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Introduction of high energy
cosmic ray electrons
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Electrons in Cosmic Ray

The e*+efluxatl TeVis
approximately 0.1% of the flux of
hadronic particles.

Above several hundred GeV, the
electrons and positrons observed at
Earth must originate in Galactic sources
< 1 kpc from the solar system.
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The measurement of cosmic-ray leptonic
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1. Below TeV

the electron-positron excess
Dark matter or astrophysical
sources
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3. Above TeV

Local source. interesting
structure (Dark matter or
astrophysical sources)



Events

Can LHAASO do it ?
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HESS 2004 to 2007 Selection criteria :

Only the central 3.0° of the field-of-view was utilized (8.6e-3)sr
239 h of live time~10 days

The effective area 5x10* m2 at 1 TeV

1019 hadronic showers were simulated,10-2 of these showers
trigger the array, 10° fall into the regime { >0.9

LHAASO one year simulation:

zenith angles smaller than 30°

The field-of-view ~8.4e-1 sr

The effective area 1x10°> m? at 4TeV

The rejection efficiency of hadrons is about 1 x 103 at 4 TeV



I LHAASO can do it!

-
o
)

E® dN/dE (GeV® m2s™ sr)

- Electron:
I LHAASO one year 365 y 8.4 x 1071 <2 ~ 7000
HESS 2004 to 2007~ 10 ~ 86x 1073~~~
i (% o Background:
I % EE@%E? LHAASO one year ~ 7000 X 10 ~ 70000
| 24| 9 e HESS 2004 to 2007 -
Iél %E%gmalic error)
0 — i Significance:
II| 1 IIIIIII| 1 IIIIIII| 1 1 IIIIII| II|
1 10 10 10° 10° LHAASO one year 7000

Energy (GeV)

~
~

HESS 2004 to 2007 _ V70000

DOI: 10.1103/PhysRevLett.101.261104



The LHAASO Detectors and Simulation



Il 2.1. The LHAASO Detectors

KM2A

B

1171 MDs(6kHz)

>5TeV (200ns&100m)

I

5195 EDs(2kHz)

« WCDA

900 detector(50 kHz)
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WCDA
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2. 2. | HAASO Detector Simulation

Electron:

100GeV to 1PeV, zenith angles 0° to 60°
reweighted to measurement by AMS/HESS
Gamma-Ray Background:

Galactic plane and potential gamma-ray sources
are excluded.

diffuse extragalactic gammas is ignored
Hadronic Background:
proton,100GeV to 1PeV, zenith angles 0° to 60°

reweighted to all particle flux derived by Gaisser
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Hl 2.2. | HAASO Detector Simulation

Bin 1 2 3 4 5
NfaltW 36-85 85-197 197-458  458-1000  >1000
Energy (GeV)  405.27 505.88 1334.55  4091.23  15212.81
Bin 6 7 8 9 10 11 12 13
NfiltE 6-24 24-36 36-54 54-79 79-117 117-258 258-567 =567
Energy (GeV) 3294.61 12383.83 20519.57 34160.11 56838.97 109301.13 365579.25 1465424.0




Electron-Hadron Separation



lll 3.1. Electron-Hadron Separation in WCDA

Selection criteria :

primary Y Cosmic Ray (p, alfa,...)
) NfiltWw<458 Ntrige1<6
Trigger
0°-30°




Il 3.1. Electron-Hadron Separation in WCDA

c __NFit Y PE, Mpar
P& CXPE,. ZPMT40

kN lt

oLt 11 L1 L :||=T__‘|—'===l—=- . PR L 0 N YR T Y Y e e P s e —— Lo L1 I I T R S IR R T R R R
0 5 10 15 20 25 30 0 2 4 6 8 10 12 14 16 18 20 0 2 4 6 8 10 12
Cpar Ppar Mpar

Wenying Liao et al ,2017,ICRC



Il 3.2. Electron-Hadron Separation in KM2A

spacetimefilter

filter out the WCDA detectors

planarfit, core_centre,
S away from the KM2A shower front

KM2A:rec _core

noisefilter dt [-50,200]ns rec_theta Electron-Hadron Separation:

Pe Mpar

max !

conicalfit, core NKG

@

Selection criteria :

300ns&100m Ntrige>=6

?MD NHEDNG ________________________ . rec_Etheta_c:[0°,30°]

Core:[200m,575m]




Il 3.2. Electron-Hadron Separation in KM2A
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Il Electron-Hadron Separation
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Result



Il 4.1 Expect the Sensitivity of LHAASO for CRES
N,; =Poisson(N; + N ;)

1011
i _ . . NfitE:[79.0,117.0] 3
1010 .. ............................... .............................. ..... —— gamma 510
10° : : : N p— proton 200 E_ Nfilte:[79.0,117.0]
— total AMS 180 - — Electrons
103 ; - — Hadrons —
JPCY SN e ENS SR S S S 160— ~—— Best Fit
140 —
105 ------------------------------------------ =
c 120}—
10 -
100—
10* = -
80—
10° -
60—
1 e T T T =
10 40F-
] S 200
1 : . . : . :I | i t ! t t I I : I I T T I T T | 1 | | 1 | | | |
-1 -0.5 0 0.5 1 0=—%5 0.6 0.7 0.8 0.9 1

BDTG BDTG



Il 4.1 Expect the Sensitivity of LHAASO for CRES
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Il 4.1 Expect the Sensitivity of LHAASO for CRES
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lll 4.2 The expectant anisotropy spectrum of CRES

Suppose Nx2 N is the number of particles

y . AN ST
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4.3 The limits on the annihilation cross section and decay
lifetime
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4.3
lifetime
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Il 5 Conclusion

« With high electron-hadron discrimination capability, LHAASO may realize direct measurement of
the CREs flux.

« LHAASO would provide a powerful distinction of different scenarios for cosmic ray electrons at
energy above 1 TeV.

 LHAASO has the the potential to give limits on the dark matter model.



