Introduction to GP300-the path finder of GRAND
(The Giant Radio Array for Neutrino Detection)

July 23t 2025

PENGFEI Zhang(3k M & );
Cooperators: Yl Zhang (7 #) ; YANHuang (3 #) etc.

(Xidian,University, zhangpf@mail.xidian.edu.cn)

e 2 L% 3H AT

Q& Xidian University


mailto:zhangpf@mail.xidian.edu.cn

119 members & 14 countries: Argentina, Belgium, Brazil, China, Czech GRAND Workshop,

% I h a n ks i Republic, Denmark, France, Germany, Greece, Japan, Netherlands, Norway, Poland, USA Denhnans ARl SO
-

= = = =
O
»r =

Z S : o = Y E ,,—'Vt,., — ',Q‘ ’ & e = S : - :
[} : : - T ‘ 5 TS
» = ) g 3 | 3
£ ‘ < | (I S8
= - . . ‘ ¥ o [V
. : . ; E A 3 > : ! Wy

Electronic porotype

Science Case

- AP Nikhef/Radboud U =
= —= - — PMC_)_ . PMO Unit production
- - Nanjing U = Xidian U. |
Partlcle detectors = } NAOC | Xidian
- Obs. Paris
IHEPCAS - p teits U PMO
Penn State U. L Al NAOC

=
< -

Simulation /data analysis
IAP

PMO

KIT

Xidian U. \' ‘ )S(:Lelaind array construction ‘t
LPC Clermont-ferrand : RE Chain and BMO é

LPNHE

Nanjir\g U _ '\ﬂn " Qir:jtzr:—lnS.prototype NAOC Ell ll

UF Rio de Janei SUBATCH Nantes
VU Brussels -4 5




GRAND Collaboration

16 Member & Associate Institutes represented at the Board

119 members 14 countries: Argentina, Belgium, Brazil, China, Czech
Republic, Denmark, France, Germany, Greece, Japan, Netherlands,

Purple Mountain Observatory (PMO) Norway, Poland, USA

Xidian University

National Astronomical Observatories (NAOC)
Nanjing University

China University of Geoscience University (Wuhan)

® Hellenic Open University (HOU)
® |nstitut d'astrophysique de Paris (IAP)
¢ Institute of Physics of the Czech Academy of Sciences (FZU)

® Inter-University Institute for High Energy at Vrije Universiteit Brussel
(IIHE-VUB)

® Karlsruhe Institute of Technology (KIT)

® Laboratoire de Physique Nucléaire et des Hautes Energies (LPNHE)
® Laboratoire Univers et Particules de Montpellier (LUPM)

¢ Radboud University

® University of Warsaw

® Pennsylvania State University (PSU)
® San Francisco State University (SFSU)

GRAND Collaboration Meeting in Nanjing @ Purple

Mountain Observatory, May 2024

® Universidade Federal do Rio de Janeiro (UFRJ)
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Background: Multi-Message detection

G&;N,D Giant Radio Array for Neutrino Detection
.

The Eleven Questions Identfied by the Connecting Quarks with the Cosmos Report

1. What s Dark Matter?

W is the ) F n
Connedmg 2. Whatis the Nature of Dark Energy’

Qua[‘ 0 : 3, How Did the Universe Begin?

y C 4. Did Estein Have the Last Word on Gravity?
with the
OSmOS 5. What are the Masses of the Neutrinos and How

Have They Shaped the Evolution of the Un-
Verse?

> g 6. How do Cosmic Accelerators Work and What are
NN They Aoxelerlng]

7 AeP\ons Unstable?”

8. What Are the New States of Matter at Exceed-
ingly High Denstty and Temperature?

9. Are There Addtional Space-Time Dimensions?

10. How Were the Elements from lron to Uranium
Made?

COUHECR & Neutrino o i,,,Mg,,“m

Xidian University

€ Radio




Background: Why neutrino?

