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Introduction

Abnormal people are looking for traces of Extraterrestrial Guests
Abnormal Educated people are looking for hints of New Physics

Cosmology tell us that 95% of matter was not described in text-books yet

Two search strategies:

1) High energy physics to excite heavy degrees of freedom.

No any evidence till now. Waiting for LHC era.

2) Low energy physics to produce Rare processes in view of huge
statistics.

There are some rough edges of SM.

(9-2), is very famous example,

ng—e*e is in the list of SM test after new exp. and theor. results
That’s intriguing



The lowest order radiative correction

I = eyﬂ ag %Gﬂqu a,=(g,-2)/2

o Schwinger, 1948
a 2 0.00116 (Nobel prize 1965)

7'['_



Magnetic Anomaly

QED Hadronic ... or other new
/\ physics ?




oton Anoma

Electron anomaly is measured extremely accurately.
QED test.

It is the best for determining o
For a lepton L, Mass Scale contributes to a, as (mf / AZ)
Tau anomaly is difficult to measure since its fast decay

Muon anomaly is measured to 0.5 parts in a million
(ppm) SM test.

Thus muon AMM leads to a (m /m,)?~ 40 000
enhancement of the sensitivity to New Physics versus
the electron AMM, the muon anomaly is sensitive to 2
100 GeV scale physics.




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

ag'\/l =a_(QED)+a_(hadron)+a_(weak),

a (QED)— ZCZn[ ]

The theoretical error is dominated by the
uncertainty in the input value of the QED coupling a = e2/(4x)

a = 137.035 999 084(51) [0.37 ppb]

Das iIst fantastisch!

QED is at the level of the best theory ever built
to describe nature
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*Tau due to its highest mass is the best for searching for
New Physics,

*But Tau is short living particle, so the precession method
IS not perspective

*The best existing limits (see S. Eidelman, M. Passera

-0.052<a Ex*<0.013

are obtained at OPAL and L3 (LEP, CERN) from the high
energy process

ete> e*e t+1—,
*While the SM estimate 1s

a>M=1.17721(5) 103
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Electron anomaly is measured extremely accurately.
QED test.

It is the best for determining o
For a lepton L, Mass Scale contributes to a, as (mf / AZ)
Tau anomaly is difficult to measure since its fast decay

Muon anomaly is measured to 0.5 parts in a million
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Standard Model [a5" =ad™® +af" +a™" =11659177.3(5.0)-10 "

Anomalous magnetic moment of muon

New proposals for
BNL, FNAL, JPARC

a®™ =11659208.0(6.3)-10""

predicts the result which is 3.1obelow the experiment (since 2006)
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3.1 & with new BABAR (2009)

M. Davier etal., 2009



Charge pion




md—e*e from K

&

process

Lowest order diagram

eV E799-Il EXPERIMENT at Fermilab experiment (1997-

(7.48+0.29+0.25)-10 | 99-00 set

o=

tis based on observation of 794 candidate n° = e*e events
s a source of tagged n°s.
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KTeV experiment:

Basing on

1) CLEO data for F_(t,0) and,
2) QCD constraints for F_(t,t)
one gets the branching

B =(6.2+0.1)-10°°

r—ee”

Which is 3.3c0below data!!
BX™ =(7.48+0.38)-10°°

A. E. Dorokhov and M. A. Ivanov, Phys. Rev. D 75 (2007) 114007
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Gomez et.al. (ChPT+exp)
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eV result

CLEO




Possible explanations of the z° anomaly
1) Radiative corrections

KTeV used in their analysis the results from Bergstrom 83'.

A.D. . Kuraev, Bystritsky, Secansky (EJPC 08’) confirmed Numerics.

2) Mass corrections: tiny, but visible for pand 7’
A.D., M. lvanov, S. Kovalenko (ZhETPh Lett 08’ and PLB 09)
Dispersion approach and yPT are corrected by power corrections (m_/m )"

3) New physics
Kahn, Schmidt, Tait PRD 08 Low mass dark matter particles
Chang, Yang 08’ Light CP-odd Higgs in NMSSM

4) Experiment wrong

Waiting for new results from
KLOE, NA48, WASA@COSY, BESIII,...



hmitt and Tait (PRD 2008)
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FIG. 1. Dark matter annihilations into et e~ pairs [12,13]. The
first diagram corresponds to the pair annihilation of spin- i—, LDM
particles y (which may be self-conjugate, or not): and the second
one to the case of spin-0 particles .
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ymmetric Model (NMSSM)
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AV

the available experimental results.

S. Kovalenko (Phys Lett 200¢

TABLE I: Values of the branchings B (P — [*]~7) obtained in our approach and compared with

Ry Unitary| CLEO bound |CLEO+OPE|This| Experiment |BES III

bound work (1 vear)

Ry (7" — ete™) x 10*| > 4.69 | >5.85+0.03 | 6.23+0.12 |6.26| 7.49+0.38 [1] |[WASAQ
Ro(n— ptu™) x10%| > 436 | <6.23+0.12 | 512+ 0.27 |4.64(5.8 £ 0.8 [20, 21]| 0.08

Ro(p—ete”) x10° | > 1.78 | >4.33+0.02 | 4.60+0.09 |5.24| <2.7-10* [22] |0.7- 10?
Ro( — putp=) < 107| > 1.35 | < 1.44+0.01 |1.364+0.010|1.30 0.8

> 0.36 |> 1.121 4+ 0.004|1.178 4 0.014| 1.86 0.7-10°

be available soon from WASA@COSY
orrections are visible for n(n’) decays

will get for n ,n’->Il the limit 0.

COS




1
T An?fp1+ Q2/A%

Frpye(1,0) i 1 {Raresin?( ) + 22 D2 Ly aed\

e (B, 0) = - arcsin”(—— - =y  _______ 4

W m2 +t 2 arcsin®( 2“';;:?) 2Mo" 2 (o1 i
My=135MeV ‘252

arXiv:0905.4577

Fryy+(Q%,0) = S5 A.V. Radyushkin, arXiv:0
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Values of the branchings B (P — [717) obtained in our approach and compared with the available ex-

perimental results.

Ry Unitary bound | BABAR bound | BABAR+OPE | [9] Experiment
Ry (’;TO — e+e_) x 103 > 4.69 > 5.85+0.03 6.23 +0.12 6.26 | 7.49 £ 0.38 [11]
Ro(n— pTp~) x10° > 4.36 < 6.23 +0.12 5.84 +£0.27 4.76 | 5.8 £ 0.8 [42,43]
Ry (n—ete™) x 107 > 1.78 > 4.274+0.02 4.63 £ 0.09 519 | <2.7-10% [44]
Ro(n — ptp~) x 107 > 1.35 < 1.44 +0.01 1.364 = 0.010 | 1.30
Ry (n — eTe™) x 1019 > 0.36 >1.1214+0.004 | 1.178 £0.014 | 1.86




Summary

1) The processes P =2 |+I- as like as muon g-2 are good for test of SM.

2) Long distance physics is fixed phenomenologically. New
measurements of the transition form factors at low momenta are
welcome.

Radiative and mass corrections are well under control.

3) At present there is 3.3o0disagreement between SM and
KTeV experiment for z°2e*e

KLOE, WASA@COSY, BESS lll are interested in new measurements

4) If effect found persists it might be evidence for the SM extensions with
low mass (10-100 MeV) particles (Dark Matter, NSSM)
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