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FIG. 1. The distributions of IV)(left) and I® (right). The red
dashed lines represent the positions of the peaks identified
using the kernel density estimation method.
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FIG. 2. The distribution of the 30,000 peaks obtained from
the 30,000 mock data sets by the PV analysis is illustrated in
the left and right panels for the case n = 1 and n = 2, respec-
tively. The green dashed lines represent the bias, while the
blue and red dashed lines depict the 2.5% and 97.5% quan-
tiles, respectively.

TABLE 1. The values of 7fYand 5%y obtained by the PV
method, along with the corresponding lower limits on the QG
energy at the 95% CL.

e 701,
7 20.139 0.076
72 -0.015 0.003
S 1 S= 1
Eqc,1[107GeV] 8.8 16.1
Eqgc,2[101GeV] 9.9 20.7




PairView FiE
[e]e]e]e]e] )

WCDA Jt-F8E 2 5 fmHI M

T @magcESE 3,818 A WCDA Nyt € [30,33) +ag 8T i
FALA FIEERE Ey = 0.35 TeV, & F KM2A LT 48t 5 Fix
kT, ARIE spectral lag 89 % U 4oiX RA 71 ALR K AGIR £ .

iX 3,818 A~ WCDA stFog B ikfeE ot T ooid, RAVRIL
T A ¥l Fedy 238 Ey 0955 A X o0 F A AT a0,
KRG BHAT Bk PV 547, RN IRF 48 Red#eh e 1~ 2% 04
B,

FIA LHAASO {5 RE53ERR F Lorentz IIFRIERGIR




Maximum Likelihood 75i%
000000

© Maximum Likelihood 7 i%

FIA LHAASO {5 RE3ERR F Lorentz IIFRIERGIR



Maximum Likelihood 75i%
0e00000

likelihood function

f t0) nt 2 W E| — A 465 B a4k F44 PDF

(9, BG) 1nn) . hh(Be)
fEEn::X dEest ftmax dtfa t, Eest |"7n) fEE;:::X dEest ftmin dtfb(Eest)

P9, EQ) 1nn) = ps

’ ‘est

Ds = (Non - Nb)/Non Fa pb Nb/Non \E"] 7’733/1\716%/%4’5—% Fo
R FOE; [ Ao fy 4R AEF AR %ay PDF, Ja—fLR T
P [Emin, Emax] = [3, 13] TeV [tmin, tmax] = [230,900] s

FIA LHAASO {5 RE3ERR F Lorentz IIFRIERGIR



Maximum Likelihood 75i%
0e00000

likelihood function

f t0) nt 2 W E| — A 465 B a4k F44 PDF

(9, BG) 1nn) . hh(Be)
fEEn::X dEest ftmax dtfa t, Eest |"7n) fEEr‘:::X dEest ftmin dtfb(Eest)

P9, EQ) 1nn) = ps

’ ‘est

Ds = (Non - Nb)/Non Fa pb Nb/Non \5']7533/1\716%/%4’5—%ﬁ9
f’z%% RS fs A fy 2R AE T AeH ey PDF, Ja—{LBH-F
P [Emin, Emax] = [3, 13] TeV [tmin, tmax] = [230,900] s

i anN KM2A
Js(t; Best [1n ) o< /0 dEX (t — Aty (nn, B, 0)) B (t = Aty (nn, E,0), E) F(E)Agy (1, E) G(Eest, E)

IRIL fy 47 f2 230-300s F2 300-900s 1 Fefic it Tt i, X A
A 18] B P A AR a9 AR B4 ) 8 L 3G 1E AT )

FIA LHAASO {5 RE3ERR F Lorentz IIFRIERGIR



Maximum Likelihood 7'
[e]e] lele]e]e]

oo anN KM2A
Js(t, Eest [nn ) o< o dEX (t — Aty (nn, E, 0)) B (t — Aty (nn, B,0), BE) F(BE)Ags = (t, E) G(Eest, E)

® el A(t) e WCDA #fkag Ny bin (77 -0 l ‘ g;;%;f;;t
Nuit € [30,33)) #AFMEASAR, Adchorin b | Wﬂ’f % ; ]
BAEMA L, LIV $8a8 0 £50h 5 By = 0.35 :; T ! Mﬁ“‘wﬁ% ]
TeV F 2 aynt i) £ Aty (nn, E, Eg). : ‘ | H\

FIA LHAASO {5 RE3ERR F Lorentz IIFRIERGIR



Maximum Likelihood 7%
[e]e] lele]e]e]

oo anN KM2A
Js(t, Eest [nn ) o< o dEX (t — Aty (nn, E, 0)) B (t — Aty (nn, B,0), BE) F(BE)Ags = (t, E) G(Eest, E)

® bR A(t) i WCDA 1K) Ny bin (87 =0 | ‘ E;?%&?ZEZL
Nt € [30,33)) A FHERABR, BB § Wﬂ*
FAEMEE. LIV S5t £80h 5 Eg = 0.35 é 1 m“i f,f i
TeV tFZ gt £ Aty (nn, E, Eg). : il V‘ M'J\[

® it dN/dE fo EBL it F(E) %5 Z Mg
® iint )ik 4% fLed power-law figiE (E/Tev)~2:579+0.13518(:—226) 4 Saidana-Lopez et al.
2021 44 EBL #7;
®  230-300s #o 300-900s 453k 45 #-2.35 40-2.26 44 power-law #Ei%4= Saldana-Lopez et al. 2021
oy EBL 47
® 230-300s = 300-900s 4 5] &5 4 %-2.12 49 power-law #o (E/TeV)~2:03—0.15log(B/TeV) 4

log-parabolic 3% 4= LHAASO constrained EBL #2741,

FIA LHAASO {5 RE3ERR F Lorentz IIFRIERGIR



Maximum Likelihood 7%
[e]e] lele]e]e]

oo anN KM2A
Js(t, Eest [nn ) o< o dEX (t — Aty (nn, E, 0)) B (t — Aty (nn, B,0), BE) F(BE)Ags = (t, E) G(Eest, E)

