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Structure of the Session 

Block 01 - Atmospheric Cherenkov Telescopes 
12:00 - 12:40 CEST 

Block 02 - Ground Particle / Hybrid Arrays 
12:40 - 13:30 CEST

• LHAASO-WCDA (C. Liu) 
• LHAASO-KM2A (Y. Nan and J. Liu) 
• TAIGA (N. Budnev) 
• Carpet-3 (V. Romanenko) 
• GRAPES-3 (D. Pattanaik) 
• SWGO (H. Schoorlemmer) 
• ALTO-CoMET (M. Senniappan) 
• ALPACA (T. Sako) 
• STACEX (G. Fernandez) 
• HAWC’s eye (J. Serna-Franco)

• CTA (O. Gueta) 
• CTA-LST (D. Mazin) 
• CTA-SST (R. White) 
• pSCT (B. Mode) 
• ASTRI Mini-Array (L. Antonelli) 
• LST SiPM Camera (M. Heller) 
• FlashCam (B. Bi) 
• NectarCam (T. Armstrong) 
• MACE (K. Yadav)
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Block 1
Future Imaging Atmospheric Cherenkov Telescopes

Cherenkov Telescope Array

ASTRI mini-array

MACE Telescope
LST-1

SST

LST SiPM Cam
pSCT

FlashCam NectarCam
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Block 2

O. Gueta
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Block 2

D. Mazin

Status and results of LST-1 of CTA 

1

Remote operations

Several γ-ray sources during technical runs

First scientific contribution!
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Block 2The LST Advanced SiPM Camera
• The proposed design shall take full advantage of the SiPM 

characteristics 
✦ Gain in duty-cycle, robustness, stability, self-calibration, etc… 

• The Advanced SiPM Camera must: 
✦ outperform the existing camera over the  

entire energy range 
✦ be upgradable/reprogrammable 

• Baseline design: 
✦ Decreasing pixel size from 0.1° to 0.05° 

๏ Factor 4 in number of pixels 
๏ Tailored for Deep Learning based analysis 

✦ Going for fully digital readout 
๏ Real-time analysis 

๏ Real stereoscopic trigger 

• Many challenges to tackle: 
✦ Power consumption 
✦ Data throughput 
✦ Cost 
✦ 5 years to complete 1st prototype

LST PMT camera (0.1°) LST SiPM camera (0.05°)

M. Heller on behalf of the CTA-LST Project - ICRC 20/07/2021

6 TeV proton event
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Block 2

B. Bi - FlashCam
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Block 2
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pSCT Detection of Crab Nebula
§ Prototype Schwarzschild-Couder

Telescope for CTA
§ Prototype at the Fred Lawrence

Whipple Observatory, AZ, USA
§ 17.6 hours ON, 17.6 hours OFF, 

partial camera, ! < 6°
§ Li-Ma significance of 8.6 %
§ Corresponds to average 

significance rate of 2.05 
!
" ,where 

t is the exposure time in hours
§ C. Adams et al., Detection of the 

Crab Nebula by the 9.7 m prototype 
Schwarzschild-Couder Telescope, 
Astroparticle Physics 128 (2021)  
102562.

§ Ongoing upgrade to camera and 
subsystems to meet design 
sensitivity

16 July 2021 Brent Mode 1

B. Mode
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Block 2
The Small-Sized Telescopes for the 
Southern Site of the Cherenkov Telescope Array

Richard White (MPIK)
for the CTA SST Project

• CTA-South will contain 37 SSTs
• Aimed at the highest energies (1 to >100 TeV)
• ~1.5 arcminute angular resolution

• Based on the ASTRI & CHEC-S prototypes
• Telescope

• Dual-Mirror Design
• 4.3 m diameter primary
• 1.8 m diameter secondary

• Camera
• Compact (~50 x 60 x 60 cm)
• 2048 SiPM pixels (6 mm2)
• Full waveform readout (1 GSa/s)

• SST Programme has been established and is 
working to optimise the design CH

EC
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Initial CAD of 
final SST 
Camera

R. White
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Block 2
• ASTRI Mini Array is an International project leaded by INAF aimed to

observe the northern gamma ray sky in the 1 – 200 TeV energy range.
• ASTRI Mini-Array is composed by 9 dual-mirror Cherenkov telescopes

ASTRI-type to be deployed at Observatorio del Teide (Tenerife, Canary
Islands) from the end of 2021.

