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Outline

The magnetic moment of a charged lepton
Muon g-2: Status of theory vs. experiment before April 7th, 2021

The Muon g-2 experiment at FNAL

e The measurement principle

e The muon source

e The muon storage ring and its instrumentation

The data analysis chain

e The anomalous spin precession frequency and its corrections
e The precision magnetic field and its corrections

The current status of theory and experiment

M. Fertl - CIPANP 2022, August 30th 2022 2




The magnetic moment of a charged lepton

Particle with magnetic dipole moment and spin

N
>
>
>
=

{

TECEE R EEEE

AS
|51 =/5S+Dh vy -
¢ This differs from (1) by the two extra terms
H=g-—S A (e, W)+ (o, B)
u .

in F. These two terms, when divided by the factor 2m, can be regarded as the

additional potential energy of the electron due to its new degree of freedom.
The electron will therefore behave as though 1t hasa magetic moment ek /2me. o

and an electric moment ek/2mc.p, . This magnetic moment is just that

assumed in the 8pinning electron model. The electric moment, being a pure
imaginary, we should not expect to appear in the model. It is doubtful whether

the electric moment has any physical meaning, since the Hamiltonian in (14)
that we started from is real, and the imaginary part only appeared when we
multiplied it up in an artificial way in order to make it resemble the Hamiltonian
of previous theories.

M. Fertl - CIPANP 2022, August 30th 2022 3




SM contributions to the prediction of a,

A highest-precision prediction of the anomalous magnetic moment from within the SM is possible!

Modern representation Anomalous magnetic moment is caused by “radiative corrections”
of Dirac’s g=2!
(1928) Clﬂ — aQED + aweak + ahad

o
T
TR 2 7

M. Ferti - CIPANP 2022, August 30t 2022 N |G | U

Y
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Figure: M. Tanabashi et al. (Particle Data Group), Phys. Rev. D98, 030001 (2018)




2020 evaluation of the SM prediction of a,

Units: xxx 10-11

QED (0 (), > 12000 digrams): 116584718.931 £ 0.104 7
Electroweak: 153.6 1.0 S

LO hadronic vacuum polarization: 6931 + 40

NLO HVP: —098.3 0.7

NNLO HVP: 124 +0.1

LO hadronic light-by-light scattering: 02 + 19 ~y

NLO hLbL scattering: 2+ 1 é

The largest uncertainty comes form hadronic physics contributions! / — E\
Total SM prediction: a/fM = 116591810 =+ 43 (368 ppb) K H

Numbers taken from “Muon g-2 Theory Initiative White Paper”: Phys. Rept. 887 (2020) 1-166

M. Fertl - CIPANP 2022, August 30th 2022




a, (Relative to SM 2020) x 10~*°
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20 -

10 -

I
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-

SM prediction meets the experiment

BNL E821 Value

‘ Expected FNAL Muon g-2 precision

< 37 0 (BNL vs SM 2020)>

SM 2020

i.-,-f b ¢

Previous SM Estimates

S S S e

M. Fertl - CIPANP 2022, August 30th 2022 6

Experiment (BNL E821): a/]fNL = 116592089 =+ 63 (540 ppb)

Discrepancy: Aa,=a, "’ — ajM = (279 = 76) x 107"

Total SM2020 prediction: ™ = 116591810 % 43 (368 ppb)

3.7 o deviation between SM2020 and BNL experiment!

Goal of the Muon g-2 experiment at Fermi National Laboratory
Reduction of experimental uncertainty
by a factor 4!




The two clocks of a free charged lepton

A relativistic charged lepton circulating in a homogenous magnetic field experiences two effects:

Cyclotron motion Spin precession
Equilibrium between centrifugal and Lorentz force Coupling of magnetic moment and field
Cyclotron frequency Larmor frequency
w,=——2>0 55 = — S + — Q—B
—_ S m}/ 2 }/ m
L P . .
/ \\ Anomalous spin precession frequency
‘ ' — 2 € — € — \9 Oﬁ
V ¢ g>2 ‘ 5’21 — 53 . 50 —_ ( 5 5 Q_ B = —a Q_ B " de"\)e‘\doe(:\\e “t\)\‘('\\.
| m m . \e O
*x\ / va‘“c\}/
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Clock frequency shifts for muons in motion

