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Outline

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

 The muon storage ring and its instrumentation

Selected aspects of the data analysis chain

 The anomalous spin precession frequency and its corrections

* The precision magnetic field and its corrections

The experimental result
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The magnetic moment of a charged lepton

—
- AB Ad Charged particle with magnetic dipole moment and spin
. q .
H =89
2m
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SM prediction meets the experiment (before April 7, 2021)

o 40
| BNL E821 Value

-

—

i ek ‘ Expected FNAL Muon g-2 precision /\
- 5
S =
Q20+ 3
= 2
v =
S 107 S
v o
2

O 0O - L 1 .+ H + v
¢ ?

o

e SM 2020

5 —10
o 4 Previous SM Estimates
—-20
B
S S S e
M. Fertl -

Experiment (BNL E821): a}fNL = 116592089 = 63 (540 ppb)

Total SM prediction: aEM = 116591810 %= 43 (368 ppb)

Discrepancy: Aa, = a,’ — alfM — (279 + 76) x 10711

Evolved to 3.7 o deviation between SM and BNL experiment!

Goal of the Muon g-2 experiment at Fermi National Laboratory

PANIC 2021, September 7th 2021 4




Recent evaluations of the SM prediction of a,

Units: xxx 10-11 Y
QED (6 (), > 12000 digrams): 116584718.931 + 0.104 S
Electroweak: 153.6 1.0
LO hadronic vacuum polarization: 6931 + 40
NLO HVP: —98.3 0.7
NNLO HVP: 12.4£0.1 .
LO hadronic light-by-light scattering: 02 £ 19 Q
NLO hLbL scattering: 2+ 1
A AN
L (4

Uncertainty dominated by hadronic physics contributions!

Total SM prediction: ay™ = 116591810 * 43 (368 ppb) T date on Hibl
eory updadate on :

Johan Bijnens (5 Sep 2021, 16:15)

Numbers taken from “Muon g-2 Theory Initiative White Paper”: Phys. Rept. 887 (2020) 1-166
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The two clocks of a charged lepton

A relativistic charged lepton circulating 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
— Qe Y — Qe Y Qe EeY
5, = ——B G, =—g=—B —(1-y)—B
my 2m ym
—- . .
. p Anomalous spin precession frequency:

V | ' — — — — 2 — € —
£>2 | @ D,— D, = — (gz ) b =—aQ—B
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The muon g-2 experiment at Fermilab

e e ———————— = A Mifm— ‘ | %2 B ’[[ ' - | | el
- m e e —t "l f r-—’ :, : 4
= . a—— oo P e e el S e S Cm—— 0 - ;‘2 | |
V s “::_- e T e e | B v o | "'.’ [
- . cama. W s T AR N == = = 3 ' - i
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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

Anchor B, e and m, to other high-precision measurements and calculations

10.5 ppb uncertainty
at T, =34.7°C

Metrologia 13, 179 (1977)

Muonium hyperfine splitting

22 ppb uncertainty

Phys. Rev. Lett. 82, 11 (1999)

M. Fertl - PANIC 2021, September 7th 2021

Bound state QED calculation
exact

Rev. Mod. Phys. 88, 035009 (2016)

Total uncertainty
from external quantities:
24 ppb

Measurement with
0.28 ppt uncertainty

Phys. Rev. A 83, 052122 (2011)




Extracting a, - our challenge

o

fdocka)me%(nc + Gy + Cou + G

R = a_
m
ﬁjﬁg M %&&gﬁ@ +B
B e\ @) (T,) pel He
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Extracting a, - our tools

