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LHAASO DGE previous results

LHAASO-KM2A, mask1 LHAASO-WCDA, mask?2
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PRL, 131, 151001 (2023) » few GeV ~ 60 TeV: obvious excess over PRL, 134, 081002 (2025)
R. Zhang et al. (ApJ, 2023) model expectations



Gamma-Ray Emission at Galactic plane

WCDA KM2A
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» Preserve ROI of DGE in the Galactic plane.
» Detailed investigation into the spatial/spectral characteristics of DGE.
» Enhance the understanding of resolved sources in the Galactic plane.



WCDA ., KM2A, WFCTA

WCDA (1-25 TeV): 210305-250731
KM2A (>25 TeV): 1/2+3/4+full (191226-
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LHAASOQO data use

Detecting air showers produced by cosmic rays (and gamma rays)
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Particles (r <40 m) > Particles (40—100 m)

EDs & particles used in reconstruction > 10
Shower age: 0.6-2.4

Reconstructed zenith angle < 50
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Background Estimation

MASK2
0.134[
“Direct Integral” method 0.1a2f . ® :.'.
« Efficiency at same direction (zen, azi) X 0.130 nmﬁ"“ i _ 5o oo
changes over time %wagmﬁmw*w P fii T
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> DGE leakage correction: i R
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Resolved Sources (RS) Measurement & Extraction from DGE

> Fit RS + DGE

1st LHAASO Cat:

75 > 25 TeV (> 50)
90 ALL

69 1-25 TeV (> 50)

ApJS, 271, 25 (2024)

1. RS: Morphology - Gaussian & Spectrum - Log-Parabola
2. DGE: Morphology - Planck Dust Map & Spectrum - Log-Parabola
3. Iteration loop

» Check residual significance map
» Add new RS if needed
> Repeat with updated catalog

Galactic Plane (|b| <15 degree):
171 resolved sources, WCDA

154 resolved sources, KM2A

189 resolved sources, JOINT-fit

» Subtract RS emission from whole gamma-ray
skymap -> Expect a Pure DGE Galactic Plane!
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Properties of RS

Galactic Plane (|b|<15 deg):
171 resolved sources, WCDA
154 resolved sources, KM2A

189 resolved sources, JOINT-fit

Source Positions in Galactic Coordinates (with Extent)
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» Subtract RS emission from whole gamma-ray skymap -> Expect a Pure DGE Galactic Plane!

Significance Map before/after subtracting RS
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SED of DGE
INNER OUTER

ROI: 1=[10, 125], b=[-5, 5] ROI: I=[125, 240], b=[-5, 5]
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« Diffuse Model: LHAASO CR (proton) spectrum + ISM, no CR distribution
« E > 100 TeV: similar spectral shape (index) as that of measurements
« E <100 TeV: extra component with Ecut around tens of TeV for Inner Galaxy region

LHAASO p: arXiv:2505.14447v1



SED of DGE (small ROIs)

« Seperate Galactic Plane into 9 parts:
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Seperate Measurements into (1-25 TeV), (25-100 TeV), (100-2500 TeV), use PowerLaw give
distribution of Flux and Index.
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Discrepency between data and Gas distribution (PLANCK Dust Map), especially for 1-25 TeV, (<50°.
Spectral Index remains nearly constant along Galactic longitude.

200

Flux @ 63 TeV [TeV i cm 2 s 1sr!]

=
w

=
o

o
)

o
(=]

|
=
wn

Spectral Index

N
L

o
f

|
N
L

|
EN
L

25-100 TeV

le—14 25-100 TeVv

-- Dust fit to DGE data (x?/ndf=4.3)
¥ DGE data (a)

“E\i‘f’;\}\i- S E'T‘ri‘?"