• ASTRI Mini-Array Project is providing all the systems and sub-systems
(hardware, software and infrastructures) needed for operating the
telescopes, acquiring, archiving, analysing and distributing scientific data.

• Thanks to its sensitivity better than current IACTs (E > 5 TeV), its
Energy/Angular resolution: ~10% / ~0.05° (E=10 TeV) and the Wide FoV
(>10° - with homogeneous off-axis acceptance), ASTRI Mini-Array is going
to play a major role in the observation of the gamma ray sky at the higher
energies.

• The ASTRI Mini-Array will start scientific observations in 2024 with a 4 (core
science) + 4 (observatory science) year program.

The ASTRI Mini-Array @ Teide Observatory
L.A. Antonelli for the ASTRI Project

L.A. Antonelli
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Block 2

K. Yadav

Status update of MACE gamma ray telescope

• MACE location: Hanle, Ladakh, India
• Site has unique advantages : Longitude (780 E), altitude

(4270m asl) and clear nights
• Energy threshold of the telescope ~ 20 GeV
• Being low energy threshold instrument, distant AGN and

pulsar are prime targets for MACE
• Remote operation from BARC, Mumbai
• Light collector: parabolic consisting of indigenously 

developed diamond turned aluminium honeycomb facets
• Camera 1088- PMT based camera: pixels resolution 

0.1250, capable of acquiring 1KHz event rate
• Crab Nebula detection ~ 80 sec.
• Installations completed, trial observations being 

conducted

Trial observations of Crab Nebula
(for the purpose of status update) 



13ICRC 2021 - Berlin, Germany / Virtual - 20th July 2021

Discussion points: block 1

• YOUR QUESTIONS FIRST! 
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Discussion points: block 1

• YOUR QUESTIONS FIRST! 

But, in case it does not flow… 
• The SCTs have a wider field of view and better resolution, ideal for surveys, but are not part of the CTA alpha configuration; 

what is the foreseen timescale for addition of SCTs to the CTA array and the expected impact / strategy in revisiting CTA’s early 
legacy survey programme? 

• What are the principal factors in the decision for the final MST camera of CTA? Are important science operation impacts 
expected from the choice of one or another? 

• MACE has great potential at the lowest energies: what are the prospects for very fast transient follow-ups, and how is your 
expected stereoscopic energy reconstruction at the lowest energies? 

• How will the early science of LSTs be delivered, before CTA is working? 
• What would be the impact of the SiPMs on the energy detection threshold of LST camera, and energy reconstruction at the low-

energy spectral end? 
• The ASTRI mini-array has unique combination of sensitivity and flexibility of operation, and should start working soon. 

Synergies with the particle array instruments like LHAASO are obvious. More than being a pathfinder for CTA, are there plans to  
long-term operation of the mini-array in the North? 

• CTA-C will have a strong legacy KSP programme in the first decade; by the time, LHAASO and perhaps SWGO will be working 
in both hemispheres; how the results from these survey instruments are expected to shape the CTA-C KSP programme?
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Block 2
Future Particle / Hybrid Arrays
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TKe TAIGA ± aQ adYaQced KLbULd deWecWRU.. N.BXdQeY, L. KX]PLcKeY, R. MLU]R\aQ 
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FLJXUe 2 VLeZ Rf WKe TAIGA-HLSCORE RSWLcaO VWaWLRQ aQd LWV cRPSRQeQWV. 
 
The TAIGA-HLSCORE aUUa\ DAQ V\VWeP LV cRQVWUXcWed Rf WhUee SaUWV: CeQWUaO DAQ 

ORcaWed LQ Whe PaLQ bXLOdLQg Rf Whe daWa cROOecWLRQ aQd VWRUage Rf TAIGA SLORW cRPSOe[, COXVWeU 
DAQV ORcaWed QeaU Whe ceQWeU Rf each cOXVWeU aQd HLSCORE SWaWLRQ DAQV LQ Whe eOecWURQLcV 
bR[ QeaU Whe CheUeQNRY bR[ (Vee FLg. 3). 