Time since injection: 5.0 us

=% 100
%60:—
| 50
. . . L 40
Anomalous spin precession Muon beam dynamics E
o TR Lt gl - =
frequency corrections T S e
% Uy s '.1'
Fermilab Muon g-2 Experiment ] ] 20:_' ' 3 ':.::' ".':E'.. : A . 40
y Combined Run-1 Data CIOCk bl I n d I ng | ¢ R, ) '“:.;:.':- . - » )
40 ., Lt ST
I C s . -
Time after injection modulo 102.5 [us —80— . o . .
meas —D— vl |||||-;| raoa o vy
a)a félOC u 1 + Ce + Cp + le + Cpa g0 80 40 20 0 .?oRadi a‘}% Osmgg [mm]so !
R =—2 =

o feativ (M (%3, )

- Spatial distribution
of magnetic field

100

Transient magnetic
fields

\l
(&)
Muons [arb]

o))
o

N
(&)

Calibration
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Polarized muons at Fermilab muon campus

Recycler Ring 8 GeV p+strike target, 120 ns bunch length
: - 8 bunches spaced by 10 ms, second bunch train 200 ms later

pT+ptopTHn+at

ut nt Vy
Pu . Sy . 5, |i Dy

Focus the “debris” into a momentum selective beam line
p =3.094GeV/cx£2%

Parity violation!

\ - '_'1_‘ 42 4
Target Station ( SV o7 ¢ |
\ ‘aL
./‘- L

\ / f:

‘Beam Transrt'and

S i Energy (!) disperse delivery ring: 4™ outrun p™, 77 decay away

7 N &) Pure lepton beam: 60 - 70% u*, 30 - 40% e
o = )
i A

: L ¥/ i Muon Campus

Decay figure: K.S. Khaw, PhD thesis, ETH Zurich, 2015; Muon Campus: M. Convery;
Rose in mirror: R. Hahn, Fermilab in the context of “Charge-parity violation” https://www.symmetrymagazine.org/article/charge-parity-violation

M. Fertl - PANIC 2021, September 7th 2021 12



https://www.symmetrymagazine.org/article/charge-parity-violation

The superconducting magnet in MC1

Particles from delivery ring

Magic momentum: p//'znagic =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

- < /

AN

M. ertl - PANIC 2021, Septémber 7th 2021
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The muon inflector magnet

Particles from delivery ring

Superconducting inflector magnet cancels return B field

in iron yoke to make muon travel straight!

Infle

ctor - Ring Transverse Magnetic Field
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The fast kicker

Kick the muons on their storage orbit within
one revolution ( = 149 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

R S A\ Time [us]
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The electrostatic quadrupoles

Pulsed “electrostatic” quadrupoles

Vertical focusing and confinement
of muon beam

Quasi-penning trap cover 43% of the ring

ember 7th 2021 16




The positron calorimeter system

-------Decayelectron—,____

. 2 orbit - ‘
R ' ' ' — N\uOnfS'torage Ly | /
- ) O, P Ay ‘ e Decay electron . .. “'..I
. R g™ - " . ‘ : . /
& - N ’ ‘ i . - . - — [ \is
. < - N ~. ¢ . g 4 i o - :'\’::b C——— 3 ——L S \" s &
™ A 3% o e | R : = L=
Ayt LAY B a -7 5 , o ~, ,
0 s - J . 3 - N 3 - - { !
o, T e T X ‘,‘_:, - o’ an . ’ ~a . N —r R : 9 _ < :
= N N - e > ‘ g R , IS . o o ¥ ; ) ) Traceback chambers
LT o A L e P : K =~ P e ! . Calorimeter active volume Calorimeter active volume
f‘ - R o '
Paritv violati in!
darity violation, dgain:
90°

120° g 60°

In the muon rest frame

150°,

7, 180°|......c...... .....
Sp '
......... P /1,+ et
210°
@ o
Ve S 4 240° f
A 270°
B 26.4 MeV 35.0MevV M 45.0 MeV
P # W 300Mev M 40.0Mev M 50.0 MeV

