I Sens1t1v1ty of a surface array as a
functron of various parameters
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_,"'” To maxnmlze The sensu’ruvu’ry To ‘rhe hlghesT ener'gy shower's (>10
| TeV),itis clear ’rha’r ! very Iar'ge deTeCTOPS (>>20 000 m?) are
op‘rlmal -

'-:_:W A’r Iow ener'gles (<5OO GeV) ’rhe op‘rlmal ’rr'adeoffs are Iess clear';

Iower ’rhr'eshold rugh’r’)

“"" Be car‘eful because Iar'ger' de‘rec’ror's have an |mpr'oved

sensn’nvn‘ry a‘r Iower ener'gles ’roo ’rhr'ough lmpr'oved collec‘rlon




. W How does The sensmw’ry change wﬂrh -

mcr'easmg de‘rec’ror' eleva’non’

’_”‘?’* How does ’rhe sensmw’ry change wu’rh;
£ mcreasmg Ar'ea’> .

“”” WhaT r'ole do angular' resoluTuon

backgr'ound r'afes and Qﬂmma /h a dron . =

?1' SZPGI’"TIO n play’) - | -j f |




- Assume:. | |
| .1) There ex1sts some Very h1gh elevatlon 31te w1th 11m1ted area -
= 2) There exists a somewhat lower elevatlon s1te that can -
;ifaccomrnodate a larger detector . '

= Concern
People argue about tradeoffs
. {f' between h1gh energy (lower
blgger) and low energy
sens1t1v1ty =
| - Ho e f -
. A larger Iower detector Can
be better for both low and
. hrgh energres
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t Interactmn Depth dommates .

‘ Longltudmal Fluctuat1ons

Gamma Depth of First Interaction

Interaction Length = 1.31 +/- 0.05 Xo

quir=9/7xo

Proton Depth of First Interaction

Interaction Length = 2.07 +/- 0.11 Xo

| depth dlsﬁrlbut1on~~1sf.?§;
- a “Zly pidlctable

’;Fluctuahons 1n

Energy detected at 16 Xo depth

Mean = -0.678
RMS =0.188
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Energy detected at (16-9/7) Xo past FI

Mean = -0.682
RMS =0.093




"1 TeV Gamma Shower Longitudinal Profile

\ Energy = Eprimary

Average in Transiton region

'?}—,,};"_‘fg_;Compton but electrons lose
-~ most of their energy through
_yf_}:’vvronlzat10n (1 5x loss per RL)

Energy falls by 1.5x per RL
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Ipt:’; of transrtlon = log(E / Ec) + C =




100 GeV Gamma Shower Longitudinal Profile
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100 GeV Proton Shower Longitudinal Profile
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1 TeV Proton Shower Longitudinal Profile

1 TeV Gamma Shower Longitudinal Profile




. In’regrate over: Core Radius, FI depth for a: , Area vs Energy at zenith angle = 0
~ given primary Energy, Zen1th Angle, Detector
Parameters. , :
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: Use NKG x (1/ r) as proﬁle for energy Vs
= radlus Vs age =

[ TTTIT

_ Detector is a round calorlmeter w1th a rad1us
= and an energy threshold
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Effective Trigger Area (m"2)
o
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AWC.=.2680m.(-3.3R].)

HAWC - 4100m
TAWC - 4560m (+1RL)
TAWC - 5050m (+2RL)
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= I.—_IA_WC Thresh: 5-10 GeV

= .‘-.f '."‘{2O>PE / GeV, With ~4PE/ hit at threshold
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* ~5hits/GeV
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= » ;‘anﬁgura‘ti,on leoks like: =




_ W Increase by 1 RL and sens1t1v1ty to ~100 500 GeV showers

R ‘W | gamrna rate rnereases bye7/ 9.— 2 2
w hadron rate mcreases bye37/82— 1 6
_; as gamma energy) .
"‘”" QElevatmn— 2 2/ sqrt(l 6) per RL 1 7

‘** 1RL~ SOOm selllxmcrease per IOOm .




Mohére radlu}sll-s ~20m Assume 10m edge 1s»n-ot usable SO effective area for a

"_;77.—. c1rcular detector 1s somethmg hke - - - |
AEff — n(sqrt(A / 'T'C) 1()m)2

7 Background and S1gnal proportlonal td AEff -

- Effect of doublmg detector 31ze -

‘*‘ 50()0m2 —-> 10 000m2 AEff —> 2 41x

w 10 !()Omz‘?? > 20 ()()Om2 AEff —-> 2 26X QDouble Area "‘_1 5




f'w Note muons generally penetrate deeply and are not
attenuated by the atmosphere . *
W What s m1ssmg from the prevrous Calculatlon is that -~

the gamma o hadron separat1on efflcacy depends on
area and elevatlon also .

. Large Area more Collectlon area for muons

. H1gh Elevatlon Backgrounds from lower energy ',
hadrons Wth have fewer muons




aima / Hadron Separatlon Lateral .
'D1str1but10n of EM energy_ and Muons'-

" Lateral 'Dis'tr'itiu‘tibh‘éf“EM "'E"aé;gye;moas T

Core Region r<40m

EM Energy in 10 TeV
ramma at 16 Xo

Muons (>0.8 GeV) in 10 TeV
at 16 Xo
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= Increasmg area by a factor of e
4xincreases numberof - and sur roundmg reglons
& muons by a factor of ~2x *1 - Bl T

<40m 40m - 85m 85m - 180m =

B Doublmg area glves 1 4x -

*.Z-? mcrease m muons detected = ‘ 48

Area (m?) .1 l ( = . 7 0( 100000 -

Muon count roughly - - = - ' '
proportmnaltoenergy B v .

Increase

Area

Number of Muons vs Core Distance £




At one detector size, we expectN w0

- £ ——}.Background for low-energy =
B - events is typlcally from -
= 200—500 GeV hadrons j

- L11<ely Q 1s 1 5 or larger

?_-?Comblned Q—factor for v / h and-_:;-:-: ,,
e ?",j,,;mcreasmg?collect1on area: .

B o-15x15 23 -




% Increasmg elevatlon by 100m (Q 1 11) has same
= 1mprovement as 1ncreas1ng the area of the detector by
- f—_ about 9% -

* A deteetor at SOOOm as. 1 (1 8 RL above HAWC) Would ;
 have 1.718 = 2.6x better sens1t1v1ty than HAWC to the |
lowest energy showers | | - .

W A HAWC 11ke detector that is only 10 000m?2 (45% of the £
“area of HAWC, or -1.15 doubhngs) would have - &
sen81t1v1ty 2 31 15 --—*2 6x worse than HAWC’ .




. n.-re on ‘ngular' r'esol uhon

f"ff‘?"f partlcle momentum and pnmarY

— 100 GeV
- 316 GeV
- 1000 GeV
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