B K F

( ’ THE UNIVERSITY OF TOKYO

Tau physics at Belle

D. Epifanov
The University of Tokyo

4 July 2013

0 Belle experiment
Q Search for LFV decays

@ Measurement of tau lifetime
Q Study of 77 — KgX’vT

@ Summary

4 July 2013 = 3 at Belle D. Epifanov The Univer

of Tokyo



Belle experiment
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efe” —efe (v) 1235 9 E,. =8 GeV, E. =3.5 GeV
15° < 0 < 165°

ete” —utp—(v)

1.005 @ Peak luminosity:
L =211 x10%* cm—2s~!

efe” —qq (q=u,d,s,c) | 3.39

ete — bb 1.05 @ Integrated luminosity:

ete™ — ete ff 72.6 JLdt ~1ab~1, Nr7 ~ 10°

(f=u,d,s,c,e,pu,7) @ B-factory is also 7-factory
[eTe” =777 (v) [ 0.919 |
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Lepton-flavor-violating (LFV) 7 decays

Y
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s \ SM+seesaw 10-9 1010

T ! [ Non-universal 2’ 10— 9 10-8
X SUSY +Higgs 10— 10 10-8
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@ Probabililty of LFV decays of charged leptons is extremely small
2
in the Standard Model (SM), B(t — (v) ~ <?nn213) <1075
w

@ Many models beyond the SM predict LFV decays with the
branching fractions up to < 107%. As a result observation of LFV
is a clear signature of New Physics (NP).

@ 7 lepton is an excellent laboratory to search for the LEFV decays
due to the enhanced couplings to the new particles as well as
large number of LF'V decay modes

@ Study of the different 7 LFV decay modes allows us to test
various NP models.
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Search for 7 — ¢hh', £ = e, u; h,h' = 7% K*

Y. Miyazaki et al. Phys. Lett. B 719 (2013) 346.
In total 14 modes were investigated: 8 LFV 7~ — ¢"h*h’~ and 6
lepton-number-violating 7~ — £th~h'~ decays.
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e Tag one 7 by its 1-prong decay (Bi—prong ~ 85%), the other 7 is
required to produce the LFV final state

@ Suppress background from: 77, continuum qg (q—u,d,s,c), BB,
two-photon processes, Bhabha, uu(vy)

@ Blind Analysis. A search for signal events on the (Mj,, vs. AE)
plane: M,y ~ M., AE = Erpv — Epeam >~ 0
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@ To reject 77, q@, Bhabha and uu(vy) background:
o Opening angle between missing momentum Pmissing and the
charged track on the tag side is required to be
0 < c0s 0™ (Bmissing, Ptag) < 0.85(0.96) for the 7 — phh’
(t — ehh’).
¢ Selection on the thrust (T): (0.90 = 0.92) < T < (0.97 = 0.98)

0 M icing (Miissing V5 Pmissing) selection to reduce 77 and qg
background for ehh’, prm, uKK (uK7) modes

@ To suppress background from the 7 — 37v events for the
7 — pK7m mode we required Mz, > 1.52 GeV/c2
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Results for 7 — ¢hh’

One event in the signal region was found for 7~ — pt7~ 7~ and
7~ — p~7TK™, no events for the other 12 modes. For all modes the
number of observed signal events agrees with the number of expected

background events.
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Results for 7 — ¢hh’

Mode 3 (%) NBa Osyst (%) Nobs S90 UL (107 )
T —u Tt 5.83 0.63 +=0.23 5.7 0 1.87 2.1
77 —putrTnT 6.55  0.33 £0.16 5.6 1 4.01 3.9
T —e mn~ 545 0.5540.23 5.7 0 1.94 2.3
TT —etnTaT 6.56 0.37 £ 0.19 5.5 0 2.10 2.0
77 — u KK~ 2.85 0.51 £0.19 6.1 0 1.97 4.4
7T = pTKTK™ 2.98 0.25 +£0.13 6.2 0 2.21 4.7
77 —e KK~ 4.29 0.17+0.10 6.7 0 2.29 3.4
7T —e K K™ 4.64 0.06 £ 0.06 6.5 0 2.39 3.3
77— p ntKT 2.72 0.72 £0.28 6.2 1 3.65 8.6
7T —e K™ 3.97 0.18 +0.13 6.4 0 2.27 3.7
77 —u Ktr~ 2.62 0.64 £0.23 5.7 0 1.86 4.5
7T e Ktn~ 4.07 0.55 £0.31 6.2 0 1.97 3.1
T — K o 2.55 0.56 = 0.21 6.1 0 1.93 4.8
7T —seTK 7w~ 4.00 0.46 £ 0.21 6.2 0 2.03 3.2

