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1.INTRO: Diffuse Gamma-ray Emission (DGE)
Gamma-ray Sky Map
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1.INTRO: Diffuse Gamma-ray Emission (DGE)

Sources of DGE from the Galactic plane

p,a+I1SM = z° - 2y

e+ ISM — ¥ bremsstrahlung

e+ ISRF — ¥ Inverse Compton scattering

To study the propagation mechanism of cosmic rays;
To study the material composition of Galactic plane;
To search for dark matter annihilation signals;



1.INTRO: Diffuse Gamma-ray Emission (DGE)

Satellite Observation of DGE

e SAS-2 and COS B:
e COMPTEL and EGRET:

e Fermi-LAT . high resolution

To explain "GeV excess":

« Harder cosmic ray injection spectrum;

« Contributions of unobserved point sources
such as SNR;

« Scenes outside the Standard Model: dark
matter particles annihilation;

first time
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Fermi LAT Measurements of the Diffuse Gamma-Ray Emission at

“GeV excess”

Intermediate Galactic Latitudes

Trov A. Porter® for the Fermi LAT Collaboration
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Galactic Plane, 40° < 1 <100°, |b|< 5°
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2.INTRO: LHAASO-KM2A Observation

A Large area EAS array

1 m2 each

5195 EDs

1.3 km?

covering

15 m spacing
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3. Experimental data Selection

Gamma/Proton£ 5 #BIHE (1)

N, +0.0001, maximize
R = log(~* ) >Q=S/vB
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3. Experimental data Selection

Gamma/Proton$R & # Tk

R = log( Nt 0:0001

)

Ne
log(Ee./TeV) R for point-like source R for DGE
1.0-1.2 -5.11 -5.00
1.2-1.4 -5.24 -3.20
1.4-1.6 -5.95 -5.96
1.6-1.8 -6.08 -6.17
1.8-2.0 -2.34 -2.50
2.0-2.2 -2.35 -2.69
2.2-2.4 -2.36 -2.79
2.4-2.6 -2.36 -2.74
2.6-2.8 -2.36 -2.75
2.8-3.0 -2.36 -2.79
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3. Experimental data Selection

Gamma/Proton$ 3 &20895

——

1AL

(3)

Table 2: SED result of Crab at the rejection parameter R for DGE and for point-like source

Compare

Data time range

R

F20
[TeV™ L em™2 s_l]

~

CPC crab

20191227-20200528

for point-like source

1.13 & 0.055¢q¢ £ 0.085y5

-3.09 £ 0.06544: £ 0.025,

Energy [TeV]

20191227-20200528 | for point-like source 1.12 £ 0.05 -3.10 £ 0.06
This Work | 20191227-20201130 | for point-like source 1.06 £ 0.03 -3.14 £ 0.04
20191227-20201130 for DGE 1.06 £+ 0.03 -3.12 + 0.04
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4. Diffuse emission analysis

Background: Direct Integral method
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4. Diffuse emission analysis

R-mask = NR- \/})sz + ext?

MASK=A

MASK=B
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Fig. 13.— Model A: Sky Map with E,.. over 25TeV after mask as radius with Formula
2,where NR = 2. Model A assumes that the resolved sources signal is provided only by the
sources in LHAASO cataloge. (a), (b) and (c) correspond to three study areas respectively.
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Fig. 14.— Model B: Sky Map with E,.. over 25TeV after mask as radius with Formula
2,where NR = 2. Model B assumes that the resolved sources signal is provided by the
LHAASO cataloge sources plus TeVcat sources without LHAASO source counterpart. (a),
(b) and (c) correspond to three study areas respectively.

of resolved sources(1)

Table 19: Preliminary LHAASO-KM2A source catalog at Galactic Plane above 25 TeV.

LHAASO Name R.A. Dec.  Sig.® F‘é‘o ¥ Counterpart
(deg) (deg) (o)
Crab 8363 22.02  38.2  10.650.3  -3.12 £ 0.04 Crab
J1839-057 270.86 5.72 85  8.50 £ 0.99  -3.22 £ 0.13 HESS J1811-055
MAGIC J1835-069
MAGIC J1837-073
J1837-06T 27942 674 57 805+ 116 -3.45 £ 0.19
N * 5 E IHWC J1837-065
HESS J1837-069
HESS J1813033
SHWC J1844-032
J1843-036 28093  -3.63 129 11.98 £ 090 -2.93 + 0.08