Evolution of muon’s longitudinal polarization in a superposition of electric and magnetic
fields

9 p d(ﬁ *) "5 |lapx B+ : BE
—P, =—(B-5) = s, - |a a
dt - dt i o211

Spin component Non-relativistic and Relativistically generated magnetic fields
perpendicular to circular motion limit “electric field correction”
velocity “pitch correction”

P —

 FNALE989:E#0 |
suppressed aty = 29.3 |
~ “magic momentum” |

|

Magnetic field | Reconstruction
maps and temporal of complex beam
~ interpolation | | dynamics ‘
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Extracting a, - the external ingredients

External measurements to anchor B and e to other high-precision measurements and calculations

10.5 ppb uncertainty Bound state QED calculation
at Tr=34.7"C exact

Metrologia 13, 179 (1977) Rev. Mod. Phys. 88, 035009 (2016)

Total uncertainty
from external quantities:

25 ppb

M, Muonium hyperfine splitting g. Measurement with
— 22 ppb uncertainty ? 0.28 ppt uncertainty
e Phys. Rev. Lett. 82, 11 (1999) Phys. Rev. A 83, 052122 (2011)
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Extracting a, - our challenge

o

Clocka)meas (14 Ce+ Gyt G+ G

13 (L )ﬁrigﬁ gﬁélak +B,)
B’ ,bt 2

c
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Extracting a, - our tools

Time since injection: 5.0 us

%so:—
Anomalous spin precession Muon beam dynamics Al
frequency corrections & B
ol
Fermilab Muon g-2 Experiment . . 20:—. .'- e 0
Combined Run-1 Data Clock bl]nd]ng b
N 6b L 86 - - :..; c = ....' ' . 20
Time after injection modulo 102.5 [us -80— ) )
I L T T e T R A

-A0 [ . [ 1
-80 -80 40 -20 0 20 40 60 a0

a) Radial Posilicn [mm]
) d
R = py
P
125 Spatial distribution
00 of magnetic field
= 2 Transient magnetic
- fields
25
; Calibration
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The statistics and the uncertainty table for Run 1

Last upcate: 2022 02 L1 21:32; lotal = 19.0 (x3NL)

21751 Muon g-2 (FNAL)
2150 Run-s | Uncertainty dominated
= i o
5125 P by statistics!
%10.0 - ’Run-4 - Quantity Correction Terms Uncertainty
S oos 7~ _ (ppb) (ppb)
o — —
2 / we,' (statistical) - 434
& Run-3 wy' (systematic) — 56
) C. 489 53
C, 180 13
= ' iy ' Cont 11 5
0 O\ N N g L L m
oV . QQ‘\‘SaO ' 0’\"’&( : o \%,o ' Q‘\"‘“@ ' q\'b\){\q' Cpa -158 75
fcalib(wp(x,y, ¢) X M(IE,y,(b)) o 56
By =27 37
B, 17 92
pip (34.7°) /e = 10
My [Me - 22
Field index n Number of ge /2 _ 0
Total fundamental factors — 25
. Apr 22, 2018 - 0.108 0 T Totals 544 462
Apr 25 2018 18.3
Apr 26, 2018 - 0.120
1b May 02, 2018 504 137 1.3 x 109
May 04, 2018 - 0.120
1c May 12, 2018 204 132 2.0 x 109
Jun 06, 2018- 0.108 .
4 Jun29, 2018 18.3 125 4.0x 10

M. Fertl - CIPANP 2022, August 30th 2022 12




The Fermilab muon campus

Recycler Ring ° A bright source of pulsed polarized muons is needed!

