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History

The Nobel Prize in Physics Experimentalists:
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- Ambler Hayward
Chen Ning Yang Tsung-Dao (T.D.)
< for their penetrating
investigation of the so-called
parity laws which has led to Hoppes Hudson
important discoveries regarding % performed an experiment which
the elementary particles revealed that in certain nuclear

processes pairs of events that are
merely mirror images of each
other occur with different
probabilities



History

< Polarized electron beam scattering experiment at SLAC: shows
that the Standard Model is a viable theory in 1978

[Prescott et. al., Phys.Lett. B77 (1978) ]

Gr,_ _ _
»CPNC, SM " ﬁ(e%%e) X (QZV”%” + ngp%p)

QY = —-1/2, QY = 1/2(1 — 4sin® ) ~ 0.04
< Polarized muon beam scattering experiment: an attempt was
made to measure parity violation in Serpukhov, Russia but
failed in 1976 [Bushnin et. al., Phys.Lett. B64 (1976) ]
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‘ Room for New physics!!



Muon anomalies

< Muon g-2 anomaly:
< ~3.5 sigma deviation from SM prediction
[Bennett et al, Phys.Rev. D73,072003 ]
< More precise measurement at Fermilab (g-2)
< Improved SM calculation based on lattice QCD [ Benayoun et al.
< New Physics? 1407.4021 ]

< Proton size anomaly: ~7 sigma
< hydrogen lamb shift and e-p scattering
[Mohr et al, Rev.Mod.Phys. 84 (2012) 1527]

< Muonic hydrogen/deuterium lamb shift (oo et a1 nature (2010)]
[Pohl et al, Science (2016)]

< Lepton flavor non-universality in B physics, Rx and Ry , each has
around 2.5 sigma deviation from SM

[LHCb, 2014 and 2017]



Proposal for two experiments

< Difficulties with muon beam experiments:

< Luminosity: luminosity of a muon beam is less than that of
an electron beam

< Muons are unstable
< Spin flip

< Existing or planned muon beam facilities are able to produce
more muons and have capabilities to flip the spin of muons
< Fermilab g-2 experiment
< J-PARC: novel ultra-cold atom technique for measuring
muon g-2 and EDM
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New physics model

< Model with gauged Hg: [Batell, Mckeen, Pospelov, Phys.Rev.Lett. 107,011803]
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Fermilab

< Flip spin using delivery ring
< Luminosity: 10’ muons/sec

Recycler Ring

FERMILAB

Target (W)

3 GeV Delivery
1 beam Ring
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Modified A ;

To flip the spin we require: L

Nturn Tc Wq — T
[..: period of cyclotron

w,: the rate at which the spin turns
relative to the momentum =

momentum

Nturn Ep, (GeV) 6(nturns)

14 3.23 70%
15 3.02 67%
16 2.83 63%

€(nturns): the fraction of events left after nyy, turns

/ _ dNL — dNR/G(nturns)
Lk dNL + dNR/e(nturns)




JPARC

< J-PARC plans to measure muon’s anomalous magnetic moment

(g-2) and it's EDM

Muonium

exotic atom made up of an cieatron @

(nte™) isan

antimuon and an electron

Muonium

Target

Muonium
. Laser
production
28 MeV
surface /1" % Acceleration of
—_—
S ultra-cold u+
Aerogel v 300 MeV/c
target S.pn} ﬂ'? &
ionization
p=3keV/c

[http://g-2.kek.jp/portal/documents.html]

Almost at rest




Variable

< Asymmetry: N N
L — QIVR

dN1, + dNg

ALr =

< Define a variable that can measure the deviation from the SM
(assuming only statistical uncertainty from observed events)
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< Introduce weighted average: bins with smaller uncertainties
have larger weight
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Results: Fermilab

3 GeV muon beam,
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Results: J-PARK

0.3 GeV muon beam,
Luminosity: 108 4" /sec 20
Q2. = 0.01 GeV?

min

7=2,6,20,26. From top to bottom

30 days of running

0.05 0.10 0.15 0.20 0.25
Q7 max[GeV]
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Take home message

Muon sector is interesting. A model with gauged #r that can
address the proton charge radius problem may potentially
contribute to the parity violation at muon sector

No lose theorem: can at least measure parity violation in SM
even if there is no new physics

The Fermilab setup can explore all the interesting range of the
coupling in the effective Lagrangian and can eventually detect
SM P-odd forces

The J-PARC experiment can probe the parity violation that is
O(10) times larger than the SM prediction



BACKUP SLIDES



g-2 experiments

< Fermilab: using existing g-2 delivery ring

Qe Qe
Spin precession freq: we = —q—B — (1 —~)—
pin p a: W IomB ~ =70 g2
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Qe 2
Cyclotron freq: w¢ = ——D08;
my

v is the boost factor of muons
If an external electric field is applied:

U_J’S_(D)c

Running experiment at the magic momentum
such that the 2" term cancels

momentum



Fermlab

Cyclotron freq: Nurn ] (Ws — We) = 7
T = 27w,
- Nﬂ'(t) — e—ﬁ — e_"‘ B'yciu spin
f(nturns) — Nu(O) momentum

Lpr = 505 meters is the circumference of the delivery ring

! Niurn Eu(GeV) €(nturns)
T 2a,y 14 3.23 70%
15 3.02 67%
, AN —dNpg/e(Nturns) 16 2.83 63%

LR =
dNL + dNR/€(Murns) v is the boost factor of muons

€(nurns): the fraction of events left after ngy,, turns



Comparison b/w g-2 experiment and J-PARC

< Unlike Fermilab where the 2nd term is eliminated by running at
the magic momentum p~ 3.09 GeV/c ( 7 =29.4 ), J-PARC
doesn’t require an external electric field (E) for beam focusing
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Ay = 9 NO electric field for J-PARC

so it provides an important cross check of magic ~

< Can measure muon g-2 and EDM simultaneously



JPARC: Form factor

< Target materials: atomic number Z=2, 6, 20, and 26

% Take into account the nuclear form factor
[Y-S. Tsai, Rev. Mod. Phys. 46, 815 (1974)]
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d is the Dirac mass squared, ~ 0.164472/3 GeV?



New physics

< Introducing a new vector boson V:
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Deviation from SM