HESS J1844-030
HESS J1846-029

JIRAR0LT 28205 -1.73 56 T2 £ 0.4 -3.31 £ 0.3 HESS J1848-018
J1848-000 28220 0.06 111 3.58 £ 0.60 -2.77 £ 019 IGR J1S400-0000
. r r e r IGR J18490-0000
J1851-000 282,08 005 7O A4S £ 072 -3.06 £ 015 HESS 11859000
JIS5T+020 28439  2.06 7.3 244 % 043  -5.29 £ 019  HESS JI88+020
J1853+013 28335 1.30 58 205 £ 052 416 £ 027  JHWC J18504013"
MAGIC 1857640207
JI85T4+032  284.31 320 51 230+ 036 -411+026  HESS JI8574026
MAGIC J1857.240263
JI008+061 28704 6.18 203 074 £ 0.53 -264 £ 006 MGRO JI908+06
r , r . I , 2HWC J1914+ 117
JIOI54110  288.92  1L04 57 2324057  -268 + 030 | HAASO—e
JI014+120 28852 1201 5.2  0.96 £ 0.33  -268 + 031 2HWC JIO14+ 117"
J1923+141 20078 1417 51 125 £ 027  -3.27 + 027 W 51
JIO28+179 20204 1793 04 342+ 037 -283 + 011  2HWC JI9284177
JI028+190 20213 19.05 88 L7l £ 0.28 -291 018  SNR GO&4.1+00.3
.y , , , , o ZHWC J1953+204
JIOS6+28T WO W8T TL A31E039 275009 Lot ot
, - , . e . o VER 20194368
J2019+367 30487 3678 W6 9T 031 293004 G op ST
MGRO 12031+41
J20314+415 30706 4150 152 550+ 031 -3.01+007 PSR J203244127
TeV J2032+4130
J2108+519 31725 5188 88 165 £ 041 -267 + 022 LHAASO J2108+510
103414529 5539 5204 62 199+ 031 287 + 015 LHAASO-2°
103574539 5049 5300 48 217 £ 032 -3.63 £ 020 LHAASO-3°
10542+ 236 8571 2360 55 080+ 0.21  -326 £ 023 HAWC J0543+233
J19554335 20875 3357 50 082+ 0.19  -3.56 + 029 LHAASO-13°
J2200+567 #3007 5672 3.8 2.84 £0.54  -307 +£0.20 LHAASO-11°

“Significance at the given source position after a top-hat smoothing.
5Flux at 20 TeV in unit of 10—1% TeV=1 cm=% 5=1.
“LHAASO-num represents new sources discovered by LHAASO.



4. Diffuse emission analysis

Subtraction of resolved sources(2)

Rmusk - i'\fTR . \/p:':?f?' -+ ert?

Table 3: Proportion (%) of residual signals of resolved sources to total signals

log(Eyee/ TeV) Inner Galaxy region Outer Galaxy region Cygnus region
e Model A ¢ | Model B® | Model A* | Model B® | Model A ¢ | Model B *
1.0-1.2 6.79 = 1.10 | 9.40 = 1.90 | 3.96 £ 1.34 | 3.38 £ 2.58 | 2.59 £ 1.85 | 6.50 £+ 3.11
1.2-14 6.25 £ 0.57 | 7.62 £ 0.81 | 0.99 £ 0.39 | 1.05 = 0.84 | 4.10 £ 1.08 | 4.62 = 0.84
1.4-1.6 3.324+0.19 | 347 £0.11 | 0.49 = 0.08 | 0.56 = 0.04 | 3.62 = 0.55 | 4.11 = 0.17
1.6-1.8 244 +£0.15 | 2.23 £ 0.06 | 0.56 = 0.09 | 0.54 = 0.07 | 2.69 = 0.47 | 2.96 £+ 0.08
1.8-2.0 252 +0.19 | 2.80 £ 0.09 | 0.33 £0.08 | 0.38 = 0.05 | 4.19 £ 0.85 | 4.60 = 0.19
>2.0 1.06 £ 0.10 | 0.81 £ 0.03 | 0.07 = 0.03 | 0.03 = 0.01 | 1.07 = 0.50 | 0.65 £ 0.04

“Model A assumes that the resolved sources signal is provided only by the sources in LHAASO

cataloge.

"Model B assumes that the resolved sources signal is provided by LHAASO cataloge sources plus

TeVecat sources without LHAASO source counterpart.
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4. Diffuse emission analysis MASK=A MASK=B
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Table 10: Fitting parameters of the LHAASO-KM2A DGE data.