8 GeV p+strike target, 120 ns bunch length

8 bunches spaced by 10 ms, second bunch train 200 ms later

Pion production in the target:
pT+pToptHn+at

Focus the “debris” into a momentum selective beam line

+

I Vi
Beam Transport and .
Ml - Pu Sp,
4 } < l@ v, must be left-handed - u™ also left-handed!
[;,}h: &
& %/ uwss Muon Campus

M. Fertl - CIPANP 2022, August 30th 2022 13
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The superconducting magnet in MC1

Magic momentum: p//')"'ag"c =3.094GeV/c +0.5%

:
’ LA
\\\\

inner coil

C‘ top hat

wedge "

iron foil .
: ;Iaminations] ?—\omr coil
cdgc |
shim
Ly, é fixed NMR probes
pole piece :
surface
O mmiiorn) [ ot

region
l‘_l'ﬁ

‘‘‘‘‘‘‘

R B _F

C 4“— () =7112 mm

inner coil top hat

(3

AN

M. Fertl - CIPANP 2022, August 30t 2022

15




=
@,
=

111111 g g o o ol ol ) ]~ ] <l G G W N - . Wt <t b~ 1
B e B b b kB L0 VI u
e e B S B B B B B B B B B B
ol 3 d 4 P B B B R i B B B B B S O
- g = B B B b b B B B B B LMY N YN - o

7230

16

P T T e, [ S S
AL a b ks AAOP WO OO B G TGN NV v Dy
L S e T T hdhadhd I PO PG SRR o
. s sl go MR TS

% ™, % LR R o
222 dinsa? @ - 5 .“.‘. . o

\ (1)) ~_ ¢ . e -

7210
Radius (mm)

ctor - Ring Transverse Magnetic Field
3 €
"
|
!
A
4
4
d

Infle

Field free region

(ww) wbieH

in iron yoke to make muon travel straight!

Superconducting inflector magnet cancels return B field

== 2017
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The muon inflector magnet

ivery ring

Particles from del




The fast kicker

Kick the muons on their storage orbit within
one revolution ( = 150 ns)

Inflector

Injected
Beam

R . _ o ' 7 St L (T8 ‘ ' U/ o Nominal Muon
- ey ’ b - « /i : * Storage Orbit

7112 mm

Unkicked
Injection
Orbit e

l—1 50 ] T ) I T 1 | T 1] T I T 1 T

.g - Kicker Pulse fram Magnetometer Data
S I ----TO Pulse .

. " -+ Cyclotron Period g

.e B 4
@ 100
17

= ,

b

= 50

0.2 00 02 04 06 0.8

e A\ Time [us)
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The electrostatic quadrupoles

Pulsed “electrostatic” quadrupoles

Vertical focusing and confinement
of positive muon beam

Quasi-penning trap cover 43% of the ring

- ¥
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The positron calorimeter system

Decay e+

Top down view of ring section

Vacuum Chamber

L
Lo L
\\\\

\

Calorimeters

Tracker

24 calorimeter stations to detect the decay positrons
9 x 6 arrays of PbF2 crystals (Cherenkov detectors!)

In the muon rest frame

...... y v P : ~ . v ,. L » e - : : ¥ . ‘—'. ' .' ".‘ ‘ 90°
F 4 : : y - ~ 120° g 60°

7, 1507/
Sp ' i
Po \/ /L+ e+ )l .....
S :.
Ve . Su . p

N 210°\

240°

270°
B 26.4 MeV 35.0 MeV [ 45.0 MeV
M 300Mev & 40.0Mev W _50.0 MeV

(3
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Arbitrary units

1600

1400

1200

1000

800

600

400

200

Wiggle plot basics and laser calibration system

Spin precession in muon rest frame

Dedicated laser calibration system
transforms to to ensure energy calibration of
calorimeter system

above-energy-threshold count rate
modulation in laboratory frame

I|III|III|III|III|IIIIIII|I

energy threshold

[!J llllllllllllllllllllllllllll ll

0 05 1 156 2 25 3 35 4 45

IIl|IlI|lIl|Ill|III|

l I I I I

2500 3000
Pasitron Energy [MeV]
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Extracting a,: the anomalous spin precession frequency

o, fdoc(1 +Cot Cy+ Cy + cpa)

s o ) fratit <M (x,y,¢) oM (x,y,¢)> (1 +Bk+Bq)
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Weighted e" / 149.2 ns

Histogram of decay e* arrival times (wiggle plot)

Extract o,"** from the wiggle plot

Separate analyses for Runs 1a-1d

Extensive systematic checks passed:

