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Electric field and vertical pitching motion systematically shift o,

How do we determine that shift ?

» Origin of Efield and pitch contributions
* Approximate Formulation — How do we quantify the effects?
* g-2 Ring model dependent uncertainties
* Measurement
o Methods
o Results
o Uncertainties
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What is the contribution of electric field and pitch to the measured precession frequency?

We measure the rate of change of the projection of the polarization on the velocity

1 . . ) m2c2 Jackson

E(/B . S) — _%SJ_ . |:a/l“6 X B —|— (a//,b — p2 ) 6E] (11171)

In a uniform field where B = BzZ B = qAb and E =0,
z

s = |s|(cos wutp — sinw,te) P
¢
si =s—(B-s)-B=|s|coswgtp
B-s=—|s|sinwgt 0
e
a — —B
W — a,
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Pitch is that component of velocity parallel to B

,3 = COS ¢g§ + sin Yz

How much is the frequency shifted due to the pitch?

s| — |s|cos(wg + Aw)tp

B-s — —|s|sin(w, + Aw)t
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y Pitch and o,

By

° Y = 1po sin ¢

The vertical motion is modulated by the quad electric field

If there were no magnetic field, projection of polarization on velocity is constant

At the magic momentum d(ﬂd' s) —0
t

The out of horizontal plane component of S follows the out of plane component of,@
w, |s always in the plane defined by B and ,3
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Substitute the ‘unperturbed’ solution into our differential equation
d ) N
- (—Is[sin(wa + Aw)t) = —%|s| cos(wa + Aw)tp - |a,(|B|(cosyp + sinvg)]

d , e
%|s| sin(w, + Aw)t) = %\s\ cos(wg + Aw)t [a,(|B|cos )]

d
©(Is]sinwa + Aw)t) = - [s] cos(ua + Aw)t a,([B] — [BI(1 — cos )

Wa+Aw = —[a,(IB| = [B|(1 = cos )]

mc

(Aw) = — [a,(~[B(1 — cos ¥))]

mc

Aw,, B A a 1
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How do we measure ¢ ?

If motion (quad field) is linear

Average over all ¢ for a
given amplitude a
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Pitch
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True for any muon ?
on momentum, pitch

O d P
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For any muon in a distribution we can compute —(1 — |3 x B|) to determine
the contribution of pitching motionto Wy,
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What about our assumption of linear and continuous quads, in perfect alignment,

with uniform voltage?

Test in simulation

AVp == 5% Vo

For each of 1280 permutations of plate offsets and
voltage errors, inject and track a distribution of muons

C,(truth) = —(1 — |8 x B|)

Cp(linear) = niy’)

o 2
2R2
l (AC,) = (Cp(linear)) — (Cp(truth))
300
all permutations | " lineartruth =
<ACp> = 1.77 ppb —
250 |- 0a=1.25ppb ,g
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< g
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Pitch and acceptance

The maximum pitch angle is determined by the physical aperture (collimators)
The average pitch correction for the distribution depends on the vertical
acceptance of the detector

If aperture is 45mm then

<Cp> vs acceptance
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- O . 1 8 ..Jefield_pitch_config_35us_start/ref/pitch_vs_offset.dat
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y = /ap cos ¢

We measure vertical position. We prefer vertical amplitude

Timl spent at each position

(same as decay distribution) Next few slides courtesy J. Mott
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Entries

Toy MC: Amplitudes to Positions

Distribution of amplitudes

v

Distribution of measured positions
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Toy MC: Simple Calo Acceptance

Suppose this box function defines the calo acceptance

Acceptance

0.81—
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0.21—

P A TP PN I TS T PP PP [
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Vertical Position [mm]
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Toy MC: Simple Calo Acceptance

Imagine a calo acceptance of +/- 20 mm

Measured position distribution < > Amplitude distribution
%000[—— | mnido:
Beam :
C, =191 ppb -
b Calo Measured C, =191 ppb
Co =135 ppb : C_=170 ppb
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Toy MC: Realistic Calo Acceptance

More realistic calo acceptance:

Acceptance

0.21—
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Vertical Position [mm)]

Uses gm2ringsim (gas gun) and E > 1700 MeV. All the calos combined.
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Entries
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Toy MC: Realistic Calo Acceptance

Effect is the same as before, but more subtle.