® bR A(t) i WCDA 1K) Ny bin (87 =0 | ‘ E;?%&?ZEZL
Nt € [30,33)) A FHERABR, BB § Wﬂ*
FAEMEE. LIV S5t £80h 5 Eg = 0.35 é 1 m“i f,f i
TeV tFZ gt £ Aty (nn, E, Eg). : il V‘ M'J\[

® it dN/dE fo EBL it F(E) %5 Z Mg
® iint )ik 4% fLed power-law figiE (E/Tev)~2:579+0.13518(:—226) 4 Saidana-Lopez et al.
2021 44 EBL #7;
®  230-300s #o 300-900s 453k 45 #-2.35 40-2.26 44 power-law #Ei%4= Saldana-Lopez et al. 2021
oy EBL 47
® 230-300s = 300-900s 4 5] &5 4 %-2.12 49 power-law #o (E/TeV)~2:03—0.15log(B/TeV) 4

log-parabolic 3% 4= LHAASO constrained EBL #2741,

® KkM2A A AKMPA(t, B) 1 2305 o 000s A7 A M ARGy FH 1, ekt IIRH A B2 IIRAHMEA

E. ##/£% 0.4E # Gaussian 5% .

FIA LHAASO {5 RE3ERR F Lorentz IIFRIERGIR



Maximum Likelihood 75i%
[e]e]e] Jelele]

F1 A KM2A 230-900s #9 142 A~H-F 3+ 5 likelihood function:

{19.8}) =TT . 8

L(n,) = —2In (?)

L (nn

FIA LHAASO {5 RE3ERR F Lorentz IIFRIERGIR



Maximum Likelihood 75i%
[e]e]e] Jelele]

F1 A KM2A 230-900s #9 142 A~H-F 3+ 5 likelihood function:

142
L (nn {t“)7 E§§3}> =129, E& 1n.)
i=1
3L
L
L(n,) =—-2In (n”>
L(nn) w25

FIA LHAASO {5 RE3ERR F Lorentz IIFRIERGIR



Maximum Likelihood 75i%
0000e00

EEXERHE

Bt A8E L(ng) &MONMEE A& AMeGEE Ly, Ly &48 95% FA5EKRa9 TR Ly, Ly 48875 ik

© b B AU ALER 155 LT AT, HE0A % PDFf, s H a0, 4 1,000 MifdiE, 44

.45 125 MES K F Ao 17 A % F )
® 1 000 afHBAET 1,000 & L(n,) @2, AARHAH 1,000 MUIMES, HAMEENFIEA Mo

® 5% L(nn) MEMAFE L(na) = Ly (L(ng) = Ly) 898F, 8% Ly (Ly) o934a, #%i34 97.5% 9
DT (RF) Mbias-

FIA LHAASO {5 RE3ERR F Lorentz IIFRIERGIR



Maximum Likelihood 75i%
0000e00

EEXERHE

Bt A8E L(ng) &MONMEE A& AMeGEE Ly, Ly &48 95% FA5EKRa9 TR Ly, Ly 48875 ik

O st K AN AL 15 S AT, M F PDFS, A F04F, PS4 1,000 ARHEE,
48 125 MEF AT A 17 AHFFb:
® 1 000 afHBAET 1,000 & L(n,) @2, AARHAH 1,000 MUIMES, HAMEENFIEA Mo
® 5% L(na) wEMEFR L(na) = Ly (L(na) = Ly) 88, A% Ly (L) 89348, HA3H 97.5% 4
BT (RT) Mbias-
o] s ‘
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k! Model-1 Model-2 Model-3
- n n=1 n=2| n=1 n=2 n=1 n=2
e - Moias| -0.025  -0.003| 0.006  0.001| -0.001 -0.001
£ I L 3.55 3.51 3.21 3.28 4.16 4.52
“ RRgY Ly 3.33 3.21 5.21 4.80 3.78 2.91
0 — L. 0
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FIG. 3. The L~y (left) and L — n, (right) curves (black n m " "
solid lines) of Modcl-1 cen dashod | csent. the g
position of g2, while the red dashed lines and blie dashed FiG 3, but for Model-2.

lines indicat

the lower and upper of the 95% CI Same as Fig. 3, but for Model-3.

TABLE IL. The calibrated best fits of 1., the lower and upper bounds of the 95% Cls of 1., and the corresponding 95% CL
lower limits on the Fgg.

m 2 Fga,1 [10™GeV] Eqa,2 [10MGeV]

nit nEs ni nit [l 0t S =11 S— -1 S= 41 S— -1
ModeFI|  -0.I89  0.024 0083 -0.029  0.002  0.010 147 65 120 7.2
Model2|  -0.159  0.011 0100/ -0.024  0.001 0011 12.2 77 115 7.9
Model3|  -0.184 0015  0074]  -0.077  0.002  0.009 16.4 6.6 13.1 44
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TABLE I11. The 95% CL lower limits on the QG energy from
Modecl-1 with the values of parameters chosen as Iy, I, and

Is.
‘ Eqc 1 [10"GeV] ‘ Eqc» [10M GeV]
S=+1 S 1 S =41 S 1
Iy 165 116 125 106
Iy 14.7 6.5 12.0 7.2
1. 110 3.9 11.0 5.6
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