— = DGE data B weighted mean = -2.96 + 0.25
DGE data B weighted +10
3§ DGE data (B)

-L-z-i-;-h-f-]_i_{.T-H-{-J-LF-H-{-]--

50 100 150 200

Galactic Longitude [deg]

Spectral Index

Flux @ 400 TeV [TeV* cm™2 s tsrl]

>100 TeV

le=17 > 100 TeV

o P N w S (%)

—-— Dust fit to DGE data (x?/ndf=1.9)
$ DGE data (a)

— = DGE data B weighted mean = -2.94 + 0.23
DGE data B weighted +10
¥ DGE data (B)

+-r15-“—1-—‘-—r-z—-n—jf—!—}—}--}—j—i—i—}-————i—-— £

50 100 150 200
Galactic Longitude [deg]

12



Spectral Index

Profile of Galactic Latitude

« Seperate Measurements into (1-25 TeV), (25-100 TeV), (100-2500 TeV), use PowerLaw give
distribution of Flux and Index.
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» Discrepency between data and Gas distribution (PLANCK Dust Map), especially for 1-25 TeV, b<-5°.
« Spectral Index remains nearly constant along Galactic Latitude.
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Systematic Uncertainty

« Background Estimation

-DGE leakage + LargeScale Structure Correction
~ 3% (Inner) and 15% (Outer) for flux

~ 0.01 (Inner) and 0.02 (Outer) for index

Overall Uncertainty

 DGE morphology template

-for RS & DGE seperation -> RS Catalog -> DGE measurement Norm Flux | Spectral Index
-PLANCK Dust map or measured DGE map after Gaussian Inner 9.7% 0.05
smooth
~ 1% (Inner) and 3% (Outer) for flux Outer | 21.3% 0.06

~ 0.04 (Inner) and 0.05 (Outer) for index

 Individual (WCDA/KM2A) vs. Combined (WCDA+KM2A)
~ 6% (Inner) and 13% (Outer) for flux for WCDA energy
~ 7% (Inner) and 8% (Outer) for flux for KM2A energy

« Temp.-Atmos. effect (detection efficiency)
~7% for flux, 0.02 for index

« Declination-dependent efficiency corr. (large ZA)
~Negligible

14




Cross-Check with USTC group

INNER

ROI: 1=[10, 125], b=[-5, 5]
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» Wang Guangwei independently performed the DGE measurement

» Results show good agreement with this work
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Cross-Check with USTC group
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ROI: 1=[70, 90], b=[-5, 5]

ROI: 1=[90, 110], b=[-5, 5]

100 10-° 107°
&5 i1 ® = %
% 8 2 3
& 3 k4
il ¢ %i 10-94 g g 3 3 3 R ® &
[} o 8 g N . & 4 i3
| & | | 4 .
5 5 ] 5 3 B #
7 o | o $ - 3 0 53
3 n & n g . ' } i n
~ ~ ~ ~
D ] D ) D $ %
€ % £ 10711 § § £ 10714 ¢ § £ 10104 %
% % § | § § ] " E
> > > >
Q @ [0 ﬂJ
E 10-10] % (=) E E
w w w w
=2 i ‘f 2 3 o
= = = =
o o =l °
n 0 n n
W W W o]
10-114 10-114 10114
T WCDA+KM2A, DGE (this work) @  WCDA+KM2A, DGE (this work) $  WCDA+KM2A, DGE (this work) $  WCDA+KM2A, DGE (this work) $  WCDA+KM2A, DGE (this work)
@ WGW Cross-check B WGW Cross-check 81 WGW Cross-check 1 WGW Cross-check % WGW Cross-check
-11 T T T T T T T T T T T T
100 10 102 103 1 100 100 10? 10° 10° 10t 10? 10° 10° 10t 102 10° 10° 10! 102 10°
Energy (TeV) Energy (TeV) Energy (TeV) Energy (TeV) Energy (TeV)
1079 ROI: 1=[110, 130], b=[-5, 5] 10-9 ROI: 1=[130, 165], b=[-5, 5] 1079 ROI: 1=[165, 200], b=[-5, 5] 100 ROI: 1=[200, 240], b=[-5, 5]
T e T T z
L L L .
& & & &
T b T T
) n w «
b % % % % i $ p %
€ 10104 : § € 107104 § § £ 10104 ﬂ # % £ 107104 % %
2 ] % o 2
3 % % % § 3 {3 3 =
| =4 £ E
5 5 ; 5 5
2 2 2 2
° ©° hel ©
« n n i
W W W W
10114 10-114 10-114 10-114
@ WCDA+KM2A, DGE (this work) T WCDA+KM2A, DGE (this work) T WCDA+KM2A, DGE (this work) T WCDA+KM2A, DGE (this work)
B WGW Cross-check @ WGW Cross-check @ WGW Cross-check B WGW Cross-check
10° 100 02 100 100 10! 0 10° 100 10t 102 10° 100 100 0 10°