- v | v ' ' | ' ' ' |
10 x*/n.d.f. = 4167/4132 — “Software” unblinding to check consistency,
10° . hardware blinding still in place
10 . = I | | | | | | | | | |
10* ; § - |*Run1a *Runic '
- c 24 .Run1b *Runid | | i i “
10° A A S S S S SN S SN AR
107 IIRIRIRAN
0 20 40 60 80 100 i1 | ( ( H H H H ) ;
Time after injection modulo 102.5 [us] _ LA 55 =0 ¢ 8 IS ]
Frequency [MHZz] _30'_ E E E | E | |
3 independent event reconstruction schemes _323 IR

11 different and independent analyses =t B BN BT bR LR KA EA A FR K
6 independent groups e e
*434 ppb statistical uncertainty
Complex beam dynamics encoded in wiggle plot *56 ppb systematic uncertainty
M. Fertl - CIPANP 2022, August 30t 2022 22




Extracting a,: the muon beam dynamics corrections

o S (14 Cot Gyt G+ G

s o ) fratit <M (x,y,¢) oM (x,y,¢)> (1 +Bk+Bq)
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Top down view of ring section
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The straw tracker stations

Decay e+

/'

Calorimeters

\r\.'

Tracker

Time since injection: 5.0 us

= 100
VY Y e g
560
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g40_—
3
2 00—
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0_
) 1 . Xy )
v )_,v‘}‘_l‘.;‘_l‘,l‘i‘.. 20— '. l' ‘
.t . A
—40 —
— . 20
= 60—
[P I P PP IR I I .

.l
-0 -60 -40 -20 0 20 40 60 60

Radial Positicn [mm]

Vacuum Chamber

8 8

—
o L)
IIIIII Il

—
(]
|

-
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|

RMS of Rad. Pos. [mm]  Msgan Rad. Pos. [mm]

Sl
IR

(8}
I

o_lll e rre e rrp reeyre 180 TPl

PO SR W SR T T SO SN SN S ST S SO O | TSR T N TN U T N N W T T (N T
& 10 15 20 256 30 35 40 45 &0

Time [us]

Determine e* trajectory to decay position and extrapolate to find muon beam distribution!
Input for beam dynamics simulations and magnetic field averaging
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The long-known corrections: E-field and pitch correction

Pitch correction Electric field correction

Electrostatic focusing -
spin precession due to Ex

“Fast rotation analysis”

— and vertical harmonic motion :
. \ [ : - - > [ ZRiib )
in quadratic E field! g T AR
SN " 0.6 .
- C = n A2> _
< p 5 0.4
X 4R
) 0.2 -
Trackers measure vertical oscillation amplitude o T .
e L e — 40 30 20 10 O 1.9.20 .30 40
: 1 @ !f\ " A g,m[ “’"f T eirpure corecon Run 1 muon distribution Fauiibrium Rads [mml
* / \‘k I : Muons were not centered!
4000 “j 3 . :zzzi f/ \ : ) . -9 (.’132>
9r_.nn:_ f Q“.‘. _ 4rmn;/f/ \\ 3 (/‘Y(z — 27 )(1 — 7 I)XB Rff)
_‘ # H 20001/ = ﬁ

A A | A A A l A
40 =20 0 20 a0 0 10 20 30 40

Vertical Decay Pasition [mm] Vertica OSd"SﬂO"A’"p"'”deEmm] COFFECtIOnZ 489 ppb, UncertalntYZ 53 ppb
Correction: 180 ppb, Uncertainty: 13 ppb
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N/149.2 ns

Phase acceptance correction

] ' Ll L I I T |l l

T 7 [ T 7 T |3
x2 / NDOF = 3899/4000 -

’ TNVVNVINANNNAANAAAAANAN N((t) ~ Noe_’lt ll + 08 (a)at + qb)]

_ (,"
10° | 5\;\6 )
‘ If the phase of the muor e ot stable, then:
>

—i
o
~

¥ \3
10° ||I||f'"”m COS (a)at+¢o+ W ) = cos ((a)a+¢’)t+¢0+...)
Vv

° | | | | | (

10Ol|1201114O'||601'180111100 66‘
Time after injection modulo 102.5 [us] p pOSSibIe frequency Shlft Of ¢/

'g‘ | | [ I [
- —-10
3 e The decay positrons encode a particular phase
A

e This phase depends on
e Muon decay position Extensive simulation campaign
e Decay positron energy

Detected Phase [mrad]

i fooo i 1 ] | B 1 1 | [ 1 I ] 11 l 1
-40 -20 0 20 40

e Not a problem if muon distribution is stable in time, but...