0’
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<a> accounts for all angles
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Beam
Calo Measured

|
C, =191 ppb
C, =183 ppb

\

This is wrong

llllIllllllllllllll]llllll
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|

Decay Position [mm]
<y?> underestimates angles and C,

In this made up toy MC case, we’re only off by 5 ppb
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Calo Acceptance & Weighting

* |If we have a betatron amplitude, we can calculate its appropriate
weighting based on the calo acceptance maps

 We just need to multiply the two distributions together to get how often
the muon decays as seen by calos:
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For any given betatron amplitude, A, we can compute probability of measuring
a particular positiony

x10° x10°
éooo— - 2 f
c - < 3501—
A w b
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. Single amplitude Digtribution of amplitudes
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Probability that amplitudeAi lands at position Y is ﬁij

If there are fz entries in amplitude bin 2 then there will be Nf,;j — Bij fz
entries in position binj

Summing over amplitude bins Nj — E B’LJ fz
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We want to determine the number of entries fz in each amplitude bin Ai based
on the number of entries in position bins Nj

2
Measure Nj- Computeﬁij.And minimize X to determine fz

X2 Z Zz (5ijfi - Nj)2

O'2
j N
Works just great with Toy MC
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Data: Amplitude Extraction in Action
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Looks reasonable, and also a small effect
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Pitch Correction (ppb)
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Pitch Correction (ppb)

Run Number

Run Number

Run Number

Raw positions — corrected for tracker resolution and acceptance
Fit amplitudes — fz
Fit positions — based on fitted amplitudes
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Convert from position to amplitude space to properly account for angular acceptance

Next steps

e Station by station acceptance correction

* Modulation of B —function around the ring

* Apply calo acceptance to ‘measured’ amplitude distribution
 Determine systematic model dependent uncertainty

* Fit vertical frequency to measure vertical tune to get n

Pitch reconstruction method systematics oc, (ppb)

source Run 1a Run 1b Run lc Run 1d
Tracking 8.6 8.6 8.6 8.6
Vertex Res. 3 3 3 3
{ Acceptance 10 10 10 10 .
Model 10 10 10 10 } Estimates
quad. sum 16.8 16.8 16.8 16.8

Run independent systematics o¢, (ppb)
Run 1a Run 1b Run lc Run 1d

Ring Model 1.3 1.3 1.3 1.3
C, (ppb) Preliminary
Run 1la Run 1b Run 1c Run 1d

Tracker 12 -176.79£(0.10)star  -198.515(0.10)sga;  -191.462(0.08)5car  -168.092(0.06)scat
Tracker 18  -177.304(0.10)sta;  -198.454(0.10)stat  -191.374(0.08)stat  -168.694(0.06)stat
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Efield correction

(11.171)

Assuming continuous Ap Te Assuming linear and
linear quad fields ontinuous quads
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True for any muon ?

E-field contribution vs radial offset
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*(No vertical motion)

Excellent agreement with ‘spin tracking’ (integrating BMT equation)
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What about our assumption of linear and continuous quads, in perfect alignment,

with uniform voltage?

Test in simulation

For each of 1280 permutations of plate offsets and
voltage errors, inject and track a distribution of muons

(S2BE,)
Ce(truth) = —szp
AV, =x25%V x?
P 0o C,(linear) = —24*n(1 — n)< Z>
RO
l (AC,) = (C¢(linear)) — (C,(truth))
300 T T T T T T T
all permutations linear-truth =7
<ACe> = 3.03 ppb
d plates i |
ua
4 g +1mm 200 oA < 8.69 ppb .
<€ >
150 - s
100 - s
50 -
0 . il ila W LT L8111 L
-40 -30 -20 -10 0 10 20 30
Efield correction error [ppb]
Q1s Qll Q2L Q35 Q3L Q45 Q4L
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Contribution to Wq from E-field

32.2

Ce ~ —262n(1—n)R—%

Measurement of radial closed orbit, ¢ => E-field correction

cp
R+ x.

The revolution frequency is related to Leas WR =

Fourier method: Measure frequency distribution of the ‘Fast Rotation’ signal S(t)

‘Fast Rotation’ signal is all calo hits vs time above threshold



Suppose a single momentum is circulating in the ring, forward and backward in time
fromt =0 to t = 00

Then S(%) is a Dirac comb

A
I
I
I
I
I
I
[
I
I
I
v

"'\
v

t

| F(t) £,=0 t ——
Flw) =3+ >~ cos(nwT)

n=1

Frequency spectrum is wWg — 27T/T and all harmonics

s "mm s s == -
R p——
l
[

I|
l
I
v

L

t0=0 t
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As long as we know t;, and that the distribution that evolves forward in time is mirror
symmetric with respect to the distribution that would evolve backward in time, then we
anticipate even symmetry, and we enforce the symmetry with the cosine transform