 
FLJXUe 3. BORcN dLaJUaP Rf WKe TAIGA DAQ V\VWeP. TKe SXPPaWRU bRaUd LV RSeUaWed aV 

WKe aQRde VLJQaOV VSOLWWeU aQd WKe eYeQW WULJJeU. DRS-4 UeadLQJ/ZULWLQJ LV SeUfRUPed YLa RSWLcaO 
cabOe ³DaWa CKaQQeO´. TKe V\QcKURQL]aWLRQ SXOVeV aUe WUaQVPLWWed YLa RSWLcaO cabOe ³S\QcKUR 
CKaQQeO´. 

 

3. TKeTAIGA-IACT aUUa\ 
ThUee IPagLQg AWPRVSheULc CheUeQNRY TeOeVcRSeV Rf Whe TAIGA-IACT aUUa\ (FLg. 4) aUe 

LQVWaOOed aW Whe YeUWLceV Rf a WULaQgOe ZLWh VLdeV Rf 300 P, 400 P aQd 500 P aSSUR[LPaWeO\ 
beWZeeQ TAIGA-HLSCORE RSWLcaO VWaWLRQV (FLg.4). The WeOeVcRSeV haYe aQ aOW-a]LPXWh PRXQW 
aQd a caPeUa LQ Whe fRcXV Rf Whe VegPeQWed DaYLV-CRWWRQ deVLgQ UefOecWRU ZLWh dLaPeWeU Rf 4.3 
P aQd fRcaO OeQgWh 4.75 P.  

muons
Atmospheric 
Cherenkov
Timing Array

PoS(ICRC2021)731

The TAIGA ± aQ adYaQced hibUid deWecWRU.. N.BXdQeY, L. KX]PicheY, R. MiU]R\aQ 
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5. A QeW Rf TAIGA SaUWicOe deWecWRU 
TKHUH DUH D ORW RI UHDVRQV WR LQFOXGH WKH SDUWLFOH GHWHFWRUV LQWR WKH K\EULG GHWHFWRU FRPSOH[ 

RI WKH JDPPD-REVHUYDWRU\ TAIGA. IQ SDUWLFXODU, WKH QXPEHU RI PXRQV LQ D FKDUJHG FRVPLF-UD\ 
LQGXFHG EAS LV ODUJH WKDQ LQ JDPPD-UD\ HYHQWV, VR WKH PHDVXULQJ RI PXRQ QXPEHU LV YHU\ 
HIIHFWLYH ZD\ WR VXSSUHVV EDFNJURXQG. TKLV VKRXOG ZRUN ZHOO IRU WKH HQHUJ\ UDQJH DERYH 100 
TH9. TKH RYHUDOO DUHD RI PXRQ GHWHFWRUV VKRXOG EH 0.2-0.3% RI WKH WRWDO DUHD RI TAIGA-
HLSCORE, VR ZH LQWHQG WR FRQVWUXFW D TAIGA-MXRQ DUUD\ ZLWK DQ DUHD 2000-3000 P2. AV D 
ILUVW VWHS IRU WKH IXWXUH ODUJH DUUD\ WR GHWHFW EAS HOHFWURQV DQG PXRQV ZH FRQVWUXFWHG WKH TXQND-
GUDQGH DUUD\ FRQVLVWLQJ RI 19 VFLQWLOODWLRQ VWDWLRQV, HDFK RI WKHP ZLWK D VXUIDFH SDUW DQG DQ 
XQGHUJURXQG SDUW >20@. TKH VWDWLRQV DUH ORFDWHG DW GLVWDQFHV DERXW 20 P IURP WKH FHQWHUV RI WKH 
TXQND-133 FOXVWHUV. EDFK VXUIDFH GHWHFWRU LQFOXGHV 12 VFLQWLOODWLRQ FRXQWHUV ZLWK D VL]H 80[80 
FP2 IRUPHUO\ RSHUDWHG DV SDUW RI WKH EAS-TOP DQG WKH KASCADE-GUDQGH DUUD\V. TKHUH DUH 8 
RI WKH VDPH W\SH FRXQWHUV LQ XQGHUJURXQG PXRQ GHWHFWRUV. TKH SULPDU\ FRVPLF-UD\ HQHUJ\ 
VSHFWUXP LQ WKH HQHUJ\ UDQJH RI 2î1016±1018 H9 LV LQ D JRRG DJUHHPHQW LV REVHUYHG ZLWK 
PHVXUHG ZLWK TXQND-133 >15@, KDVNDGH GUDQGH >21@, TALE >22@ DQGIFH TOP >23@ DUUD\V. 