UHECRs are charged particles = deviate from source
| , during travel in space because of magnetic fields.
B, e S , Neutrinos are neutral =»point back to their sources .
- 3 o / e i + very weak interaction probablity: very distant

L /] ~ sources can be seen!
/i ; =>» Very clean probe of the
violent phenomena in the Universe

Sources of UHECRs must also produce UHE

neutrinos with energy ~10%%eV. (UHECRs do as

well, during their propagation in the Universe).

=> Very tight link between UHE neutrinos and
UHECRs

=> Neutrinos are key element to solve UHECR
mystery.

Neutrino is a very important tool for physics:



Background: Why radio detection?

* Particle detector array

v" All-weather work

€ Only one profile of the cosmic ray shower is observed, and the
energy resolution and composition identification ability are
limited.

* Atmospheric fluorescent

Fluorescence
detector

DY
* DXL ater tanks/
telescope PR i
v" Similar to calorimeter to measure cosmic ray atmospheric
shower process, it has better energy resolution (~10%) and : e
composition identification ability. .
# Only ~10% duty cycle ¢ So20g05050%0

* Radio detection array

v" Low cost

Figure 6.1: Schematic of indirect CR detection methods for EAS. Surface and underground particle

detectors measure electromagnetic particles and muons. Imaging (IACT) and non-imaging (NIAC)

air-Cherenkov detectors as well as radio antennas provide a measurement of the electromagnetic

v" All-weather work shower component when located in the footprint of the shower, while fluorescence light detectors
can observe the shower development from the side (pictures from Refs. [105, 771-775]

v" Good energy resolution (~10%) and composition identification

ability http://dx.doi.org/10.1016/).ppnp.2016.12.002



Background: Radio Detection of EAS (From UHECR or UHECN)

Askaryan radiation ~ Geomagnetic radiation
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Background: From CR to Neutrino, and why “Giant array”

Lovv—cost Glant arra o=
Y " Cosmic ray

Radio emission T



Background: Detection target of GRAND from CR to Neutrino

UHE neutrinos

neutrino

neutrino cross-section
G7K 0, measurements

UHE neutrino astronomy

UHE neutrino cosmogenic flux

"~ neutrinos spectral, angular distortions
e
neutrino Neutrino flavor ratios

astronomy, physics

UHECR, hadronic physics

9
* 20 times the exposure of Auger! o
O
* GRANDProto300: bl UHE
3 amma rays
transition from Galactic/extragalactic 8 z

o

* hadronic physics: muon discrepancy, - competitive with Auger at

UHECR mass composition, p-air GRANDProto300 stage

cross-section Epoch of
reionization

Early stages
* unphased integration of signals: an almost full-sky

_ survey of radio signals
in a novel WaY . can detect FRBs and Giant Radio pulses of the Crab
already at the GRANDProto300 stage

radio-astronomy



Target of GRAND

% GRAND proposal
g 105 JelceCube u.l.
. > —— e
GRAND goal: reach10-10GeV/cm?¥s/sr sensitivity S e —
range for diffuse neutrino fluxes) £ 10 |
? cosmogenic *
N 10 Auger fit 99% CL >
= 10 C: cosmogenic % > 3
g Auger fit 90% CL 65 = %
End-to-end simulation = %% T Y
- ;

=>»baseline GRAND design = network of 0(20) subarrays of 0(10000) T 107 10 1019 10
antennas with sparse density(1/km?) at various favorable locations R

around the world («hotspots»)

Alternatives being studied to reduce size for same performances

102

ceCube

10" 4

10° 4

Sensitivity of full GRAND array allows to detect cosmogenic
neutrinos for standard hypothesis AND hunt for transient
sources.

GRAND
BEACON N
RNO-G -

early
GRBs afterglow
(200 Mpc)

All-flavor (v + 7) E2®, [GeV cm~?]