1
Energy (TeV)

10
Energy (TeV)

Energy (TeV)

» Wang Guangwei independently performed the DGE measurement
» Results show good agreement with our measurements

1
Energy (TeV)
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Galactic Latitude [deg]

Galactic Latitude [deg]

Cross-Check (mask ROI)

LHAASO-WCDA, mask2 (PRL, 2025)

E2> dN/dE (TeV1® cm™2 s 1sr7})

5
4
3
2
1
0
-1
-2
3
4
-5

110 120

40

aL&kLcd;}mhm

220 230
Galactic Longitude [deg]

160 210

Consistent with the previous LHAASO result by mask2
for the inner region

Slightly lower in WCDA energy range for the outer
region, possibly due to the Geminga region and newly
found weak sources

107°

ROI: I=[15, 125], b=[-5, 5]

== Inner
i ?ﬁﬁ_)g

© WCDA+KM2A, DGE (this work), WCDA mask (PRL 2025)

HH  LHAASO-mask2, 2025 (PRL)
10° 10! 10? 10%
Energy (TeV)

E2> dN/dE (TeVl® cm™2 s 1sr1)

ROI: 1=[125, 235], b=[-5, 5]

10-104

Outer

$  WCDA+KM2A, DGE (this work), WCDA mask (PRL 2025)
HH  LHAASO-mask2, 2025 (PRL)

100 10! 107
Energy (TeV)

Inner: 3parts

]]]]]]

E2° dN/dE (TeV!® cm~2 s~ 1 gr7l)

LHAASO-mask2, 1=15°-50°, |b|<5°, (PRL, 2025)
[ LHAASO-mask2, 1=50°-90°, |b|<5°, (PRL, 2025)
LHAASO-mask2, 1=90°-125°, |b|<5°, (PRL, 2025)

& WCDA+KM2A, lteration 8: DGE + WCDA mask, 1=15°-50°, |b|<5°
@ WCDA+KM2A, lteration 8: DGE + WCDA mask, 1=50°-90°, |b|<5°
@ WCDA+KM2A, Iteration 8: DGE + WCDA mask, 1=90°-125°, |b|<5°

Energy (TeV)
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DGE component Separation: CR-ISM & uRS

DGE Prediction

107°

10—10 -

E23dN/dE (TeV1> em—2 s 1sr])

—— unResolved Source: ECPL
— Total: DGE prediction

—— LHAASO CR (proton) spectrum & ISM

Multi small ROIs for DGE seperation:

* CR-ISM component: CR-ISM prediction
model, free normlization for each ROI.

* uRS component: represented by ECPL,
free all parameters, sharing same index
and Ecut, for each ROI.

10-11 ——— ————
10° 10! 102
Energy (TeV)

T
103

Multi small ROls ECPL-index ECPL-Ecut [TeV] dof TS
l: [10, 125, 240] deg -2.62 = 0.04 417 6 13255.0
l: [10, 70, 125, 180, 240] deg -2.57 £ 0.04 37 £6 10 13655.6
| binwidth=20 deg -2.53 £ 0.04 31+3 24 14527 .2
| binwidth=10 deg -2.52 + 0.03 303 48 14814.6

uRS previous prediction:

LHAASO-WCDA, mask2 (PRL, 2025) o E“ 2% exp(—E/20TeV)

ApJ, 957, 43 (2023)

spectral index of —2.40 with cutoff energy of 30 TeV
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Flux @ 50 TeV [TeV~ ! cm 2 s 1 sr71]

e
[N

DGE component Separation: CR-ISM & uRS

CR-ISM

le-14 CR-ISM component

%1022

o
o

o
o

o
S

= CR-ISM: LHAASO CR (proton) spectrum, w/o CR distribution

{ % Data

T
L)
n

T
bl
o

r
=
n

it
o

£
w

—=-- Uniform ratio = 1 J { { {
+0.3 region i

o
n

$ Data/CR-ISM model

Equivalent CR Density
(Data / Model)
P

o
o

25 50 75 100 125 150 175 200
Galactic Longitude (deg)

