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Fermilab Muon g-2 Experiment e
Muon anomaly is determined with: —
— Wa H ;(Tr ) He (H ) My e mﬁ“ﬁ%" E"R%?‘QSS“‘
aﬂ I T H 2 ¢ = s
Wy(Tr) | Ue(H) pe me ¢ .
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ratio of frequencies (R,) ~ fundamental factors a, x 10° — 1165900
measured by us (combined uncertainty 25 ppb):
y;, (Tr)/ pe(H) from [Metrologia 13, 179 (1977)] ‘ f
tte (H)/ e from [Rev. Mod. Phys. 88 035009 (2016)]
my [ me from [Phys. Rev. Lett. 82, 711 (1999)]
ge /2 from [Phys. Rev. A 83 052122 (2011)]

wa: muon anomalous precession frequency « Lorenzo ed Elia

wp(Ty): magnetic field B in terms of (shielded) proton
precession frequency and weighted by the muon distribution «

(shielded = measured in a spherical water sample at the reference
temperature 7, = 34.7 °C) 1
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The Muon g-2 Superconducting
C shaped magnet

Provides 1.45T vertical and uniform B field:
* 12 iron Yokes: open on the inside to allow
positrons from muon decay to reach the detectors
and excited by superconducting coils made of

. . . . . . » therma
Niobium-Titanium in a Copper matrix foria o e insulation )
* 72 low-carbon steel poles: to minimize impurities (. I | >
* 144 Edge shims: local sextupole field minimized by A K
changing edge shim thickness wedge B
] pole piece I "\ outer coil
» 864 Steel wedges: allowed for angle adjustment . e e
(compensate quadrupole component) and radial e region R > fixed NMR probes ' B
adjustment (shim local dipole field) ;@zggmu | outer co
e Surface correction coil: help to reduce non- , Y
uniformities on field higher moment C ] ﬁ B=tamm—
inner coil fop hat
Fermilab: ~15 ppm RMS (~75 ppm peak-to-peak) 3

BNL E821: ~35 ppm RMS (~200 ppm peak-to-peak




: electric field correction
C, :pitch correction

C,,; :muonloss correction

Cpa :phase-acceptance correction

feiock - blinded clock

meas . d .

Wq : measured precession
frequency Lorenzo

beam dynamics corrections

- - -

R f:clock'wmeas'(].'l'c +C +Cl+Cpa)
‘.ft fcallb wp(x Vs ¢)®M(x y’¢) (1+Bk+Bq)

‘ » field corrections

By : transient field from eddy current in
kicker
B, :transient field from quad vibration
4

Paolo

| p(TT

1 fealip - absolute magnetic field
calibration

| w,(x,y,¢) :field maps

| Mi(x,y,¢) : muonbeam distribution




The Field Maps

378 fixed NMR probes above

and below storage region
- measure B field 24/7
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iz, Fixed probes i
== four- probe station [y
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Serial inductor coil

End cap with threaded hole
100.00 mm

Jetock - Wy (1 + Cp + Cp + Cpyy + Cpyp)

R, =
o \fearin - 0 (x,y, 9)

@ M(x,y,¢)-(1+ B + By)

2 types of field probes

Base piece with double crimp connection
435 aa . Outer crimp rin

Inner conductor of capacitor

\ i Double shielded cable
| Petroleum jelly volume
| Inner_crimp rin

Parallel inductor coil |

PTFE tuning piece with slot

e Trolley with 17-probe NMR
— 2D profile of B over the entire

azimuth when beam is OFF

Electronics NMR probes

Pulsed proton Nuclear Magnetic Resonance
(NMR) probes filled with petroleum jelly



Jetock - Wy (1 + Cp + Cp + Cpyy + Cpyp)
Jealib - w;a(x’y’ ¢)®M(x,y,¢) (1 + B + Bq)

The Field Maps

2 types of field probes

¥

» 378 fixed NMR probes above
and below storage region
—> measure B-field 24/7

e Trolley with 17-probe NMR
— 2D profile of B over the entire
azimuth when beam is OFF

Dipole Moment

Final field from interpolation
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Calibration of

fetock - wg e -+ (1 + Cp + Cp + Cpyy + Cpyp)

the field probes

Absolute field calibration:
* NMR probes calibrated using absolute probes
Absolute probes provide field in terms of
proton shielded in a spherical sample of
water at an exact temperature: w, (Tr)

Corrections due to sample shape, temp and
magnetization from studies in an MRI
solenoid

Trolly probes calibrated inside the ring
Cross-check provided by a novel 3He NMR

probe was developed with different
systematics

fcalib ‘w;y(x»y’¢)®M(x»y’¢) ) (1 + B +Bq)

),: free proton precession frequency
- Using proton NMR: Aiw,, = 24, B
~ Calibration Probe (FNAL)

PT1000 macor support aluminum shield macor support

electronics RF coil support RF coil water sample plastic support

254 mm

magnet pole piece
fixed probes

trolley vacuum

calibration probe




f;'lock . w;neas . (1 + Ce + Cp + le + Cpa)
ﬁ:alib ) wio(xr.V» ¢) ® M(x»y’ ¢) ] (1 + By + Bq)

