Detector and Data analysis @ Water
Cherenkov Detector Array (WCDA)
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« WCDA detector
« WCDA data production details

« Summary and outlook



Scientific targets
V/UHE gamma sky survey (100 GeV-1 PeV)

— Galactic sources;

— Extragalactic sources & flares;

— VHE emission from Gamma Ray Bursts;
— Diffused Gamma rays.

Gamma ray Spectrum measurement at the
high end:

— Nature of the acceleration: leptonic or hadronic;

— Origin of cosmic rays - 100 years' mystery.

Cosmic rays

— Anisotropy of VHE cosmic rays;
— Cosmic electrons / positrons;

Miscellaneous:

— Gamma rays from dark matter;
— Sun storm & IMF.
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primary Extensive Air Shower (EAS)
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Particles at Different Depth (Gamma)
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cosmic rays +
neutrinos

cosmic rays
+ gamma-rays

Cosmic Messengers
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World-wide Distribution of EAS Experiments for
E<~1016eV
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Detection techniques @ VHE gamma-ray astronomy

« TACT: HESS, VERITAS, MAGIC, ...
— Beftter angular resolution;
— Fair background rejection;
— Low duty cycle;
— Narrow FOV.
*  More focused on deep observation.

» Ground-based EAS array: ASy, ARGO-YBJ,
MILAGRO, ...

» Not-so-good angular resolution;
» Poor background rejection;

Dec [Deg]

» Full duty cycle;
» Wide FOV.

» More oriented on all sky survey and flares
detection.




Ground-based air shower detection
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High sensitivity: ~2% Crab @3TeV@100TeV
Wide energy range: sub-TeV to 10 PeV
Large FOV:~1.8 sr
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Detect air shower secondary particles: Gammas, electrons/positrons, muons, photons, hadrons, ...

Measure the numbers / ( or energy eqv.), arrival time, as well as the lateral / longitudinal
distribution.

So that obtainning the direction, energy, type of the primary particle.



Instrumentation History

Whipple :
(0.2 Crab) Tibet-ASy
(1.5 Crab)
Crab detected!
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WCDA-2
WCDA-3

WCDA-1

| 20211114/160856/0.291121217: nTrig=-1, 6=11.60+0.01°, 0=139.31-0.06°
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WCDA

Time resolution of a cell: ~2 ns;
Dynamic range: 1 - 50000 PEs;

Charge resolution: <60% (@ 1
PE), <10% (>2000 PE)



LHAASO-WCDA
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Trigger Rate Variation
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Valentine day event

[ 20190214/173639/0.180367688: nTrig=0, 6=34.43+0.02°, 9=93.6740.03° | [ 10001/7 #85620: nHit=1687, nFit=784, Aw,=0.03°, x°=6127.2/ 781 |
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Timeline of WCDA

wcda-1
« 20190426-20200228
wcda-u = weda-1+ weda-2:
« 20200312-20210228
Phase 1: ~40 KHz
« 2020/03/12: nfee trigger
Phase 2: ~45 KHz
« 2020/05/25: npmt trigger
Phase 3: ~65 KHz
« 2020/06/08/: pattern trigger
« 12X12 PMTs = 60 m X 60 m area
trigger
Phase 4: ~ 90 KHz
- 2020/11/01 - 2021/02/28
« wcda-1 cleaning + wcda-2
shielding
« Raw data: 12 T /day
Phase 5: ~ 35kHz
« 2021/03/05 - now
« WCDA full array running with 1PE
@20inch + 0.3 pe@8inch
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Trigger

+ mmplemented on a computing cluster:

Slice number  ;[i] Slice number  f[i+1]

| | | |

= Soft trigger. B D
L
’ BaSIC trlggerS: Merged slice number '<":- Merge & sort
s KM2A (EDA + MDA), WCDA and WFCTA, | o o)

independently;

I [|] - Twin t(rig

ttrig = Twin1 ttrig + Twin2

LYJ if t[i] < tiig < nli+1]

m 3 parallel data streams;

m for every Stream’ Other detector h|ts in a S, ievent ID,, t,, extrainfo Hits of this event
time window are collected and stored. '

¢ Special triggers:
m Calibration;
m For some special physics goals.
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¢ Triggerless data:

m Compact single counting signals (with
precision lost) are cached;

m Stored for up to 2 weeks;

m For follow-up observations at very low energy Trigger logic of WCDA
threshold, on GRBs, Blazers, FRBs, neutrino
counterparts, GW counterparts, etc.