CR-ISM component:

[
n

H
o
Equivalent Column Density [cm™2]

« | <150 deg, higer than CR-ISM prediction, implying
higher cosmic density, espicially Cygnus region

| > 150 deg, lower than CR-ISM prediction, implying

lower cosmic density compared with average level

Flux @ 50 TeV [TeV 1 cm—2571 sr 1]

URS

10 le-13
SNR (Case 1998) (x?*/ndf=10.12)
=== Pulsar (Lorimer) (x?/ndf=2.83)
----- Pulsar (Yusifov) (x*/ndf=5.25)
0.8 4 —-= OB star (Bronfman) (x?/ndf=7.04)
Dust (x¥/ndf=18.77)
@ uRS component
0.6
0.4
0.2
0.0 T T T T T T T T
10 20 30 40 50 60 70 80 a0 100

Galactic Longitude [deg]

uRS component:
» good consistency with distribution of pulsar
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Constraint on DGE knee (direct)

Fix uRS spectral parameters :
« Index ~ -2.52, Ecut ~ 30 TeV DGE knee

ATS = TSegpL - TSpL

Max TS: 26.2

. -2.8 % Ebreak =316.2 TeV
Test: ' Y> = —3.10

« PL+uRS (Hp) vs. Broken PL+uRS (H,)
« considering Absorption of UHE photons by

background radiation field ~3.2
->Fit to Galactic disk diffuse emission

Y2

Result:
PL: -3.6
> Index: -2.69 +0.01
Broken PL.; -
> Ebreak _ 316TeV 1.8 20 22 ?GZIO(ZE.Z%J_.FBEV)B.D 3.2 34
> Index: -2.65+0.03 (pre-knee)

— -3.10 (post-knee)

20

ATS



Constraint on CR knee (indirect)

> use AAfrag package to predict secondary y-ray
production from inelastic hadronic interactions
» using latest CR (Proton + Helium) spectrum
before knee
» CR knee with (Rbreak, Ay) setting

Gamma Spectrum under: (Rpreak, AY)

=
o
|

=

=]

o
lL
()]
-
|
0w
o~
|
=
(@]
n
— 10—11
>
[
=
X
=2
(1
0 —— Rpreak=1000.0 TV, Ay=0.0 ==+ Rpreak=6000.0 TV, Ay=0.0
W —— Rpreak=1000.0 TV, Ay=0.5 ==+ Rprak=6000.0 TV, Ay=0.5
10-2] — Roreak=1000.0 TV, Ay=1.0 ==+ Rpreak=6000.0 TV, Ay=1.0
—— Rpreak=1000.0 TV, Ay=1.5 ==+ Rpreak=6000.0 TV, Ay=1.5
10° 10! 102 10°
E [TeV]

» considering Absorption of UHE photons by background
radiation field
->Fit to Galactic disk diffuse emission

CR knee
ATS = Tsknee = TSnoknee

‘

2.00

175
1.50
1:25
Z 1.00
0-75 1
0.50
' | Max TS: 244.9
0.25 3 s Rimeaie= 19055 TV
Ay =0.84
0.00
2.8 3.0 3.2 3.4 3.6 3.8

|0'g 10(Rbreak/TV)

200

150

100

50
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co N O U

Discussion & Conclusion

. We have achieved the measurement of the DGE using the source-subtraction method.
. 189 sources have been resolved by Joint fit using WCDA and KM2A data.
. SED of DGE, >100 TeV similar spectral shape as diffuse model, <100 TeV extra

component with Ecut: a soft component (unresolved sources) with Ecut over a hard
component (CR-ISM).

. Profile of DGE along galactic longitude and latitude deviates from the distribution of

the Planck Dust map at 1-25 TeV; Spectral index of DGE is almost constant.

. We have analyzed Systematic Uncertainty for DGE measurements.

. We separate DGE measurements into CR-ISM and uRS component.