TR LQFUHDVH WKH DUHD RI WKH SDUWLFOH GHWHFWRUV, QHZ VFLQWLOODWLRQ FRXQWHUV ZLWK DQ DUHD 1 P2 
RI WKH TAIGA-MXRQ LQVWDOODWLRQ KDYH EHHQ GHYHORSHG >24@.  

 
FigXUe 5  (lefW) The TAIGA-MXRQ VciQWillaWiRQ cRXQWeU. 1-baVe, 2.11-VciQWillaWiRQ SlaWeV, 8-

VhifWeU UeflecWRU, 12-UiYeW cRQQecWiRQ, 13-PagQeWic VcUeeQ; (UighW) fiUVW TAIGA-MXRQ clXVWeU. 
 

4.CRQcOXViRQ 
 CRPELQHG RSHUDWLRQ RI WKH CKHUHQNRY LPDJLQJ DUUD\ DQG WKH WLPLQJ DUUD\ LV WKH PRVW 

FRVW-HIIHFWLYH ZD\ WR FUHDWH DQ DUUD\, ZKRVH HIIHFWLYH DUHD LV WHQV RI VTXDUH NLORPHWHUV, WR 
H[SORUH VXSHUKLJK-HQHUJ\ JDPPD TXDQWD. TKH ILUVW VLJQLILFDQW VWHSV WRZDUGV FRPSOHWLQJ WKH 
JDPPD-UD\ REVHUYDWRU\ TAIGA KDYH EHHQ SHUIRUPHG - GHSOR\PHQW RI WKH 1-NP2 TAIGA VHWXS   
LQ WKH TXQND YDOOH\, a50 NP :HVW IURP WKH VRXWKHUQ WLS RI WKH ODNH BDLNDO ILQLVKHG LQ 2021\. TKH 
DUUD\ H[SHFWHG LQWHJUDO VHQVLWLYLW\ RI LV DERXW 5 î 10í13 TH9 FPí2 Ví1 IRU 300 K RI D VRXUFH 
REVHUYDWLRQ(DERXW 2±3 VHDVRQV RI RSHUDWLRQ) LQ WKH UDQJH 30±200 TH9. TKH TAIGA H[SHULPHQW 
ZLOO EH WKH QRUWKHUQPRVW JDPPD-UD\ H[SHULPHQW, DQG LWV ORFDWLRQ SURYLGHV DGYDQWDJHV IRU 
REVHUYDWLRQ RI WKH VRXUFHV ZLWK ODUJH GHFOLQDWLRQV.  

 

5.AckQRZOedgPeQWV 
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Block 2

Cheng LIU

Operations of the LHAASO-WCDA

• Objective: ~100TeV - 30TeV gamma-ray sky;
• Divided into 3 separate arrays:

• Three phases:

PMT TTS 
(ns)

Dynamic range 
(PEs) Manufacturer Model

number Layout

8-inch <3 1 - 4,000 Hamamatsu CR-365 WCDA-1

1.5-inch - 20 - 200,000 HZC Photonics XP-3960 WCDA-1

20-inch <6.5 1 - 1,800 NNVT GDB-6203 WCDA-2&3

3-inch - 1 - 3,000 HZC Photonics XP-72B22 WCDA-2&3

Phases Threshold
(PEs) Trigger model Rate

(kHz)
Raw data
(TB/day) 

WCDA-1
2019/4/16 - 2020/3/12 1/3 20 groups 20 3

Half array
2020/3/16 – 2021/3/4 1/3 15 hits, pattern 80 15

Full array
2021/3/5 – now

8inch: 1/3
20inch: 1 30 hits, pattern 30 12

The preliminary analysis results are presented in other 
contribution in this conference: ID-897, 969, 1079, 1081, 1103.

