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Il us that 95% of matter is not described in text-
surrounds us! Where it is ?

h strategies:
nergy physics to excite heavy degrees of freedom.
vidence till now. We live in LHC era!

nergy physics to produce Rare processes in view of huge

some rough edges of SM.



Dirac Equation Predicts for free
point-/ike spin 2 charged particle:

2

g=2, a=(g-2)/2=0 (no anomaly)

a becomes nonzero due to interactions
resulting in fermion substructure



The lowest order radiative correction (QED)

' = ey, + d,-—o,0q, a,=(9,-2)/2

Schwinger, 1948

aZXp — 000119 i 000005 Kush, Foley, 1948




Electron AMM

To measurable level a_ arises entirely from virtual electrons and photons

a®® = 1159 652 180.73(0.28) - 10™ [0.24 pph] Harvard 2008

aSM =a_(QED)+a_(hadron)+a_(weak),

a (QED)— ZCZn( j

The theoretical error is dominated by the
uncertainty in the input value of the QED coupling a = e?/(4m)

o = 137.035 999 1727(341) [0.25 ppb]

QED is at the level of the best theory ever built
to describe nature




Muon AMM: BNL result vs SM

New Prop.

a,~=11659 208.0(6.3) 107 (0.54 ppm) | 5570 CEHMIES
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af}" =11 659 180.2(4.9) ¢10 ™ From Standard Model

In Theory

SM
_ QED EW Strong lp)p)
a, ={a’ +a;" +ay ™} + 27"

The SM Value for ¢, from e*e - hadrons (U

Aa,=a " —a’ =27.8(8.0)e10™ (3.60!)
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a%P= 11 658 471.8951(0.0080) 10

aAElW — 1536(010) .10_10 Czarnetski&Marciano&Vainsh

Gnendiger, Stockinger 2014

Contribution estimated as

a> "= 693.0(4.9) e10™ (<1% accuracy!)

M. Davier, A. Hoecker, B. Malaescu,
F. Jegerlehner, R. Szafron 2011

estion how to get such accuracy from theory.
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b
692.3+4.2)010 ™ a,;" =(l0.5%2.

acuum polarization Hadronic Light-by-Light Sceé
cker, Malaescu,zhang 2011;  (AED, A.Radzhabov, A.Zhe

artin, Teubner 2011) C.Fischer, T. Goecke, R.Wil
Hadronic Vacuum Polarization
contributes 99% Light-by-light process
and half of error contributes 1%
Fixed by Experiment and half of error

w_ @ [ K(s)
A= [ ds == R(O)(S)| IModel Dependent
4m?2



Dispersion relation, uses
unitarity (optical theorem)
and analyticity
(Bouchiat and Michel, 1961)
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Hadronic light-by-light contribution to muon g — 2
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Hierarchy
a) 1/Nc
b)Mpu /(4w f _
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D is simulated by
al Quark model

qlp)

P

The vertex F is equivalent
of the light-cone pion WF
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Model T PSs S AV Quark m, K — Total
{‘II'D,T;I, rf) (e, fo,an0) loop loops
VMD (Hayakawa [24]) 5.74(0.36) | 8.27(0.64) 0.17(0.10)|0.97(1.11) | —0.45(0.81) | 8.96(1.54)
ENJL (Bijnens [25]) 5.58(0.05) [8.5(1.3) |—0.68(0.2)[0.25(0.1) |2.1(0.3) |-1.9(1.3) [8.3(3.2)
LMD+V (Knecht [26]) 5.8(1.0) [8.3(1.2) 8.0(4.0)
Q-box (Pivovarov [32]) 14.05 14.05
LENJL (Bartos [31]) 8.18(1.65) [9.55(1.7) [1.23(0.24) 10.77(1.68)
(LMD+V) (Melnikov [27]) |7.65(1.0) [11.4(1.0) 2.2(0.5) 0(10) 13.6(0.25)
[[NvQM (Dorokhov [36-38])|5.01(0.37) | 5.85(0.87) [0.34(0.48) 11.0(0.9) 16.8(1.25)
oLMDV (Nyffeler [28])  |7.2(1.2) |9.9(1.6) |—0.7(0.2) |2.2(0.5) |2.1(0.3) |—1.9(1.3) |11.6(0.4)
DS (Goecke [39]) 5.75(0.69)|8.07(1.2) 10.7(0.2) 18.8(0.4)
CxQM (Greynat [35]) 6.8(0.3) [6.8(0.3) 8.2(0.6) 15.0(0.3)
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LIFE OF A MUON:
THE g-2 EXPERIMENT
Muons are
tiny magnets
spinning on
axis like tops.
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Protons Pions, welghmg Pions decay
from AGS. 116 proton, to muons.
are created.
One of 24 detectors

