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Field Quality @
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University

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

we actually want to know the average
field for a wiggle-plot muon.

« S0 we need to convolute map with muon distribution.
B-field (ppm) E oL Reconstructed Decays
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« Beam location affects the choices of which multipoles to focus
on squashing
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Typical Beam Signals
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What does the tracker measure?

Decay positron ___ Yatunm, Shambey
AN ;i.ll'-,:ff,'-:’"-".t (E— ] ||"l.
Decay positron } /
CGiornimeter ' : Calorimeter
Tracker Modules
— 1400
E - Calorimeter
x [ MPAS + hi
AN » We take e* hits from
- - ‘
F tracker and reconstruct

Storage Region

track parameters at
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Beam Distribution:

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? qaioms | Mean

T 30:
Radial position vs time f s
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Leading contribution to width of radial '
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. 10—
Many different momenta (average :
radii) with different amplitudes for each S P N S PR Y B U |

Time after injection [us]
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Hitting a moving target: CBO Amplitude

CBO amplitude also decreases over time:
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What do we see vertically?
« Haven't seen the vertical CBO, but we do see scraplng at early tlmes

- ;g

g—soo GOStation 1220 1?%0’%3?“];0?2” [uré?o | g 2:%: Station 18 e [}US]

| AL

. +ﬁﬁifﬂ”ﬂﬂ*ﬁ”*“*5“*'w*WW”Wrw‘Wl)’»‘WUHH)|||y ”Wlﬂmju}”““ EAd ‘W'MH*HM”””’”W”J”W;”"‘lllm‘f”lyu ”)l”MW |
TR e

time since injection [us] time since injection [us]

'| Two vertical means don’t line up — is this misalignment, radial field, something else? 8
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Tune Measurements

first order polynomial fit
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uncertainties smaller than the points
Antoine Chapelain April 26, 2018 8
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2D tune plane

square root fit
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The Fourier transform (FT) approach [ll) MISSISSIPPI
From Antoine: Produce frequency distribution Produce radial distribution
Produce FR spectrum w/ t, optimization and estimate Cg
Complete distribution ‘ 1 1 |
25FT T T T T T T T T E' ! w&r e e e T 'wﬂ & 'E 1:_ X, =6.4mm —:
i i :_ E 0.8 c:’::::r:an -
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Time [us] Frequency [kHz] Radius [mm]
Partial-time Fourier analysis approach possible because in a weak focusing ring:
Frequency <> Radius
end time of available signal
start time of available signal fast rotation signal _
Parabola correction term to account
l l for missing time between ty, — tg
t'"t
O(w) = S(w,ts =to,tm) = S(t)cosw(t — to)dt
to + . ’
w o sin(w—w ) (ts—to) 3 1
T T +A4 fw— Sapp(w ) w—w'’ dw' + B
frequency distribution
center of mass of the beam
passing the detector the first
time e .
3¢ Fermilab

i | gast rotation summary

10 11/30/18 §
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Vacuum Pressures in Torr

Lost muons{doubles)/decay e+

Gas Scattering Verification
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Fermilab Muon g-2 Collaboration
Production Run 1, 22-25 Apr 2018
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Systematic: E-Field Contribution i

Northern Illinois
University

= |[mportant 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 d SyStematiC error. how well is this cancelled?

e S 1 Exg_
_21:—— B —o'
W - a 0+(ax 72—1) y
Aw (x?)
_p.Aar —— — 9l —n)prel =C
CIZ’e—D°? B ( )5 R% E

here, n = “field index” of the weak-focusing system

= Hence, precise determination of the momentum distribution for each store
IS Important

o
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Systematic: Pitch Correction

= Betatron oscillations lead to terms in the spin precession in which
xS E - g =+ () (B, terms)

-----‘ ~ .
v \ Exp
v+1 c

[ §
(1+ cw)éi: +(1+ a)EH:—I— (a’y +
'Y )

[ B B B B

* In particular, the vertical oscillations can contribute to the spin precession in

the horizontal plane
- - 49 B—’_ I 5,"_8—’ 3"

= Due to vertical betatron oscillations we would have

—
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or, w! = - [a B, —a <?> By By (56s + §8y)

A /2 A/2 2

2w Y~ _ W) _ _n W) _ Cp precise particle

W 2 4 4 Rz tracking required
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Resonances and Losses

T

N(t) = <%> e ! [1 — Acos(w,t + qﬁ]

0.25

ngthout scfraping
With Scraping

must modify,
since rate at
which particles
are lost is
governed by 0.15
other than decay
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13 14 15 16 17 18 19 20
Quad HV, kV

Lost muon doubles vs. quad HVPS set-points for t > 30us
* after injection, with scraping and without scraping.
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Lost u's fraction/65.9us
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Loss Simulations @
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D. Tarazona, MSU
lost muons (sim) vs. HV[kV] (t=121-186us)

- ?—— 3v, =1
0.018— (?) y
— . / from magnetic
0.016|— skew sextupole
0.014—
0.012—_ ZVx—6Vy=O ZVx+6Vy:.4
- from electric from eletitrlc
0.01— normal 20t-pole normal 20'™"-pole
0.008 | | i u /
0.006 |— Jf ﬂ
0.004 | —
0.00Z%\N w
[ ] ] ] | ] ] ] ] ] ] | ] ] ] | ] ] ] ] ]

—h
I
—h
(@)
—h
(00)
N
o

22 24
ESQ Plate Voltage [kV]

M. Syphers USPAS — Precision Storage Ring  January 2019 16



