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1. EDM 1 .1Definition

P and T-odd interaction of a fermion
with gauge fields:

Classical electromagnetism K N
Ordinary quantum mechanics H EDM — —d- E . d=d 9

Relativistic quantum mechanics: Dirac equation

Non-relativistic limit:




1. EDM 1 .1Definition

SYMMETRIES: Time reversal T, Parity P
Besides, chirality flip (some insight into the mass origin)

EDM T ,P odd interactions

> —7] : ESE Yo -¥

H EDM 4 H EDM

InQFT: CPT Invariance




1. EDM 1 .1Definition

SM . * vertex corrections
* at least 4-loops

Beyond SM: - one loop effect (SUSY,2HDM,...)
* dimension six effective operator




1. EDM 1 .1Definition

q ds d2 ‘:111_'
E.P.Shabalin '78

We need 3-loops for a quark-EDM, and 4 loops for a lepton...

d,~eGrm,a’a.J /(41)

J.F.Donoghue ‘78
I.B.Khriplovich, M. E.Pospelov 90
A.Czarnecki,B.Krause '97




1. EDM 1 .1Definition

Fermion of mass m; generated by physics at
A—scale has

EDM = mf/ A?

T-odd T-EDM has particular interest and

depends on the underlying physics of CP
violation




1. EDM 1 .1Definition

Effective Lagrangian: [Py % S o+ o( %) |

Legt=iapOp +iawOw + h.c.

o
S

Operators: o = -5 Lot W
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Other operators: O, e il Ly 1D L — DL yir 1L

Mo

Orp=i[Ly*D"L—D"Ly*L1B,,, .

( ) B i [ Z’E ryh DV Tp— DV TRY yas TR]B s




1. EDM 1 .1Definition

More sensitivity

HIGH ENERGY (Z-peak) LOW ENERGY




1. EDM 1 .1Definition

LY (p.p)=ie | 7'y a,(¢)+0"Y°q,d,(q") |
V=y7Z

e -
For q°%=0 EDM GAUGE INVARIANT
OBSERVABLE QUANTITIES
q°=M,> WEDM

Beyond SM EDM: Loop calculations




1. EDM 1.2 Experiments

PDG '06 95% CL

EDM BELLE '02
Re(dy): (2.2 10 0.45)x107° e cm

Im(d;): (-0.25 10 0.008)x10™° ecm
WEDM ALEPH 1990-95 LEP runs
Re(d:) <0.50x10™"ecm

Im(d:) <1.1x10"7ecm




1. EDM 1.2 Experiments

For other fermions....

d; = (0.069%0.074) x10™ e cm

. ~19
dr =(3.7£3.4)x107" e cm

d; <0.63x10™ e cm, 90% CL




2. Observables

SM for EDM is well below within present experimental
limits:

d;’ =10 —10 "ecm CKM 3-loops
. = SM prediction
dy =~ 10" ecm CKM 4-loops

Hopefully .Y

Y

e =33 -34
m d'Y ~10 10 ecm in fhe SM

.15 orders of magnitude below experiments...




2. Observables

Currents limits on electron EDM gives:

d’ <2.4x10™ecm

However, in many models the EDM do not necessarily

scale as the first power of the masses.

Multihiggs models 1-loop contributions
Vectorlike leptons

EDM scale as the cube of the mass!

BSM T-EDM can go up to 10-1° e cm




2. Observables

Non-vanishing signal in a T—EDM observable

|

NEW PHYSICS
m,

One expects: d; = e special interest in
heavy flavours

T—EDM: In order to be able to measure a

genuine non-vanishing signal one has
to deal with a -observable




2. Observables 21 High energies

Indi :
ndirect arguments Ac(e’e — T 2

AT(Z > t't) %

any other physics may
also contribute...

mm) Look for /', linear effects

Genuine CPV observables in T-pair production:

SPIN TERMS and/or |SPIN CORRELATIONS




2. Observables 21 High energies

Spin terms angular distribution of
decay products

- Asymmetries in the decay products
- Expectation values of tensor observables




2. Observables 21 High energies

Correlations

Pi_}]zll‘i}i:lTit s

(S1 + 82)r.2

(81 + 82y

I"‘-':]. — =82 :I.l'..’;

x: Transverse y: Normal z: Longitudinal




2. Observables 21 High energies

Tensor observables: TiJ.: (9.—q.).(9.xq.) J-+(i <J)

v " Zepeak: (T} Mz
vqy Zopeaki (Ty) ==Fcqs,

W .Bernreuther,O.Nachtmann '89

Normal polarization: y <> T—odd, P—even

(and needs helicity-flip)