Tt T 10
o @ Masking » F 2 E
(107 TeV=! em=2 571 sr71) 2 - ol N
PR [ = 5 10%
Inner 1.71 +0.09 —3.00 = 0.05 A G g 8
> >
Outer 0.83 +=0.10 —=3.05+0.15 A 2 = 2 -
1077 10
Cygnus 2.00 £0.21 —-3.17£0.11 A g = Outer Galaxy Region i, g E Outer Galaxy Region ',
Inner 1.50 +0.10 —2.96 + 0.06 B W [ —+— FermiLAT (Model 1) i || s B AR (Nace 1)
=R Fermi-LAT (Model 3) © .| —=— Fermi-LAT (Model3) - B
Outer 0.82 £+ 0.10 —3.07 £ 0.15 B Z W0 e LHAASO-KM2A Z 10 = —e— LHAASO-KM2A 2
o F = (Model 1) W r =’ (Model 1)
— 1L F
Cygnlls 190 :l: 04:0 312 Zt 0.12 B L e g0 (Modal 2) L x° (Modal 2)
1012 - ° (Model 3) \ 102 - 7® (Model 3) )
Eol 5 vosowpnl o wvipnl 0w iipeml 0o EETTIT IT T E“”l TEEETET W ETII BRI BT | PETRTTTY IRRPRRITR AP
i (c) ] (c)
— i 108
5 OF % 3
" E :u; :
i oL ‘s 107
§'E § " [
[ > L
3 ' O K
", 10 oy
E 1oL Cygnus Region g W CynusRegion 4
S E —e— Fermi-LAT (Model 1) 3 f —— Eerm' -LAT (Model 1)
| F o Fermi-LAT {Model 3) B e eR"&')L:\BTJ(Mode' 3)
s ~— ARGO-YBJ T o e
Z 10 e LHAASO-KM2A Z 10 F —e— LHAASO-KM2A
T r n° (Model 1) W - n® (Model 1)
w Lo OModel2) 000 %% | w0 [ e n° (Model 2)
102 e 10 (Model 3) e ! L -
:I:ll::“‘l : .;.quz. IE|11 |I . 1:3 —y ...:.1..03 sy s e : o i3 et

Energy [TeV] Energy [TeV]



4. Diffuse emission analysis

GL,GB distribution
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4. Diffuse emission analysis

GL,GB distribution

MASK=B
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4. Diffuse emission analysis

Check with ASy

« subtracting events within 0.5° from the known TeV

sources.

« anew source LHAASO J2108+5157 with no TeV

counterpart
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4. Diffuse emission analysis

Systematic Uncertainties(1)

layout;

DI:Timerange? LST or MJD? Large Scale?
atmospheric models

Table 12: systematic errors affecting the SED from detector layout

Table 13: systematic errors affecting the SED from time range of efficiency reduction

Mask model | Region layout Fxo 0%
(TeV—! em=2 571 sr1)

I layout1l (1.71 + 0.09) x 10~'* | -3.00 + 0.05

layout2 (1.71 £ 0.09) x 10~1* | -3.01 £+ 0.05

A - layoutl (8.27 + 1.00) x 10~*> | -3.05 £ 0.15
layout2 (8.25 + 1.00) x 10~ | -3.07 £ 0.15

- layoutl (2.00 £ 0.21) x 10~ | -3.17 + 0.11

layout2 (1.97 £ 0.20) x 10~1* | -3.19 £ 0.11

i layoutl (1.50 + 0.10) x 10~ | -2.96 + 0.06

layout2 (1.51 + 0.10) x 10~1* | -2.97 + 0.06

B - layoutl (8.15 + 1.00) x 10— | -3.07 £ 0.15
layout2 (8.13 + 1.00) x 10~+> | -3.09 + 0.15

- layoutl (1.90 £ 0.20) x 101 | -3.12 £ 0.12

layout2 (1.88 +0.20) x 10~1% | -3.14 £ 0.11

Mask model | Region | Time range F5p ¥
(TeV~! ecm=2 s—1 sr71)