. DGE knee test: Ebreak ~ 316 TeV, index -2.65+0.03 (pre) — -3.10 (post).
. CR knee test: Rbreak ~ 1905 TV, Ay~0.85.
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Galactic latitude [deg]

Counts

Special ROI: Close to Galactic Center

allsource

2D Significance Map

10 12 14 16 18 20
Galactic longitude [deg]

Significance

1D Significance Distribution

102 4

=056+ 0.06 — Dat
o=1.39+0.06 GaussFik
A=3223=118 — N0,1)
**/NDF = 64.95/39
101 4
100 o T N |
10-1 T T T T T T T
-6 —4 -2 0 2 4 6

Significance

Counts

Galactic latitude [deq]
[=]

residual

2D Significance Map

10 12 14 16 18 20
Galactic longitude [deg]

Significance

1D Significance Distribution

102 ]
u=-0.04+003 — Data
o=1.02%0.03 —Cnlins I
A=4B56 =112 — N0.1)
x*INDF = 253727

1014

100 =4
107 -— T
—6 -4 -2 0 2 4 6

Significance

Low efficiency (zenith:~50
deg) & Complicated region;
Residual Significance Map
after subtracting RS and
DGE: well-fit by the current
model given the existing
observations.
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Galactic latitude [deg]

Counts

Special ROI: Geminga & Monogem

2D Significance Map

2D Significance Map
1

15.0 15.0
12.5
_ (a) 25 TeV<E <100 TeV 1012
10.0 g ; 3 (a)
75 g “.g 0.4F o 1 %
@ C T2 . | < 20f
5.0 13 ; = - Bl B | 815 3
© Gemlng‘llsar w 0.3 10l 10l
2.5 E g B 110 ng“ o0 I 1o f00 o %0
> & PSR BO656+14 > 0-2_— o (-40°~140°) i | TR
-
_2.5 gl .
s J r » | % 01 L
-5.0 = : - ; ] i,
180 185 190 195 200 210 185 190 195 200 mﬂm i II R
Galactic longitude [deg] Galactic longitude [deg] 091m6 -4 i 2‘ I I4I ‘ I6I oG 10
L es— L —]
0 20 40 60 80 -6 -4 -2 0 ) 3
Significance Significance 110 105 100 95
1D Significance Distribution 1D Significance Distribution RA. ()
p=osi o0 == H=ow ooz —>_..| * Asymmetric halo morphologies are observed for Geminga
101 [ior - oaase | [ s and Monogem, which suggest that the diffusion of
)

electrons and positrons is non-uniform or anisotropic.

1071 E 18 . . . .
S « This work: Multi 2D gaussian shape sources for Geminga
| | and Monogem.
o N A NI |+ 1D independent significance distribution: inaccurate
-6 —4 -2 0 2 4 6 -6 -4 -2 0 2 4 6
Significance Significance mOdel for RS Or DGE.

25



Galactic latitude [deq]

Counts

Special ROI: Cygnus region

Gas Density Distribution

2D Significance Map
~

4
— 0.0005 —_
bl A

2 = ° 3
@ o.o004 &= g
3 =
= s 2
e} o =1

0 (—\'] 5 0.0003 a ©
o (3=
g “ g

—2 e —_—2 0.0002 o
8 8
0.0001
—4 —4
FOo.0 T2.5 F5.0 TT.5 0.0 8z2.5 85.0 a87.5 20.0 5 ] A
70.0 72.5 75.0 77.5 : 80.(_) 82.5 85.0 87.5 90.0 Galactic Longitude [deg] 70.0 72.5 75.0 771.5 ) 80.(_) 82.5 85.0 87.5 90.0
Galactic longitude [deg] Galactic longitude [deg]
T —— e — : | [ |
0 20 40 60 80 100 120 140 4 ) 0 2 J

Significance

<- Significance map of all emission

Significance
1D significance Distribution

[T — (2D distribution, 1D independent oo —=
R e = 0.4*0.4 deg? distribution); =
« -> Residual significance map after

| subtracting RS and DGE ;

 The measurement is largely H
ol AV 1 ! 2 ! ! consistent with the analysis in T

sanieance LHAASO Collaboration, Sci. Bull. 69, sonicence
449 (2024).
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SED of DGE
INNER OUTER

ROI: I=[10, 125], b=[-5, 5] ROI: 1=[125, 240], b=[-5, 5]

1072 1079

10101

o _M
1 )