Obtained upper limits at 90% CL: B(7 — (hh’) < (2.0 + 8.6) x 1078
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Results on LF'V decays of 7
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48 different LFV modes were studied at Belle

46 modes were analysed with almost full Belle statistics (~ 1 ab™1)
and the world best upper limits were obtained. Full statistics study of
7 — u(e)y will be completed soon.
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nent of the 7-lepton lifetime

Ongoing studies of the general properties of 7 at Belle:
@ Lifetime of 7-lepton
@ Electric dipole moment
@ Michel parameters in leptonic and radiative leptonic 7 decays

(p7 777 &-7 67 ,,77 l‘{/)
@ Anomalous magnetic moment of 7 in radiative leptonic decays

Precise measurement of the tau lifetime is necessary for the tests of
lepton universality.

LEP EW WG (W — TTJ(W — uv,) e
HFAG Fit (T ~ eV, v;) xTJT, . LEP EWWG (W = 1o/~ %)
1.0008 + 0.0021 1.0360 + 0.0140
ey )
0.9961: 0.0030 HFAG Fit (T  p¥,v) x 1/,
HFAG Fit (1~ KV)I(K = %) o, e b
0.9949 + 0.0029
HFAG Average (T - eV, v, Tv, Kv,)
0.9 1
la/g,| la/g )
2B(W—1v,) ..
= 1.066 £ 0.025: 2.60 deviation from the SM

B(W—pv,, )+B(W —eve)
S. Schael et al. arXiv:1302.3415 [hep-ex]
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Measurement of 7., method

We analyse ete™ — 7777 — (a7~ 0,, mtn 7 ;) events.

CMS 1, ,U _

frame

2B, By, , —M2-—m} _ _¢

cos Py 2 = léﬁT,zm = Bryr

@ 7 momentum direction is determined with two-fold ambiguity in
CMS, for the analysis we use the average axis.

@ Asymmetric-energy layout of experiment allows us to determine
77~ production point in LAB independently from the position
of beam IP.

@ Possibility to test CPT conservation measuring 7~ and 7+
lifetimes separately.
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]

]

Use the data sample of [Ldt =711 fb~! with N, = 650 x 10°

Selection criteria:

Event is separated into two hemispheres in CMS,

Thrust>0.9.

Each hemisphere contains 3 charge pions with the +1

net charge.

There are no additional Kg, A, 70 candidates. Number
of additional photons N, < 6 with EfOT < 0.7 GeV.

P, (6m) > 0.5 GeV/c,

4 GeV/c? < Miny(67) < 10.25 GeV/c2.

Pseudomass

Entries /08 MeVic!

\/M + 2(Ebeam — En)(En — Pp) < 1.8 GeV/c2, :

h=(37)", (3n").

Cuts on the quality parameters of the vertex fits and o

tau axis reconstruction.

Minimal distance between 7~

dl < 0.02 cm.

“ valueof d cut (cm)

s 7+ e i 4B A

* valveof di cut (cm)

1148360 events were selected with ~2% background contamination,
the main background comes from e*e™ — qq (q =u, d, s).
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ment of 7, fit of the decay length distributior

Decay length PDF

P(x) = N/e*x'/*TR(x — x;Bydx’ + NyqsR(x: B) + Pop, (%),

2
~ (x —Pq)
R(x;P) = (1 — 2.5x) - exp( ——— ),
252
o =Po +Pg|x — PiY/2 1 Pylx — Py +Pplx — py[3/2
@ Free parameters of the fit: Ar, N, P = (P1,..., P5)
@ ), - estimator of c7r, c7r = Ay + Acorr, Acorr is determined
from MC;
@ R(x;P) - detector resolution function;
@ N,4s - contribution of background from

ete™ — qd (a=u, d, s) (predicted by MC)

©

Pep(x) - PDF for background from ete™ — qd (q = ¢, b) (fixed
from MC)

From the fit of experimental data
Ar = 86.53 £ 0.16 pum, after applying
Acorr = 0.46 pm we have:

ctr = 86.99 £ 0.16 pm

Tau physics at Belle
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Measurement of 7., preliminary result

—e— 289.0£28%40 CLEO

P 2892+17+12  OPAL Systematic uncertainties
et 2001%15:+11  ALEPH Source Act (pm)
SVD alignment 0.070
be 2932420+15 L3 Fit range 0.020
4 2009+14:10  DELPHI ISR and FSR description 0.018
290.6+1.0 mean PDG Beam energy 0.016
Background contribution 0.010
) 7-lepton mass accuracy 0.009
. 290.17+ 0.50+ 0.27 Belle (prelim.)
Total 0.078
285 290 295
1. (f9)

crr = (86.99 + 0.16(stat.) = 0.08(syst.)) pm.