A
I
I
I
I
I
I
[
I
I
I

v

]
<

t0=0 t

v

Start time

But the first few microseconds after injection are contaminated, and are missing from our signal

[
[
[
[
[
v

|
-

F(w) = Z cos(nwT) to=0 t

Now the cosine transform will necessarily include ‘unphysical’ frequencies

v
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The piece missing from our frequency spectrum

F(w) = % + Z cos(nwT') p — Z cos(nwT)

n=0 nN=ng
We call the missing piece, Background

1 O
= Fp(w) = 5 + Z cos(nwT) ne = 27 (~ 45
n=0 s — ~

Revolution
frequency

N
o

Arbitrary units

—_
o

—_
(0))

~+<— collimptors —

I | | | | |
6.64 6.66 6.68 6.7 6.72 6.74 6.76
frequency [MHZz]

—
N
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Fourier transform is linear function of S(t)

Generalize from a single muon with a single revolution frequency to a
distribution with a range of frequencies.

Then the cosine transform of S(t) gives us the frequency distribution

We need to determine

* ty (symmetry point)

e Start time (‘background’)

e Endtime (Muons decay)

* Background fit (functional form)
* Frequency bin width



Intensity
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Raw calo hits vs time

Remove all irrelevant frequencies

Nine parameter fit
N(t) = No-e ™[l + A cos(wat + ¢)]
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Intensity

Divide raw hits vs time by IV () of 9 parameter fit

v

Fast Rotation signal

Intensity
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S(t) cosw(t — to)dt

Arbitrary units

15 July 2020

bkg sinc fit
¢+ background
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Dependence on start time

15 July 2020

Arbitrary units
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Data missing from the fast rotation signal distorts frequency spectrum
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Cornell Fourier implementation:
correct for the so-called “background”
(caused by missing early time) via a

direct background fit. 2
>
o
5
12.59 —— background fit .
10.04 ¢ background
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“background” = size bands region
outside of the main peak
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Dependence on start time
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Dependence on End time
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Run dependence

‘(2 1|_\ T T UL T T T T T T ‘ UL ‘ UL ‘ T T T ‘ LI T _I
5 B -o-Run 1a i
2 B = Run 1b i
g - Muon g-2 (FNAL) “Runic
S 08 Preliminary ’ ~Runtd
-e B -
< B -
0.6/~ .
0.4 -
0.2 -

07 -

15 July 2020

-40 -30 -20 -10 O 10 20 30 40

Equilibrium Radius [mm]

Dataset  fepo (kHz) n Cg (ppb)

60Hour 370.44 0.1075 —461

9Day 413.64 0.1197 —523

EndGame 367.05 0.1066 —468

HighKick 414.29 0.1198 —453
Efield/Pitch

41



Calorimeter dependence

Arbitrary Units

Bunch dependence

Arbitrary Units

24 calorimeters
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Cp (ppb)

Dependence on positron energy

60Hour x108
= L T T T i
2 L ‘ .
= | ‘ ‘ ‘ | R Nominal Result
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200 MeV energy bins
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Momentum — time correlation

* The kicker field is not uniform across the the length of the muon pulse.

* Momentum acceptance scales inversely with kicker field.
e The result is a t=0 momentum-time correlation in the stored beam

T T T T T T T T T T T T T

* Data: Run |, Fermilab Muon g-2 Preliminary
— Multi-Gaussian Fit

Relative Scale
o
o

065_ _E SlmUIat|0n Beam-Frequency Correlation
= : Simulation: gm2ringsim L2 _
04F- = 6710.0  Solrce: Renee Fatemi —— Quadratic Fit (x*/ndf = 2.10)
- . {  Mean Frequency Per Time Bin
0.21~ —
- . —~ 6707.5 1
0::—1 v £
- . 3
0.2 - 2 6705.0 1
- — c
| S S B S S B S e
: 0 500 1000 1500 2000 g 6702.5 1
. ns] e
sim, kicker v2 S 6700.0
Entries 208350 §
10000 Mean 1.289-09 +7.836e-11 5 6697.5 -
r Std Dev 3.577e-08 + 5.541e-11 <
8000} — £ 6695.0
6692.5 -
6000}—
4000—— -80 -60 -40 =20 0 20 40 60 80
N Time Offset (ns)
2000:_—
o 1 1 x10°®
0.2 0.15 0.1 0.05 0 0.05 0.1 0.15 02