LHAASO%#i&: ~12 PB/yr
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— filR#E: 2.6 kHz
— HEE: 0.20 Gbps = 2.2 TB/day = 760 TB/yr
° WFCTAE&@%&TE
— fiik 2. 1.1 Hz/telescope * 18 = 20 Hz
— . 100 TB/yr (3FE: 1400 hour/yr)
- WCDAJRIGE ¥
— fil k% 34 kHz = 160 kHz (FF{IK5LIE BIE A i & 22 B BI{ED
_ BUEE (MAUENT : 1.1 6bps = 12 TB/day = 4.4 PB/yr >
3.9 Gbps = 42 TB/day = 15 PB/yr
— H¥e= (FEIEJER) ¢ 0.42 Gbps = 4.5 TB/day = 1.6 PB/yr =
1.2 Gbps = 12 TB/day = 4.3 PB/yr

— GRB#E (~3 triggers/week, LAT GCN only) : 8.7 TB/burst
= 1.3 PB/yr = 30 TB/burst = 4.6 PB/yr
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Data Analysis Chain

. T : : Reconstruction
Time calibration  Data products releasing

* Charge calibration Direction * Reconstruction data
» Efficiency calibration Energy ducts
Particle id plieiles
» Scientific data products
I' hardware calibration algorithm optimization Data Quality monitoring
Software calibration further "realization" Analysis tools releasing
of MC code

20



Calibration @ WCDA
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Charge calibration: SPE + AD ratio
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Charge calibration: SPE + AD ratio

DA1+2 | 20200816 001717

WCDAU | 20200815 005736
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Time calibration @ WCDA
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Relative Time offset [ns]

WCDA Calibration Status
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Detailed data production and analysis chain

Air shower simulation:
CORSIKA / AIRES CORSIKA Output:
QGSJET/ EPOS/ WCDA : shower secondar-y par'1'|c|es

SIBYLL/.......

Detector response Geant4 based detectors simulation

simulation |:> package

G4AWCDA: two steps processing

Data | MC samples
‘ Reconstruction / Analysis Chain I : .
l |:> Physics Data production
_ Level 1:
I Comparison MC .vs Data I code + algor‘i‘l’hm developer'

Level 2:
user I/O to physics result




Simulation @ WCDA
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i An internatonal collaboration
& >100 active-members

‘ 15 countries :
19984F12 358 — 4 i 4~:Geant4.0.0.0

2015476  :Geant4.10.1 (patch-02), B4F#(H E #i

GEANT4 [ f&i £\

/1. Geant4 T/ : Geantd & RKIMAZ ?EF“D(CERN)\

HTPHFRCHIETIFLR
2. Fi&. BT AR R0 E8 o0 A A AR Y
TR R BB

3. HiE: R AT ZEA FHEGSMGEANT3
(2% T Fortrani& 5 H & 1)
1. Geant4 fLri: FEMEAEMBE, &K

R R T T A R %
B S 1O 77 52 4 7 T A




LHAASO-WCDA MC status
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Run info
Event info
Hits addr

Run info
Event info
Hits addr

Run info
Event info
L 4

Event

Generator
(Corsika)

Run info
Event info

;

Event

D( ta ! '

GHits

Geometrical Simulation
(Geantd)

.

CHit

CHits

Run info
Event info

Hits addr

Hits Sorting

;

CHits

CHit

Cell Detector Simulation
(Geantd)

DHit

T

.

DHits
oata [}

Update: Hits Stream

CorsikaZi iz IFENLELEUFE (CorsikaReader)
Hit7i AL FERE £ (HitsReader) ;

AT Fa ) S HO A e R AR A
(OptParser) -

4 kinds of hits:
—  Ghit: generator hit;
—  Chit: cell hit;
— Dhit: detector hift;
—  Fhit: final hit.

Hit stream:
— In: abatch of hits;
— Out: ahit.