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

. ® A 7/
M. Fertl - PANIC 2021, September 7th 2021 17




Arbitrary units

Wiggle plot basics and laser calibration system

Spin precession in muon rest frame

Dedicated laser calibration system
to ensure energy calibration of
calorimeter system

transforms to

above-energy-threshold count rate
modulation in laboratory frame

|

1600

1.7 GeV
energy threshold

1400

1200

IJ llllllllllllllllllllllllllll ll

0 05 1 15 2 25 3 35 4 45
1C00

800

600

I|lllllllllllllll|lll|lll|

400

200

lllllllllllllllllllll

T
b
e
—

O | | | | l | | | | | | | | | | | | | l | | | I | 1 I

1 |
0 500 1000 1500 2000 2500 3000
Pasitron Energy [MeV]
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The blinding of the master clock ...

e ... by Greg Bock and Joe Lykken in 2018 (hardware blinding) ...

e ... and additional software blind for each w, analysis team

M. Fertl - PANIC 2021, September 7th 2021




The statistics and the uncertainty table for Run 1

Last update: 2021-06-27 07:51 ; Total = 12.89 (xBNL)

)
Z
m 12{ Muon g-2 (FNAL)
x
210+ : :
2 Uncertainty dominated
(O . L
S 8- by statistics!
g Quantity Correction Terms Uncertainty
2 67 B un-3 (ppb) (ppb)
+(D un- o (statistical) - 434
> 4 1 I m (systematic) = 56
% g . = Already surpassed the
p . °
O 11 5 anticipated goal (70 ppb)!
' Cpa -158 75
fC&lib("‘)P(x?ya qb) X M(x9y7¢)> o 56
o By, 0T 37
B, %l 92 .
1 (347°) /e - 10 Work in progress
m7/me = 22 for runs 2-5!
Field index n Number of ge /2 = 0
Total fundamental factors — 25
1a Apr 25, 2018 18.3 0.9 x10 Total uncertainty
Apr 26, 2018 - 0.120 ; dominated by statistics!
1b May 02, 2018 e 137 1.3x 10
May 04, 2018 - 0.120 ;
1c May 12, 2018 20.4 132 2.0x10
Jun 06, 2018- 0.108 5
1d Jun 29, 2018 18.3 125 4.0x10
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Extract o,"** from the wiggle plot

Histogram of decay e* arrival times (wiggle plot)

10 v2/n.d.f. = 4167/4132

Weighted e" / 149.2 ns
33

0 20 40 60 80 100
Time after injection modulo 102.5 [us]
Frequency |MIHZ|

Separate analyses for Runs 1a-1d:

3 independent event reconstruction schemes
11 different and independent analyses

6 independent groups

Extensive systematic checks passed:
— “Software” unblinding to check consistency,
hardware blinding still in place

1 | | | | | |
- *Run 1a < Run 1c ! | ! |
=24 “Run1b *Runid | i i i i |

m

R [ppm]

Wl

-32 | | | | | | l | | |

Cc-T W-T E-T S-T B-T c-a W-A E-A S-A B-R K-Q

Analysis

*434 ppb statistical uncertainty
*56 ppb systematic uncertainty
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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”

AN . : : -
— and vertical harmonic motion s b
N A . . . : 5 + Run 1 R
in quadratic E field! g T AR
N\ /77 0.6 -
| C = n A2> i
< p 5 0.4
X 4R
O 0.2 —
Trackers measure vertical oscillation amplitude e o I S
- S . S : _ ———— -40 -30 -20 10 O 10 20 30 40
S0t () ]/\‘\ s Etoo0o- o) e E Equilibrium Radius [mm]
é 8000~ ‘;: \1& g < 12000 , ; <7 2>
6000[- = 100001 8 _ : o\
of / E 1 ok / ; C., = —2n(l —n)3* =
4000 \ sooor- f \ E RQ
2000 - rf' % E 40100 ;/!/ \\ = 0
o o 0 o 'z(:\a'u__— O e e '40—"_"7-,’:‘._E
Vertica Decay Pusition [rmin) Vertica Ceclliation Amplituda [mm] COrreCtion: 489 ppb, Uncertainty: 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 -

A NVVVINMANAAAAAANA, N (f) =~ Nye™ ll + A cos (a)at + qb)]

| ‘ <
e
103 cos (w,t + Py + 19" ) =cos ((w, + P+ Py +...)