More information and performance of PMTs are presented in ID-167, 1126, 1164

Full array
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Block 2

Y.C. Nan
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Block 2

N. Budnev
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Block 2

D. Pattanaik

 

Angular resolution from the Moon shadow  [PoS (ICRC2021)391]

Search for multi-TeV gamma rays from the Crab Nebula with the GRAPES-3 experiment
Diptiranjan Pattanaik, for the GRAPES-3 collaboration  [PoS (ICRC2021)870]

GRAPES-3 array

CR rejection efficiency (%)

● Dense array of 400 SDs (25000 m2) 
● Muon telescope (560 m2)

Crab Nebula analysis



ICRC 2021 - Berlin, Germany / Virtual - 20th July 2021 20

Block 2

The Carpet-3 collaboration participants list

Abstract

The Carpet-3 EAS array: a current status
Romanenko Viktor, vsrom94@gmail.com

for the Carpet-3 Collaboration

Baksan Neutrino Observatory of
Institute for Nuclear Research of the
Russian Academy of Sciences

D. D. Dzhappuev,1 Yu. Z. Afashokov,1 I. M. Dzaparova,1, 2 T. A. Dzhatdoev,3, 1 E. 
A. Gorbacheva,1 I. S. Karpikov,1 M. M. Khadzhiev,1 N. F. Klimenko,1 A. U. 

Kudzhaev,1 A. N. Kurenya,1 A. S. Lidvansky,1 O. I. Mikhailova,1 V. B. Petkov,1, 2 

E. I. Podlesnyi,4, 3, 1 V. S. Romanenko,1 G. I. Rubtsov,1 S. V. Troitsky,1 I. B. 
Unatlokov,1 I. A. Vaiman,4, 3 A. F. Yanin,1 Ya. V. Zhezher1, 5 And K. V. 

Zhuravleva1

1 Institute for Nuclear Research of the Russian Academy of Sciences,
2 Institute of Astronomy, Russian Academy of Sciences

3 D.V. Skobeltsyn Institute of Nuclear Physics, M. V. Lomonosov Moscow State University
4 Physics Department, M. V. Lomonosov Moscow State University

5 Institute for Cosmic Ray Research, University of Tokyo

The Carpet-3 extensive air shower array (EAS) is now under construction at the Baksan Neutrino
Observatory (43°16'37.2"N 42°41'24.0"E and 1700 meter above sea level). The array is located at an
altitude 1700 meters above sea level, and it consists of surface detection stations, situated close to each
other for best sensitivity to extensive air showers with lower energy, and of an underground muon detector
with a continuous area of 410 m2. The energy threshold for vertical muons is 1 GeV. The main aim of the
array is to study the primary gamma radiation with energy above 100 TeV. The design of the Carpet-3
EAS array gives a possibility to carry out research on the composition of primary cosmic rays around the
knee. It is planned that the Carpet-3 EAS array will be in full operation by the end of 2021.

Figure 1. General scheme of the Carpet-3 facility.
(A) The Carpet array: 400 liquid scintillator (196 m2)
(B) 5 ground detector with 18 liquid scintillator (~9 m2) in each
(C) Underground muon detector: 410 plastic scintillators (410 m2))

(D) Ready to operate
(E) Detectors without plastic scintillators. Will be installed during 2021

New ground-based detectors, 9 plastic scintillators (9 m2) in each

DAQ System of Surface array
• (A) Crate controller
• (B-E) Caen CFD V816 (x4).
• (F) Caen TDC V1190 (x1)
• (G-I) Caen ADC V1742 (x3)
• and will be updated  in the future

A B C D E F G H I

Figure 2. Scheme of a liquid scintillator (left) and a 
plastic scintillator counter (right).

The underground Muon Detector (MD), 410 m2, 1 GeV threshold
Consists of two tunnels with dimensions 41x5 meters. It fills with standard plastic

scintillation counters (Figure 2, right). 235 counters are equipped with the new electronics
other 175 counters are equipped with old electronics (MD of the Carpet-2 EAS array) which
will be upgraded in the future. New counters are using the constant fraction discriminator
(CFD) to fix the time of arrival of the event and after to fed to the TDC for the
measurements. The logarithmic converter of charge to the sequence of logic pulses (QDC)
for measuring energy deposition in each counter. 175 counters are using the logarithmic
resistor-capacitor (RC) module that converts the charge of the analog pulse to a logic signal
of variable duration, where the charge is proportional to its duration and after to fed to the
TDC for the measurements. The block diagram is shown in Figure 3 on the right.

