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Motivation of the search

The electric dipole moment interaction

Fr -
H; = Ieﬁwa“ YYF

is the lowest dimension gauge invariant T odd operator that couple the
photon (Zy) with the 7 current.

SM generates such interaction only at a very high order of the
perturbative expansion (i.e. F, < 1).

Possibility for the “New Physics” to stay on the stage.

PDG 2004 ¢ 1 PDG 2004 7

de = (0.0740.07) x 10~ ?%e cm

(d,) = (—0.221t00.45)x 1076 ¢
(d,) = (—0.25t00.01)x10 6 ¢

= (3.7 +3.4) x 1071°
(( ) X ecm s
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Belle measurement of the 7 EDM (hep-ex/0210066)

Belle searched for CP violating effects in

+

efe” -y > 7t

analyzing 26.8 - 108 7 pairs. Sample composition:

Yield Purity (%) Background mode (%)
ep 250,948 96.6 £0.1 2y — ppu(1.9), 77 — en(1.1).
em 132574 825401 77— ep(6.0), eK(5.4), ep(3.1), eL*(1.3).
pr 123,520 80.6 £0.1 77 — up(5.7), K (5.3), pp(2.9), 2y — pp(2.0).
ep 240,501 924401 77 — ern®10(4.4), eK*(1.7).
pp 217,156 91.6+0.1 77 — purn®70(4.2), pK*(1.6), 7p(1.0).
ap 110,414 77.7+0.1 77 — pp(5.1), Kp(4.9), mnn70(3.8), up(2.7).
pp 93016 86.240.1 77 — prr'70(8.0), pK*(3.1).
mm 28348 700£0.2 17— wp(9.2), 7K (9.2), mp(4.7), nK*(2.0).
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Systematic ~ statistical with only 25 millions 7-pairs

Belle measured T-odd correlations among the momenta of the decay

products of the 777,

—0.22 < R(d,) < 0.45(10 ¥ ecm) 95%C.L

Table 2

Systematic errors for Re(d;) and I'm(d;) in units of 10~ e cm.
Re(d;) e em umw ep  up TP pp W
Mismatch of distribution 080 058 % 0 6.1 &’2_3 0.16 0.06
Charge asymmetry 0.00 0.01 0.01 0.01 0.01 0.01 - -
Background variation (M&S 012 0.07 607 0.08 0.03 0.04 0.05
Momentum reconstruction 0.16  0.09 @24 0.04 0.06 0.06 0.04 0§5
Detector alignment 0.02 0.02 0.01 0.00 0.01 0.01 0.02 0.03
Radiative effects 0.09 0.04 0.02 0.01 0.01 0.02 0.00 0.16
Total 0.93 060 0.74 0.14 018 0.22 0.17 048

Little space for improvements...
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7 EDM with polarized ete~ beams (Phys. Rev. D51 5996 )

Ananthanarayan & Rindani proposed in 1995 a very clever method:
@ use an e~ beam with tunable longitudinal polarization P

e (p-) +ef(py) =7 > 7" + 77

T — HA(q—) + vr ™t — HB(q-I—) + U
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7 EDM with polarized ete~ beams (Phys. Rev. D51 5996 )

Ananthanarayan & Rindani proposed in 1995 a very clever method:
@ use an e~ beam with tunable longitudinal polarization P

e (p-) +ef(py) =7 > 7" + 77

7~ —Ha(Q-) + v» 7" = Hg(dy) + 7r

@ under CP:
P+ <= —PpP- 4+ < —Q-
@ measure the mean value of the CP odd observables:

O1=p1 (q+ xq-) xR(d;) Oz =p4-(q++09-) x 3(d,)

E. Paoloni (Universita di PISA & INFN ) LNF Mar. 2006 6/15



7 EDM with polarized ete~ beams (Phys. Rev. D51 5996 )

Ananthanarayan & Rindani proposed in 1995 a very clever method:
@ use an e~ beam with tunable longitudinal polarization P

e (p-) +ef(py) =7 > 7" + 77

7~ —Ha(Q-) + v» 7" = Hg(dy) + 7r

@ under CP:
P+ <= —PpP- 4+ < —Q-
@ measure the mean value of the CP odd observables:

O1 =P+ (A4 xq-) x R(d-) Oz =P (9+ +9-) o I(d;)
@ compare (O;) measured with opposite polarizations

R(d-) o< (O1)p — (O1)-p
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Experimental approach

BABRRete™ — 7777 —3+1
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Experimental approach

BABRRete™ — 7777 —3+1

“q’oo-o.;
Oo~Qaq_/,
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Event selection
@ Low multiplicity
@ Missing momentum
@ Missing energy
@ Particle id.

Select only

T =TV T — pV
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Experimental approach

BABARR ete~ — 7t — 341 Event selection
@ Low multiplicity

@ Missing momentum
@ Missing energy

@ Particle id.
Qo Select only
Ot~Qa [/ ; 05?0
) (S il - T— TV T — pv |
3 "Q’O"v".,,qo
o < | Observable
Oy . . o
“og @ identify the positive and
%ug the negative track

Oy = [pI[pL[sin (¢4 —¢-)

4
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Sensitivities (1077 — pair9

P cap (GeV?) /(02 (GeV?) |6 Red?| (ecm)
(a)

0.00 —1.58 x 107° 1.78 5.71 x 1075
—0.62 —8.19 x 107! 1.78 1.10 x 1077
+0.62 8.15 x 107! 1.78 1.11 x 1077
—0.71 -9.37 x 107! 1.78 9.65 x 1078
+40.71 9.33 x 107! 1.78 9.67 x 107128
—1.00 -1.32 1.78 6.86 x 10718
+1.00 1.31 1.78 6.86 x 10718