—i
o
~

102--.....A.}............ e,b(\*
0 20 40 60 80 100
Time after injection modulo 102.5 [us] A pOSSibIe frequency Shlft Of ¢/
'g‘ | | [ I [
E,
> —-10 . .
3 e The decay positrons carry a particular phase
)
O

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

Detected Phase [mrad]

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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Phase acceptance correction: The voltage on the ESQs

N
o

AV [KV]

-
o

ullllll'lll|II|III|III|III|III

LA L2 L2y DT Pt o o
-‘7...,,“” el o
iy, e,
e -
i -
,I
’

[ﬂ Systematic effect unique for Run 1 data (hardware fixed for
T run 2 and beyond):
_________ Rkl e e 2 high-voltage isolators for ESQ failed
- e Time-dependent E-Field of on 2 ESQ plates
Damaned 1-8tep — Change of vertical beam position and width

.................. Damaged 2-Step

Correction: -158 ppb, Uncertainty: 75 ppb

LT T T
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- 1 B30 £ 1350 = $ - -
| — & g r ] IGCJ 0.5 — __
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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 - PANIC 2021, September 7th 2021

“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

About 9000 azimuthal positions

11 "
The trolley to make a field decomposition into
. 2D spatial multipoles A typical
17 NMR probes, 3-day interval azimuthally averaged
SE sof | Trolley probe (Centen) magnetic field map
L o - .
T ow o
o Y :
-50 '1.0
. T e i r
QD c - Dipole
98 50F P Y05
o= 9
- | I | | i
{ g_ 40+ INormal Qualdrupole | — 05
<Q :1 i
g 0¥ . - : '-1.0
5 -40 E ’
5 o~ [t
= < g 40 Skew, Quadrupole —
5 ma - , 5 ; n
> : P b
i i 1
-40:_ | | | —:
40 -30 -20 -10 0 10 20 0 — l100l — |200l — l300l |

horizontal position [mm]

Azimuth (deqg)
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The precision magnetic field: tracking in time

Tracking of the 2D multipole moments over the Run 1 datasets

“The fixed probe array’
378 . E 34 B 1 1 ] 1 I 1 1 1 1 I / / I 1 1 | 1 I 1 ] ] 1 _
pulsed nuclear magnetic = - - ]
resonance probes 2 32 . - Dinole
measure 24/7 around pJ beam = 30?_\ ’\\M\ -
Serial inducfor‘locoo.iolo - Base piece w. | - 28 : RN R S R R TN TN M / / | T TR TN A N TR B :
—_— — 1 1 1 1 ] 1 1 1 / / 1 1 | ] 1 1 1 | B
E . E I WM I | | E
< : | WWWWE Normal quadrupole
~. O.va —
- = . -
2 -0.5F #! g=
S i R R R R N TN R A s A | R N N T N T T B B
é*' 0 10 20 50 60 70
Time (days)
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Extracting a,: the muon weighted average magnetic field

R'=a)a=

D foativ <M (.5, 0) wy (x,y,¢)> (1 +Bk+Bq)

faoek @ (14 Co+ Gy Gy + o)
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The muon weighted average magnetic field

