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1. Back of the Envelope (BOE) showers:
e Longitudinal profile (N.(7T))
e Transverse profile (p(r))

2. A fraction of the signal hits the pond ...
3. Tibet(4500m):Milagro comparison:
e adiabatic atmosphere (Tseq jever = 300K)
o /| pe(r)2mrdr VS Egpower and zenith angle (6)

® || pe(r)2mrdr passing cut

4. Summary
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1. B.O.E. showers ...

e Longitudinal shower profile: The longitudinal shower
profile for an electro-magnetic shower is a function of
the depth in radiation lengths, T', and /or of the related
age parameter, s(7T'):

R}

031

Ne(T) = (\/@

) ) 63T-( 1.—1.5In(s(T)) )

where:

— N, is the number of charged particles,

— the depth in radiation lengths is:
T = Xewpt(0)/36.7 ((gm/em?)/radiation length)

and the depth of the experiment, X,,, also depends
on the zenith angle, @, of the shower,

— — EJLQHL&L — max
y = [npshewer =T and
critical

— the shower age is:

3
ST = e )
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1. B.O.E. showers ... (con’t)

e Transverse shower profile:  The transverse shower
profile is also a function of the shower age:

_ N(T) e " sas, 145 —5)
pe(r) = 2, '(Tm) '(Ha) 27T (s)T(4.5 — 2s)

where:

— pe(r) is the charged particle (e*) track
density /m?,

—the T' functions, etec, normalize [§° p.(r)2nrdr =
N.(T), and

— 7, 18 the Moliere radius (in meters) in air ~ 2 radi-
ation lengths above the experiment [with local tem-
perature T(K) and pressure P(mbar)|:

P(mbar) — 73.4-cosf 5
T(K) . ( ( P)(mbarj) )1./5.25 88

(P(mbar) — 73.4 - cosb)

rm(m) ~ 272.5-

The Moliere radius is the natural transverse scale set by multiple scat-

tering:
_ 21MeV

™'m = )

€erit (MGV)
where €. is the critical energy and Xy = 36.7gm/cm? is the radiation

length of air.
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Int[ rho(r) 2 pirdr]

2: A fraction of the signal hits the pond ...

Shower Integral Signal VS Distance from Core
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15 pe(r)2mrdr / Ne(T') for Tibet site (4500m)

e Low energy showers have a “large” age (s) ... and

e For high sites the Moliere radius (r,,) is also “large”
(~ 111m for Milagro and ~ 137m for Tibet).

e So most of the shower will be outside the
HAWC detector!
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2: A fraction of the signal hits the pond ... (con’t)

Shower Integral Signal/Root(area) VS Distance from Core
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1§ pe(r)2mrdr /y/area for Tibet site (4500m)

e The signal, [§ pe(r)2mrdr, increases slowly with radius
from the shower core (r)
e Assuming the “noise” IS proportional

to /# of PMTs then the “signal/noise” is approx-
imately constant for rZ50m

e In the B.O.E. model, a 200m x 200m detector
matches the brightest part of the shower!
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3: Tibet(4500m) : Milagro comparison

Ar Prassure, new tronsducer 2003
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Last year of pressure data from Milagro

e Average Milagro pressure ~ 740mbar
e Average Tibet (4300m) pressure ~ 605mbar

e Which I parameterized using the US Stan-
dard Atmosphere with 7., ;... = 300K giving:

Mzlagro
crpt A2 THT gm/cm?

- X Z;ﬁf Ha00m) . 603 gm/cm?

e Note: X,y varies by ~ +10 gm/cm? with season

- : Tibet(4500m Tbet(5000m
e And for comparison: Xegp ( ) _ Xeapt ( ) ~ 38

gm/cm?
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3: Tibet(4500m) :

Shower Integral Signal VS Distance from Core

Milagro comparison (con’t)
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1§ pe(r)2mrdr for 8 = 0° Tibet site (4500m)

e B.O.E. “electron” signals VS distance from the core for

30 GeV, 100 GeV, 300 GeV and 1000 GeV photon show-
ers at the Tibet site

e Also plotted are 300 GeV and 1000 GeV B.O.E. showers
at the Milagro site

e A 1000 GeV Milagro shower is brighter than
a 300 GeV Tibet(4500m) shower!
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3: Tibet(4500m) : Milagro comparison (con’t)

Shower Integral Signal VS Distance from Core
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I§ pe(r)2mrdr for § = 30° Tibet site (4500m)

e B.O.E. “electron” signals VS distance from the core for

30 GeV, 100 GeV, 300 GeV and 1000 GeV photon show-
ers at the Tibet site

e Also plotted are 300 GeV and 1000 GeV B.O.E. showers
at the Milagro site

e A 1000 GeV Milagro shower is the same as a
300 GeV Tibet(4500m) shower!
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3: Tibet(4500m) : Milagro comparison (con’t)

Shower Integral Signal VS Distance from Core
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1§ pe(r)2mrdr for 8 = 45° Tibet site (4500m)

e B.O.E. “electron” signals VS distance from the core for
30 GeV, 100 GeV, 300 GeV and 1000 GeV photon show-
ers at the Tibet site

e Also plotted are 300 GeV and 1000 GeV B.O.E. showers
at the Milagro site

e A 1000 GeV Milagro shower is fainter than a
300 GeV Tibet(4500m) shower!
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3: Tibet(4500m) : Milagro comparison (con’t)
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Eshower (GeV) versus cos(8) passing cut

o V" p.(r)2wrdr > lower thresholds

e The B.O.E. model predicts ~ 10x the signal for Ti-
bet(4500m) versus Milagro!
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3: Tibet(4500m) : Milagro comparison (con’t)
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130 po(r)2mrdr > higher thresholds

e Again the B.O.E. model predicts ~ 10x the signal for
Tibet(4500m) versus Milagro!
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3. Summary

e The BOE model is an (analytic) approximation for the
charged particle density in an average shower:

— while absolute predictions are probably
unreliable

— relative predictions should have some reli-
ability

e BOE predictions of p.(r) show that HAWC
Tibet(4500m) should have 3 ~ 10x the signal
of (HAWC at) Milagro:

— pe(r) for a Milagro 1 TeV shower ~ a Tibet(4500m)
300 GeV shower

— 139 pe(r)27mrdr for Tibet(4500m) showers is ~ 10x
that for Milagro showers of the same FEgpoper and
zenith angle

e The simplicity of BOE calculations allow quick compar-
isons with other candidate sites ...