Storage & buffering:
— ROOT tree

o IR T AAFFER

o ARA IR S5 R R A7 A

o ST IRINEGESE

o AL AR AR B e —
* Example: version >2.0

=TI DAT

@

100000 _step1 root

=) % |t_runh;1



WCDA MC status

(nq05t30s0+nq05t30s1+nq05t30s2), Data

F o~ sqrtxe'xesye'ye) Data
/1 TN TR L-Rad Mean 345 Mean 3325
ok’ . £ o Mean 8| Mean 105 E =
4 S\ #2 i e CE T SdDev 2738 SuDev 274
i nE .r" "' Std Dev  40.18 | Sta Dev  40.04 = P -
U - W - ol -
DATA: 57202 A | y . . * PRty
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— MC samples
* Multiple samples: Crab orbit and isotropic samples.
« IO @ ED, MD detector unit




PMT Efficiency Peak Il Efficiency CRS Efficiency

Abs. Length [ m ]
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Classic way to reconstruct the direction

Direction reconstruction: FRI&HEHILE

Plana flTTlngt X2=Ewi(c'(ti_]—E))_xi.L_yi.M)z

Conical correction: x* = Ewi(C'Ui —T)—x;L—y,-M —c-(aR,))*

)

FE ST R B T 21K B B A
i Mired PMT 12845
(%, vi 1)

RHZE(L M, T)
L=sinBcosd, M=sinBsind,

(ns

10g10(Q, ;)

Hit Time Relative to Shower Plane

20 40 60 80 100 120
Dist between PMT and Core (m)

* Implementation tools
— CERNLIB Minuit/ TMatrix /ROOT



Classic way to reconstruct the core position

Error (m)

r 1,  Center of Gravity(COG)

N

r (“' (6] C) T N
* Tree length algarithm
ree length algari
ACore gamma@10GeV-100TeV
F P : Primary Gamma Energy [log10(GeV)]
18 e Centre 2 25 3 35 4
N DT R PR s e R
16 == X Tree
E - A MTree
18T
12 f ++i:*
10 L E :
E A —o_ize_v e V)g
8f = 8
6 Blotior .
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Core reconstruction

LDF -p- ALong8 = (4.7-5.0) -

0,0,=(0-15)°

p(r) (particl./m?
2

T T T TTTIT

I T T T | T T T
-------- KASCADE-like func. -eq. (2) -
e Linsley-like func. - eq. (3) -
----- Scaling form. func. - eq. (4) -

— NKG-like func. -eq.(5)-
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COG is initial seed:;

NKG function is analytical function, in principle it
is closely related with direction.(xc, yc, ©, ¢)

02(F) = NoC(s) (%)H (1 1 i)s_ﬁ

To

different experiments use different NKG-like or
nkg-modified functions;

AGASA
pa(r) = ’;_’gc(%)‘“ (14 %)—w—a) [1 . (ﬁ)z]s

AGRO-YBJ BigPad data

r s'=2 r s'—4.5
p0=Az) (1+3)

Likelihood algorithm

Ns

LF2 = |] pr(ms)
k=1



Classic way to reconstruct the direction

3. Lateral distribution( global fitting)
* To fit (xc, yc, theta, phi, Ne, rm, s)
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WCDA RIFE5  (gamma/proton sepation)
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Gamma/Proton separation

Primaries e
SEFRER (p)
FREEREL ( Nm Nucleus i
X7 :

D .
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Compactness: C=Nhit/CXPE (Q,,,x>45)

Gamma
®  Nuclei

Optimized Compctness & Yfr HF y,
e N/ A U
€g = 55.971%, €5 = 0.059%] . .
oo | — Signal of the brightest PMT

outside the shower core region

(e.g., 45 m);

—
<

—
<

2

Entries (normalized to nuclei)
2

10?
TT  “Compactness” can be employed
10 ) .
|l to reject cosmic ray background
‘ o bl efficiently.
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Compactness = nPMT/cxPE
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Pincness = N
=0

4r = SFCF Fit
1 PINC Moving Average <(>
I er/

109,o(Q. sy

0 2|O 4‘0 6‘0 8|0 160 150 140
PMT Distance to Reconstructed Core [m]

* 0¢, determination
— Hit window optimization
— R optimization
o BRI, TR R R
* 45m <r<250m

— A group of ({{;),0¢,) is
collected.
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CR Background Rejection Power @ WCDA
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N-event Scaled
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Energy determination base on MC

Gamma energy response
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Shower reconstruction resolution
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Normalization

Reconstruction @ WCDA

- FESER:
- B
- [EZEEM 377KiB, 2MEERIPMT) RNZBHIBKGEE
o  EEEERRANG EFRIFAY.
— Long term
 G/P separation optimization;
« Angular resolution optimization;
 Energy resolution optimization:;
» further realistic implementation for MC database;
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4221
0.4254
0.001337

Data Quality Monitoring :

Done by monitoring some parameters .
related with the daily stability of . 7
detector running and reconstruction; T e e e e e

T“VZI nhiTl 0! (p/ xC/ YC, XZ @ NqO5T30>15O 1800
Over 5 sigma file is marked as bad file;

On average around 3% -6% file is
marked as bad file.
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Crab Nebula monitoring
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« Pointing error <0.02 deg && SED is consistent with LHAASO science result.



