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Data
— WCDA 1026 days + KM2A 884 days
Method
— Background estimation
— Direct integral method
— Binned maximum likelihood fitting

» Best-fit position 0.03°away from the radio
position of core
=>» spatially associated with M 87

» TS between point-like model and extended
gaussian model is smaller than 0.1
=2 no extended emission detected.
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» Observed full-time VHE spectra of M87 ? origin of cutoff shape: absorption of EBL or curved intrinsic SED

€ [ PLEG dN(E)/dE = No(E/3TeV) ™ exp(—E/Ea) > Intrinsic full-time VHE spectra of M87
3 102 ATS=12.9
: - SED model Nog@3 TeV v 3 (Ecw/TeV) E max ATS
E - 107 B Tev ! em 25 (TeV)
NE : PL 0.327 + 0.050 2.374+0.14 194 0
LP 0.327 £ 0.056 2.374+£0.17 B8=10.00+£0.78 194 —0.12
10_13 - PLEC 0.337 £ 0.058 230 £ 0.18 E = 117 £ 309 19.1 0.07
B T ;m L
- —@— WCDA Observed T [=
14 —E&— KM2A Observed 2 1012 |
107" [ -
5 a =
C x -
1 3
c\ll__l_ —
— L -
2T LP: dN (E)/dE = Ny(E/3TeV )y~ 7n(E/3TeV) "
10"
s 10tE ATS=10.5 =
2 N  —e— WCDA (Intrinsic) T
EL . —m— WCDA (PLXEBL)
1073 | 10 —5— KM2A (Intrinsic)
- - —5- KM2A (PLXEBL)
B + WCDAObSEI’VEd - 1 1 1 11 | | 1 1 1 1 1 | 1 1 1 1 | 1 1 1
10 —6— KM2A Observed 1 10 102
= E[TeV]
B . => cutoff shape in the observed SED could be fully

| 0
E[Tev] caused by EBL 13



Flux (x10~22 pho cm™2 s71)

» WCDA and Fermi-LAT light curve
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e TS of each time interval larger than 4
=>» detection of long-term steady emission

60400

Flux (x10~22 pho cm~2 s~1)

Flux (x10~8 pho cm=2 s~1)

MJD: 59607-59615
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For 2-days WCDA light curve, likelihood variability test
a constant flux -> p-value of 4 x 1073
Post-trial significance of M 87 within the block is 4.4c0
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» Temporal analysis: time scale of the flare

- 8 2 | ndf 24.43 /32
r\llm : 1 d FD 5615i 1258 3|5 T T T T T T T T T T T T T T
5 61— ay t,  5.961e+04+ 0.579 ° RESS 2
£ F 0 1047404942 A MAGIC 010
a - .
X B < 047+ 0. 3 m VERTAS
: - + L
5 4 T, 2.17+0.5815 Fit: @y +-l/8ie .
=< L 2.5¢ :
= -
Y - — Time scale
- wo2F e 7% =1.69 4 0.30 days f .
' decay __ /
0 £ S =0.611+0.080days !
4 |
= 15 + .
L B
-2 - [
= 1r I'. :
b L e e L L e e L L & |
59595 59600 59605 59610 59615 59620 59625
MJD 0.51 ° g T
| i
_ rise 0
D = Dy x e 0l/AT it At =A™ for t < 1y o 4y
AT = AT for t > 1

%2575 55280 55285 55290 55295 55300 55305 55310

Time (M]D)
Parameter Value Unit
Fit range 59593-59629 MJD
£ (543 +£1.22) x 10~  TeV~lem 25! =>» The variability time scale is ~1 day, similar to that
to 59610 + 0.58 MJD of the 2010 flare
THise 1.05 £ 0.49 day
Tecay 2.17 4+ 0.58 day
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» Temporal analysis: SED
Flare state

5
% 10—11 :_
= :
= B
3
= B
T L
1072 =
_  —e— WCDA (Intrinsic)
- —— WCDA (Observed)
108 —o— KM2A (Intrinsic)
= —=— KM2A (Observed)
C 1 1 1 11 1 | 1 1 1 L1 1 ‘ 1 1 Il L1 |
1 10 107
E[TeV]
State TS Ny@3 TeV ¥
(TeV'em™2s™h
Full time 87.4 (3.27 £0.50) x 107" 2374+0.14
Flare 40.1 (3.56 £0.67) x 107" 2.574+0.23
Low 76.0 (291 £053) x 107 231 +£0.17

* The spectral index of the flare is slightly softer than that of the
full-time data.