Vacuum Chamber A muon’s perspective of the tracker Beam tracker stations combined

with beam dynamics simulations

1.0
Decay e+ -Field homogeneity [ppm]
a0 -
0.8
f-Tracker g
20 4 =
062
e =
= g
E o =
> S
0.4 :E’
—20 S
™
0.2
e Time since injection: 5.0 us ——— —40
= - L
gso— 220;-
; S ) 80 ;310__ -40 —50 6 20 4'0
Ta0f . e = [ X [mm]
g . el g of
. > 20t . B ':,_ l =S = Ba—
Calorimeters S . TN A
o . _ .
b - e 2 56 ppb uncertainty
820
-0 ., %15:—
- 20 o« r
. B 0— ° ° [}
. Incl. probe calibrations, field map,
s L Todan ol e 1., B E

o e e e e s s s s RS W o tracker alignment, beam dynamics model
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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:

g i [ ! | J [ ! ' ' [ : ' : [ lﬂ | : ! ' '__

% 400: n ﬂ ﬁ ” ﬂ ﬂ E

i‘é_; 200_— o

5 [ # :

i _ g Ob\ﬂ i f

TN | 200} f -

’ '- q - 400 ! _

4 * 0 20 40~ 60 80 100

. ; Correction: 17 ppb / w‘i

e Pulsing with high-voltage: Uncertainty: 92 ppb ~ 200

— mechanical vibrations of electric conductors 2 1oo§— —
- perturbation of B field 2 OF
2 -100F
© :

400 g g T
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Extracting a, - our tools

Time since injection: 5.0 us

E_80 100
Seof
3 L 80
o . . 0-40_
Anomalous spin precession Muon beam dynamics gr.
. >20_—..;.‘-- RN e
frequency corrections e »
O
T ombined Aun-t bata Clock blinding .
-401 . L
|6|0| \ |8|0| . o . . - ) 20
Time after injection modulo 102.5 [us 6ol . .
P ST T P e e ., A
a)a w0 60 0 =0 0 20Radi£0Posi|:ic?l[1) [mm]80
R =— =
~ /
),
p
- Spatial distribution
- of magnetic field
2 e Transient magnetic
O °
50 2 fields
25 . .
Calibration
0
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All the analysis is available for you to look at in detall

PHYSICAL 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,

38
A. Anasta

- Kk -

PHYSICAL REVIEW D 103, 072002 (2021)

Editors' Suggestion

Measurement of the anomalous precession frequency of the muon

T. Albahri,”® A. Anastasi,
T. Barrett,® A. Basti,’

E. Bottalico,' ™" T, Bor
S.P. Chang,'® A. Chapela
J.D. Crnkovic.”?** S. D

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.™ A. Anastasi.,’

F. Bedeschi.'' M. Berz.” PHYSICAL REVIEW LETTERS 126, 141801 (2021)
G. Cantatore,* R. M. Care

R. Chislett,*® I. Choi,” Z
S. Dabagov,”! P. T. De

V. N. Duginov,'” M. Ea Measurement ol the Positive Muoon Anomalous Magnetic Moment to (.46 ppm
A. Fioretti, "1 D. Flay,*' N. ¢ __
[.. K. Gibbons.® A. Gioios B. Abi,"' T. Albahri.”” S. Al-Kilani,”” D. Allspach,” L. P. Alonzi,”® A. Anastasi,' * A. Anisenkov, * . Azfar,”" K. Badgley,’
F. Gray,24 S. Haciomemglu,5 i S. Baebler, e Bailcy,w"i V. A. Baranov,'’ L. Barlas-‘{uccl,‘:7 T. Barrett,” L. Barzi,7 A. Basti,”";2 I.. Bedeschi,'
G. Hesketh,™ A. Hibbert, A. Behnke,” M. Berz,*" M. Bhattacharya,” II. P. Binney,” R. Bjorkquist,” P, Bloom,*' J. Bono,” E. Bottalico,'"**
P. Kammel,* M. Kargiantc T. Bowcock,™ D. Boyden.22 G. Cantatore, ™ R. M. Carey,2 J. Carroll.” B.C.K. Casey," D. Cauz,”™ S. Ceravolo,’

R. Chakraborty.ﬁXS S.F. Chang, % A. Chapelain,é S. Chappa,7 S. Charity,7 R. C}jquetl,36 J. Choi,” Z_.Chu,zf"“ T.L. Chl\lpp,42
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The Muon g-2 collaboration ready to unblind