10h (1.71 £ 0.09) x 10~1% | -3.00 + 0.05

I 8h (1.74 £ 0.09) x 1014 | -2.99 + 0.05

6h (1.68 £ 0.09) x 10~1% | -2.96 + 0.05

4h (1.66 + 0.09) x 10~ | -2.93 + 0.06

10h (8.27 +1.00) x 10~ | -3.05 + 0.15

A I 8h (7.92 £ 1.00) x 10~ | -3.06 £+ 0.15
6h (723 +£098) x 10~ | -2.96 + 0.17

4h (7.24 +0.98) x 10~ | -2.96 + 0.17

10h (2.00 £ 0.21) x 10~ | -3.17 + 0.11

o 8h (2.00 +£0.21) x 10~ | -3.17 + 0.11

6h (1.97 £ 021) x 10~ | -3.16 + 0.12

4h (2.00 £ 0.20) x 10~ | -3.14 £ 0.12

10h (1.50 + 0.10) x 10~ | -2.96 + 0.06

. 8h (1.53 +£ 0.10) x 10~ | -2.95 + 0.06

6h (1.47 £ 0.10) x 10~ | -2.92 4+ 0.06

4h (1.45 £ 0.10) x 10~ | -2.88 + 0.06

10h (8.15 + 1.00) x 10~ | -3.07 + 0.15

B I 8h (7.83 £1.01) x 107 | -3.08 £ 0.15
6h (7.14 £ 098) x 10~ | -2.99 + 0.17

4h (7.19 £ 098) x 10~ | -298 +0.17

10h (1.90 £ 0.20) x 10~ | -3.12 £ 0.12

[ 8h (1.90 £ 0.20) x 10~ | -3.12 £ 0.12

6h (1.87 £ 0.20) x 10~ | -3.10 £ 0.12

4h (1.90 £ 0.20) x 10~ | -3.09 £ 0.12




4. Diffuse emission analysis

Systematic Uncertainties(2)

Table 14: systematic errors affecting the SED from large-scale structure introduced by direct

* IayOUt’ integration method
° DITlmerange’) LST or MJ D’) Large Scale’) Mask model | Region | Large-scale Structure Frp ~
] Correction (TeV=' em™2 571 sr™1)
« atmospheric models : before (171 + 0.09) x 10-1* | 3.03 + 0.0
_ _ , N et after (1.75 £ 0.09) x 10~ | -3.04 + 0.05
Table 13: systematic crr.ors affcct‘mg the SED from time scale Lefore 809 £ 099 x 10-7° | 3.06 £0.14
Mask model | Region | Time Scale F5g 0% A Outer after (718 £ 099 x 10-° | 3.07 £ 0.15
(TeV—" em™* 577 sr”}) o before (1.06 + 0.20) x 10-1% | -3.17 & 0.11
Inner MJD ;1.71 + 0.09.} x 10~ | -3.00 + 0.05 vygnus after (2.12 + 0.40) x 10-¥ | 315 + 0.20
LST (1.71 £ 0.09) x 10~ | -3.03 + 0.06 before (151 + 0.10) x 10~ | -2.98 + 0.06
N Outer MJD (827 £ 1.00) x 10 1> | -3.05 £ 0.15 Inner after (155 + 0.10) x 10~ | -3.00 £ 0.06
LST (8.09 £ 0.99) x 10~' | -3.06 + 0.14 before (7.98 £ 0.99) x 10~15 | -3.08 + 0.14
MJD (2.00 £ 0.21) x 10~ [ =317 £ 0.11 B Outer after (7.10 £ 0.99) x 10~ | -3.09 + 0.15
Outer LST 1.96 £ 020) x 10-% | 3.17 £ 0.11 before (1.86 + 0.20) x 10— | -3.10 £ 0.12
MJD (1.50 £ 0.10) x 10~ | -2.96 + 0.06 Cyenue after (1.97 & 0.40) x 1077 | -3.14 & 0.22
tnner LST (151 £ 0.10) x 10~ % | -2.98 + 0.06
B Outer M.JD \815 +1.00) x 10~ | -3.07 + 0.15 _
LST (7.98 & 0.99) x 10~ | -3.08 & 0.14 Table 15: Fitting parameters of the LHAASO-KM2A DGE data.
Cygaus MJD (1,90 £ 0.20) x 10:;1 312 £ 0.12 %o o Masking
LST (1.86 4+ 0.20) x 10 -3.10 £ 0.12 (107 TeV~" em=2 =1 sr1)
Inner L.71 4 0.0940¢ £ 0.134y, —3.00 £ 0.055¢a¢ £ 0.064y, A
Outer 0.83 £ 0.105t0¢ £ 0.154,, —3.05 £ 0.1550¢ £ 0.104y, A
° atmospherlc models(CPC Crab) Cygnus 200 +0.21,,, £0.22,,, —3.17 £ 0.11,, £+ 0.04,,, A
. . O/e- Inner L.50 & 0.1054q¢ £ 0.12,,, —2.96 £ 0.06¢0¢ £ 0.054, B
The influence on Flux is less than 7%; Outer 082+ 0100 £0.15,,  —3.07£0.15,0 £0.09,,, B
and the influence on index is around 0.02; Cygnus 190+ 040, £0.18,,,  —3.124£0.12,,,, £0.06,,, B




4. Diffuse emission analysis

Systematic Uncertainties(3)

e Take mask type (A or B) into Systematic Uncertainties

Table 16: Fitting parameters of the LHAASO-KM2A DGE data.

@o ¥
(107" TeV~' em™2 s7t sr!)
Inner 1.71 £ 0.094pa¢ = 0.254s —3.00 £ 0.0544¢ = 0.07 4,4
Outer 0.83 &= 0.104a¢ 2= 0.154s —3.05 £ 0.155a¢ = 01045
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