The Moon Shadow technique

Cosmic rays are blocked by the Moon ) t[;efgfit OI_COSITflittlt1 ral\\,lls in
e direction of the Moon

® Size of the deficit ==p | Angular Resolution

@ Position of the deficit == | Pointing Error \

Geomagnetic Field: positively charged
particles are deflected towards the West.

1.6"-Z
mmmm]> Magneticspectrometer |Ad~———
E(Te V) Moon diameter ~0.5 deg
® West displacement — Energy calibration

FI ARG NAIER, FIFALHAASOSIBL. (RiREEEISR, Hhk
RS ESHIA SRR EURREM R, BABR—EEIEFEZ

R EReEimegiERIE— P IR InIX —8EiR.
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Moon shadow monitoring
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Reconstruction Production version

DAQ raw data
— 11T/day Welcome to LHAASO-WCDA DQM

Now working version: Mk BN

You can search by run number or the ranges of datetime.

Please choose the status:

AL UNKNOWN BAD GOOD  GOOD2 "Zha Min" <wcdarec@lhmtloginO1.lhaaso.ihep.ac

4 data products

- Reduce.da.ra./ Run Number - Date and times > 2@23 07 17
* noise filter data 5 e 0712 20230712 raw file: 3190
T/day 0712 20230712 reduced file: 3190
0712 20230712 rec file: 3189
st s 0713 20230713 raw file: 2976
R Docs > 0713 20230713 reduced file: 2976
- ReCdaTa/ runs,LastWeek,Last j:::::;zslfoh;\g;;or 0713 20230713 r'eC flle: 2976
* reconstruction datc Pt e WEDA st iy 0714 20230714 raw file: 3328
950 G/dCly 0714 20230714 reduced file: 3328
0714 20230714 rec file: 3327
0715 20230715 raw file: 3294
_ Recgda‘ra/ 0715 20230715 reduced file: 3294
) 0715 20230715 rec file: 3294
« potential gamma 0716 20230716 raw file: 3284
events 1. G/day 0716 20230716 reduced file: 3284
e A good-file-list can be 0716 20230716 rec file: 3284
9 f. 0717 20230717 raw file: 948
—  Sampdata/ collected: 0717 20230717 reduced file: 385
R specific data sample . Some detailed 0717 20230717 rec file: 385
around the parameters informaiton
sources(crab) 200 can be checked.
G/day



WCDA Data Production

Releasing directory @ /eos/lhaaso/rec/wcda/publish/
— liprogs/ 2:data/ 3:goodlist/ 4:Simulation/ 5:Skymap/
Releasing working version: Mk

Reconstruction and Simulation programme @ progs/
— Reconstruction: Mk/ + test/test.sh
— Simulation: g4wcda/8.02run + testl.sh && test2.sh

Three physics data products in root format @ Mk/
— yyyy/mmdd > 2023/0101
— Readme.wcda - details about root elements
— recdata/ --> Standard reconstruction data 450 G/day
— recgdata/ > Gamma-like reconstruction data 1.6 6/day
— sampdata/ - specific sample data around the sources(crab) 100 G/day

File-list about Data quality Check @ goodlist/
— Txt format: yyyymmdd.dat > 20230101.dat

Two scientific data products in root format @
— One skymap data in root format @ skymap

— One simulation samples in root format @ simulation/ (just gamma samples)
«  MCl6amma is for data from 2021/03/05 to 2022/09/30;
* MC26amma is for data from 2021/03/05 to 2023/12/31;



WCDA Data Production

Releasing directory @ /eos/lhaaso/rec/wcda/publish/
— liprogs/ 2:data/ 3:goodlist/ 4:Simulation/ 5:Skymap/
Releasing working version: Cod/

Reconstruction and Simulation programme @ progs/
— Detector Simulation package: g4wcda/8.03 + testl.sh && test2.sh
— Reconstruction pacage: Cod/ + test/test.sh