Decay x [mm]
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AV [KV]

Decay y [mm]

Phase acceptance correction: The voltage on the ESQs

N
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Beam Injection

- Fit Start Time
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-20
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I | L I L | L | L I [

| I | G | I L 1 1 | | I L1 1 | |

NS
o

1 40 |
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JIIIlIllIl

250

300

Systematic effect unique for Run 1 data (hardware fixed for
run 2 and beyond):

e 2 high-voltage isolators for ESQ failed

e Time-dependent E-Field of on 2 ESQ plates
—> Change of vertical beam position and width

Correction: -158 ppb, Uncertainty: 75 ppb

Time [us]
lg 1 5 B T T T T l T T T T I T T T T I T T T T I T T T T ] T T T T ] E‘ 2 B | | I | | | I I | 1 | | | | I I I I | | | | | | I I ]
E : ° ° ° : E : ° ° ° :
-10 = 5. RMS of vertical position {1 < ,.f Mean of vertical position -
=) 9O B Z 9o i ]
El Qg-) iy :_ —: "§ 1 :_ oooooooooooooooooooooooooooo “.0’0“*”,0’4 ¢++++++++++++ vt +++ + + #
” 5 g - o= - ’ Sttt T
73] © - B ] B —
© T 135 - S = ]
o > - ] g 0.5 E .
D i = - c - .
D = S N 5 O ]
Q s C - = B ’
8 12.5 = s SUSTRRIX .¢‘¢¢.¢’¢¢’”§N+”++++H++++++++++++++++++'t B ]
- - -0.5— —
1 2 __I 1 ! | | 1 1 1 | 1 | 1 ! [ l | 1 1 | 1 1 | | | 1 l 1 I; : :
0 50 100 150 200 250 300 1~ 1 I I I [ _
Time [us] 0 50 100 150 200 250 300
Time [us]
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Extracting a,: the magnetic field distribution and calibration

faoek @ (14 Co+ Gy Gy + o)

/ G)a

P b <M (.3, @) |o; (x,y,¢)> (1 +Bk+Bq)

S
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vertical position [mm]

The magnetic field calibration chain

“The trolley”

17 NMR probes, 3-day interval

- -:;igg
|
T

T la I4i |p|c|l|ig;'; ]'I'i‘l'i})é e s

40 -30 -20 -10 0 10 20 30 40
horizontal position [mm]

“The fixed probe array’

378 pulsed nuclear magnetic
resonance probes
measure 24/7 around y beam

100.00 mm

Serial inductor coil Base piece w.
double crimp connection Quter crimp ring

End cap with tapped hole ‘

Petroleum jelly volume

Inner crimp ring

Inner conductor of capacitor

Parallel inductor coil

PTFE tuning piece with slot

M. Fertl - CIPANP 2022, August 30th 2022

“The calibration”

“Plunging probe” to transfer
absolute calibration to trolley probes

PT1000 macor support  aluminum shield macor support

electronics RF coil support RF coil water sample plastic support

254 mm




The precision magnetic field: spatial mapping

e rofley About 9000 azimuthal positions ~ Atypical
© roficy to make a field decomposition into azlmuthallyli a\l/(?raged
i i magnetic field ma

17 NMR probes, 3-day interval 2D spatial multipoles ° P oom)
ppm
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Extracting a,: the muon weighted average magnetic field

o Jaoa @ (14 Cot Gyt Gy + G

s o ) fratit <M (x,y,¢) oM (x,y,¢)> (1 +Bk+Bq)
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The muon weighted average magnetic field

. Time since injection: 5.0 us

_B0- 100 30
£ E_F
= 60— E20L
=S . L. B
§ ' '.....,'._ . e . o = 01210:_
1340_— 45 =
= E oF
> 00— = E
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0— _ -
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40— 5 15F
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80 -60 -40 -20 O 20 40 60 60 0 5 10 18 20 25 30 35 40 45 50 - “
Redial Positicn [mm] Time [us] L 0.8 .;
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e
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10 1
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o