Debunching is no longer symmetric forward and backward in time.
- the fundamental prerequisite for the Fourier method
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Fourier method reproduces true frequency distribution with no correlation
at least with Toy MC

Frequency-Beam Correlation

rr_pfx
§ 6780 e = s —— background fit
< e s 81 ¢ background
g 6760 e P
g - %2 ndf 118/147
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Initial distribution is generated with simulated correlation, and measured
frequency and temporal distributions

Arbitrary units

A A0 A L B L L L AN i T
1 X, = 5.84 mm Truth level -] LS X, = 5.89 mm Truth level i
| X. = 6.63 mm a — Xe =6.51 mm -
B o =8.89 mm 3 ‘:=931 . | - o=9.11mm 6=9.26mm 1
0.8~ C; =-430 ppb c.= 07 ppb ] 0.8 L m C, =-488 ppb ]
- 1 2 - 1 2
B ] > - 1 >
i 1 F 1 &
0.4 1 F oar 1 %
- i < N 1 <
0.2~ . . E
Ob - o N Y weemeswa s DTS PRI DR D
1l l 1111 l 111 l 1111 l 111 l - l 111 l ) l 111 l 11 —40 —30 —20 —1 o 0 1 o 20 30 40
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~ X =5.56 mm -
L 0 =28.87 mm n
0=9.33mm
0.8 — C. =-381 ppb C, =-449 ppb ]
2] - * . .
T el B There is no such feature in the Run 1 data
> T i
) B ]
<C - .
0.2~ >
- e More than that and we would see it.
O 11 1 111l 1 | - 1 | - 1 ) - 1 ) - 1 | - 1 11 1 1 | - 1 11

-40 -30 -20 -10 O 10 20 /30 40

Rad . .
cosy adusimml - /Signature of correlation
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Fourier method results

Fourier Method Systematics o¢, (ppb)

source Run 1a Run 1b Run l¢ Run 1d
bked. fit 0.4 2.8 0.6 1.0
start time 2.1 3.8 0.8 3.1
end time 1.0 0.9 0.8 1.1
freq. bin 1.6 1.9 0.4 1.3
bfgd. def. 4.3 6.5 2.1 6.5
bmgd. rem. 1.9 3.8 0.5 2.2
quad. sum 6.1 9.1 2.5 8.7
linear sum 13.3 19.7 5.2 18.2
average 9.7 14.4 3.9 134

Run independent systematics o¢, (ppb)

source Run la Run 1b Run l¢ Run 1d

Ring Model 8.6 5.6 8.6 8.6

Momentum-time correlation 50 50 50 50

Combined systematics o¢, (ppb)
source Run 1a Run 1b rRun 1¢c Run 1d
Fourier method parameters 9.7 14.4 3.9 134
ring model 8.7 8.7 8.7 8.7
momentum-time correlation 50 50 50 50
field index 1.7 1.7 4.0 1.5
quadruture sum 51.7 52.7 51.1 52.5
Ck (ppb)
et threshold Run 1a Run 1b Run 1c

Correlated run to run

Correlated run to run

For detailed Run 1 analysis see

Run 1d

500 MeV
1700 MeV
Asymmetry Weighted

“459£(0.60)sta
~4664(1.04) ggar
~4664(0.92) ggat

“5154(0.54) ggar
-525 £(0.94)¢at
~526(0.83)sga

“4614(0.23)gtat
~4694(0.39)stat
~4694(0.35)sgat

“446E(0.64)5gar
456+ (1.10)g¢as
-4574(0.97) sgat

15 July 2020
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Efield summary

Momentum-time correlation uncertainty dominates everything else

In the works

* CERN/y%? method: Fit parameterized initial distribution to S(t). Correlation
can be included in parameterization. Rob C. is extending the method with
special functions to reduce the number of parameters to fit

e The fast rotation signal is number vs time. Trackers measure radial position
and number vs time, allowing possibility of reconstructing correlation.
(James M.)



Mean of Radial Dist. (Fourier vs. x?) Width of Radial Dist. (Fourier vs. x?)
7.0 9.6 1
] 9.4
’ R
[ |
6.0 1 :
) & =92 *
et i
S 9.9 ©
9.01
5.0 1
* f |
B 2 Method N g8{ 'M  x? Method ,
4.5 x? (w/ Pileup Sub.) * 2 (w/ Pileup Sub.)
®  Fourier Method ®  Fourier Method
8.6 1
60Hour 9Day EndGame HighKick 60Hour 9]jay EndGame HigliKick
Latest CERN/x? results from Rob Carey (GM2-doc-21672).
Efield/Pitch
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Thanks to everyone who participated in Efield/pitch discussions
and contributed to this work.