(b)

0.00 —-3.91x 1071 1.66 1.57 x 10714
—0.62 —6.36 x 1071 1.66 9.63 x 107'#
+0.62 6.35 x 107! 1.66 9.64 x 10718
—0.71 —7.29 x 107! 1.66 8.41 x 10718
+0.71 7.27 x 1071 1.66 8.42 x 10718
—1.00 —1.03 1.66 5.98 x 1078
+1.00 1.02 1.66 5.98 x 1078

(c)

0.00 —7.03 % 107° 1.51 5.76 x 1071*
—0.62 —3.63 x 107 1.51 1.12 x 1077
+0.62 3.62 x 107 1.51 1.12 x 10717
—0.71 —4.15 x 107t 1.51 9.77 x 10718
+0.71 4.15 x 107 1.51 9.77 x 10718
—-1.00 —5.85 x 10~1 1.51 6.93 x 107 '®
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P-weighted Sensitivities (10”7 — pairs)

CAB (GeVz) V(O (GeV?) |6 RedY| (e cm)

(a)
T 1.72 x 103 3.46 2.61 x 10=29
P 1.34 x 10° 2.38 1.68 x 10=L?
pp 7.62 x 102 1.48 1.33 x 10=%°
caB (GeV) /(02 (GeV) |6 Imd?| (e cm)

(b)
T 2.49 x 107! 1.19 6.20 x 1071
L) 1.71 x 107} 1.28 7.03 x 107*°
pp 9.35 x 10~ 115 8.39 x 10716

e
CaB %(dﬂr) = —=

7 [(O1)p — (O1)_p]
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P-weighted Sensitivities (10”7 — pairs)

cap (GeV?) V(0?) (GeV?) |6 RedY| (e cm)

(a)
T 1.72 x 10° 3.46 2.61 x 10=29
P 1.34 x 10° 2.38 1.68 x 10=L?
pp 7.62 x 102 1.48 1.33 x 10=%°
cap (GeV) /{02) (GeV) |6 Imd?| (e cm)

(b)
T 2.49 x 107! 1.19 6.20 x 1071
L) 1.71 x 107} 1.28 7.03 x 107*°
pp 9.35 x 10~ 115 8.39 x 1071

Cap - R(d-) = = [(Ox)p — (On) ¢

@ Most systematic effects should cancels in (O1)p — (O71)_p
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P-weighted Sensitivities (10”7 — pairs)

CAB (GeVz) V(O (GeV?) |6 RedY| (e cm)

(a)
T 1.72 x 10° 3.46 2.61 x 10=2°
P 1.34 x 10° 2.38 1.68 x 10=2
pp 7.62 x 102 1.48 1.33 x 10=%°
cap (GeV) /{02) (GeV) |6 Imd?| (e cm)

(b)
T 2.49 x 107! 1.19 6.20 x 1071
L) 1.71 x 107} 1.28 7.03 x 107*°
pp 9.35 x 10~ 115 8.39 x 1071

e
Ccag - R(d;) = 7 [(O1)p — (O1)-p]

@ Most systematic effects should cancels in (O1)p — (O1)_p

@ With a sample in excess of 101°7 pairs it seems possible to enter
in the very high precision realm d, ~ 10~2%e cm
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Requirements

@ A very high luminosity eTe~ machine with polarizable beams.

@ A preliminary study to ascertain to robustness of the observables
with respect to systematic effects.
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Requirements

@ A very high luminosity eTe~ machine with polarizable beams.

@ A preliminary study to ascertain to robustness of the observables
with respect to systematic effects.

@ A dedicated system to measure the beam polarization?

@ A tracking system with efficiency as uniform as possible in
azimuthal and polar angle ...and very well aligned to reduce
biases on reconstructed momenta.

@ An hermetic detector to better reject backgrounds and
cross-feeds.

@ A Monte Carlo generator able to take into account spin
correlations

@ Psychological support and enthusiasm from the theoretical side.
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T leptonic decays: what we believe

@ Standard Model V-A structure only:

Vi
-
K ,d
W H o
Vg vu,*
g _
Lec = Z_ﬁwl IZVI’V#(]- - 75)| + h.c,,
@ no contributions from other 4-Fermion contact interactions:
G S
- 4J 3 g, [, ] [(l/|))\rn|w] :
n ,E,W
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Leptonic decays: what we know

y
=~ ANDAANY,
Y Vanyyany
aSESTSY
SNZSZIS
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T violation in 7 decays (Yung Su Tsai)

ete~ polarization allows the search for CP/T violation in 7 decays.
The 7 pairs produced with polarized beams have a significant spin
polarization along the beam line.

=) Iwi
101 E=2087Gev

0.9 4
Reference Frame osd
0.7+

0.6 1
N

E = 2.087 GaV

L + al
-1.0 0.5 1.0

=6 GeV .
cosa T818A02
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T odd observables in 7 decays (Yung Su Tsai)

One can search for CP violation in the decay:

Observable
T odd:
W - (g1 X g2)
or CPT violation in 7 — nv
© . - Observable
T (g
) e ' CPT odd:
RSNV W Qx

it " (ap)
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Conclusions

@ 7 Electric dipole moment at a superb 7 factory looks very
interesting (if not exciting!)

@ | plan to ascertain the robustness of the Ananthanarayan &
Rindani observables against systematic effects and report at the
next meeting

@ CP violation in 7 decays needs some theoretical effort: what are
the less irrelevant operators involved? What is the estimated size
of the effect?
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