MUSE Simulations
Muon Decay In Flight

Steffen Strauch
University of South Carolina

MUSE Collaboration Meeting,
Washington, DC, Oct. 8-9, 2015



Muon decay in flight W —e +v,+v,

neutrinos

Suppression of background from
muon decay
> Target vertex cut

2\ > Time of flight
@
\"‘."’"4\
\.{‘;)
AN Vertex-time difference from path
‘\_,-)\ o
A\ lengths and measured times

-

& - i . : LS "
s ] . [y L%
a L . % 4+ %
Vv . . by -
£ : ¥ . LY 4
& z d [ %
il r . e % D
; -5 . . - R Y\ e
F ; ‘ i .-‘. !I v ! \\\ -_; 3
Vs 4 ’ hY %\ 3
T P » \ V RN, b ( g
¢ & - F . . ", & . E 5 ;.
A g 7 L SN ' sC BC
& — T A=t t
7 LY SC BC
b
' Y C

,'.',:‘r: L ﬁ C
~ muon decay L) g
¥ ‘_;‘ ‘.\ "\

. vertex v T

Cae |
assuming electron

after muon decay, e =1

! .
153 MeV/c muon beam \ pe At =0, for muon decay in target



Muon decay in flight — vertex-time difference
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Direct measurement of the muon decay in flight
background
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High fraction of scattering events are detectable
without significant background contribution

Vertex-time difference cut on
scattering event distribution

L momentum -0 < tsc - tac -30 < tsc - tac
115 MeV/c :iagcr;rffr(.i)?.O(o.O)% :Lgclc:rﬁ:sz?o(o,o)%

153 MeV/c :Lgclc;rﬁ?a(o-l)% flisitfgig:ﬁ):/:.e(o.z)%
210 MeV/e :Li’::.-:f::)?uo.Z)% Ziagclc;lrcl)ﬁgfx/;(ﬁ%

e The time-of-flight technique can reduce the muon-decay in flight background
to < 4% prior to any correction of subtraction.
e In practice, vary cut to optimize final uncertainties.



Time-of-Flight Informat
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Energy deposition of electrons and muons in the

scintillator bars differ slightly
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Paddle-number correlations
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Muon decay-in-flight events loose slightly their front-bar rear-bar
correlation; why?

Additional information, not yet included: bar multiplicity.



Neural Network

Normalized Input

@dVegexTimeSC2BCC Output

Trained with type = 0
for background and
type =1 for signal.
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High efficiency of the signal / background
discrimination for 115 MeV/c and 153 MeV/c settings
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High efficiency of the signal / background
discrimination for 115 MeV/c and 153 MeV/c settings
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Should we increase the flight path and push the rear wall further back?
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