$® WCDA+KM2A, DGE (this work)
WCDA+KM2A, All gamma-ray Emission
10-114 WCDA+KM2A, Resolved Sources
7 LHAASO-maskl, 2023 (PRL)
LHAASO-mask2, 2025 (PRL)

— ® = (0.39£0.02) x 1072 (k) "2 TE 0031+ (-0060.0L3Mn(sier) TS = 673.7

{ @© WCDA+KM2A, DGE (this work)
WCDA+KM2A, All gamma-ray Emission
WCDA+KM2A, Resolved Sources
LHAASO-mask1, 2023 (PRL)
LHAASO-mask2, 2025 (PRL)

4 %g =(1.38+0.02) x 10—14( Ee )(—2.92 tO.Dl}+(—0.04t0.003}|m[y’§,’w|’ TS=12412.6

10711

E2> dN/dE (TeV!> cm™2 s 1 sr1)
E2> dN/dE (TeV!® cm™2 s 1sr71)

B = (418 £.0.02) x 107 (k) 3022000+ (C01020.002M0(57er), TS — 81664.0 2= (1.62:£0.03) x 1074 (gpgy) (334002 (02720000 ker), TS ~ 85366

%an: (1.20 +0.03) x 1014 Ee ):73,55:0,04“:70,42»:0 020n(fer) TS — 4584.1
—— Diffuse Model

%fg =(2.90 +0.03) x 10714( EE )2 09 £0.01) +(=015+0.0030n(kr) TS = 29182.6
—— Diffuse Model

1012

—12 g | T T L L | T T T T T T T L S B B B
10 10° 10t 10? 103

w e e e
Energy (TeV)

Energy (TeV)

« Diffuse Model: base on LHAASO CR (proton) spectrum (w/o considering Distribution of CRs)
« E <100 TeV: extra component with Ecut around tens of TeV
« E > 100 TeV: similar spectral shape (index) as that of measurements

LHAASO p: arXiv:2505.14447v1



WC DA _240 73 1 ° k RE{‘%IE EIE?%:BO}E Mask position map for LargeScale Modification

WCDAEIIEZOWE M Ry

L
L -
-

ATEHE-25073145

Nhit:60-100 Nhit:100-200 Nhit:200-300 Nhit:300-500 Nhit:500-800 Nhit:800-2000

Sig of LargeScale Sig of LargeScale Sig of LargeScale Sig of LargeScale Sig of LargeScale Sig of LargeScale

Intensity of LargeScale Intensity of LargeScale Intensity of LargeScale Intensity of LargeScale
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HAMBESOH-KE
540 E&-WCDA

Nhit:200-300

hon_lst on Direct_integration

Nhit:100-200

hon_lst on Direct_integration

Nhit:60-100

hon_lst on Direct_integration

Nhit:300-500

hon_lst on Direct_integration

Innerf1Outer|b|<5°

Nhit:500-800

hon_lIst on Direct_integration

DEC.[deg]

350

R I,
150 200 250 300
R.A.[deg]

Nhit:800-2000

hon_lst on Direct_integration

100 150

hoff_lIst on Direct_integration hott_Ist on Direct_integration hoff_Ist on Direct_integration hoff_Ist on Direct_integration

hoff_Ist on Direct_integration

P SR

205 L]
50 00 150 200 250 300 350

hoff_lst on Direct_integration

B
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« No CorrectLST~, DGE leakage®m:
Flux~4% (Inner) & 21% (Outer)
- KRREEBIESHKFDGE leakage(fR4 15 4MNIDGE =k
—fﬁkﬁfgéﬂ‘@l)
LERFIRE: Flux~2% (Inner) & 19% (Outer)

I=[125, 240], b=[-5, 5]

BKG

BKGH1BRDGE leakage

ROI: 1=[10, 125], b=[-5, 5]