Total uncertainty

of convoluted field map:
56 ppb
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Extracting a,: transients from ESQ

v, Fror @M (1 +Cot Cy+ Cy + cpa)
R, — —

a)lg Jealib <M (x,y,gb) a)ll’ (x,y,¢)> (1 +Bk+
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Transients from electrostatic quadrupoles (ESQ)

ESQ only static on the time scale of an muon beam bunch injection:

s

bt

400/ “
| | | 1 |
0

Relative Field [ppb]

200

IIIIIIIII

R — — —

—> mechanical vibrations of electric conductors 100F

,- * | 20 A 8080100
| - Correction: 17 ppb / wi
e Pulsing with high-voltage: Uncertainty: 92 ppb | ; e

— perturbation of B field :
-100F

Relative Field (ppb)
o

200f
_300F

-400E-——
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Extracting a, - our tools

Time since injection: 5.0 us

E80 100
<ol
Anomalous spin precession Muon beam dynamics §r
frequency corrections I i
Fermilab Muon g-2 Experiment . . -20: 40
Combined Fg{un-1 Bata C lock b l'l n d'l n g -40:_
— |6|OI ' |8|0| ' : -";.' '.-.". . _- ) 20
Time after injection modulo 102.5 [us -60 ) ) )
w, Rl
R’ =
~_/
Wp
125 Spatial distribution
00 of magnetic field
5
"o Transient magnetic
50 < fields
25 . .
; Calibration
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All the analysis is available for you to look at in detall

PITYSICAL REVIEW ACCELERATORS AND BEAMS 24, 044002 (2021)

Beam dynamics corrections to the Run-1 measurement
of the muon anomalous magnetic moment at Fermilab

T. Albahri,

PHYSICAL REVIEW D 103, 072002 (2021)

Editors' Suggestion

T. Albahri,

Measurement of the anomalous precession frequency of the muon
in the Fermilab Muon g —2 Experiment

PHYSICAL REVIEW A 103, 042208 (2021)

Featured in Physics

Magnetic-field measurement and analysis for the Muon g — 2 Experiment at Fermilab

T. Albahri,™

PHYSICAL REVIEW LETTERS 126, 141801 (2021)

Editors' Suggestion Featured in Physics

Measurement ol the Positive Muon Anomalous Magnetic Moment (o (.46 ppm
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Beam dynamics

Muon spin precession

Magnetic field

The result
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The Muon g-2 collaboration
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Result from combined Run 1 datasets

a.(BNL) = 0.00116592089(63) = 540 ppb

au(FNAL, R1) =0.00116592040(54) - 463 ppb
BNLg-2 — o
Both experiments uncertainty dominated by statistics:
FNAL g-2 -+ @

au(Exp) =0.00116592061(41) - 350 ppb

{ 120 > 2,(SM2020) = 0.00116591810(43) = 350 ppb
® : ® : 4.2 o discrepancy between experiment and

Standard Model S ainei community approved SM2020 prediction
Average

175 180 185 19.0 195 200 205 21.0 21.5 BUT: the very recent results from IQCD

9
a, x 10 -1165900 for HVP reduce the tension!
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A new era of a, comparisons

Prediction
based on SM
Measurement
theory and e+/e-
scattering data
e
C ey .(‘3&' (\c’
Ab-initio ) Q’b
lattice QCD qed BN
calculations NS
Qo‘\\@e
?}’&
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Hadronic vacuum polarization: data-driven vs ab initio

DHMZ 19
KNT 18

Jegerlehner 17
DHMZ 17

650

LM 20

BMW 20

Mainz/CLS 19
FNAL-HPQCD-MILC 19
PACS 19

ETMC 19
RBC/UKQCD 18

BMW 17

exp
Aaﬂ 4, u

White paper, “Muon g-2 Theory Initiative”
R-ratio: a};Vp’ LO — (693.1 +£4.0)- 10710

[Aoyama et al., Physics Reports 887 (2020)
and arXiv:2006.04822]
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—a,™ = (25.1%+5.9) x 107"
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Hadronic vacuum polarization: data-driven vs ab initio