see an electron, giving
the muon spin direction;
g-2 is this angle, divided
by the magnetic field the
muon is traveling through
in the ring.

Muons are fed

into a uniform,
doughnut-shaped
magnetic field

and travel in a circle.

After each circle,
muon's spin axis
changes by 12°,

yet it keeps on traveling
in the same direction.

After circling the ring

many times, muons
spontaneously decay to
electron, (plus neutrinos,)

in the direction of the muon spin.




Precise measurment of muon g-2/EDM at JPARC

Graphite target 3 GeV proton beam
(20 mm) (333 uA)

» Surface muon beam
(28 MeV/e, 410%/s)
Muonium Production
(300 K~ 25 meV=32.3 keV/c)

Overview of New Muon g-2/EDM Experiment
J-PARC with Ultra-Cold Muon Beam

Laser 'S -
122nm, 355nm Laser Re-accelerate
Proton beam oy LINAC
(3GeV, IMW, 25 Hz)  + pr oy |
g M) e Ultra-cold 4

‘I ,é’ Q@ ) O s, Muon beam

Surface muons 'Q (2.3 keV/c)

(28 MeV/c) my production

Graphite
target

target (20 mm)

(300 MeV/c|

Muon beam
injection and
storage

Positron
detection

].l._ beam J /l Deflect beam direction) b

Ty

3-D spiral trajectory /=" F =
07 Y BN e > B

Radial field in
fringe field area

: :: = ;"7 M‘nntl Id from solenoid +

\M 1k focus field (static)

— | B m
= Rull 11]”1’\L fieldto

=]

Muon orbit plane

stop vertical motion



Summary

1) Study of Electron AMM provides very precise value for the QED
coupling «

2) Study of Muon AMM is sensitive to effects of SM and NP

3) At present there is 3.4o0disagreement between SM and
BNL experiment. New experiments at FNAL and Jparc are promising

4) New experiments at VEPP2000, KLOEZ2, BESS Ill on cross section will
further diminish the error for HVP contribution

5) The account of full kinematic dependence of meson-two-photon vertex
reduces the value for the meson exchange LbL contribution

6) Dynamical quark box contribution make total result bigger than in
previous estimates



Anomalous Magnetic Moment in SM and beyond

QED Hadronic ... or other new
/\ % physics ?
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Model ¥ n n' ™ +n+7

VMD [6] 5.74 1.34 1.19 8.27(0.64)

ENJL [11] 5.6 8.5(1.3)

LMD+V, VMD [7] | 58(1.0) | 1.3(0.1) | 1.2(0.1) | 8.3(1.2)

NJL [12] 8.18(1.65) | 0.56(0.13) | 0.80(0.17) | 9.55(1.66)

(LMD+V).VMD[8] | 7.97 1.8 1.8 11.6(1.0)

NxQM [13] 6.5(0.2)

HM [16] 6.9 2.7 1.1 10.7

DIP, VMD [10] 6.54(0.25)

DSE [15] 5.75(0.69) [ 1.36(0.30) | 0.96(0.21) [ 8.07(1.20)
his work (NvQM 5.01(0.37 0.30 5.85
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