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& Characteristic of injected beam at inflector exit

& Determined by momentum acceptance of ring

Crnkovic et al. doc-db 3477

Differential Decay and Spin-Coordinate Correlation
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& Characteristic of injected beam at inflector exit. 
Correlations arise in pion decay channel

Propagate distributions generated by Diktys and Eremey to inflector exit.
Create 2 dimensonal arrays 𝑁 𝜙, 𝑥!"# , 𝑁 𝜙, 𝑥′!"#
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Track particles with temporal distribution as per measured T0 through  the injection channel and into the ring
• Peak kicker field is 264 G (Run3b-4)

• Use measured kicker and muon pulses
• Assemble 2 dimensional arrays of particles that survive at least 4 us,  𝑁 𝑥!"# , 𝛿 and 𝑁(𝑥!"#& , 𝛿)

4

Particle tracking to construct ,  𝑁 𝑥012, 𝛿 and 𝑁(𝑥0123 , 𝛿)
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5

Track particles (Diktys distribution) through  the injection channel and into the ring (created)
• Peak kicker field is 264 G (Run 3b-4), Measured kicker pulse shape. 
• Compute offset and angle at inflector vs fractional momentum offset for particles that survive at least 4 us
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𝒅𝒙𝒊𝒏𝒇
𝒅)

[m]
𝒅𝒙&𝒊𝒏𝒇
𝒅)

[rad]
𝒅𝝓
𝒅𝒙𝒊𝒏𝒇

[
𝐫𝐚𝐝
𝐦
]

𝒅𝝓
𝒅𝒙′𝒊𝒏𝒇

𝒓𝒆 [mm] 𝝈𝒓 [mm] 𝒅 𝜸
𝒅𝒕

×𝟏𝟎&𝟕/𝝁𝒔 Bkick [G] Kick delay [ns] 𝚫𝐁
𝐁𝐢𝐧𝐟

[%] Beamline 
Distribution

0.58 ± 0.04 0.26 ± 0.03 0.86 ± 0.14 0.87 ± 0.26 5.6 8.9 5.702 224 180 0 Eremey

0.55 ± 0.04 0.22 ± 0.03 0.86 ± 0.14 0.87 ± 0.26 2.6 9.1 6.016 264 180 0 Eremey

0.64 ± 0.06 0.25 ± 0.03 0.86 ± 0.14 0.87 ± 0.26 1.8 9.2 6.017 264 210 0 Eremey

0.53 ± 0.06 0.26 ± 0.05 0.97 ± 0.13 1.26 ± 0.24 1.3 8.9 5.708 264 210 0 Diktys

0.47 ± 0.05 0.17 ± 0.02 0.77 ± 0.14 0.93 ± 0.20 2.6 9.3 6.228 264 210 +1 Eremey

0.73 ± 0.08 0.30 ± 0.06 0.97 ± 0.11 1.09 ± 0.30 1.4 8.5 5.209 264 210 -1 Eremey

Dependence on kicker field,timing, inflector field, beam line distribution ?
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There is a correlation between the signs of Δ "x , !xµ , and 

ΣT  due to the correlation between pµ
T  and ΣT . The cor-

relations between spin and the transverse coordinates 
decrease as the distance between the magnets decreases. 

 
Figure 1: Cartoon illustrating the correlation between 

muon momentum and spin in the pion rest frame. 

 
 
Figure 2: BNL x - !x  phase-space admittance in the cen-
ter of a FODO horizontally defocusing quadrupole mag-
net. The Δ "x  is shown for a central momentum pion de-

caying to a magic momentum muon in the horizontal 
plane. The signs of !xµ  and ΣT  are correlated. 

 The BNL experiment rejected pions just before beam 
injection into the storage ring, where this also rejected the 
muons with Θ ≈ 0! . The FNAL experiment beamline beta 

functions are smaller than for the BNL experiment, and 
effectively all of the pions will decay before beam injec-
tion into the storage ring. The inclusion of the Θ ≈ 0!  
muons increases the muon storage efficiency and dimin-
ishes the spin and transverse coordinate correlations. 

MC SIMULATION ESTIMATIONS 
A MC simulation of the muon beam just after injection 

into the muon storage ring exists for the BNL experiment. 
MC simulations of the muon beam are presently under 
development for the FNAL experiment. 

The muon z-x spin angle is φa = tan
−1 Σµ

x / Σµ
z( ) . A se-

lection cut of ±1 % Δp / p
 
with respect to the magic 

momentum is applied to the simulation data. The spin 
angle vs. x  or !x  are shown in Figs. 3 and 4. The correla-
tions are an order if magnitude greater for the BNL exper-
iment compared to the FNAL experiment. 