END
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ny(y°)

Cp(meas) = — o B2
0

C.(meas) = —25%*n,(1 — nx)ﬁ

Index from measured tunes

15 July 2020

Running
average

Efield/Pitch

<Truth> - <meas> [ppb]

14 T T T T T | T
pitch W
12 -0 E-field O

Thu Mar 19 14:39:10 2020

gnu

esistors.

|_pitch_bad_re

1
|_pitch_bad_r

runs

~ 150 muon decays / run
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Simulation with gm2ringsim

* 10°muons thrown at ring
* Equilibrium radius (truth) measured at tracking planes
* Fast rotation signal is calo hits



Xe from Tracking planes att > 30 ps Cornell FR reconstruction from decay

Ap positrons in calorimeters ( 4<t < 150 ps)

Pmagic (1 - Tl)

Xe = Rmagic

I B B o e e e e e Means are different 5.060 — 4.35. but shape

12000~ Mean Nominal : comparison looks good.
r 5.00+/'0-00498 — e+>1.5GeV 7 LA L L I L L L N L L L L
10000 5-03+/-0.00591 —eestoeer [ T [x=435mm e >15 -
- 5.06+/-0.00752 —evs05Gev | B 5=8.78 mm ' ]
B 1 0.8]- C. =-365 ppb GeV ]
L - O E=- pPp ]
8000 width 1 o - -
- 8.28+/-0.00352 ] g 06 B ]
6000 8.28+/-0.00418 — > TE .
_ 8.28+/-0.00532 i © B i
4000 L a :C=2 0.4 - ]
L 4 < L -
- s 02— —
2000 . N ]
0: TR R R R | ' : O L L1 co o v v v v b v b v v b v L L
60 -40 -20 0 20 40 60 -40 -30 -20 -10 O 10 20 30 40
Eqg. Radius (mm) Radius [mm]
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“"Statistical Error” on FR extraction

Equilibrium Radius Equilibrium Width

73 randcom variations over h hw
. Entries 73 Entries 73
same input data Mean 4341 5 Mean
RMS 0.163 RMS 0.2142
22/ ndf 372416 o 22/ ndf 6.027/7
Average Mean =4.35 +/- 0.021 Prob 0714 Prob 0.5366
. 19| Constant 16.41+£2.63 Constant 12.36+1.91
Width of Mean =0.17 +/- 0.019 Mean  4.349:+0.021 10 Mean 8.839:0.030
Sigma  0.167+0.019 Sigma  0.2178+£0.0232

Average Width = 8.84 +/- 0.030
Width of Width =0.22 +/- 0.023

Difference between truth and
FR reconstruction is significant.

T

4.6 4.8 5 8.4 8.6 8.8 9 9.2 9.4 9.6
Eq. Radius (mm) Eqg. Width (mm)
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Average Radius <R> from Tracking planes for t > 30 ps.

Plane O Mean

5.73 +/- 0.0057
5.76 +/- 0.0068
5.80 +/- 0.0086

o
o
o
T T
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T ? T
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o
T
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2000F

C ] 7 SR . ]
B0 20 0 20" a0 60
Average Radius (mm)

15 July 2020

Averaged over all planes <R>~ 5.6 mm

Plane 1 Mean
5.25+/-0.0059
5.29+/-0.0070

Plane 2 Mean

5.57 +/- 0.0058
5.59 +/- 0.0069
5.62 +/-0.0088

5.34+/-0.0089
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Plane 3 Mean

6.039 +/- 0.0057
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Maximal Error?

How does the deviation between the fast rotation
analysis and the “truth” from the tracking planes
bias the E-field correction? (n =0.108)

TRUTH = 358 ppb

(ng> -Mean 5.06

R? . :
magic -Width 8.28

_ _ 2
C, = 2n(n—1)p

Deviation is 7 ppb
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Beam-Frequency Correlation

Simulation: BMAD R e 2 == 100
[YZUE Source: David Rubin T
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Beam-Frequency Correlation

6710.0

6707.5

6705.0
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6700.0
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Mean Cyclotron Frequency (kHz)
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15 July 2020
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Beam-Frequency Correlation

