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Status of cosmic ray spectra measurement

* Go to high altitudes
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* Reduce the energy threshold
and get the energy scale

 Multi variable measurements

* To get the individual
composition spectra
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Energy calibration of WCDA

Aoon Shadow displacement
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energy calibration curve
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Energy Calibration of WECTA with WCDA

* By hybrid events observed by WCDA and WFCTA  « i
* Inner core events are selected i
* Small PMTs are triggered in WCDA 20 30
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Aperture (m?*sr)
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NpE2: the numbers of secondary particles recorded within the circle of 40m-100m.
NuM?2: the numbers of muons recorded within the circle of 40m-100m.

Data selection:

>4 EDs hit; NpE2>30; log10(\/NpE2 * NuM2) > 1;

The reconstructed zenith Angle is in the range of 0" — 30

The reconstructed cores are in a circle centered with the center 1/4 LHAASO -
KMZ2A and the radius 90 m.

Energy reconstruction
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Fnergy Resolution and bias

—#—— Proton reconstruction formula

—&—— Fe reconstruction formula

log(E) (GeV)

* Varying from about 20% to 10%.
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—®—— Proton reconstruction formula
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* The bias is within £0.1.
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Measurements of the knees of proton and helium

Q0

1. Muon detector: 304 52

2. Scintillator detector: 1200 5
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Discrimination variables for composition studies by MC

NPE of WCDA big PMTs combined small PMTs

\ WFCTA image, 20190530_ievt371995

£
- 35001 [ proton }— B
a;l‘\ll‘ll\l\‘Il\‘I‘Il\‘I‘\llll‘\ll‘llll\‘ll\‘l‘I‘\ll‘\llll‘ll\‘llll J - Mean: 2.81 —proton
g . 3000F .
(O LGLE DI I ITITIITITEIT ol oo £ | |RMS:0.48 iron
4;\I\II\I\\IHII\I\II\IH\I\II\I\II r: 032500?
EI\IIHI\II\I\II\III\I\II\I\III\II : Lﬁ E
2:—\|\||\|\\lull\l\ll\lu\|\||\'|l'“.--': .,,62000:— Mean: 1.84
0:—|\‘||\I|‘l‘\ll‘\l\ll‘\l\‘llll\‘ll\llll‘\lﬂ\I\I_\"JI-{"IJ'I'I\II‘\Illl :7;108& E‘ISOO; RMS: 0.37
; TIIL] : o 15008
. 2 1000F
5002—
], N e R - R R —"
Colow b b by b b b Py Iy
D P = Length 0 40 20 0 2 4 8
¢ \ Width ) lnormaiizea Core resolution: < 3m
Length/Width 8T
) 014f * * Measured Muon lateral E e proton
Dist (related to X,,,4) S . distribution 2 iron
o +* e Average Muon lateral g
Particle numbers near : distribution . 2 "
a 0.085— ** _ Flt 1;;
the shower core 008~ &L
0.04 g
Number of muons 002l i
- [ =
- e T T TR

R (m)



Particle Identification

200 prmn}—
" |Mean: -1.32 — proton
2000 ]
g - | RMS: 0.49 —Iron
> B
w1500 [ ien_J—
5 - (Mean: -2.02
o C
21000 RMS: 0.31
E C
S C
zZ L
500 —
[ B JRT
0 -4 -3 -2 -1 0 1

TMVA overtralning check for classifler: BDTG

TMVA

14 [T Signat fost 2ot

—@ Background [test sample}

« 'Sighal ftraihing sample}

¢ Background [training sample)

(1/N) dN/ dx

REEE RSN RN SRR b

i)

S T T

A e E S e me 2 s Kl e Hil e i 5=

08 <085 -04 -02

12 Kelmogorev-Smirnoy test: signal (backaground) prebabilily =

0.1{0.05%}

Proton

.4 0.6 0.8

BDTG response

W:O-tlow 5,80 (0.0, 0.0)% 7 10.0. D.OF%

Background rejection

6000

5000

4000

3000

2000

1000

0.8

0.6

0.4

0.2

Hillas parameter: Width |

_lIII|IIII|IIII|IIII|IIII|IIII|I

—— protoit

—— il

=
[}
=
F-3

TMVA-BDTG

0.5 0.6 0.7 0.8 0

Proton

— Proton+Helium

Ny E— T
Signal efficiency

2500
- Proton
B Entries 85024
..tﬂ 2000__ Mean A
c - |RMS 02002
o B -
LI>J ) Helium
— 1500__ Entries 44299
0 " |Mean 6975
GJ -
_g 1000__ RMS  0.1515
5 - Iron
Z L |Eniries 62187
500}~ Mean -6.586
[ |AMS  0.1493
07 A B L

-8.5 -8

pul

MVA overtralning check for classlifler: BDTG

75 7

65 6

TMVA
10 Signal destsanhple] ' | ' ' | 1 4 'sighal traihing sampley |
‘@ Background [test sample} * Background [training sample]
g l(olmogorov-Smirnov test: signal (background) probability = 0.515 (0.031) __
6 [ ]
L]
7/
g Proton
417
2 + ]
2 £ . .
/ I H el I LI m b
»//.‘."!5‘- : N

D biadiatiad

0.8 -086

BDTG response

W:O-tlow 5.8} (0.0, 0.0)"% 7 (0.0, D0y %



Aperture and energy Resolution
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Number of good events expected in the hybrid observation

with C-telescopes and WCDA or KM2A

» 14 LHAASO is in stable operation in October 2019
» 6CTs+1WCDA

»> Hybrid observation time:
 2019.10.16 — 2019.11.30: ~318 hours

* The exposure time with good weather:

6.5 x 10° s = 180 hours

Infrared camera
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Number of good events expected in the hybrid observation with C-
telescopes and WCDA or KM2A

3.1x10° s = 876 hours of exposure time with good weather is expected by summer 2020
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Prospects of iron knee from 10PeV to 100PeV
* WFCTA:
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2-variable analysis

the spectrum of pure Fe or mixed heavy
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summary

* The energy scale of WCDA with ~8% uncertainty will be
established below 30 TeV by using moon shadow of the pure
composition cosmic rays

* The energy scale can be transferred to WFCTA by hybrid
observation

* Individual mass groups will be separated below 100PeV, knees
of their spectra will be well measured with high statistics, high

purity
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