CONCLUSIONS 
The BNL and FNAL beamlines produce muon spin and 

transverse coordinate correlations. The FNAL experiment 
is found to have correlations that are consistent with zero 
or small compared to the correlations for the BNL exper-
iment. These correlations will produce a differential de-
cay systematic error in the measurement of the muon 
anomalous magnetic moment [5]. These systematic ef-
fects are presently being calculated for the FNAL experi-
ment, while they have already been estimated as being 
small compared to the BNL experiment total systematic 
error. 
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<latexit sha1_base64="kC2AczMbLoivMuYTr+Zjus2/HUw=">AAACE3icbVDLSsNAFJ3UV62vqks3wSK4ahOp6LLoxmUF0xaaUG4mk3boZBJmJoUS+hOCK/0Td+LWD/BHXDtNI2jrgYFzz72He+f4CaNSWdanUVpb39jcKm9Xdnb39g+qh0cdGacCEwfHLBY9HyRhlBNHUcVILxEEIp+Rrj++nfe7EyIkjfmDmibEi2DIaUgxKC313IAwBQM6qNasupXDXCV2QWqoQHtQ/XKDGKcR4QozkLJvW4nyMhCKYkZmFTeVJAE8hiHpa8ohItLL8ntn5plWAjOMhX5cmbn625FBJOU08vVkBGokl3tz8b9eP1XhtZdRnqSKcLxYFKbMVLE5/7wZUEGwYlNNAAuqbzXxCARgpSOquLkxazhSV40AJjRoJJDMi59MZzooezmWVdK5qNvN+uV9s9a6KSIroxN0is6Rja5QC92hNnIQRgw9omf0YjwZr8ab8b4YLRmF5xj9gfHxDS/cnwU=</latexit>

xj

<latexit sha1_base64="tf1nVJxAS6VXoYJFfRKD0iDkPqg=">AAACD3icbVDLSgMxFM3UV62vqks3wSK4amekosuiG5cV7APaoWQymTY2kwlJpliG/oLgSv/Enbj1E/wR12amI2jrgcC5597DvTmeYFRp2/60Ciura+sbxc3S1vbO7l55/6Ctolhi0sIRi2TXQ4owyklLU81IV0iCQo+Rjje+TvudCZGKRvxOTwVxQzTkNKAY6VSCD4P7QbliV+0McJk4OamAHM1B+avvRzgOCdeYIaV6ji20myCpKWZkVurHigiEx2hIeoZyFBLlJtmtM3hiFB8GkTSPa5ipvx0JCpWahp6ZDJEeqcVeKv7X68U6uHQTykWsCcfzRUHMoI5g+nHoU0mwZlNDEJbU3ArxCEmEtYmn1M+MSa2lTFXz0YT6NYFEWvzkOTNBOYuxLJP2WdWpV89v65XGVR5ZERyBY3AKHHABGuAGNEELYDACj+AZvFhP1qv1Zr3PRwtW7jkEf2B9fAOWgZ0Q</latexit>

�2 = ⌃i(⌃jNij [xj � (a+ b�i)])
2

<latexit sha1_base64="ibxmhcAekrzbGV/yls74eTrZCYc="></latexit>

x0
j

<latexit sha1_base64="dHiX0KnvkU/XXvuWmITodslbkcU=">AAACFXicbVC7TsMwFHXKq5RXgZElokJiahNUBGMFC2OR6EM0oXIcpzV1HMt2Kqqof4HEBH/ChliZ+RFmnDRI0HIkS+eee4/u9fE4JVJZ1qdRWFpeWV0rrpc2Nre2d8q7e20ZxQLhFopoJLoelJgShluKKIq7XGAYehR3vNFl2u+MsZAkYjdqwrEbwgEjAUFQaen24c7hgoS4f98vV6yqlcFcJHZOKiBHs1/+cvwIxSFmClEoZc+2uHITKBRBFE9LTiwxh2gEB7inKYMhlm6SXTw1j7Tim0Ek9GPKzNTfjgSGUk5CT0+GUA3lfC8V/+v1YhWcuwlhPFaYodmiIKamisz0+6ZPBEaKTjSBSBB9q4mGUECkdEglJzMmtZbUVc2HY+LXOORp8ZPqVAdlz8eySNonVbtePb2uVxoXeWRFcAAOwTGwwRlogCvQBC2AAAOP4Bm8GE/Gq/FmvM9GC0bu2Qd/YHx8AwVQoAM=</latexit>

Minimize              with respect to a, and b �2

<latexit sha1_base64="xTGomDV9qXvdfki87SHV6Xr+TlE=">AAACEXicbVDLSsNAFJ3UV62vqks3g0Vw1SZS0WXRjcsKpi00sUwmk3bsZBJmJoUS+g+CK/0Td+LWL/BHXDtJI2jrgYFzz72He+d4MaNSmeanUVpZXVvfKG9WtrZ3dveq+wcdGSUCExtHLBI9D0nCKCe2ooqRXiwICj1Gut74Out3J0RIGvE7NY2JG6IhpwHFSGmp4+ARvT8bVGtm3cwBl4lVkBoo0B5Uvxw/wklIuMIMSdm3zFi5KRKKYkZmFSeRJEZ4jIakrylHIZFuml87gyda8WEQCf24grn625GiUMpp6OnJEKmRXOxl4n+9fqKCSzelPE4U4Xi+KEgYVBHMvg59KghWbKoJwoLqWyEeIYGw0gFVnNyYNmypq4aPJtRvxCjOip9EZzooazGWZdI5q1vN+vlts9a6KiIrgyNwDE6BBS5AC9yANrABBg/gETyDF+PJeDXejPf5aMkoPIfgD4yPbyEmneM=</latexit>