One Physics data products in root format @ Cod/

— yyyy/mmdd > 2023/0101

— Readme.wcda - details about root elements
— recdata/ --> Standard reconstruction data 450 G/day

File-list about Data quality Check @ goodlist/
— Txt format: yy/mmdd.dat > 2023/0101.dat

Two scientific data products in root format @
— One skymap data in root format @ skymap

— One simulation samples in root format @ simulation
+ To estimate efficiency of WCDA detector
*  MCCR/ is the samples for Cosmic Ray composition with 26 elements;
*  MC26Gamma/ is for Gamma samples



A 3D tool on source Analysis

e ] - Off Ma

Ns= N, -Nj,
|

(B il Excess map

On Map

Mu"._,'.
Forward folding + MC efficiency
I

Significance map + SED

Details can be seen talk by Shicong Hu



Daily Duty Cycle [ % ]
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Features: full duty cycle
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Declination [ degree ]

Features: wide field of view

Dally/l[ear'l FOV

AASO FOV

P

—_——

Equatorial

Elevation [ degree ]
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LHAASO FOV

0 50 100 150 200 250 300 350
Right Ascension [ degree ]

Instant FOV

Galactic

1/6 of the entire sky at any given moment.
The Earth's rotation further enables a 3/4 sky coverage



Features: wide energy range coverage

9 A
I .-, Crab
‘040 n
. Overlap: 10—50 TeV
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The lowest can reach < ~100 GeV?

« For the first time covering 3.5 ~ 4 decdades of energy (300 - 1.5 PeV)

— Consistent with others < 100 TeV

— Self cross-check between WCDA and KM2A; KM2A and WFCTA
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A real-time monitoring @ selected AGN

* Space
« The maximum searching distance between the
source and grid center is set as 0.1 deg;
*  Duration: 0.5,1,2,4 transits

« Alert threshold <> the false alarm rate
e Based on MC simulation

~ 800G/day

False Alarm Rate for one source(year 1)

Analysis Report to Pl

Daily Real-time I
‘ Send Atel

8/6/24
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False Alarm Rate for 66 sources(year 1)



LHAASO-WCDA 7] Mg 326 AGNTHE ZAZ B 5 1) S isf W 3

[ Previous | Next | EBY ]

LHAASO detects TeV Gamma-ray Activity from 1ES
1959+650

Related
16462 1ES 1959+650: Upper
limits from a neutrino
search with iceCube

16456 Gamma-ray flaring

Scaled Excess {Counts)
N

LCR 3.day

1-day: Last point

L A%

T3 b o ol B
0 M TR AT T, Tt

+5

UT 2024-02-19_00:00:00+86400s

WCDA

IRAR I, SUThs
Res T E A

fermi

activity from the blazar o $ 3.day
1ES 19594650 observed 0
ATel #16437; Gu. an Xiang (SHAO), Min Zha (IHEP), Zhiguo Yao (IHEP), neng by the Fermi-LAT 8 2
Zhou (SHAO) and Yi Xing (SHAO) report on behalf of the LHAASO Collaboration |16448 Strong X-Ray Flare in 15' l
the TeV-Detected Blazar S . + *
on 9 Feb 2024; 08:30 UT 1ES 19594650 x 1914 1 t ! et T Titdy ' 4 +
Credential Certification: Jianeng Zhou (zjn@shao.ac.cn) .- 3 . ty Ty T L2 $ Thyg T t5E
Subjects: Gamma Ray, TeV, VHE, UHE, AGN, Blazar 5150 = = ——
Time (M} ) - “S0U2)
Referred to by ATel #: 16449, 16456, 16462
X Post 100 _
Utilizing the LHAASO-WCDA real-time alert system, here we report the detection of a TeV 80 4
gamma-ray flare from 1ES 1959+650. LHAASO-WCDA observed gamma ray flux £
S 4
enhacement from the blazar starting at MJD 60347.02. Up to 60348.33 the accumulated S o0
significance reachs 8.7 s.d., with a flux of ~0.5 Crab Unit above 1 TeV. LHAASO is a multi- @ 40
purpose Extensive Air Shower (EAS) array designed to detect gamma-rays and cosmic \-E
rays air showers in a wide energy range, from sub-TeV to beyond 1 PeV. E 204
A
o
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GRB/transient/GW candidate follow-up @

trigger and triggerless data

e Receive a GCN alert inside
LHAASO FOV
e Alert rate: 2.5/week

e Save (TO-0.5 h, TO + 2 h)

alerts, total 1235

hours of data
e (Npe, T) of 3120 detector
units

* Big data size > 8 TB/alert

R

* Touching low energy band

2021 05 2021-09 2022 01 2022 05 2022 09 2023 01 2023 05 2023 09




Analysis pipeline

Hits-to-Events re-trigger (A)

