
Beam and Ring Measurements

Mike Syphers 
Northern Illinois University 

Fermilab 

USPAS 2019 Winter Session 
January 2019



• The field team is doing a great job of making the magnetic 
field more uniform, but we actually want to know the average 
field for a wiggle-plot muon.

• So we need to convolute map with muon distribution.

• Beam location affects the choices of which multipoles to focus 
on squashing

Why am I here?
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Reconstructed Decays

Field Quality
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Next few slides and information are from 
James Mott, Joe Price & Tracker Team  
g-2 Field Meeting – 03/08/18 



Typical Beam Signals
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What does the tracker measure?
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• We take e+ hits from 
tracker and reconstruct 
track parameters at 
entry point:

Ptot, Px, Py, x, y, t
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Beam Distribution:
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Flattening down reconstructed position 
to radial and vertical

All times in these plots

Radial position is clearly much higher 
than we want – we don’t store lower 
momentum muons
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What do we see radially?
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Mean

Width

Radial position vs time

Leading contribution to width of radial 
distribution is CBO

Many different momenta (average 
radii) with different amplitudes for each
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Hitting a moving target: CBO Amplitude
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CBO amplitude also decreases over time:
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What do we see vertically?
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• Haven’t seen the vertical CBO, but we do see scraping at early times

Two vertical means don’t line up – is this misalignment, radial field, something else?

Station 18Station 12

Scraping Scraping



Tune Measurements
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Soutenance de thèseAntoine Chapelain 20 juin 2014               7Tunes measurement w/ Fiber HarpsAntoine Chapelain April 26, 2018        7

Radial tune

7rst order polynomial 7t

Soutenance de thèseAntoine Chapelain 20 juin 2014               8Tunes measurement w/ Fiber HarpsAntoine Chapelain April 26, 2018        8

Vertical tune

square root 7t

uncertainties smaller than the points
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Soutenance de thèseAntoine Chapelain 20 juin 2014               9Tunes measurement w/ Fiber HarpsAntoine Chapelain April 26, 2018        9

2D tune plane

square root 7t

Soutenance de thèseAntoine Chapelain 20 juin 2014               10Tunes measurement w/ Fiber HarpsAntoine Chapelain April 26, 2018        10

Field index

continuous quad approx.



Measured Momentum Distributions
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11/30/18 Alex Keshavarzi | Fast rotation summary10

The Fourier transform (FT) approach
Produce FR spectrum

Produce frequency distribution
w/ !" optimization

Produce radial distribution
and estimate #$

Partial-time Fourier analysis approach possible because in a weak focusing ring: 
Frequency ↔ Radius

From Antoine:

Parabola correction term to account 
for missing time between !" → !&



Gas Scattering Verification
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from Sudeshna, 
et al.



A Wiggle Plot
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(5-parameter fit)
N(t) = ( N0

τ ) e−t/τ [1 − A cos(ωat + ϕ]



Systematic:  E-Field Contribution
§ Important to tabulate and tackle the various systematic errors present in 

the data analysis in the determination of a 
§ Example:  Not all (any?) muons are at the magic momentum, so a 

momentum offset or an asymmetry in the momentum distribution can 
generate a systematic error: 

§ Hence, precise determination of the momentum distribution for each store 
is important