Figure 3. The simplified block diagram 
of the Carpet-3 facility (left) and the 
muon detector (right).

The surface array will consist of 39 new detectors, 5 old
detectors, and 25 Carpet's modules. As shown in figure 1. The
block diagram of the Carpet-3 EAS array data acquisition
system is shown in figure 3, left. The analog signal from all
detectors comes to the analog-to-digital converter (ADC) for
the calculation of energy release in the detector also to the
constant fraction discriminator (CFD) to fix the time of arrival
of the signal. Signals from the CFD are sent to the time-to-
digital converter (TDC) to measure the arrival time of the
event. The trigger is generated using an FPGA based on
signals from the CFD.

V. Romanenko
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Block 2

CTA South, 
50h

HAWC - 507 

straw
man - 1yr

LHAASO - 
1yr

phase space 
exploration SWGO 1yr

low energy  
enhancement

improved PSF & 
background rejection high energy  

enhancement

Simulating the performance of the Southern 
Wide-view Gamma-ray Observatory

www.swgo.org
y 

Flexible Framework

Starting Point

Exploration —  coming year

Harm Schoolermmer
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Block 2
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Current status of ALPACA  
for exploring sub-PeV gamma-ray sky in Bolivia

ICRC2021; ID777

Exciting sub-PeV sky in North

Let us go to South, Bolivia!!

Infrastructure is ready
2021  ALPAQUITA will start
2022.  ALPACA (half density)
2023.+ ALPACA (high density)
Future  Mega (m2) ALPACA for PeV

Tibet AS𝛾  >100TeV diffuse 𝛾

ALPAQUITA

300m

S. Kato ID:857

Y. Yokoe ID:947

T. Sako (ICRR, Univ. of Tokyo) for the ALPACA Collaboration

2m
ALPACA is a new array 
with Tibet type UG 
muon detectors

4,740 m above sea level  

(16゜23’ S, 68゜08’ W)

T. Sako
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SIMULATION PERFORMANCE OF A 55 IMAGING AIR-CHERENKOV 
TELESCOPES HAWC’S EYE ARRAY AT HIGH ALTITUDE

HAWC’s Eye Array’s Layout
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RESULTS AND CONCLUSIONS
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3

~100% duty-cycle
Steradian field of view
Modest precision
Modest collec:on area

~15% duty-cycle
~4 degree field of view
High precision
Large collec:on area

Jim Hinton

MPIK, Heidelberg

Jim	Hinton

www.swgo.org

VHE-UHE wide-field survey 
and monitoring instruments

High-sensitivity VHE 
precision pointing instruments

© Armelle Jardin-Blicq
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Discussion points: block 2

• YOUR QUESTIONS FIRST! 

But, in case it does not flow… 
• Regarding the water source for ALPACA, when do you plan to conclude the evaluation of potential water sources? When do 

plan to start operate the WCD of Alpaquita along with the scintillator array? 
• What was TAIGA’s low energy threshold in the Crab and Mkn 421 observations respectively? And in which range have you 

been able to do satisfactory spectral reconstruction, if spectral analysis already available? 
• What is the current status of technological development and planned installation site for STACEX? 
• Could you describe further the current upgrade status for GRAPES-3, and expected impact for gamma-rays observations? 
• Could you describe further the current upgrade status or plans for Carpet-3? Why do you use liquid scintillator in the ground 

array of Carpet-3, instead of the same plastic scintillators used in the underground muon detector? 
• Is the full LHAASO-WCD already operational, or when is it planned to? Also, the WCD and KM2A seem to be conceived as 

different experiments. Could they be used in hybrid mode in order to improve the overall sensitivity of the detector over the 
range few TeV to several tens TeV? 

• Concerning the phase space exploration for SWGO: could you explain what are the main array parameters being investigated 
to explore performance at different energy ranges, and how these parameters might be or not tied / constrained by given 
detector solutions under consideration (e.g. tanks or lake / pond deployment)? 

• HAWC’s eye: can you comment on the magnitude of improvement on energy and angular resolution expected? 
• What’s the planned altitude and installation site for ALTO, and what is the principal expected performance contribution of the 

possible air-Cherenkov array extension?