Genuine CPV if Pg P
J .Bernabeu,66S,J .Vidal '93




2. Observables 21 High energies

Py o< 1yBsin®, | 2v* + (v’ +a*)Bcos, | m—

EDM (and P f\, ) is proportional to angular asymmetries,

to extract sinO, cos0_sing,, A i
O —O (more details latter..)

o +0
One can measure A for T'and/or T

A=

AT = %(A* LA




2. Observables 220w energies

ee >7.Y—>1(s,)t(s)

Diagrams:




2. Observables 220w energies

EDM <+— Spin correlation terms only
NORMAL-TRANSVERSE T-odd (s4 xs_)n.T
NORMAL-LONGITUDINAL (sy4 X s—)n L

Discrete symmetries: P, CP, T and helicity flip.

J .Bernabeu,66S,J .Vidal '04

What about the linear terms?

Normal polarization: P-even, T-odd (3+ —5_)

VS, Interference with the axial
part of Z-exchange,
EDM lagrangian P and T-odd. suppressed by qZ/MZZ




2. Observables 220w energies

SPIN CORRELATIONS

1

ANGULAR DISTRIBEUTION OF TAU
DECAYS

r — he Kinematic variables :

« ¢ 17 CM angle &

s Azimuthal ¢ 4, @y

s Polar ¥+, 8.~ angles of the produced hadrons
ht and k-

Fig. 2. Reference system for the process et e~ — rtr~ —
K +hy +X




2. Observables

2.2 Low energies

7~ momenta «& LONGITUDINAL + z axe
P.— X p.— < NORMAL « y axe

CORRELATIONS:

corr ,
der .

— (5] SECT:?.‘-LZ: + S.y SL_
d-.ﬂ__r_ 165' ( —I_ aal +

(shs? + Sf'rl_sf_)(_*ﬁ; + (s%sZ + 53

= sk ”)c*++(s+\

_Lafn’f’ﬂ
23‘5 in2@ 1}
~ 381 n‘HrL

—sin?g
B2 4 (2 — B2) cos? 6




2. Observables 220w energies

NORMAL-TRANSVERSE CORRELATION

Cry term in do(ete™ =~ —= 7t7= = hToh/'—v)

doS

_— | — * = o’
dQTd3q*_d3qf|_ Cry +

gy are the momentum of the hadrons




2. Observables 220w energies

d2o _ ()52/82
do* do, 1922

Br_Bria_agsin(¢Z —¢% ) d]




2. Observables 220w energies

NORMAL-LONGITUDINAL CORRELATION

do® o232 ,.
——————| . = ——55BryBr_vd]
Qg d3qy |0 T 128n3s20 +T T
sin 29(n,°f|_z.n,iy — fnf'_y ¥,

6(qZ — P_)0(q} — P)

a"'—a_

ANL= F -

+ / & do* do* de,
[0 — —
Jwo do* do* dos. T +




2. Observables 220w energies

ete™ at YT energies

T pair production: eTe™ — T — 77~

o Multiplicative factor appears in the cross
section

e Interference of diagrams (a) and (d) plus
the interference of diagrams (b) and (c¢) is
exactly zero.

e Only the interference of diagrams (b) and
(d) contributes

The asymmetries do not change at the T peak




2. Observables 220w energies

EDM imaginary part:
LONGITUDINAL AND TRANSVERSE
POLARIZATION TERMS

+
I
Q
lH|

+
+
Q

2
| 40 4cos 0_do,

J,dcose_do,

w =Sin20_coso,




2. Observables 220w energies

Bounds:

For 107 T and at low/Y energies

upper bound

Re(d;)

<107 Veem




3. Conclusions

« 7 EDM can be well bounded at low energy
experiments

Different CP-o0dd asymmetries allow to study
the correlation and linear spin terms

Eounds from these observables are com
petitive with present limits

= Polarized beams open the possibility for new
observables

=> Improving the number of t—pairs ( ...1011? )
allows to lower the EDM bound by many (...27?)
orders of magnitude

= These new bounds may be important for
beyond the SM 1-physics




3. Summary

Discussions with J.Bernabeu, J.Vidal and A.Santamaria
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