Sem1 Analytlc S1mulat10n for a %
. ”AWC hke” Detector

Whatis the bestway to spend Money

- ‘ ; - Andrew J Smith




bottom of a 6m deep pond




No Muon detectors ]ust upward Iookmg deep PMTs
Identlfy muons as sp1kes in bottom layer




- Mllagro plus curtams for 0pt1ca1 1solat10n
| Lower PMT dens1ty go from 2 7m to 4m spacmg







as the top




| 4m d1ameter Plastlc tanks
Sunulated many tank depths and found

range out above the PMT no electrons near the PMT | .

2) Tank d1ameter chesen S0 that w1dth >~ depth




4m plastlc tanks 4th PMT added later




. For good gamma/ hadron separatlon electrons need to be :
Stopped ;ff,j[fell away | from the PMT »-—> Depth of ~1() Xo
w Shorter tanks 'Would requ1re smaller dlameters = more H




IACT’s are calorlmeters which uses the = |
atmosphere as a detection medium. The 11ght in
the detec_toreprlmary gamma—ray energy.

Surface arrays are calorimeters, but the energy
‘measured is not the total gamma-ray energy, it is
the energy reaching the ground level.

’ i.Attenuatlon length of blue 11ght = attenuatlon
"_length of gamma rays.

b work ‘sh:ould be valid for any detector that
counts particles or measures energy at the -
_ground level. (ALTO, LATTES, etc.)




hittime [ns)  RREGRAI NG

— "t"f" Phy51ca1 Area VS Sen31t1V1ty at h1gh ' :}
| . energy (mUItl-TeV)“:”"'"“ff S =

. ’*-{‘1_‘~Area S0 Sen81t1V1ty mcreases by e

*r’ffffjffi)-f?i:-sqrt(Area)

But angular resolutlon and -
*?f;i';_'._f'i_;,background re]ectlon also 1mprove".j. -

=

B _;Flndlﬂg from early HAWC

Slmulatlons Sen31t1V1ty Area Natural Scale

LOG (SENSITNITY)

”Natural Scale” is not Well know It -
s much_larger than }-ZIAWC

LOG (AREAY ~




mcrease w1th elevatlon (100 GeV)7

% HOW does the sen81t1v1ty at the lowest energles
mcrease w1th phys1ca1 area7

w How could gamma / hadron separatlon .. =
- 1mprove with increased area or muon detect1on., =
capablhty below the EM Calorlmeter layer’? . B




- mawcike 8

‘High -Hﬁe_rjmeticiztyf B

.. . Low Hermet1c1ty

Very low Hermet1c1ty




HAWC Wlth muon 1
detectlon in core reglonf’»

Compact Medmm - ~100 000 m'
—.-".._:s.~5ooo 10,000 m2 -' ~25 000 m2 (LHAASO lee)

Mﬂagro—lee (H AWC hke)




tso usef-l?’ .

No accountmg fc)r o Dethenats 8
ﬂuctuatmns whlch ... =
. ~ GreisecnapproxB. . W
0.31 3
- DI = et(l_ 2 8)




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

0 05
Iog150 E, o/ Erumany)

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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Depth in RL past Fl

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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Depth in RL past FI

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
o~

AWC.=.2680m.(-3.3R].)

HAWC - 4100m
TAWC - 4560m (+1RL)
TAWC - 5050m (+2RL)
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o
N

T TTTTI

= I.—_IA_WC Thresh: 5-10 GeV

= .‘-.f '."‘{2O>PE / GeV, With ~4PE/ hit at threshold

[ TTTTI

* ~5hits/GeV
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: _“ ;'CQnﬁgura‘ti,on leoks Iike: =




| ' ~2 2 trmes area at low energy W1th each -
| "‘rad1at10r1 length | ..

,Bac *?grounds mcrease by ~2 2X also

;-'.'Wrthout y/ h separatlon sqrt(2 2) = 5x_ -
-‘f"lmcrease in low energy sen51t1V1ty |

;_'_However"l}?;,. / h separatlon gets worse, S0 expect




2x factor m detector 31ze W111 mcrease the

effectwe area by 2x (HAWC —> 2x I—IAWC)

Background also mcrease by 2x '

"/',.,.'IhcréaseinSensitivity impr’oVes by sqrt(2) =1.4x

| y / h separatlon 1mproves due to 1mproved muon |
Collectlon so 1mprovement 1s better than 1 4




£ af'a / Hadron Sep aratlon " Lateralﬁ :
’D1 tr1but10n of EM energy_ and Muons

| Lateral DlStrlbutlon of EM Energy & Muons e

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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N 40m<Muon detection Region<85
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Distance from Core (m)




= - - - @
Table shows number of - - —  iAwce ]

‘muons in shower core reg1on - HAWC (100k m?) jf[

- = = - Muon
= and surroundmg reglons - Reglon o
: - Reg1on Region

Bkg Passmg exp( Np)

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

f';Imagme muon taggmg off ~50% |

HAWC N},l 1 4 Ebkg— 25% |
HAWC+ deep Np 24, abkg 9%

- SuperHAWC Np 38 ebkg 22%' -
= ::'_,F:S,up,_er HAWC +_cleep, NH_ ,4 8 Ebkg., 0. 8_%, =

Large detector has Muchbetter - 4 4 44444 =
= muon re]ectlon = umberofMuonsvsCore D1stance =




A Ignormg“'/ h separatlon - -

. Increasmg elevatlon by 1 RL (~500m) iz
approx1mately equlvalent to mcreasmg the
flf_' ; coverage by 2x - |

w Includmg y/ h separatlon

w Ma}fbe t'.e case that a 2x larger detector 1S




ﬁf - Be careful about cold ( 6 deg C / 100()m)

L There 1s a 11m1t to how large a detector Can be

. ~1p/ 50ns for a 100 OOOm detector

% Low energy gamma ray showers are compact so £
the tr1gger Can be reglonal SO n01se ﬂoor shouldn t




