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<D Electric dipole moment of 1 lepton

Belle

e Charge asymmetry along spin direction
e CP/T violating effect in the interaction with
electric field

Hint = pmo - H + peo - E
— Non zero EDM indicates P and T violation T

e CPviolation parameter in ytt vertex

e Standard Model prediction: O(1037) ecm

— Far below the current sensitivity

e A non-zero EDM may arise from new physics ;
— e.g. new particles in a loop diagram 2

e Current upper limit
— Belle; 29.5fb™! data [PLB 551(2003)16]
—2.2 < Re(d,) < 4.5 (107" ecm)
2.5 < Im(d,;) < 0.8 (107'"ecm)
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<> EDM effect on event shape

Belle

e Effective Lagrangian with EDM term for ete™ 2 171~
Log = P(i §—eQ A —id Yo" y51p0, A,

e Squared spin density matrix (~cross section)
Mlgrod — M%M + Re(dT)M%e =+ Im(dT)M%m -+ |d’f|2"/\/1152}32
— Interference term between lowest order and EDM term

— CP violating spin-momentum correlation

M3~ (84 xS_)k , (S4xS8S_)p :CP-odd, T-odd
M~ (S4—S_)k , (S4—S_)p :CP-odd, T-even

Im

St : Spin vectors of rE

k,p : Momenta of 7 and e™ beam
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<O Asymmetry in event shape

Belle

Mipe ~ (S4xS_)k , (S4xS_)p

M_Tm ~ (S-l-_S )k ) (‘S;+:S )f)

ot F/B asymmetry

e Spin direction correlates with momentum of decay products
e Re(d,): phiasymmetry, Im(d_): forward/backward asymmetry
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<D Experimental data

Belle

e 825fb! of recent Belle data

— 28 times larger than previous analysis
e ~5 times less statistical error

— Improved detector understanding
e Better correction parameters for tracking, particle IDs
e Improvement on the MC simulation

— More beam background _ _ _
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<D Event Selection

Belle

e Select 8 final modes exclusively

— 1T > epdv, en3dv, un3dv, ep3v, up3v, Tp2v, pp2v, Tn2v

— PIDfore, u,

— p reconstructed from ntn®(—=>vyy)

— Require high momentum and barrel region, to reduce systematic errors
e Total yield : 3.5x107 events, Averaged purity : 87.7%
e Background

— Main : from tau decay : Multi-7°® and mis-PID

— Non-t process: negligibly small

mode  yield purity(%) Background (%)

e 6434k 95.8 2y — pp(2.5)

emr 2645k 85.7 77T — ep(6.5) ep(5.1)
pm 2504k 80.5 7T — pp(6.4) ppe(4.9), 29 — pp(3.1)
ep 7219k 91.7 7T — enn’m’(4.6)
pp 6203k 91.0 7T — prriw’(4.3)
Tp 2656k 77.0 7 — pp(6.7) pp(5.1) T 7?(3.9)
0

pp 6554k 82.4 T — prmow’(9.4) pK*(3.1)
w921k 71.9 77 — 7wp(11.3) 7u(8.8) 7K™ (2.5)




{B Selected data

Belle

@® Exp. data [ |MC(d,=0) | MC background
e cosO(polar angle) and momentum distribution
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e Good visual agreement between data and MC

— However, there are small mismatches in the distribution, which are the
dominant contribution to the systematic error. = Discuss later
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<> Observable

Belle

e Optimal observable

[PRD 45(1992)2405] Mg = May + Re(dr )MG, + Imid: ) MG, + |de [P M
2 2
on — Mie 5 Min MC simulation (ee = tt =2 nnvv)
Re M2 3 Im 9
Vism SM o> Wwith/without EDM (5x10*°ecm)
— Maximize sensitivity (S/N) % 12OO% 7T = vy * @ dr=0
5 1900¢F O dt=5x10"1%ecm
800 . o
— Calculate event-by-event jzg A
e Using tau flight direction and spin zooé_ .,'Q .°..
direction (from decay products) Clmmmmmmeaassett  Tteseeeeeennood
— Average value is proportional to . Ore Gevie
EDM 8 1.15] (Re(d)=5X10"%ecm)/(Re(d7)=0) +++++ +
1.1
o | S
(ORe> X / ORev’"M]‘;rod dqb 1.051 m’“¢#+ +
’} 1+ ¢¢‘“.om¢ +
(. \/1 0.95 H+
f MRedqb—i—Re(d f do 0.9 +
SM 085
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¢/ Observable from data

Belle

e Need tau flight direction

e Due to missing neutrinos from tau
decays, there is uncertainty in the
reconstructed tau direction

— Two-fold ambiguity in case that both
tau leptons decay hadronically

— Continuous ambiguity if tau decays
leptonically

e Take an average over the possible
tau directions
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¢</>O Observable distribution

® Exp. data [IMC(d_=0)

MC background
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e Good agreement in the distributions
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® Exp. data [IMC(d_=0) MC background
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¢/ Extraction of EDM

Belle

e EDM is extracted by (04 vs EDM d. from MC
(C)Re) — QARe - Re(dT) + bRe

(Orn) = arm - Im(d:) +br, 9 008F
>
. U
e Due to complicated detector U 006
acceptance distribution, f’\é 0.04
parameters cannot be Q 0.02
calculated analytically. 0
002 F
e (Conversion parameters -0.04 1
are obtained from MC. -0.06 |

—  Systematic error will come -0.08
from the MC mismatch with
data
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<D Conversion parameters

Belle

(C)Re) — A pe - Re(dT) + bre
(Orm) = arm - Im(d;) + brmy,

Coefficient a (~sensitivity) Offset b
— 0.2 — 0.1
g [ Gl
W) - L
2 [ @Re & [ @Re
S o015 —C Im 4 005 Im
2;: - DN BN -
= - -
9 i —o—i _
‘(_U’ 01 {0 0 * Py 00— o * *
- I O —O—| 00—
- - I o S
: N o — :
0.05 < -0.05
:—o— * . :
A e . s * | . il | | | | | | |
eu en um ep np TP pp T ooeu en um ep up P pp T

e Reduced sensitivity for leptonic decays due to additional missing neutrinos
e Offset b,,due to the F/B asymmetric acceptance
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<D Systematic uncertainty

Belle

e Difference between data and MC make systematic uncertainty.
e Systematic errors are comparable with the statistical errors.