1016 107 10'8 1019 1020
Neutrino energy FE, [eV]



Target of GRAND

% Expected performances peens i |G eV seire

4.2%10-8in 30 d 6 19 <2.8° PUEO
: 3.6x10-9(2030) 35 20 5° ARA
Limited efficient zenith range (few degrees below horizon)  1x10sin5yr 30 35 | 2°x10° RNO-G
. cgs e . . 8%X10-%in 5 yr 50 >50 2.9-3.8° ARIANNA-200
BUT full azimuth sensitivity + multiple locations allows for 3%10-10in 5yr | 50 o . " REEN
half-sky instantaneous field of view. 4x10~10in 5 yr = 43 43 2°Xx10° IceCube-Gen2 Radio
1.2X10-8in 5 yr 6 19.5 0.3°—1° BEACON
1X10-8in 5 yr 6 80 0.1° GRAND10k
4%10-10in 5 yr 45 100 0.1° GRAND
[1.5%10-8 (2019)] 30 92.8 <1° Auger
? 2 62 1° TAMBO
7X10-8in 5 yr 0.6 18—36 0.4° POEMMA Cerenkov
1X10-10in 5 yr 6 62 =i Trinity

Guépin, Kotera, Oikonomou, 2023

1-5 2000
Simulated neutrino event _

Ey=210%eV; 6 =93°

1.0 . 9000
instantaneous FoV: 45% of sky > - Jrigged antennas | n 2
(for 10 random™ site locations between 40S and 60N) S‘0_5 o000 :
Z % ,Cdecay 1500 ;_

Very long radiofootprints allow for excellent 0.0 ™

angular r.esolutlon (0.1° on sumulated 60 W - 80 v CC interaction B*

cosmic-rays, TBC on neutrinos)

—— Infill: mean: 0.09° median: 0.07° std: 0.10° 0 20 '\'\ k-‘w 10 60
—— No infill: mean: 0.09° median: 0.07° std: 0.1L SR



Schedule

% A staged approach with self-standing pathfinders

i
N

Goals

Setup

GRANDProtos GRAND10k GRAND200k .

2023 2028 203x

autonomous radio detection 1st GRAND sub-array
of very inclined air-showers

Cosmic rays 101618 av/
® Galactic/extrag
e muon problem
eradio transient:

v # . —
woxry
A CIFfC
(OCEAN

¢ GRANDProto3(C
over 200 km?

* GRAND®@Auger .‘
cross-calibratiol s s

i

¢ GRAN D@ Nan(;E ‘[.‘Quwnlr.'n v
trigger testing

2 M€
100 antennas p total 500€/unit

Funded by Chin_ % i T ed between
+ ANR-DFG NUTRIG participating countries

(France- Germany)

+ Radboud University About 10M RMB hardware investment From China until now (NAOC PMO XIDIAN)

L e uar v




Necessary of Giant Self-triggered detection radio array BEALH AT

& Xidian University

17 knee
107 P Ty gy
% - ,ﬁ% heavy and/or
- - .., second knee
i o i,
w 10 E Fak g
P 8
o B I%%
E 15 B M.
© 107 £~ compilation of various Iy ..., cut off
E N mEIlinea,
Wy - air-shower measurments 1 ankle L3
< [ from Pos (ICRC2015) 015 {
= 10" v ArgolPos (ICRC2015) 366] * }
§ E & lceCube [PoS (ICRC2015) 334] ¥
] -« vakutsk [PoS (ICRC2015) 252]
g 13 T © KASCADE-Grande EposLHC [PoS (ICRC2015) 359] }{
= 107 E . KkascADEGrande QGS2v4 [PoS (ICRC2015) 359]
S |+ TelescopeArray [PoS (ICRC2015) 349]
|- = Auger[PoS (ICRC2015) 2711
i | |

10" 10" 10" 10Y 10® 10" 10%
energy E (eV)

https.//www.auger.org/news/scientific-highlights/343-the-pierre-auger-observatory-open-data

[ Question and Problem ] Comprehensive and [ DES;gn of Self-triggered J
Complete Event Data etection system

