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Muon Beam Position Determination

Muon Decay Coordinates Determination

Muon Beam Velocity Determination

Corresponding Rotation Operator Calculation

Boosting to nuSTORM Reference Frame



Muon decay coordinates



Muon Storage Ring

Figure: Muon Storage Ring



Position of the beam

Production Straight:
X = 0; Y = 0; Z = Longitudinal position along the beam

Arc 1:
X = -(r-r cosθ); Y = 0; Z = Production Straight Length+r sinθ

Return Straight:
X = -2r; Y = 0; Z = Production Straight Length - ( Longitudinal
position along the beam - Arc Length - Production Straight
Length)

Arc 2:
X = -(r-r cosθ); Y = 0; Z =r sinθ



Position of the Beam

Figure: Position of the beam



Muon Decay Coordinates

Xm = Xb + Xt cosθ
Ym = Yt ; (Yb = 0)
Zm = Zb + Xt sinθ

X, Y, Z –> nuSTORM reference frame coordinates
Xb, Yb, Zb –> Position of the beam
Xt, Yt –> Transverse displacements of the muon from the beam
Xm, Ym, Zm –> Muon Decay Coordinates



Muon Decay Coordinates

Figure: Muon Decay Coordinates



Muon Decay Coordinates

Figure: Transverse Coordinates



Boosting to nuSTORM frame



Boost in an arbitrary direction [2]

X′ = B(v) X

X′=4-vector observed from muon reference frame
X= 4-vector observed from nuSTORM reference frame
v = the velocity of the muon observed from the nuSTORM frame

B(v) =



γ −γvx/c −γvy/c −γvz/c

−γvx/c 1 + (γ − 1)v
2
x
v2 (γ − 1)vxvyv2 (γ − 1)vxvzv2

−γvy/c (γ − 1)vyvxv2 1 + (γ − 1)
v2
y
v2 (γ − 1)vyvzv2

−γvz/c (γ − 1)vzvxv2 (γ − 1)vzvyv2 1 + (γ − 1)v
2
z
v2





Beam velocity in the storage ring

vy=0

v=vzẑ+vxx̂

B(v) =


γ −γvx/c 0 −γvz/c

−γvx/c 1 + (γ − 1)v
2
x
v2 0 (γ − 1)vxvzv2

0 0 1 0

−γvz/c (γ − 1)vzvxv2 0 1 + (γ − 1)v
2
z
v2


The motion of the beam is assumed to be confined in the ZX
plane of the nuSTORM reference frame.



Velocity of the Beam

Figure: Velocity of the beam



Velocity of the beam

v = vzẑ + vxx̂

vz = v cosθ

vx = -v sinθ

B(v) =


γ γ vcsinθ 0 −γ vccosθ

γ vcsinθ 1 + (γ − 1)sin2θ 0 −(γ − 1)sinθcosθ
0 0 1 0

−γ vccosθ −(γ − 1)sinθcosθ 0 1 + (γ − 1)cos2θ





Rotation matrix

B(v)= R−1(θ)Bz(v)R(θ)

Ry(θ) =


1 0 0 0
0 cosθ 0 sinθ
0 0 1 0
0 −sinθ 0 cosθ



Bz(v)=


γ 0 0 −γv/c
0 1 0
0 0 1 0

−γv/c 0 0 γ





Boosting from muon rest frame to nuSTORM
frame

X′ = B(v) X

X′=R−1(θ)Bz(v)R(θ)X

X=R−1(θ)Bz
−1(v)R(θ)X′



Algorithm



Algorithm

Number of turns calculation (Optional)
Determination of where the beam is (Production Straight,
Arc1, Return straight or Arc2)
Determination of the angle between the beam velocity and
nuSTORM Z axis.
Calculation of corresponding rotation operator
Calculation of the beam position coordinates
Obtaining the transverse coordinates
Calculation of the muon decay coordinates
Calculation of beam momentum and muon decay
momentum (Yet to be implemented)



Plots



Longitudinal position distribution
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Figure: s distribution for 10 trips around the storage ring



Electron energy distribution
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Figure: Electron energy distribution



Electron-Neutrino Energy Distribution
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Figure: Electron-Neutrino Energy Distribution



Muon-Neutrino Energy Distribution
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Figure: Muon-Neutrino Energy Distribution



Longitudinal position distribution for infinite
lifetime
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Figure: s distribution for infinte lifetime



Thanks!
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