« Time & window selection

« 20 ns Twindow + 20 ns Tgap
* R=20m

Hits-to-Events re-triger (B)

‘((\e
'

Lol ol ot ! Loal
-120-100-80 60 40 20 0 20

<She® Xim
* Twin=1000 ns + half overlap . " Method B .
Event reconstruction/No § 1%
reconst. © oo
Background estimation oo
Searching excess ook
Physics analysis B I A

 Flux upper limits

60



Results

Counts
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Significance Distribution During 0-6000s
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| Explorer XI
' The first detection

of cosmic gamma
rays

1983
\ 4

The discovery of 12 Ultra
High Energy (UHE) gamma
ray sources and open the
window for UHE gamma

ray astronomy

A
1961

St. Hopkins

The claim of
detecting VHE
gamma rays from

'Cygnus X-3 trigger
fa surge of interest.

first detected
extragalactic
source

The detection of VHE The resolved
gamma rays from the image of J1713.7-
Crab Nebula is seen as 3946 has been
the dawn of VHE measured
gamma ray astronomy.
&
1992 2019
MAGIC
. The First GRB
Whlpp|e 190114C detected
Mrk 421 is the by ground-based
experiment.

2022

LHAASO

The detection of
Bright Of All Time
GRB 221009A and
open a 10 TeV
photon window

Big events @ VHE/UHE gamma-ray astronomy

2024

LHAASO

Release 1st LHAASO
catalogue, 32 new
VHE sources and 43
UHE sources



Summary and outlook

LHAASO 20217 A #E N =R FIRS,  7E 1G5 19 20F AR FH TY A

%Uﬂ%ﬂ% 7L 22 AR E I SR B T ALK X R HE R AR AN 5 £k
T H

— HEREX (1 TeV-30TeV) REUEHIEIMND K FIRN 25
- fﬁﬁﬁ%[ (30 TeV -1PeV) R EAF NS R SCER I 28
BEX ISV (10 TeV - 1 EeV) & KM &3 55,

WCDA & BB EUE =, RS VR =F R = 5. PR3
B BRI R A DT i

Any suggeshons and comments about reconstruction and simulation
code and analysis tools are very welcome Email to Min Zha/ Zhiguo
Yao/ Shicong Hu

— zham®@ihep.ac.cn/ yaozg@ihep.ac.cn/ hushicong@ihep.ac.cn
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Water Efficiency
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Calibration on Data and Simulation in periods
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Counts

GRB follow-up by LHAASO-WCDA triggerless data + shower data

AL A LA T —
40F Mean 0.1276
F Std Dev 0.9094
35:— x2 / ndf 0.7717/2
o Constant 42,63 £5.25
30E Mean 0.1207 +0.1096
05 3 Sigma 0.9994 + 0.0847
20F =
15F =
= Y 7
10F -
s \ 3
0:|J_L/|||| N
-5 4 3 -2 -1 0 1 2 3 4 5

Significance [ o]
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Alert cou
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-07 2019-12 2020-07 2020-12 2021-07 2021-12
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20(?

» GCN alerts from Fermi-GMB/LAT and
Swift experiments

» Data-taken criteria: zenith < 60°

» Triggerless Data: hits information on
each PMT are stored between T0-0.5h
and TO+2h

> 2019/06-2022/6: ~ 330 follow-ups

» No significant emission is found neither
in triggerless date nor triggered data
taken from 2021/3 to 2022/6.
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LHAASO advantage

LHAASO is a good facility to do sky survey at
VHE + UHE and monitor transient
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Newts = flux x area x tine

/ 1 1

1
1
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7 1
> 100 low, gLven ~1 m= =3 Yrs !
for <10% bu natwre OF SPACE EX: for a Php :
Y for sp P ,
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1

1

1

1

1

1

1

stat. trvov

A: area of the array
determines the rate of high energy events recorded
d: grid distance
determines the low energy threshold
Cd: cost per detector
determines quality, size, efficiency, resolution, i.e. details of measurement

For best physics: A: large, d:small, Cd: high. But cost rises with AC4/d?

Always compromise needed