7, = (290.17 £ 0.50(stat.) + 0.27(syst.)) x 107 '% s.
|7+ — Ty— | /Taverage < 7.0 x 1072 at 90% CL.
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Hadronic 7 decays

Cabibbo-allowed decays (B ~ cos? 6.) Cabibbo-suppressed decays (B ~ sin? 0.)

B(S =0) = (61.85+0.11)% (PDG)  B(S = —1) = (2.88 +0.05)% (PDG)

. S=0 Gr_ 5 cos f. - (hadrons(q")|J5= °(q?)|0) 2 2
= == — ° A <

Mol &7 | = Zmer e G (hadrons(a”)|35 2 (a®)joy [* L =M

V.

The main tasks

@ Search for CP violation

@ Measurement of branching fractions with highest possible accuracy

@ Measurement of low-energy hadronic spectral functions

o Determination of the decay mechanism (what are intermediate mesons
and their contributions)
9 Precise measurement of masses and widths of the intermediate mesons

@ Comparison with hadronic formfactors from e*e~ experiments to check CVC

theorem
@ Measurement of [jcusive(S = —1) to determine s-quark mass and Vs:
9 Rstrange = Bstrange /Be
Rstrange
[Vus| = J Rnon_strange = Ry 9@ Ruon—strange = Bnon—strange/Be
2 - th
[Vyal Lt 9 6Rypeory - SU(3)-breaking contribution
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of 77 — K2X v, decays

Data sample of [ Ldt = 669 fb—! with N, = 616 x 105 was used to study

inclusive decay 7= — KgX_uT as well as 6 exclusive modes:

W_Kgy-,— K_Kgy-,—
KS7T v, K~ KS7T Vs

7 K3K%v,
KOKS7T Vs

After the standard 77 preselection criteria we select
events with particular configuration.

@ Event is separated into two hemispheres in
CMS, Thrust>0.9
@ Tag side: 1-prong (e, p or 7/K(n > 0)x°)
@ Signal side:
° Kg — atr™

0.485 GeV/c? < My, < 0.511 GeV/c?
(£50), 2 ecm< L, o < 20 cm,

AZy 5 < 2.5 cm
0

(4]
Ks

Myy—m_0 )
Tyy

O =yt =6 < Syy(= <5
9 Charged kaon (pion):

Lk
Pr/r = Lot > 0.7(<0.7)

@ ENVAB 0.2 GeV

yextra
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Calculation of branching fractions

Mode KOX— T KQ K KJ 7 K2n0 K K2x0 7 KOK2 w K2K2#U

ndata 397806 + 631 | 157836 + 541 32701 + 205 26605 + 208 8267 + 109 6684 + 96 303 + 33

dbet (%) 9.66 7.00 6.69 2.65 2.19 2.47 0.82
Ndata (%) | 4.20+0.46 | 8.86 +0.05 3.55+ 0.07 5.60 +0.10 2.43 +0.10 7.89 4+ 0.24 11.6 4 1.60
(A—BB)SYH(A)) 2.4 2.5 4.0 3.9 5.2 4.4 8.1

The main non-77 background comes from ete™ — qg (q = u, d, s, c). To take into
account cross-feed background 6 decay modes are analysed simultaneously:

Ni'® =3 O(E TN - NpE)
J

For the W_Kgu, K_Kgu7 w_Kg-rrOu and K_Kgﬂ-ou modes lepton tag is applied and
normalisation to the two-lepton events (t¥ — eFvw, 7+ — pFur) method is used to
calculate branching fractions:

Ni'® B.B,
B = e
N:‘ﬁ Be + B,

To increase statistics for the remaining W_KgKgl/ and W_KgKgTrOl/ modes 1-prong tag
and luminosity normalisation method are used:

sig
Ny

Bi=— i
2L0+7+B1—prong




Preliminary result on branching fractions

B(t - TKET® v;)