Domestic Universities United Kingdom Muon g-2 Collaboration
Boston La ncaster 7 countries, 35 institutions, 190 collaborators
Cornell Liverpool
llinois University College London
James Madison Italy
Kentucky Frascati
Massachusetts Molise
Michigan Naples
Michigan State Pisa
Mississippi Roma 2
Northern lllinois Trieste
Regis Udine
UT Austin Germany

. .« . ™ b g y ' L" |
Vlrglnola JGU Mainz - = &. e ‘ h “ll ?“ w xﬂ
Washington TU Dresden S | L R et
. id e AN

National Labs RUSSIA —_— ' = ‘
Argonne JINR/Dubna A lalet L O8 SEESh b L0 PE- ikt M |
Brookhaven Novosibirsk %, EANN FYEAL N - § o
Fermil
‘Fermilab South Korea

China CAPP/IBS The 40 MHz clock was really set to:

Shanghai Jao Tong University KAIST 39997 784 MHz
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Result from combined Run 1 datasets

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

Figure: Zoltan Fodor . , a.(FNAL, R1) = 0.00116592040(54) > 463 ppb
BNL g-2
@ :
M Both experiments uncertainty dominated by statistics:
< 1.50 >
a.(Exp) = 0.00116592061(41) = 350 ppb
: 9 i | i |
BMW, lattice QCD  Experimental
Standard Model Average a,(SM) = 0.00116591810(43) = 350 ppb
< 420 > 4.2 o discrepancy between experiment and
—® i community approved SM prediction
White Paper
Standlard Modell | | | | |
175 18 185 19 195 20 205 21 21.5 BUT: the very recent results from IQCD for HVP
a, x 10° = 1165900 would reduce the tension to 1.5 o!

Borsanyi et al., Nature 593, 51-55, 2021
and arXiv:2002.12347
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A new era of a, comparisons

Prediction
based on SM Measurement
theory and e+/e-
scattering data
o
\.,\((\ 0<\\
SNy
Ab-initio R
| e Lo
lattice QCD eV \©
calculations (\\5\ Q1
Q) 7
< &‘S\@
°
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Predictions are hard to make if they concern the future...

Last update: 2021-06-27 07:51 ; Total = 12.89 (xBNL)

New results from Fermilab Run 2 and 3 will feature

* More statistics
» Smaller systematics:
* Better temperature stability
» Beam on nominal orbit
 Magnetic field transients measured

Independent measurement of muon g-2 at J-PARC

» Different experimental technique

» Different beam energy — Different magnetic field

Further theory developments

» Lattice QCD calculations of HVP awaiting independent results
* Proposed new data-driven HVP determination: MUonE at Cern

* Interpretation in a more context of LUV effects (see talk: Anders Thomsen,
5 Sep 2021, 14:30), PRL has > 250 citations to-date!

M. Fertl - PANIC 2021, September 7th 2021

-
SN

Raw e "/ cumulative (x BNL)

/55;2
An-1

o N OB O @

{ Muon g-2 (FNAL)

A-a)

WO AD A A9

O 0 WA

Al {L hY
\ \ Q \! \
0;\ ‘“\9‘\;0\,5\5 Q\ N\‘a\;g’\’ 3\\ Q’\'Be 0}\’\‘\6 Q\zya

_~ Proton beam (3 CeV)

Solercid captures
surface muons ‘rom
pior decay at rast,

107 muon sec yiekd
froam 1 MW proton

MLF 'mu"on experimental
facility H-line

(?/'\ r):\

\ \\
Q""PQ‘ o

.( netic ene gy Mamentum
Surface muon (3.4 MeV, 27 MeV/¢)

Thermal muon (25 meY, 2.3 keV/c)

Reaccelerated muon
(212 MeV, 300 MaV/c)