1072 § 102 -
-_— _—
— —
| |
Lo | -
1] ]
i —
| |
n A jin
™~ (o] E
|-, 20710 | 107104
o D wcDA+KM2A, Original |®) D wecoa+kmza, Original f e B 1 ]
[Te] [M wcpa+KM2A, BKG subtract DGE leakage + No CorrectlS Te] [M wcpa+kM24, BKG subtract DGE leakade + No Corrd@fls =, . s
L) & WCDA+KM2A, BKG subtract DGE leakage + CorrectLS:sw20+LSmaskl L) A& wcpA+KkM2A, BKG subtract DGE leakage + Correctl §w20+LSmaskl
> ¢ > g
WCDA+KM2A, BKG subtract DGE leakage + CorrectLS:sw30+LSmaskl WCDA+KM2A, BKG subtract DGE leakage + CorrectL$sw30+LSmaskl
(W] S (3] &
¥ WCDA+KM2A, BKG subtract DGE leakage + CorrectlS:sw20+LSmask2 ¥ WCDA+KM2A, BKG subtract DGE leakage + Correctl 3sw20-+LSmask2
= g = 9
— 41 wcoa+kmza, BKG subtract DGE leakage + CorrectLS:sw30+LSmask2 — 41 wepa+kM24, BKG subtract DGE leakage + CorrectLS5w30+LSmask2
L LHAASO-maskl, 2023 (PRL) L LHAASO-maskl, 2023 (PRL)
o LHAASO-mask2, 2025 (PRL) kel LHAASO-mask2, 2025 (PRL)
= e W foed W (138 +0.02) x 1071 (ggh ) F292 2001+ (004 £0.0Winiger), T5 = 12412.6 = 10-11 | = $=100.392002) x 10" (£ )29 £0031 (=000 00Nk, TS = 689 6
©
f - %: (1.46 +0.02) x 10 14(E ) -292 2000+ 004 £0.000nipkr) TS =13826.9 " e ?_ (0:45 = 0:02) x To-1 L Ey 2810031 004+ 00Linifarl TS = 10835
rl:lu — - (131 3002) x 107 M £ ) 2T 00100 Z0Minigtr) T5 = 10809 9 rl\.JIJ = N =027 +002) x 107 Mgy ][ 281 £0.04) +{-003+0 ininfzrl, TS = 420.8
%:(1 34_'_002])(10_]_4( Jl—2°2+001)+[ 004 £0.000n( ) TS = 11584 4 %:(0 33+002}x10‘“[ ][ 280 £ 0.08)+(-00520.020n(gfer) TG =524 7
— %2(1.3610.02] XIO'U[ EE JI—ZQItD[I1:|+l—EI 04+0 Dﬂ]'"'!t-?"-‘.TSZ].lQUB_I e %=(0_3510_02] )(10’14[ ]l—ZEU tO.DBHl—D.UAiD.D].)In.Tsa..._T52643_5
== &= (1.38 £0.02) x 10755 "2 200D (004 20.00nter) TS = 124126 == 2039 £ 0.02) x 10~ (gpEyy) (-2 76 £003 +(-0060.0niser, TS = 671.6
= Diffuse Model (inner x 1.00) = Diffuse Model (outer x 1.00)
==* Diffuse Model (noknee) {innerx 1.00) = Diffuse Model {noknee) {outer x 1.00)
10-12 I . | 10712 +———— ; ettt T — —— - . oot

100

10!

Energy (TeV)

T
10?

103

3%(15%) at flux, 0.01(0.02) at index for inner(outer)

100

10! 102

Energy (TeV)




Morphology Tempalte for DGE

DGE

RS
Measurement

DGE

Measurement

Template

* Influence on RS measurement -> Number of RS, Spectrum/morphology of RS

ROI: 1=[10, 125], b=[-5, 5] ROI: I1=[125, 240], b=[-5, 5]

