|TS
15 7.44% 0% 185.7|6.67+12, 127.8
21 7.18%5% 267.3|6.86*0% 217.3
31 7.8610% H62S51 1520 544.7
16 8.04*081 1530 |7.92+103 4128
73 6.85 0 206.3|7.754 7, 87.8
2.66
117 13.11%2%¢ 1433 |- -
A 1.52
f(0) = exp[=1.54(8/0,) -]
6,0 +0.0850,) P .

The two sets of data are consistent with each other.



Combined morphology analysis methoad
with two data sets
* Morphology model:

f) = exp -1.54(8/8 ;)" ],

* Detected signal distribution
NH&?UT-EC{H} —_ I(Hd'] @ .I”H F

* Likelihood Analysis
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Morphology of Gemingna by % KM2A and %2KM2A
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Mophology of Monog

w10®

E =15TaV

ek

—— 34 KM2ADala

— Tolal

Monogem componand

Geaminga companand

B 'S NI EPRIETT B Tri A RIS ST BT

0 2 4 G a8 10 12 14
angular distance(®)

E =45TaV

—i— 34 KMZAData
— Tolal

Monogem componand

Geaminga companand

0 2 4 G a8 10 12 14
angular distance(®)

=10

E =21TaV

1 TosEsa

—h— 3 KM2ADala

0.5 Taotal
.6 Monogem compoanant
= Geminga companani

0.2

0 2 4 2] 8 10 12 14
angular distance(®)

=10

E =r3TeV

—h— 3 KM2ADala

Taotal

Monogem compoanant

Geminga companani

dN/d
[
(=]

. =~ —.*—
= __*_

0 2 4 2] 8 10 12 14
angular distance(®)

em by 31 KM2A and ¥2KMZ2A

E =31TaV

—— 34 KM2ADala

=— Talal

Monogem companant

Geaminga companan

—0.1

] 2 4 G 8 10 12 14
angular distance(®)




4(deg)

The joint fitting morphology with two data

Sets

Best-fitting results with 1/2KM2A and 3/4KM2A

TABLE I1I. Diffusion angle measured by two data sets.

E,(TeV) 04(°) =

15 692100 302

21 6.85'0% 484.3

31 16308 1200.3

46 8.04+063 944.2

73 7.3 00 274

117 [gatese 433

f(6) = a exp[—1.54(0/6,)'7]
6,(0 + 0.0850,) ' "



The joint fitting spectra with two data sets
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The shading area denotes the 10 statistic error.

» The spectra according to
diffusion model:

dN

= = (1.57 £ 0.093) x 107 (TeV™" em ™ s7)
'/

x (E/30Te V) ~26220.1045~(0.9420.2045) In(E/30TeV)

Ly e

dN —14 = 1
¥T5 = (0.80 £ 0.0645) X 107" (TeV " cm “s ')

e (E’/ 30T e V}—E 2440125, —(0.8410.24 ., ) In(E /30T V')



Research on Diffusion coefficient
- The global fit of electron spectrum and diffusion coetficient

Numerical The theoretical
y-ray spectrum

Detector

the diffusion

Likelihood model
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The influence of Injected spectrum on morphology

bri_out_deltal.45 500TeV.txt

Diffusion keeps the same -
» Diffusion keeps the same.

o » Changing the injected electron spectrum
~ 73TeV solid line:  Q=E-2
- dashed line: Q= E-12exp(-(E/150TeV)?)
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» The energy-dependent morphology also
changed.
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Both the injected spectrum and diffusion process decide the morphology of y rays.



Check the method by simulation

» Generate simulated signals:
Input parameter: flux of Gemigna and Monogem:; diffusion
Q(Geminga) = 7.9 X 107055 )° x e E/14TeV
Q(Monogem) = 1.3 x 107%( 13(5"(:‘." )5 x ¢ E/14TeV
D(E) = 1.1 x 108E"®

15TeV signal map

43TeV signal map
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Check the method by simulation
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dependence of the diffusion coefficient

Fix Q=E-2exp(E/Ecut)

0 05 1 15 2 25 3 as 4 4.5 s

Delta=1 TS=1368

Fix Q=E2exp(-E/Ecut)

o v b b by b b Prv e b b e
0 05 1 1.5 2 25 3 35 4 4.5 5

delta=2.6 TS=1402

v" The energy-dependence of diffusion coefficient is sensitive to the
assumption of the electron spectrum.

he Injection spectrum influences the energy
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Implication on the electron spectrum by Y2KM2A

»Find the best-fitting injection spectrum
when fixing DO at 1.1e28 and ¢ at 0.3/0.6/1.0/2.0, respectively.

E 10° =
10°° | M e
: §=0.30 ,
L —8=0.60 \
107 = \ .\\
- — 5=1 00 3
i |
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* |njected spectrum of Geminga
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spectral index
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Injected spectrum of Geminga under
different assumptions of 0
Injected spectra index=-4 @ 100TeV



Conclusion

* The data of 4KMZ2A are consistent with the analysis results of
1LOKM2A

* The morphology of the two sources does not vary significantly
from 15 to 73 TeV

* Measured Geminga morphology at 110 TeV with 34Km2A

* The energy-dependence of diffusion coefficient Is sensitive to the
assumption of the electron spectrum.

* The shape of the electron spectrum is relatively narrow, regardless
of 0=0.3/0.6/1.



some drafts
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Implication on the electron spectrum by Y2KMZ2A
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» Find the best-fitting injection spectrum when fixing DO at
1.1e28 and 0 at 0.3/0.6/1.0/2.0, respectively. b, = pyE./130 Tevy

> Injected spectrum:
> B~4, Ecut ~10TeV

O(E,) = pE.e EelEan



Crab analysis with 32 KM2A --PSF
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Crab analysis with 34 KM2A -- SED
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The spectra of Crab are consistent.
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