Intense scrutiny of the various contributions by several groups: window observables

-L —— HEH J« This work
Aubin et al. 22 | @+ This work
o o vQCD 22 ——— ETMC 21
—a— —— ——— H—@—+ —0— ETMC 21 = BMW 2()
O Lehner & Meyer 20 —0— RBC/UKQCD 18
. 2 9 ® @ BMW 20 —9— Colangelo et al. 22 ( R-ratio)
. Aubin ct al. 19 230 235 24()
—@— —— =@ @ —0— RBC/UKQCD 18 (,_,jj’in x 10 19
-1.4 -1.0 -0.6 2.5 3.0 26 27 28 200 206 212 230 236 242
awin,disc ’ aWin, ¢ aWin, s aWVin, ud Win, 180 Reference added after my talk:
" " " " " Kalman Szabo, today, 4:30 PM
This work: M.Ce et al, arXiv:2206.06582v1 RBC/UKQCD 18: RBC, UKQCD collaboration, arXiv:1801.07224
ETMC 21: D. Giusti and S. Simula, arXiv:2111.15329 Colangelo et al. 22, arXiv:2205.12963

BMW 20: S. Borsanyi et al., arXiv:2002.12347

Fifth Plenary Workshop of the Muon g-2 Theory Initiative to “discuss recent progress on the theoretical
calculations and prepare an update of the Standard Model prediction for Muon g-2” (starting 09/05/22)
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https://muon-gm2-theory.illinois.edu/

Predictions are hard to make if they concern the future but, we...

e ... have accumulated 19 x BNL raw statistics through Run 5. Run 6 with pt to reduce systematic uncertainties

e ... have vastly improved running conditions after Run 3: reduced systematic uncertainties!

Last upcdate: 2022 02 11 21:32; lotal = 19.0 (x3NL)

Nominal kicker strength

Better temperature stability

Y 2 (FNAL) e L oo Normal quadrupole component
Z 12 uon g- ] . .,
& g E  Muong -2 (FNAL) s
Z15.0 Run-5 w -~ Equllibrium Radlus vs. Total Kick Voltage 0.6 1 % g ’
g = Run-3: Feb 24-25, 2020 Ramp Test ;B f
5125 T, _ 5| 8 L t
g o }&:"%h = ; 4 ' 'i
510.0 c Uiy - g e % #f .
O = 3— %Jn o, ~ -g ‘l‘? ‘i:
n ;= R g cop e v f\ﬂ 1 ppm
P 75 7 _9 iy ;-}.n. - a ‘
2 'g 2 l"l.\'“:‘;\{'} ) T o, 2 ‘\
£ 6.0; Run-3 g ) J'%g[” : 3 \.
- 1 : { ~ = 04
25 /Fi’l,-l‘r-l—-/ 5}%@5}& 0.6 g ‘ '
0'0-{{:\;“1 3 WS O \ \ Ao X 9 - ip-miggte 'Sa?p"ng 5?&5\&— e
WO A Rl A 0 ) ) ) LRI ) WLk —Fit to 20-min data " Tia‘ ) ‘
et o e et Tt T et T et A et et T W s P P B Run 1 Run 2 Run
AT VT AT TN o e R e 140 145 150 155 160 165 . un3
Total Kick Voltage (kV)
S@e.
_ Proton keam (3 CeV) . P

e ... look forward to the J-PARC experiment using ultra-cold muons!

e ... wait for complementary data to e+/e- annihilation data
from the MUonE experiment proposed at CERN

Kivetic ene'gy Nomeatum S(?[O
Surface mueon (3.4 MeV, 27 MeV/c) ) 40
3

Thermal muon (725 meV, 2.3 keV/c)
picn decay at rest,

10’ mucn/sec yield
from 1 MW proton

Reaccelerared muon ]

(212 MaV, 300 MeV/c) O- O
NLF muon m'perimf:ntall 0
fecility H-line |

Thermal muonium
production,
lonization laser

Muon linac

3D spiral injection” 7
Muorn sturaye .
mégnet (3 T) Pesitron tracking

detector

e ... look forward to the update of the SM prediction!
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