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» L ocated 2km deep underground
= Acrylic vessel 12m in diameter

* Filled with 1,000 metric tonnes
(2240 Ib) of ultra-pure heavy water
(D,0)

» Fully resolved the solar neutrino
problem in 2002
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The Three Phases of SNO

= Pure D,O phase
(completed June 2001)

Ingredients: ultra-pure D,0O

= Salt phase
(completed Sept. 2003)
Ingredients: add salt

= NCD phase

(in progress)

Ingredients: first, magically
remove the salt, then add 3He




And now a word on Muon
FOIIowers (one or more)

u+d—-pu+n+X
What are they? (X is the recoil nucleus)

u+%0 —-pu+n+X

o

(one or more)

The goal: to determine the capture efficiency for
both low and high energy neutrons as a function
of radius

“And everywhere the muon went, the muon went, the muon went.

’7 Everywhere the muon went, the neutron was sure to follow.” YB



An illustration of neutron capture
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° Cerenkov light

n+d>xt+y

acrylic vessel

n + 3°C| #5C| + 2y

u+d—-u+n+X

(X I$ the recoil nucleus)
u+1%0 —-pu+n+X

Note: Drawing not to scale



Muon Energy Spectrum
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If the function fits...

The fitting function:

F(x)=ae ™ /x+ce ™ + fxe ®

with a = 2.41231E4, b = 1.57581E-4,
c =7.69494E3, d = 2.81733E-3,
f=-1.89793E1, and g = 4.23727E-3,

provides a fit with a chi square/degree
of freedom of 1.0908.

No. of Muons

7 .
(= Ag7
:_J\ {r.i;/'@
7
=y
| B
| TR
Tk
%4 )
oy
=
An Object-Oriented ‘1/’/

_II L1l Ll 1 1 L1l |
0 1ﬂﬂ|} 2000 3000 400!‘1 5000 Eﬂnl} Tﬂﬂl] 8000 9000 10000
Muon energy (GeV)




.Use it

The spallation neutron energy depends on the muon
energy in the following way:

7 En
. = A(e - B(EW)e”"™")

dEn En
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= Compare low and high
energy neutrons for Pure
D,O and Salt phases

= Use SNOMAN, the SNO
Monte carlo and ANalysis
program, which simulates
event by event in the SNO
detector

From the SNOMAN
companion 5.00
website



Hey neutron capture, what is your
efficiency rate?
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7 2 D :
[ 135.96
spallation, Salt 212, 0.463736 | 0.3797
l 50.8892
low energy, Salt 212, 0.670514 | 0.4245
l -57.3297

Parameter values for R fixed.




585.625

R

spallation, Salt 212, 0.459867 | 0.3675
[ 48.8738
R 593.317

low energy, Salt PIPIN 0.659948 | 0.3721
[ -50.5529
R 590.287

Parameter values for R not fixed.







SUMMARY

* Muons and muon followers with the proper energy
distributions produced

= Capture efficiencies for spallation and low energy
neutrons have been produced and parameterized

= They have been compared for both the Pure D,O
and Salt phases of SNO using an isotropic volume
neutron source

* The relative efficiencies have been tested using a
point neutron source at the center

» Further investigation on the absolute efficiencies
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HE CHALLENGES!
HE IMAGINES S

TS A NEW {EMR.. HE INVENTS/
A HEW BEGINMINGS

HEW POSSIBILITIES !
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