* High-energy cosmic ray sources and

acceleration mechanisms in Galactic and O Units functions:
extragalactic. D Giant detection array. > Wide working frequency band
* Correlation between high-energy cosmic > Low-cost > High speed ADC and data processing
rays and active galactic nuclei > Sparse array - Long distance communication
 About GZK > Full time operation > Autonomous Time Maintenance
« Magnetic Fields and Interstellar Matter > Self-triggered > Self-power supply
(ISM) » Self-triggered

AUGER and HiRes Telescope Array Mass , Energy, Incident angle Path finder : Self-triggered system
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Background: Radio Detection of EAS (From UHECR or UHECN)

Askaryan radiation ~ Geomagnetic radiation

VxVxB vxixB UxxB

I . 1

°i° J ® i — | >

o] S i

1© -

[ele”

\

\ A
11

A
¢

H N
DAQ room
Non-triggered Units Cherenkov Ring Triggered Units

LT R 9T R iR eRiY)



2 EETH KL

The GP65 system : Three-Level Architecture of GP65 & <ion Univeraity

@® 3 Level structure of GP65

: : Z
Mountain Mountain~ Watercours

(Hardware Firmware. software)

Antenna and RF Chain

FEB board

Solar and power supply
Mechanical and thermal protection
GPS Time

Center
station

SVlel: - == — |

eEICRN @ Data data storage and management
SISAVCIES @ Data access authorization and distribution

19
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The GRAND Prototype [Dunhuang (China), Auger (Argentina), Nancay (France)]

Xidian University

% GRANDProto300 & other prototypes: experimental setup

: : 2021 (Xidi
Deployment of 13 antennas in Gansu (China) Dep|oyed(pg£)anzoz3

V Am 2023, and 65 in 2025, and 200 more later Updated 2025

Deployment of 10 antennas on the Auger site

W_Am _ } _ _ _ Deployed Aug 2023
in Malarglie, Argentina(cross-calibration)
Deployment of 4 antennas in Nancgay radio
WiFi i Deployed Oct 2022
IFl antenna observatory (France)for trigger test(LPNHE)
GPS antenn 50-200MHz
a\ analog filtering,
Electronics:
FEB board 500MSPS sampling
Battery FPGA+CPU
Charge controller Bullet WiFi data
transfert
Solar panel

«——Foundation box




Detection units and RF Chain of GP65 @ st

§’DZ
-l |
RF Chain | |
R AN i o — 1’& B J’(b\
JJ 0.5
o ) % " GPS e = % o i
RF — Chain (50 Ohm Part) 01001---10
A

4 A\
Matching il LNA 3.5m Through wall GA. and filter [ : Balun and ADC
Network T " Coaxialcable =~ Connector and Cable . 2000hm load

RF — Chain (50 Ohm Part) 01001---10
- PN
Cﬁ Cable and |J3__> Balun and

Matching VGA/LNA and filt ADC
Network 7 L Through wall Connector /. kbt . 2000hm load
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Noise suppress and RFI rejection

Injection
nodes

Noise
sources

RF-Chain T |
- /
AD sample Randomnose 7l | Within 50-200MHz |- em——s

Nut with LNA
Magnitude
(RMS/ADCUnit) Time domain
ooz
12 .

Filter(DC pass)

Bump
10MHz~S00MHz.

35MHz.110MHz

]