(10716 ecm)

Re(d;) el em  umw o ep  pp TP pp WX Preliminary
Mismatch of distribution 0.30 0.47 0.35 0.08 0.17 0.08 0.08 0.34 result
Charge asymmetry 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00
Background variation 0.16 0.03 0.16 0.04 0.02 0.02 0.02 0.33
Momentum reconstruction 0.01 0.06 0.05 0.00 0.02 0.02 0.01 0.14
Detector alignment 0.02 0.02 0.01 0.01 0.01 0.01 0.01 0.03
Radiative effects 0.07 0.05 0.05 0.02 0.02 0.00 0.00 0.09

Total 0.35 047 0.39 0.09 0.17 0.08 0.08 0.50
Statistical error 0.23 0.21 0.20 0.08 0.08 0.08 0.05 0.35

Im(d;) el em  pum o ep  pup  wp o pp TT
Mismatch of distribution 0.09 0.09 0.05 0.05 0.07 0.04 0.04 0.12

Charge asymmetry 0.02 0.19 0.23 0.01 0.01 0.11 0.00 0.00
Background variation 0.14 0.01 0.07 0.03 0.01 0.01 0.01 0.01
Momentum reconstruction 0.02 0.05 0.04 0.00 0.01 0.01 0.00 0.01
Detector alignment 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Radiative effects 0.01 0.01 0.01 0.01 0.01 0.00 0.00 0.00

Total 0.17 0.22 0.24 0.06 0.07 0.11 0.04 0.12

Statistical error 0.04 0.05 0.04 0.02 0.03 0.03 0.02 0.06
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<> Obtained precision on EDM

Belle

e By adding the statistical and systematic errors quadratically,
we obtain the weighted average of EDM and its error

e Estimated error of EDM Previous results

~ Re(d): (£0.33) x 10" ecm Re(d.) = (1.15 = 1.70) X 107*’ecm
- Im(d,): (£0.30) X 107""ecm Im(d,) = (-0.83 £ 0.86) X 107ecm

— ~5 times smaller error for Re(d,) than previous result
e Almost scaled by sqrt(L)

— Systematic error dominates for Im(d.)
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<> Summary

Belle

 We have analyzed 825fb! of recent Belle data to measure the
electric dipole moment of tau lepton.
— With optimal observable method
— 28 times more data than in the previous analysis by Belle
— Obtained samples agree well with the MC expectation.

e Reduced the systematic uncertainties as well as the statistical
errors.

— Improved detector understanding and careful MC preparation
— Expected sensitivity:

e Re(d,): (£0.33) X10 ¥ ecm

e Im(d,): (£0.30) X 10 *ecm
— Will show the central value soon.
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<D Spin density matrix

Belle

et (p)e (-p) = 77 (k,Sy)r (-k.S-)

M od = W w4+ Re(d ) MG, + Im(d-)MF,, + |d-|* M
Wau — ﬁ.ﬁ “'n +”” + |L2|(L P) - 85,-5 |L| (1 (kp)zj
+2(k-S 4 )(k-S_)(|k|* + (ko — m-)?(k-p)?) + 2k (p- S )(p-S )
—zAn{An —m)(k-p)(k-S)(P-S_) + (k-S_)(p-S. )],
Mize = A5—|K|[ = (m + (ko —mr) (k-)*) (S x S )k
+ ko(k-p)(S+ x S_)-p
M, = ;ﬂ, [ — (mr + (ko —m.)(k-p)*) (S — S_)-k

+ ko(k-p)(S+ —S_)p |
M2 =4 |k)* - (1= (k-p)*)(1 - 8,-8_),
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<D Spin vector

Belle

T — v,
S, dcy —m?2 — 3m} D — c+ + Ejxm, i
+ 3m2cs — 4t — 2mim2 + 3epm? T ko +m,
c4 = ;!:(}EI:I: — k- D+
T — MUy
2 m2 +m?2 + 2m E_+
St =—F—5 | Fmprs + — 5 - k
m2 —m2 2(Er +m;)

T — pUy — Ty,

1 k(k -HT
Si=7F . (¢Hﬂik +m HE + M ))

(keHy) — ”ﬁ[iﬂw: — Pxo)” (BEr + my)
(Hi)p — 2{pﬁi — Pqo }M{pﬁﬂ: — pﬁ“)ﬂ(;ﬂ:h{ + {pﬁ:‘: + PWU)M('}JW: — pﬂ-::-)

2



	Electric dipole moment�of the tau lepton (Belle)
	Electric dipole moment of t lepton
	EDM effect on event shape
	Asymmetry in event shape
	Experimental data
	Event Selection
	Selected data
	Observable
	Observable from data
	Observable distribution
	Observable distribution
	Extraction of EDM
	Conversion parameters
	Systematic uncertainty
	Obtained precision on EDM
	Summary
	スライド番号 17
	Spin density matrix
	Spin vector

