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Py Muon g2 experiment :
(s S} F) '4£>“

A Themuon g-2 experimentat Fermilab(E989) aimsto measurethe

g”—Z

muonanomalya,, = with a designprecisionof 140ppb.

A The total uncertainty consists in the sum In quadrature of
systematicand statisticalcontributionsof a samesize(100ppb).
A It will allowto improveof a factor of 4 the precisionof the previous

resultat BNL(EB21) experiment(540ppb).
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v Muon g2 experiment :

The intrinsic magnetic moment of a particle with sps:

.4 g
=g=——S5
h=g5-

Theg-factor (gyromagnetic) defines the coupling between the spin and the

magnetic field, and fo® pf¢ elementary particle (e, L):
A g=1 classic theory;
A g =2 Dirac equation;
Aglh HwdnnHooX ljdzr yidzy FASEIR O0KS2N
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Whyg + 27?

The answer Is In the radiative corrections:

"Q ¢ (Dirac 1928)

- — - —— — ———— ——— — |
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The answer Is In the radiative corrections:

QED y ‘Q ¢ T1@i1mtc¢ o6 glporder, Schwinger 1948 QEDargestcontributionD p T 11 diagrams)
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Whyg + 27?

The answer Is In the radiative corrections:

y a)
4% |44
4 Yy AN

ar™V = (15.36 £ 0.10) x 10~
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by Whyg + 27 :

The answer Is In the radiative corrections:

o

A a,"? ~ 690 x 107"

ThistermOlF Vv Qi 6 S O2 Y L)zl SR _, dzgrdsghihg 1hdS NJi
main source of uncertainty for the theoretical prediction, with an error
of 0.6%P this term is computed via dispersive approach.
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e HLOy; i "
5 a,, " Dispersivepproach N
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Main sources of uncertainty:
A Large fluctuations at low energy due to the hadronic resonances

A Merge measurements of different hadronic channels from different experinr
A Huge work to combine all the input data and evaluate the systematic

uncertainties.
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Theory- Experiment comparison until 2020

Situation at 2020 when the first Tl result has been published.
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Py Muon g2 experiment. Data collection
- 20212023 datac
>5 Updated: 07-24-2023; Total = 21.9 [xBNL] currently under analysis
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we How do we measure,,? AN

AR

/

A Muons are injected in a magnetic fieldb#5 T
A When a muon moves in a uniform magnetic field its spin rotates faster

than its momentum (ig>2 and the difference between the spin and
momentum angular velocity is the anomalous precession velacity
. eB el_f_ g—Z) eB eB

Wa = Ws = Oc =95 m_( 2 m .
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b4 HOw such precision Is possibie? u

/

‘@D~
A 4 nature giftsallow to reach this very high precision:
1. Muons strongly polarized (95%):
U Itis possible thanks to the weak pion decay
2. Precession frequency proportional to-@)
i oy oy oy )t R
1 i 10‘32— \‘/\/\/V\M/\/\/\/\/\/\/\/\/\/WV\F
3. Magic momentum|h Gevc: v = /1 R I AN
104%%
— P 10° £
u —| [U.) O /‘%’(T/O)] / - WNVVW'\'“W ﬂ'x ﬁ
4. Positron emitted preferably in direction of the muon spu. e
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e x Extraction (simplified) o

A The magnetic anomal#H IS obtained by measuring many quantltles

Wq |[Hp My Ge
a, =|=; 5
W p|He Mg
Ratio measured at Quantities measured |
Muon g2 experiment: other experiments
/ Wq
R = —

W p

© R represents the magnetic field as proton Larmor frequency (in a water
sample) weighted with the beam distribution inside the ring.
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g-Z short recap: 1he Ring
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24 Calorimeter stations located all around the ring
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we Detectors :

A" 24 electromagnetic calorimeters:

A 54 PbF2 crystals read by 54 SIPMs.
A Crystal length 14 cm, 15 .
A Cherenkov light faster than showers (signal

width Dnanoseconds).

A Laser calibration systermallows the energy an

time calibration of the calorimeters

A Two straw tubes trackers. Tracker  Calorimeter
chamber |

A 32 planes of drift tubes filled with a 50:50
mixture of Ar/Ethane® Built in Liverpool!
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e u
x w, measurement PN

Start time Fit t > 30

)

A The simplest function which describesthe & w

number of emitted positron from muon S A A A

decay(socalledowiggleplote 13

iy

_t o 35’?3“ A
N(t)=No-e 7 -(1+A-cos(wg-t+¢)) NN e ey
A The FFT of the ¥ A eSidual shows many? "f fooo =)

frequencypeaksdue to beam dynamicseffects °°f

that are not modeledby the previousfunction.

Frequency [MHz]
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’%’ w, measurement
A Takinginto accountfor the beam motion, the fit function gets more

complicatedup to containup to 27 parametersin Run2/ 3.
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e w., Measurement :
7 P @

A Themagneticfield is measuredy:

A 378fixed probesaroundthe ring;

A 17 NMR probes moved around the ring

viaatrolley.

A The tracker measures the muon Field map

.

Muon distribution

distribution aroundthe ring. | -

A Themagneticfield map is weighted with

n
Vertical Position [mm]

.- N n - =23

o o = =3 =] =3

the muon distribution to obtain the

From tracker

effectivefield experiencedoy muons e e e
rom trolley
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v a, Extractiong Real world

For the measurement ab the measured and] need to be corrected by:

Beam dynamics corrections
A

o N
/ fclock (1 + Ce + Cp + le + Cpa + Cdd)

8 fcalib<w1,9(x:y'¢)XM(x'y'¢)>(1+BR+BCI)
\/J

Transient field corrections

rg P 450 ppband f_D 180 ppbare the higher correction applied 1o .
Ftand || ,have the higher systematic errors in Riin
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Py a, Extractiong Real world

For the measurement ab the measured and] need to be corrected by:

E-Zzafilsng Beam dynamics corrections| E.Bottalico
L.Cotrozzi \ - - O
R fclock (1 + Ce + Cp + le + Cpa + Cdd)
8 fcalib<w1’9(x!y'¢)XM(x'y'¢)>(1+Bk+BCI)
— ——

C. Saskih Transient field corrections

rg P 450 ppband f_D 180 ppbare the higher correction applied 1o .
Ftand || ,have the higher systematic errors in Riin
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