Slope = b

<latexit sha1_base64="rYgrYpBOk/OCMiTYQMECuMv9obA=">AAACDHicbVDLSgMxFM34rPVVdekmWARX7YxUdFl047IFpy20Q8lkMm1oJhOSTKEM/QLBlf6JO3HrP/gjrs1MR9DWA4Fzz72He3N8wajStv1pra1vbG5tl3bKu3v7B4eVo+OOihOJiYtjFsuejxRhlBNXU81IT0iCIp+Rrj+5y/rdKZGKxvxBzwTxIjTiNKQYaSO1/WGlatfsHHCVOAWpggKtYeVrEMQ4iQjXmCGl+o4ttJciqSlmZF4eJIoIhCdoRPqGchQR5aX5oXN4bpQAhrE0j2uYq78dKYqUmkW+mYyQHqvlXib+1+snOrzxUspFognHi0VhwqCOYfZrGFBJsGYzQxCW1NwK8RhJhLXJpjzIjWndVaaqB2hKg7pAIit+wpyboJzlWFZJ57LmNGpX7Ua1eVtEVgKn4AxcAAdcgya4By3gAgwIeATP4MV6sl6tN+t9MbpmFZ4T8AfWxzd/Ppvz</latexit>

Propagate distribution into ring

12 December 2022 D. Rubin
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/nfs/gm2/data2/dlr10/g-2/mytest/energy_vs_time_vs_turn/config_034
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Track particles (Eremey) with temporal distribution as per measured T0 through  the injection channel and into the ring
• Peak kicker field is 264 G (Run 3b-4), Measured kicker pulse shape
• Compute offset and angle at inflector vs fractional momentum offset for particles that survive at least 4 us

config_034

⇢x(x, �)

<latexit sha1_base64="Q+8ui9wF6HWIkSAMdIQjPYgJEa4=">AAAB+XicbVDLSsNAFJ34rPUVdelmsAgVpCRS0WXRjcsK9gFNCJPJpB06mQkzk9IS+iduXCji1j9x5984bbPQ1gMXDufcy733hCmjSjvOt7W2vrG5tV3aKe/u7R8c2kfHbSUyiUkLCyZkN0SKMMpJS1PNSDeVBCUhI51weD/zOyMiFRX8SU9S4ieoz2lMMdJGCmzbkwMRjKvjSy8iTKOLwK44NWcOuErcglRAgWZgf3mRwFlCuMYMKdVznVT7OZKaYkamZS9TJEV4iPqkZyhHCVF+Pr98Cs+NEsFYSFNcw7n6eyJHiVKTJDSdCdIDtezNxP+8XqbjWz+nPM004XixKM4Y1ALOYoARlQRrNjEEYUnNrRAPkERYm7DKJgR3+eVV0r6qufXa9WO90rgr4iiBU3AGqsAFN6ABHkATtAAGI/AMXsGblVsv1rv1sWhds4qZE/AH1ucP3O6TKg==</latexit>

⇢x0(x0, �)

<latexit sha1_base64="CdabZDl7qIddiF75Fe/n8mgoXA8=">AAACCXicbZDLSsNAFIYnXmu9RV26GSxCBSmJVHRZdOOygr1AE8NketIOnVyYmYgldOvGV3HjQhG3voE738ZpG0Fbfxj4+M85nDm/n3AmlWV9GQuLS8srq4W14vrG5ta2ubPblHEqKDRozGPR9okEziJoKKY4tBMBJPQ5tPzB5bjeugMhWRzdqGECbkh6EQsYJUpbnokd0Y+97P7WSQQLYVT+oWOnC1yRI88sWRVrIjwPdg4llKvumZ9ON6ZpCJGinEjZsa1EuRkRilEOo6KTSkgIHZAedDRGJATpZpNLRvhQO10cxEK/SOGJ+3siI6GUw9DXnSFRfTlbG5v/1TqpCs7djEVJqiCi00VByrGK8TgW3GUCqOJDDYQKpv+KaZ8IQpUOr6hDsGdPnofmScWuVk6vq6XaRR5HAe2jA1RGNjpDNXSF6qiBKHpAT+gFvRqPxrPxZrxPWxeMfGYP/ZHx8Q3fPJpw</latexit>

hx0(�)i =
R
⇢(x0, �)x0dx0
R
⇢(x0, �)dx0

<latexit sha1_base64="uZud/S9T0gAZGO0HzgdwskyGG+0="></latexit>

hx(�)i =
R
⇢(x, �)xdxR
⇢(x, �)dx

<latexit sha1_base64="HTy4wGg+W+Lzpl/P9YyEFoFMJOo="></latexit>
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Shift kicker time 30ns earlier
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13config_36 

Kick start time 30ns earlier and Bkick = 224 G (vs 264 G)
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14config_37

Increase inflector 1% (start time =210ns, Bkick =264G
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