Simulation: BMAD T =
Source: David Rubin (el A P =)
{ Mean Frequency Per Time Bin
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Frequency-Beam Correlation
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Cubic Fits to Beam-Frequency Correlation

— COSY
BMAD
—— gm2ringsim
f(t) = po + pit + pat” + pst®
Coeflicient COSY BMAD gm2ringsim
ps3 (kHz/ns®)  —5.6(9) x 1076 —1.9(1) x 1075 —1.13(6) x 10~°
p2 (kHz/ns?) —1.26(3) x 1072 —8.8(4) x 107* —7.3(2) x 10~
p1 (kHz/ns)  —3.2(3) x 1072 4+4.7(3) x 1072 +1.8(1) x 1073
po (kHz) +6703.33(5) +6700.76(6) +6699.97(3)
b
—éo —I60 —;10 —I20 6 2I0 4IO 6I0 8I0

Time Offset (ns)

Time-momentum correlation introduces systematic error in Fourier method
The correlation will depend on kicker parameters
Modeling the correlation may be problematic
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Summary
E-field

e Correlation systematic dominates uncertainty of E-field contribution
* We are exploring refinements to Fourier method to mitigate effects of correlatiol
* Redefine tyto peak of fast rotation signal (maximal bunching point) ?

* 2 method? Parameterize initial distribution and fit to S(t).
Correlation can be included in that parameterization

Or perhaps a hybrid of Fourier and y?> method?

Pitch

* Effects of misalignments are small

* Remaining uncertainty dominated by relative acceptance
In progress



a ml * p’ c Quad linearity

SN
B . m < E P .

& = —i{a B —(a# B jﬂ } E-field contribution
In an ideal cartesian geometry and quadrupole where the horizontal
field is antisymmetric about the closed orbit, the E-field correction is

independent of betatron amplitude

A AN
YRTR

In a curved geometry, the integrated E-field along the trajectory depends on betatron
amplitude in two ways
1. Sextupole (quadratic) component of the quads

* Sextupole component is symmetric about magic radius

e Shifts the ‘closed orbit’

2. Path length (asymmetric about magic radius)
15 July 2020 Efield/Pitch D. Rubin

— < |>—>



100
90
80
70
60
50
40
30
20
10

d1a25‘3a4V1a2‘53a4 ‘ |inear.‘truth .
| | | | | | |
-1 -0.5 0 0.5 1 1.5 2 2.5

Efield correction error [ppb]

1

T T
linear-truth

#5

Thu Nov 21 12:03:35 2019

20190629.gnu

1

25 70
d1525‘354V1525‘354 |inear‘.truth . dls‘2a3a4v‘152a3a4‘ ‘ear.trdth
<AC¢> = 9.93 ppb 2 <ACe> = 0.88 ppb 2
op = 8.69 ppb 8 60 |- op=0.49 ppb 18
20 1 g
5 50 - 1
15r 1 a0 b #2 +
10 I 1 30 | B
20 1g
' 10
0 | 0 | | 1 1 1 1 | | |
-40 -30 -20 -10 0 10 20 30 40 -25 -2 -15 -1 -05 0 0.5 1 1.5 2 2.5
Efield correction error [ppb] Efield correction error [ppb]
90 \ \ \ \ 25 \ \
dla2s3a4V1s2a3a4 “=aar-truth \ dla2a3a4Vla2a3ad
80 <ACe> = 0.91 ppb BER <ACe> = 5.12 ppb
op = 0.42 ppb 3 op = 4.03 ppb
s 20
70 g
60 HA4 -
15 -
50 B
40 B
10 -
30 1z
20 b % 5
10
0 | | | ! ! ! g 0
-1 -0.5 0 0.5 1 1.5 2 2.5 \\~2\0 -15 -10
Efield correction error [ppb] A
< (& >

C.(meas) = —28°n,(1 — ng)
|Ce(meas) — C,(truth)| < 35 ppb

2
0

-5
Efield correction error [ppb]

0 5 10

on < 8.69 ppb

Wed Nov 06 12:19:08 2019

190629.anu




All 1280 configurations
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Systematic uncertainty due to quad misalignment/voltage errors for 1280 configurations

C.(meas) = —28°n,(1 — fn,m)R—e2
0
|Ce(meas) — Ce(truth)| < 35 ppb
on < 8.69 ppb
Bc

Where 1, = 1 — Qi and ., = on f — Ry
cyc

Pitch
_ny<y2>
2R3
|C',(meas) — C,(truth)| < 10 ppb

on < 1.3 ppb

Cp(meas) =

Where Ny = Qz