Broadcast

Power supply nreny

/
! Communication
i cable 30 (12) Modulation noise
External Noise Satellite LNA input Frove s e MG e
i Charge Puise (pair i ’ . y - Filter(DC pass)
Alrplane controfier 38(34) 600ns) : wadth }_. Wide ?":’ — 10MHz~500MHz.
- (Probe test) 150ns e ot 60dB suppression
Windmill . 27 Mg P 0 Wide band
Wifi Unsheilded Strong - s 2
HV-transformer W Ethernet cable 400(320) Random noise w sy - replace
(Probe test) 3
Cable : e = 125-135MHz
o VGA input
radiation P Sap sae. s \Wide band i
S . L .
(Probe test) j Poaks : :
C d o Filter (HF pass)
O-groun - Wifi Coaxil cable ) Periodic noise | wrrp—tetaross Wide band “ 0
Pt et 65(43) o spectrum =~ 60dB suppression
couple AD input FOSRISEY N [ ) e e Peaks 5-55GHz
p re— 0548 insetioss
i Bump
Laptop e ] roves
Couple 150 Modulation noise 35"1;3?.””’ TONSSS /
To powersupply " " = = 1z
Sotr el Puise (pair) = ———
- 600';5 ("e"gg') i ——————— Big bump 30MHz(?)
GPS cable 15(10) Small bump /
I (test without 90/200MHz - =
& -
LNAs. Charge Controller Bax Charglng SYSIe'm)
— Charge Contealer
- = small bump
o Sensor 13(5) Small Puise 30~130MHz /
Semsorboord  Ca .
L GPS bullet antenna
Flectronics iox
Comparasion of sim and test at Ist= 8
—— Empty current probe
-30 o —— DAQ Power supply —— Real Data
—— Charge controller (in 0.38A) -60 i
E ——— Charge controller (out 0.38A) Slm
o104 1— ET"{:CU"E"‘ PVIO"E 40 ——— Wifi Ethernet (sheilded cable)
Q Power supply - ——— Wifi to antenna (Coaxial cable)
—— Charge controller(in 0.384) ——— GPS to antenna (Coaxial cable)
0.08 41— Charge controller(out 0.38A) _ 1 "
Wifi Ethernet (sheild cable) = 50 X Sensor to probe (Unsheiled cable) _70
0064 | Wifi to antenna (Coxail cable) g
: —— GPS to antenna (Coxail cable) - 1
.04 —— Senosr to probe (Unsheild cable ‘é’ 60 4 | \ , I h | l 11 E
s : WP @
2 ool UL | Ll 5 f T -80
%) , 1 I (IR L i | Q
0.02 [<7]
< o -70 }
= n
0.00 5 1
£ .80
a =90 1
-90 |
-100 : -100 : ‘ » ‘ :
1000 0 50 100 150 200 250 0 50 100 150 200 250
Frequency(MHz) Freq(MHz)
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Engineering work: Site survey : (NAOC /Xidian/ PMO/SAQO) 2018-2022

S AR

Elevation: 0.000 Meters  Searching..., A

Atten 10 dB

BERETF (2023) 45 BEN: BERF

Bl E AR B IRR)
KPR S DR SCE R R o
ORIy ey IR BB NE Pk ENTBIERR

B

WH, PERERESLRXE AR K (XTHEAR
BTN E TR E A ENE T RAR TR
o AT T A L2 T T E A R F A

BEE, PREMTFRTLLMELIE, FEsERME
7219.5 Pk, [3b: Foss LA H#00F T K, XEA , : , , ; ; B AR
FRUTHAHEEAHEWEL KR es 135|550 | pr e e A . T T O TR S IO1RAs T
B LS K, A 195 FHRK, AT REERAN LT, 4 : : : : : : : {3 i & SIPIS]
HEH KA LM, HIEFMAERSE 10 £, 2022 F 10 f, FH
HERESUAXEHET CPRT 4RI E 8 F AR
BAIHRIHREY, 20224 11 A, FEHFRELLEX L B A

B H AL (2024) 23 85

GP300, 10 years

B (KT I

one central station, 13 antennas

200.0 kHz

R T

Xidian University
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Engineering work: Noise suppress and RFI Rejection (Xidian)

« Test2 Indoor EMC chamber: test system

\

yAAAA AA ALAAAAAAAAAAA

3 Battery B GRS Charge

f controller

e, WIFI

""" Rocket
antenna

E& 7L4IH KT

g/ Xidian University



(Powerful contribution from PMO) Site survey\ Firm ware debug test\Software development
test\Communication system test\Simulation work \Data manage\Reconstruction work

Part Value(Old) |Value(New) Footprint changes
reference

F2,F3 F4,F5 ‘0.1& |0.125A |12w gmphce.