Convolution Ry =

Field maps are weighted by beam distribution

Y (mm)

Field from Trolley and fixed

probe

T T T T T T
[ .
- 4
L »
30+ X -
. .
- .
- o) R

\MpPI

|

Beam distribution
extrapolated from trackers

data propagated around the
ring with simulations

wp—<

f M(x,y,¢) dx dy

pr(:c,y,gb) M(x,y, ¢) do dy>

Field seen by the muons (tot Runl unc. 0.56 ppm)

= Field homogeneity [ppm]
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feiock - W% - (1 4+ C, + Cp+Cpi + Cpa)
.ﬁ!alib ) w%(x»y’ ¢) ® M(x»J’» ¢) ) (1 + By + BCI)

Quads transient g, - (

|

field Correction

‘,‘ S
: : : 2 s00F NHRNNNNRE s
* due to mechanicals vibrations & ™7 .1 /i
f Ising the quad g 200f
rom pulsing the quads 2 200 B,
) » r
. . 2 0 :
* mapped using special NMR s
T X -200 N
probes : :
-400}- -

= 200: T ‘ T T
Results for Runl: & 100f

©

B, ~ 17ppb 6, ~ 92ppb %

. ~ ppb = parti per miliardo (10°) %

— 6p, dominated by incomplete map 9
— expected to be reduced by factor 2 _ : :
for Run 2 and after 40pE e N L T




Kicker transient g, _ (_Jeeck @a™" - (1+Ce + Cp + Cint + Cpa)

K f ’
: : calib * Wp(X,¥,9) ® M(x,y,¢) - (1 + Bx + By)
field Correction -
= B ! ]
% 0.0f A L0 O
* Due to eddy currents indued * | i i S
by the fast magnetic pulsesin  "°F E
surrounding materials 2.0f Data]
. B — Fit ]
* Measured using a 00 02 04 06 08 10
magnetometer and cross- Time After Kick (ms)
checked with second | gy v
magnetometer e e

Results for Runl:
Return Light
Middle Fiber

By ~30ppb 65, ~40ppb

ppb = parti per miliardo (10°)

Return Light
Lower Fiber

Polarizing Beam
Splitter Cube 2

10



The INFN breadboard magnetometer periscope inside the ing

easily affected by vibrations

* Aiming at few mG sensitivity : Setup scheme (upper view)
—Run2/3: 30ppb (5mG) =z HWP .
— Run4/5: 10ppb (ZmG) to set a polarization of 45° in SR
I absence of magnetic field o
* Based on Faraday observation that SIDE VIEW
an external magnetic field S P
influences light propagating in e Ll 45° mirror\< \
materials: e O
magnetic field // light 45° mirror @ N >N
Crystal Verdet
constant ™, ‘A// length of crystal HWP
/ to set the
- _|_ initial
rotation angle m polarization TGG
of polarization crystal

Thorlabs He-Ne laser /

: IFl)nzeeCl))rIr{]\p/)\clalarlzed ABoaritror

v 90° mirror p
[




The INFN breadboard magnetometer in Pisa

A W= :

* 2020: Built, charaterized and tested in Pisa o

M. Incagli et. al. 12



The INFN breadboard magnetcmeter at FNAL

e Summer 2021: Installed and tested with
magnet off

e Summer 2022: installed and tested with
magnet on (last week) — planned more
measurments during the summer
shutdown

I
0 2 4 6 8 10 12 14x10°
B (Gauss)

M. Sorbara ( OPS meeting) 13




Magnhetometer: not only for systematics!

* Using a fast diode it is possible to B—
measure the shape of the magnetic °
pulse of the kickers

* Input for the Muon g-2 simulations

B Quadrupoles
B 24 Calorimeters
- I Tracking Stations

18 I Collimators
Inflector

NMR Calibration Pra ¢ ©
1.10E+00
Trolley Garage




What’s next?

Analysis of data fromRun 2-5

Raw e */ cumulative (x BNL)
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Last update: 2022-07-13 19:31 ; Total = 19.0 (xBNL)

o
o

Run-2 and Run-3 analysis are ongoing:

-> reduce combined exp. error by 2 times

Run-4 + Run-5 (ended beginning of July)

-> stat. uncert. down to 100 ppb in total

Muon g-2 experiment at J-PARC

Concept of J-PARC
Muon g-2/EDM experiment

3 GeV proton beam

(333 u, A)
Graphite target

(2010)
K]
Surface muon beam
(28 Me v/)

Surface muons

Mu production

target \/ From Y. Sato, PoS KMI2017 (2017) 006,
doi:10.22323/1.294.0006

o0 — 20 [ 401 — 2) Aapaalt(@)]
(spacelike approach)

) e muon filter
M2 u beam // —!" l u chamber
— 3 — ==t || INERSNSU N [ N S S
160 GeV/e ; .
station #1 #2 #3 #k #N

ECAL
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