* The integral flux of flare state is 13 times higher than that of
low state.
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> Simultaneous Fermi-LAT observations

6l — Bayesian block |

10—11 "?" '_,_'

<l
<+H]

Flux (x10~12 pho cm~2 s71)

102, ¢ **‘l}

VF, [TeV cm™2 s™1]

_10F por mi-LA"li ' : ' @  Fermi (Low state)

g 8 days Lo-13| M WCDA (Low state) ®

T 8r M KM2A (Low state) T

° . F—— @  Fermi (Flare)

f‘ B WCDA (Flare)

S 4 1 | lo-14| @  KM2A (Flare)

%:, )_’_'_1_< ®  H.E.S.S. (Low state)

3 2 : ‘ - : - : : -

= v - 10°F 1073 102 101 100 107 102

58580 59&90 59!1300 59:310 591I320 59é30 59640 E [TeV]
MJD

— — ~ — * For the low-state SED, the VHE emission is consistent
(MID) (photons ™5™ with the extrapolation of the GeV spectrum
54682.65-60385 243431 (1.67 £ 0.05) x 10712 2.05+0.03
5928100385 505,29 (1L78. 4+ (0.13) % 1012 206 +0.05
59607-59615 9.50 (2.75 + 1.48) x 10712 2.40 £+ 0.35
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» The VHE flare

Flux [ 1.e-13 TeV'em3s]

@

04

S
III|I\I|[[I|III

-III}I]I

%2 [ ndf 2443732
Focem 5.426 +1.216
t0 5.961e+04 + 0.5791
Tlise 1.047 + 0.4942

2.17 £0.5815

1 I 1 L L 1 I L 1 1 1 I L 1 1 1 I 1 1 L L l 1 L
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1 L J L L 1 1 l 1 L 1 1
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Parameter Value Unit
Fit range 59593-59629 MJD
Fy (5.43+1.22) x 107" TeV tem 35!
to 59610 + 0.58 MJD
rrise 1.05 +0.49 day
Tgocy 2.17 4+ 0.58 day

the time scale is 1.05 days
= The size of the emission region < 2.7 x 10§ c¢m, only a
few Schwarzschild radii of the SMBH (~2 X 10%°cm)

MJD: 59607-59615

8 T T T

o | WEDA —— Bayesian block |

w

é al

o

2
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o H , -

: Ty P

—

: 4 RS e

E

= _4l |
59580 59_'1'»90 59l|300 59;310 591l320 59630 59640

MJD

the duration of the flare is ~8 days

=>» duty cycle is 8days/3years ~“1% for energy flux reaching
1.38 x 1071 erg/cm2/s in 1-20 TeV

duty cycle reported by IACT are ~14%, 7% and 4% for flux of

0.5 x 1071 /cm2/s, 0.8 X 10~ /cm2/s and 1011 /cm2/s
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» Influence of the possible internal absorption on the spectrum

E%Flux [ TeVeni’s]

Index = 2.37 + 0.14
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10713
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—— WCDA (Observed)
—5— KM2A (Intrinsic)
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10
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E2Flux [ TeV cm~2s51]

Index =1.86 + 0.21

Index = 2.06 + 0.20

10—11 ]

10—12 ]

10—13 -

¢ model 1 (x3)
¢ model 2

4o

10°

Energy [ TeV ]

10!

e assumed that the emitting region of the VHE emission during the low state is close the AGN core
e adopt two internal absorption models: A. Neronov&F. A. Aharonian (2007) and K. A. Brodatzki et al. (2011)
and found that spectra become harder and the excess at 20 TeV becomes more pronounced
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» With three years of LHAASO-WCDA data, M87 is detected with significance of 9 o. Full-
time spectrum index is I' = 2.37 = 0.14 and extends to ~>20TeV.

» For the first time, 90-days light curve presents an steady flux, F,@3TeV = (0.327 +
0.050) x 107 33TeV~tecm™2%s7 1.

» A flare with duration of a few days is detected with pre-trail significance of 6 o. Fitting
with a two-sided exponential function gives time scale of ~1 day, which is consistent
with IACTs’ observations of the 2010 flare.

» Spectrum of flaring period is softer than that of full-time period and is roughly
consistent with H.E.S.S. high state spectrum.
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Optical depth (z=0.0042)
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El Te\)
EBL Model N,@3 TeV o E. max TS \*/ndf
107 Tev'em2s™) (TeV)
dominguez-upper 0.323 4+ 0.055 2254018 18.4 87.5 3.47/4
franceschini 0.327 4 0.050 237 40.14 19.4 87.4 3.00/4
kneiske 0.330 4 0.044 2.564+0.12 20.6 84 4 3.97/4
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