BT — KK v,)

1395 i
(u 950* u 150 0.060) %

ALEP 98' CLEO 96'

—.— . R S—
(0 704 g 0 041+ 0.072) % (0.158 + 0.042 + 0.017) % (2.30+ 0,50+ 0.30) x 10*
m 855+ o 1740.066)% W ALEP 99' ALEP 99’
JU S . PR

(0 923+ u 045+ 0.034)% —.— (0162 0021+ 0.011) % (2.60+0.10:+ 0.50) x 10

CLEO 96’ BaBar 12'

—.— L.

g’eﬁﬁ;" 068+ 0.049) % (0.151% 0.021+ 0.022) % (231004 0.08) x 10* ™
(oaaa+0004+oozs)% -
BaBar T/ -
{6540 10003 £ 0.023) %

This experiment This Work
This experiment i (0147 £ 0001+ 0.006) % - (2.39£0.03+0.09) x 10* -+
(0.826'+ 0.002  0.020) %

PR R IR EFUR 1| AR B T T TS P T | I U I S L
0.2 0.4 0.6 0.8 1 0.02 0.04 0.06 008 0.1 012 0.14 0.16 0.18 0.2 05 1 15 2 25 3
© 0 - kKO © L ekOKO
BT - TKgvy) B(T - KKgv;) B(T - TKgKg v;)

1391
(0.410+ 0,120 0.030) % i~
CLEO 96' |
CLEQ 96' e (0.145 + 0.036 + 0.020) % - .
(0:417+ 0,058+ 0.044) % ¢ ) BaBar 12
ALEP 98' (1.60+0.20+ 0.22) x 10°
5544073 0.037) 06 —2— (0152£0076:002)% — M
ALEPH 99'
- ALES |
(034700532 0037) % (0.143+ 0,025 £ 0.015) % —a—
BaBar DPF09 -
525 20000 + 0.015) %
This Work
. S —
This experiment (206 +0.22 + 0.16) x 10
This experiment - (0149 + 0,002 + 0.008) % ™
(0.384 +0.004 £0.016) %
T N T P Ll T T N PR Ll Gbenen bbb en e b el
-0.1 o 01 0.2 03 05 01 -0.05 o 0.05 01 02 02 04 06 08 1 12 6 18 2 22 2

B(T - TCKEKITC v;)

B(r~ — K&X~v,) = (9.14 £ 0.01 + 0.22) x 103
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result

Unfolded invariant mass distributions (all combinations) were obtained for the

T — Kgﬂ'_wouT and 77 — KgK_wOVT modes.

K (1270) ;. o "
1( ) I M’" 4
a0000F- + 12000) b
Vo ‘0 4
5 250005 N " 3 10000) 4
S 00k S to>n Kiady S sof * Lo KKy
§ 150005 - ‘».“.‘ g 0 ' |
" h B
100005 X 4000, A
5000F R T 2000 e .
A e Lo Wewrrons TP PRI TN ot PO
I i I L L I L L It 11 12 13 14 13 18 17 18 19
08 09 1 11 12 13 14 15 16 17 18 (@V[cz)
Mm,(eowc*) Mage

In the study of visible invariant mass spectra for 7= — WiKgKgﬂ'Ol/-,— events

E ——Data
£ — AllFit
L 40 +-e- T1(1285) + T01(1420) <
° L KK ©
o E W Background e
g 30 8
s E s
& f g
10F
ok B hidd o 4 &l
1T 12 13 14 15 16 17 18 23 0.7 0.8 0.9 1 11
@ M(TPKKD) (GeVid) (b M(TTKY) (GeVId)

£1(1285)7 v, (5.90) and K*~(892)K3v, intermediate structures are observed, as well
as indication of the f;(1420)7 v, (2.70) mechanism is seen.
B(r™ — (f1(1285) — K3K37)mr~v,) = (0.76 £ 0.12 £ 0.07) x 1077
Bt~ — (K*~ — K377 )K37%,) = (1.11 £ 0.15 £ 0.09) x 105
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Ongoing studies of hadronic 7 decays at Belle

T, decay

@ Spectral function of 77 - 77w
o Spectral function of 7= — 777, decay

@ Search for CP violation in 7~ — K~ 7~ 7 v, decay
@ Branching fractions of 7= — 7~ > 270,

@ Branching fractions of 7= — hihy hiv,, hy o3 =7, K
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Summary

4 July

2013

]

Belle collected the world largest data sample of ~ 1 ab~! (N, ~ 10°) in the
region of T(4S) resonance, which opened a new era in precise studies of 7
physics.

