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The GRAND project

Gw Giant Radio Array for Neutrino Detection
A -

Cosmic ray

- Frequency range: 50-200 MHz
- Inter-antenna sp
s

- -//ﬁ/

- w:vwnl.' =1=0:1 ‘ 10 T T T T T
| —_ === Clusters w. central sources mmm  GRB afterglow-1SM
) 107k — Newborn Pulsars == GRB afterglow-wind
T T 23 ,,IA ;I === Active Galactic Nuclei —— GRB afterglow-late prompt
7 5
T W ih
; \ 5
2 108 £
O "]
— -8
= E 10
*; Cosmogenic v —
& 109 I Pessimistig FG?
o= c.
Standard a
E_i andar 10°
= GRAND200K integrated (3 yr) 1 I
; |3
5 10~ 101 ODk integrated (10yr)3 g 107
& 8
= g
= =
10—11 L Vil I 5 I < 1n
5 6 7 8 ¥l 10 11 10~
10 10 . lD_ 10 . l?: % 10 10 10° 10° 107 10° 10° 1010 10"
eutrino energy Ey [GeV] Neutrino energy F, [GeV]

Karlsruhe Institute of Technology

2 GRAND white paper 2018



1. Investigation of representative atmosphere for GP300 site

At 12h00 p.m in the 1st day of the months from 2009 to 2019
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e i 2. A CoREAS library for GRAND
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Neutrino library to be added later
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3. Adaptation of CORSIKA7? for upward-going showers
and its validation
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Test a. Longitudinal distributions

Iron air shower (downward / upward)
Eo=1.000e + 07GeV, thinning=1.0e —06

Proton air shower (downward / upward) 1o -7
Eo=1.000e + 07GeV, thinning=1.0e —06 —— 0° Na++ Ne-
1e7 — 0°, 10X (N +Ny-)
e — 180°, Ne+ +Ne-
— 0 Nkl ~——down g | @ o ten
_— X + -
— 0°, 10X (Ny+ +Ny-) —— S —— T oH
0.8 - S 061 — 0° antennasat-800m PN
. 180°, Ng+ + Ne- o Py e =
o S 1807, antennas at 12000m — —=
O 180°, 10 X (Ny+ +Ny-) L
g 0.6{ —— 0°, antennas at 1m tG_ 0.4 7
S 180°, antennas at 15000m 7, T
©
1) : Q
:'g 0.4 0.2 4 ]
£ - _— ...
[1V] . _—
Q 0.2 i _— ~ o0 T T T Y
— _— 0 200 400 600 800 1000
up 6
0.0 4 : T T T T
0 200 400 600 800 1000 — N
6 >0 4 S
L [T —
S = \
— e
> 4 SN
ra
& S
= I g 3
Vi 0
3 2 }EI __LH'
[w)) . ' o
g S
Q - = = = = = = =
c 0—;:'-’} Slmllar IongltUdInaI dlStrIbutIonS- -9_ iy f— 0°, e+ 1ionization 180°, u+ Jonization 0°, sum of all
L"H' ) 180°, e+ ionization 0°, hadron ionization 180°, sum of all
023 —— 0°, u+ ionization 180°, hadron ionization
U U U U 1
...0_ 21— 0°, e+ [onization 180°, u % ionization 0°, sum of all 200 400 600 800 1000
180°, e+ ionization 0°, hadron ionization 180°, sum of all vertical depth [g/cmz]
—— 0°, u+ ionization 180°, hadron ionization
-4 | | ' |
P 200 400 600 800 1000

vertical depth [g/cm?]

“hao Zhaﬁg - chao.zhang@kit.edu

SKIT

Karlsruhe Institute of Technology




Test b. Ener
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Test c. Integral of energy deposit

lower air density Altitude
Iron air shower
Altitude  E,_[eV] E, [eV] ~100 km 4 |
[m] 30-80 MHz  50-200 MHz 1
Downward
1 8.195.10? 1.512:10°
400 8.117-10? 1.491.103 15000
600 8111100 1.488.10° 15500
800  7.970-107 1.449.103 16000
886 7.513-102 1.369-10° 30000
Upward
11000  7.127-102 1.333-10
11500  7.981-10° 1.522.10°
12000 834-10° 1.513-10°
13000  7.846-10? 1.537-10°
15000  8247-10°  1.553-10° _ im?
8 18000 8.082-107? 1.513-10° higher air degﬁallgyZhang - chao.zhang@Ekit.edu

Proton air shower
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E, [eV]
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Close energy deposits (but not
exactly the same) at comparable
stages of air shower development.
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Y [m]

nith = 65°, proton, [50,200]MHz nith =74°, proton, [50,200]MHz

- 70 70
4. SNR analysis :=-
1.5
5000 5000
3990 3990 1.0
3420 3420 0.5
8000 :
Testing Iayout
/ ms O'O
6000 . 2280
H 7 ~0.5
5 5 2 (5 1600
4000 < \ . N/ 5 \ . .\> </ o 1200 1 -1.0
{ [ \3 —(*7, . \> & \> 800
N NG o\ e\ e -15
2000 = /o : Lo <> " N </> P 400
( .7 e\ <7 y -2 ? -2.0
HIN 2N AT (=% 0 0
/ N . /

% Eorimary [10 6eV] Evrimary [10 Gev]
2000 nith = 87°, proton, [50,200]MHz

: >" \ N i
HAN { '. { ./> 5 N s 70
/ N/ ml\ N /=N Zenith =74°,E0 = 2.154* 10°GeV, [50.0, 200.0MHz
¢ S )\ ) 6000
/ ey (=N =\ o )
| /\> C* ) <\ E 0o d 2 .
S Dt 20 ) 3990
/ \ o \ ° ! B
301 Antennas ( 0] Y E 4 3420
000 d0 =1000m, dl1=570m, d2=400m : h 2850
—6000 —4000 —2000 o 2000 4000 6000 “aoe =
X [m] 4
N T - T 2280 -1.0
X tml
1600
) 1200
g7 CoREAS-generated signal
SNR=-- _
N- . o

-» RMS, Galactic +Thermal
Drlmarv [10 Gev]

N

=

log10(SNR)

o
10910(SNR)

= = N
N o N
(=) o o]
o 2 o

©
[=]
o

Distances from shower aixs [m]
s
S

Distances from shower aixs [m]

w [=2]
(= o
[=] o
o (=]

Y [m]
log10(SNR)

Ioglo SNR)

400

Distances from shower aixs [m]

SKIT

Karlsruhe Institute of Technology

0 A. Balagopal etal. 2018 Chao Zhang - chao.zhang@kit.edu




Conclusions

3. Testing metﬁods in terms of particle and radio s_im-ulatlons have been _developed and
they validated the adapted version of CORSIKAY for upward-going showers.

4. An SNR énalysis using CoREAS shows that it will be very difficult to detect air
showers below 1016 eV with the testing layout of GP300, but it might be possible if the

\zenith angle is not too large. -
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