c7 22UF 10V 0603 Remove
R47, R365 165k 182k 0402 Re-soldering
R25,R33 150k | 102 10402 |Re-soldering

R419, R420, DNP Oohm short
. R421, R422,
nvuu,mmu . R423, R424
[ A 3 029,030, Diode in 1°
~ 7% D34,035, batch  need
- X ; D36, D38 remove (1-7)

v Saza
\ o ERaise LNA ERaise LNA
-,3:1. | N Epower to 6! PR araa  power 10 6
'.*' !&!am - E ‘

awmtlﬂ

1, power
2, check 4
3, check H




Engineering work: Construction of GP13 and Center station

* Thanks to GP-13 working team

de




Statues of Xiaodushan (Dunhuang China) site

Stations and Antennas

5000 205 .
131 3 A
13-13 13-2 13-4
4000 s oT6 .
13-8 13-C
3000 13-10  13-12 §
13-11 &
2000 - . " -
% @91 055 035 @27 @26 ¢34 @22
< 1000 - 043 023 @19 13 18 @22 @42 i
@119 031 @47 @31 o11 @5 eﬁ1.10 030 @46
0L 037 o015 o/ ol ef eoltigib |
078 044 028 @5 @2 @3 @7 @29 @45
-1000 - 020 @20 @16 @12 17 @21 @41 ]
@38 052 032 924 @25 ¢33 @53
2000 082 0’8 @38 49 -

-5000 -4000 -3000 -2000 -1000 0 1000 2000 3000
EW(m)




Galactic noise simulation and test 8 2LIIH AT

Xidian University

Comparasion of simulation and Measurement results

Vioasuramant resuit o North South direction 53 East West direction

-60 sim total X — Estimated result of total noise -
sim galactic = Measurement result of total noise /’ i
—-—-sim inner -53.5 - —--Estimated result of total noise+0.7dBm

-65 -54.5 -

E -54 -

o ~ -bb —_

o 5 &

% S S -54.5

g 5 -55.5 ]

: : g 5

§ o 56 o

n -55.5 -

Estimated result of total noise

95 - — Measurement result of total noise -56 -
. === Estimated result of total nolse+0 7dBm
-57 ! ! : ' . : . | | I | . .
-56.5
-100 ; ' ' ' : H H H H H L H H QQ @ £
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EAS simulation improvement and system simulation tool development
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Trigger, layout based event number estimation and time calibration
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Preliminary Study on Calibration: time, Gain, Pattern e U
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% GRANDProto300: first cosmic-ray candidates

Selection pipeline for CR candidates applied over 12/24 — 03/25 GP300 data

=>» 41 candidates (

Reconstructed Efield from antenna response deconv. (
3 independent methods for amplitude analysis:

* Lateral Distribution Function on Efield (
* Angular Distribution Function on Voltage (

*  GNN on Voltage (

)

=> “CR-like” amplitude profiles (Cherenkov enhancement)

ADF fit to DU voltage data
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% GRANDProto300: first cosmic-ray candidates

Energy spectrum for 26 candidates with
v" Reconstructed Efield for 5+ DUs
v" LDF error < 102 eV

Cosmic-ray candidates 0° N v ADF XZ /ndf <25 (see P05278)
in GRANDProto300

Directions from graph
neural net

Direction of arrival consistent among 3 methods,
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% Next steps

Coming months:

v Optimize HW, DAQ & CR selection procedures

=» start Physics run @ G@A and GP300

with nominal rate of few 10s CRs/day

v" Build energy spectrum, arrival direction distribution, nature of primary
v’ Extend analysis to horizontal events (q>85°)

=» Validate detection principle of GRAND

=» Do CR physics around the Galactic-Extragalctic transition

In 1-3 years

v" Complete GP300

v' Increase stat, refine methods and analysis (horizontal events)
v Test GRAND10k design with improved HW & trigger/DAQ

Later:
Deploy GRAND10k on 2 sites in 2 hemispheres and start neutino search




Thank you for your time and attation!

Questions and Comments please !
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