We studied 48 different LFV modes, 46 of them were analysed with almost
full data sample and obtained upper limits on the branching fractions are of
the order of 108, Full statistics study of 7 — u(e)y will be completed soon.

With statistics of 711 fb~! 7 lifetime and upper limit on the relative lifetime
difference between 7+ and 7~ have been measured using new method:

7r = (290.17 £ 0.50(stat.) + 0.27(syst.)) x 10715 s.
|7t — T, — | /Taverage < 7.0 x 1073 at 90% CL.

Our preliminary result on 7 is almost twice more precise than the current
world average value. |7+ — 7, — | /Taverage has been measured for the first
time.

Using data sample of [ Ldt = 669 fb~! six 7 hadronic decay modes with Kg
have been investigated. Branching fractions for all modes as well as for the
inclusive decay 77 — K X~ vr have been measured. Unfolded invariant
mass spectra have been obta.lned for the 7=~ — K87~ 7%, and

7= — KJK~ 7%, modes. For the 7= — 7~ K3K2n0u, decay f1(1285)7 v,
and K**(892)K0 v, mechanisms have been observed.

Lots of ongoing analyses of 7 decays at Belle, new results are expected soon.

)
-
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Backup




KEKB luminosity

Integrated luminosity of B factories

>1ab™*
On resonance :
Y(58): 121 fb™*
Y(4S): 711 !

1000 +— e - - A plam) S I
! Y(2S): 25!
800 ! ! Y(1S): 6 fb?

Off reson./scan:
~100 !

g

~ 550 fb™!
- On resonance:
Y(4S): 433 th !
Y(3S): 30 b
Y(2S): 14 7!
Off resonance:

ot L et ] !
1998/1 2000/1 2002/1 2004/1 2006/1 2008/1 2010/1 20121

400 ¢

200
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Preselection of 77 events

2Sl\ltrks8

|Qt0ta1| < 2
PLAB > 0.5 GeV/c

1 max

Event vertex |R| < 1.0 cm, |Z]| < 3.0 cm
For Ni,x = 2:

N Z clusters ELAB(ECL) < 11 GeV
e 5% < Gﬁll?sgng < 175°

Erec = SO0 [PHOMS 4 3200 [KG|OMS > 3 GeV/c OR
PLAB > 1.0 GeV/c

1 max
@ If 2 < Ny < 4:
s Euot = Erec + | XN B 4 7N KO <
9 GeV/c OR Maximum opening angle< 175° OR 2 GeV<
S Netusters RLAB(ECL) < 10 GeV
° Nba.rrel Z 2 0R ZAII clusters ECMS - thotons E’(Y}MS <53 GeV

e © ¢ ¢ ¢

©
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Particle identification at Belle

For eT a likelihood ratio ID parameter P. = L. /(Le + Lx) is constructed. Le and Ly
include information on the specific ionization (dE/dx) measurement by the CDC, the
ratio of the cluster energy in the ECL to the track momentum, the transverse ECL
shower shape and the light yield in the ACC. For the P. > 0.8 requirement electron
identification efficiency is 93%.

For u™ a likelihood ratio ID parameter P, = £, /(L. 4+ L + Lx) is introduced. £,
Ly and Lk are evaluated from the information on the difference between the range
calculated from the momentum of the particle and the range measured by KLM, and
the x2 of the KLM hits with respect to the extrapolated track. For the P > 0.8
requirement muon identification efficiency is 88%.

To separate pions from kaons we determine the pion £’ and kaon £’k likelihoods from
ACC response, the specific ionization (dE/dx) measurement in the CDC and the TOF
flight-time measurement for each track, and form a likelihood ratio

Px/x = L'k /(L' = + L'k) parameter. For the P,k > 0.7 requirement pion
identification efficiency is 93%.

1207°

Barrel ACC .y 013 TO,F

— h=1020 n=L015 | n=1010 /'/
: ATkl
150.0° /l \ \ /
Endcap ACC
-/‘Tl‘f\%‘%:\, % n=1.030
= L] 4.¢ FW

17.0°
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Selection of 7= — KX~ 1, decays

x10*
25 -»-Data

& — Signal MC
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