1077 4 10~ 4
- —
"I‘ —
1
A —
w 0
"l‘ —
|
7] ]
~ o~
I 107104 | 10-10
£ = S
() o
-
in i i
> > =
.
) ] - 1
et I wCDA+KM2A, Iter 8: Dust template for RS fitting == T weDA+KM2A, Iter 8: Dust template for RS fitting 8
L M wepa+kMm2a, Iter 8+: DGEdata template (ExtSmooth = 0.5 deg) for RS fitting L [0 wepa+kM24, Iter 8+: DGEdata template (ExtSmooth = 0.5 deg) for RS fitting
'.E’_ & wepa+kmza, Iter 8+: DGEdata template (ExtSmooth = 1.0 deg) for RS fitting E I WCDA+KM2A, Iter 8+: DGEdata template (ExtSmooth = 1.0 deg) for RS fitting
= 10-11 4 > WCDA+KM2A, Iter B+: DGEdata template (ExtSmooth = 2.0 deg) for RS fitting = 10-11 4 17 WCDA+KM2A, Iter 8+: DGEdata template (ExtSmooth = 2.0 deq) for RS fitting
o LHAASO-mask1, 2023 (PRL) © LHAASO-mask1, 2023 (PRL)
[Ia] LHAASO-mask2, 2025 (PRL) (sl LHAASO-mask2, 2025 (PRL)
~ == £ = = ™~ F— —14; E_4(~2.79 +003) + (-0.06:% 0.0Linjy o
W D = (1.38 £0.02) x 10~ Mgk o) "2 92 £00D+ (0042000l T5=12412.6 L & =(0.39£0.02) x 107 5pry) M, TS = 689.6
K 206+ _004% _— ~14; E_4(~2.B4 +0.03)+(~0.05%0.0LinipS L
- %=(1_35 +0.02) x 1071 Ee )(-2:96 £0.01) +(-0.04 £0.000n(ssker), TS =13086.2 &=(0.40 £0.02) x 107 () s Nigtar), TS=797.2
= 206+ _004+ —_— —14; E__4(~2B1+003)+(-0.04 % 0.0LnjyE =
— %:(1_3110_02] x 10 M[S!TIE'eV)[ 296 £001) +(-00420.000nc5r TG =11959.6 ZF=10.37 £0.02) x 107 (spry) i Mrar), TS = 697.0
= _Doas R it ~14; E 4(~2.76+003)+(-0.03£0.0LinigS i
A = (118 002) x 10" M ggly) 298 =00+ (0042 0000N(t), T5= 9944 2 @ =(0.33+002) x 107 (k) + Nister), TS=544.3
= Diffuse Model (inner x 1.00) = Diffuse Model (outer x 1.00)
==* Diffuse Model (noknee) (innerx 1.00} i ~ " Diffuse Model (noknee) (outer x 1.00)
10-12 : ; . ' 10~ T T T T
0 1 2 3
100 10! 102 103 10 10 10 10

Energy (TeV) Energy (TeV)

1%(3%) at flux, 0.04(0.05) at index for inner(outer)



E2> dN/dE (TeVi® cm™2 s 1sr 1)

Seperate WCDA/KM2A & JOINT-fit

ROI: I1=[10, 125], b=[-5, 5] ROI: 1=[125, 240], b=[-5, 5]

10-7] 10-¢ 4

10-10 4

lo—lD o

10711 4 10-11 4

E2> dN/dE (TeV!>? cm™2 s 1sr})

O wepa+kM2A, JOINT T E=(1.38 = 0.02) X 107 (gpgyy) TR =00+ (00020000, TS = 12412 6 T WCDA+KM2A, [OINT — 2= (0,39 £0.02) x 107 () P2 B E00DH00820 Ot 5 = 689 6
[ weba, wepa )
I KM2A, KMZA e %:(3,9510709) xm*ll[ Ee )172.6T=DOZJ+lfD.DQ:OOZJIm§‘_‘EV|'TS=833372 %I :’:;E:;:ﬂiiA - %:(075210704) xlD‘“-( FE J‘z'dﬁton’.TS=200,1
LHAASO-mask1, 2023 (PRL) -— %= (1.48 £ 0.03) x 10724 Ee J(-295£ 0031+ (=001 0.0t TS = 4666.1 LHAASO-maskl, 2023 (PRL) —_— %= (0.42 £0.02) x 10714 FE J-ZBLE010 +1-00320.00iNnker) TS = 5252
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Fig. 2. CR proton energy spectrum measured by LHAASO. (a) The proton flux
multiplied by E*” as a function of energy. The error bars indicate the statistical
uncertainties and the shaded band indicates the systematic uncertainties. EPOS-
LHC is the hadronic interaction model used in the figure. The solid and dashed lines
represent the best fitting results using Eq. (2) for three power-law components and
for two power-law components with an exponential cut-off feature, respectively.
(b) The local spectral index as a function of energy. The spectral indices are obtained
using adjacent three data points fitted with a power-law function form. This
indicates a slight hardening with Ay ~0.2 and a gradual softening structure
(“knee”) with Ay ~ —1.
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