!13M. Syphers          USPAS — Precision Storage Ring     January  2019

xe = D · �p

p
<latexit sha1_base64="cBLWepLdSWxbU2PpHmPXd/4bM4c=">AAACB3icbZA7SwNBEMfnfBtfUUtBFkWwCnc22ohBLSwjmETIhbC3mYuLew9258RwBCxs/Co2ForY+hG0s/KruHkUvv6w8OM/M8zOP0iVNOS6H87Y+MTk1PTMbGFufmFxqbi8UjNJpgVWRaISfR5wg0rGWCVJCs9TjTwKFNaDy6N+vX6F2sgkPqNuis2Id2IZSsHJWq3i+nUL2T479kU7IT/UXOT+MSriLO3laa9V3HRL7kDsL3gj2CwffL7dAEClVXz324nIIoxJKG5Mw3NTauZckxQKewU/M5hycck72LAY8whNMx/c0WNb1mmzMNH2xcQG7veJnEfGdKPAdkacLszvWt/8r9bIKNxr5jJOM8JYDBeFmWKUsH4orC01ClJdC1xoaf/KxAW3YZCNrmBD8H6f/BdqOyXP8qlN4xCGmoE12IBt8GAXynACFaiCgFu4h0d4cu6cB+fZeRm2jjmjmVX4Ief1CwmKm7M=</latexit><latexit sha1_base64="PQUvo/NGmcp5TzdZOKEek+22zgY=">AAACB3icbZC7SgNBFIZnvcZ4i1oKMhgEG8OujWnEoIKWCkYD2WWZnZzVwdkLM2clYUln46vYWChi6yNoZ+WrOLkUmvjDwMd/zuHM+YNUCo22/WVNTE5Nz8wW5orzC4tLy6WV1UudZIpDnScyUY2AaZAihjoKlNBIFbAokHAV3B716ld3oLRI4gvspOBF7DoWoeAMjeWXNto+0H167PJWgm6oGM/dY5DIaNrN065fKtsVuy86Ds4QyrWD74/2TvXkzC99uq2EZxHEyCXTuunYKXo5Uyi4hG7RzTSkjN+ya2gajFkE2sv7d3TplnFaNEyUeTHSvvt7ImeR1p0oMJ0Rwxs9WuuZ/9WaGYZVLxdxmiHEfLAozCTFhPZCoS2hgKPsGGBcCfNXym+YCQNNdEUTgjN68jhc7lYcw+cmjUMyUIGsk02yTRyyR2rklJyROuHknjySZ/JiPVhP1qv1NmidsIYza+SPrPcf5HicVw==</latexit><latexit sha1_base64="PQUvo/NGmcp5TzdZOKEek+22zgY=">AAACB3icbZC7SgNBFIZnvcZ4i1oKMhgEG8OujWnEoIKWCkYD2WWZnZzVwdkLM2clYUln46vYWChi6yNoZ+WrOLkUmvjDwMd/zuHM+YNUCo22/WVNTE5Nz8wW5orzC4tLy6WV1UudZIpDnScyUY2AaZAihjoKlNBIFbAokHAV3B716ld3oLRI4gvspOBF7DoWoeAMjeWXNto+0H167PJWgm6oGM/dY5DIaNrN065fKtsVuy86Ds4QyrWD74/2TvXkzC99uq2EZxHEyCXTuunYKXo5Uyi4hG7RzTSkjN+ya2gajFkE2sv7d3TplnFaNEyUeTHSvvt7ImeR1p0oMJ0Rwxs9WuuZ/9WaGYZVLxdxmiHEfLAozCTFhPZCoS2hgKPsGGBcCfNXym+YCQNNdEUTgjN68jhc7lYcw+cmjUMyUIGsk02yTRyyR2rklJyROuHknjySZ/JiPVhP1qv1NmidsIYza+SPrPcf5HicVw==</latexit><latexit sha1_base64="m4YB/T6xqzyvSqN8opNh+zfu6YU=">AAACB3icbZC7SgNBFIZnvcZ4i1oKMhgEq7Bro40QNIVlBHOBbAizk7PJkNkLM2fFsGxn46vYWChi6yvY+TZOki008YeBj/+cw5nze7EUGm3721paXlldWy9sFDe3tnd2S3v7TR0likODRzJSbY9pkCKEBgqU0I4VsMCT0PJG15N66x6UFlF4h+MYugEbhMIXnKGxeqWjhx7QS1pzeT9C11eMp24NJDIaZ2mc9Uplu2JPRRfByaFMctV7pS+3H/EkgBC5ZFp3HDvGbsoUCi4hK7qJhpjxERtAx2DIAtDddHpHRk+M06d+pMwLkU7d3xMpC7QeB57pDBgO9XxtYv5X6yToX3RTEcYJQshni/xEUozoJBTaFwo4yrEBxpUwf6V8yEwYaKIrmhCc+ZMXoXlWcQzf2uXqVR5HgRySY3JKHHJOquSG1EmDcPJInskrebOerBfr3fqYtS5Z+cwB+SPr8wdp2pkE</latexit>

here, n = “field index” of the weak-focusing system
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Systematic:  Pitch Correction
§ Betatron oscillations lead to terms in the spin precession in which  

• in particular, the vertical oscillations can contribute to the spin precession in 
the horizontal plane 

§ Due to vertical betatron oscillations we would have
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Resonances and Losses
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Effect of EQS (Electro Static Quadrupoles) Scraping on 
Lost Muons

• The EQS scraping reduces lost muons

during the measurement period

• The storage ring horizontal and vertical

tunes are determined by the EQS

operating voltages

• Storage ring betatron resonances

increase the number of lost muons

Without scraping

With Scraping

v D.Tarazona showed that 18.8 kV; 3!y
= 1 resonance is dominated by
magnetic skew sextupole with N=1

v Resonance b/w 16.5kV and 17kV
seems to be driven by a skew
sextupole with different N

v Lost muon rate is lower with scraping
on compared to no scraping away
from resonance, but it is higher on
resonance

Lost muon doubles vs. quad HVPS set-points for t > 30μs

after injection, with scraping and without scraping.

Sudeshna Ganguly, UIUC 17

from Sudeshna, 
et al.

N(t) = ( N0

τ ) e−t/τ [1 − A cos(ωat + ϕ]

must modify, 
since rate at 
which particles 
are lost is 
governed by 
other than decay



Loss Simulations
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Resonances – Driving Terms
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s)µlost muons (sim) vs. HV[kV] (t=121-186

!"# − %"& = (
from electric 

normal 20th-pole 

)"& = *
from magnetic 
skew sextupole

!"# + %"& = ,
from electric 

normal 20th-pole

(?)

- Peaks at ~16.8kV and ~21.1kV do not show up for simulations without the electric 
normal 20th-pole at ESQs.

- Peak at ~18.6kV does not appear for simulations with perfect magnetic field. It does 
show up for sim. with measured magnetic skew sextupole only.

- Peak at ~13.1kV does not appear for simulations where all muons travel at magic 
momentum. What is driving this resonance?

muons

vertical

EQS

resonances

Without scraping

With Scraping

!
by

kV

scraping
away

Lost muon doubles vs. quad HVPS set-points for t > 30μs

after injection, with scraping and without scraping.

D. Tarazona, MSU


