Review of Standard Tau
Decays from B Factories
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» Tau mass measurement

» Tau decays to strange particles:
Measurement of V . using t = s decays oIS
© > KKnv,, KKKv, branching fractions Qe N+
o resonance in KKz and KKK final states e
Tau decays in modes including n mesons
Rare tau decays '
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B Factories Detectors

Asymmetric energy colliders:
Vs =10.58 GeV at Y (4s) peak

o(BB)=1.Inb = o(r"r7) = 0.9nb
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e Tau products are well collimated
in The CM system

e Divide

4
Tau pair events @ B Factory

e Select events with one
leptonic (tag) and one
hadronic tau decay

ete”™ — 77 (pFe,Tr )T T (3 "prongs’ vy )

event into two
hemispheres (thrust axis)
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Tau mass and test of CPT

e In SM, high precision measurements of mass, lifetime and BF of ©
can be used to test lepton universality

> Present imit on m_dominated by BES (PRD 53 (1996) 20)
o Accuracy ~ 0.3 MeV;
also obtained by KEDR collaboration (arXiv:0611.046[hep-ex])
o Similar accuracy reached by Belle experiment

o Significant improvement expected by combining these high precision
measurements

> Analysis of 1 lepton decays allows to measure separately m_, and
m_. and fest CPT theorem

o Similar test from OPAL:
(Me+ - M) /Mgyq < 3.0x1 03 @ 90% CL (PL B492 (2000) 23)
o Many systematic errors cancel in the difference
o Cannot be measured by threshold experiments
o Significant improvement with current t statistics at B Factories
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Tau mass results

* Analysis uses pseudo-mass technique:

M e = M2 +2(Epeun — Ex )(Ey — Py

* M,,<sm. inabsence of ISR and FSR, M,
has an edge at m;

Entries/0.8MeV/c?

Use v — I'vyv,; tr — n'n (70 v, decays
and fit Min

F(X) = (ps+p X)atan((X-p;)/py) + Ps+ PeX

|
01,}'2 1.73 1.74 1.75 1.76 1.77 1.78 1.79 1.8

M. (GeV/c?)

m,=1776.61+0.13+0.35 MeV

Dominant systematic: beam
and tracking uncertainties
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Analysis uses pseudo-mass technique:

M e = M2 +2(Epeun — Ex )(Ey — Py

M in € M_; in absence of ISR and FSR, M,
has an edge at m;

Use v — I'vyv,; tr — n'n (70 v, decays
and fit M

F(X) = (PstpX)atan((X-p;)/p,) + pPs+ pgX
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Tau mass results

4

|
01,}'2 1.73 1.74 1.75 1.76 1.77 1.78 1.79 1.8

M. (GeV/c?)

~
o
[=1

m,=1776.61+0.13+0.35 MeV

1250

Entries/0.8MeV/c

750

e Fit separately m . and m_

Dominant systematic: beam
and tracking uncertainties

500

250

| M- M| /mg,q < 2.8x10* @90%CL

01,}’2 1.73 1.74  1.75 1.76 1.77  1.78 1.79 1.8

M (GeV/CZ)
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Tau decays to strange paurticles

Hadronic tau decays provide clean laboratory for the study of
the hadronic weak current

For t decays to states with As=1, isospin symmetry breaking and
OPE can be used to determine | V.| and m,

In t—s decays the uncertainty on | V| and m, is dominated
by experimental uncertainties:

> | Vus| :~O(1%) [from 3-body leptonic kaon decays]
> ms . ~0O(10 MeV) [from Lattice QCD]

Use large statfistics collected at B Factories to reduce
uncertainties

> [V | 2 0.7%
> |If spectral function is measured - simultaneous fit of |V | and m,

PhiPsi08, 10 Apr 2008 Fabrizio Salvatore, RHUL 7
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Before B Factories: BF (t25)
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]Eghad = 1_Be _Bu

-, Hadronic Decays
W o

'_I<dl=d v“d += HHS

L |

RLStrange = RT B RT.nDn—Sr_range
174

mlﬂ
c

suppressed
Cabibbo allowed

61.8

\

g !
Strange t Decays:
Mode B(10-%)
K- 6.81:0.23
K" 4.54+0.30
Ko 8.78+0.38
K- ="#" 0.58+0.24
Kz 70 3.60+0.40
K-mtaw 3.30+0.28
K7 0.27+0.06
(K37~ (estimated) 0.74+0.30
K,(1270) - K w 0.67+0.21
(K4w)~ (estimated) and K* " 040£0.12
Sum 20.60+0.86
Dravier, Hocker, Zhang{RMP 78, 1043, 2006)
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Before B Factories: |V .| and m,

1"[:1:' — v hadrons ™ J
]"[:1:' — U,[ﬁ“f:_j]

Hadronic Width: R.=

. RH e kIS |
Flavour SU(3) Breaking: 8R! (m )=-—Tmrome _row
. ry 5 V Z v 2
| 1l | | 1= |
Extract |Vus| with Fixed m, Simultaneously extract [Vus| and m,
V- m One-Sigma Contours
K5 Decays [1] "
(0.2255+0.0019) ———
K Decays [2] — 71
(0222635 R, 7
Hypercn Decays [2] [ | Wty e ;r.'
(0.2260-0.0050) e / .
1 Decays (pred. © » Kv) [2] v
(0.2225+0.0034) w1251 7
Avaraga [2] u; i
(0.2240-0.0011)
L 2.2c , :

UI'IItEII‘It:\I' [2] nask e =
(0.2275+0.0012)

| 1l 1, Ll 1Ll 1. i Mﬂltm!ﬂ.wlﬂfﬂ {_Tmlﬂﬁ} hﬂ']:"ﬂ'l-'rﬂ'ﬁlllﬂu ]

19 0195 0.2 0205 021 025 D22 02ZES Q.23 a1 A 1 A 1 " I M

[1] Mattea Palutan, Kaon'0F Ivusl (L] L1 [T [
[21 Matthlas Jamin, Morlond EW07 m, (GeV)
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Tt 2> Kn’v_decay

e Good K/n separation

» Discriminate Cabibbo suppressed © =2 s signal
fromt 2> d bg

dEAlx vs mmeminm
st
- -.I
E
1
Bt
=
£
# |
g |
n® 1 . T
Track momeniwm (GeVie)

e 1-1 tfopology for signal events:

> "Tag & probe” technique i [
‘\I‘\’;//T"/\V\ T 70 K-
v 4« >
“ Vv v ‘signal’ 1
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( T )
K=r invariant mass distribution BABAR 07
ER L e L e : [0.416 £ 0.003 (stat) * 0.018 (syst)] %
e oL . 230 fo1 | -~
25, = . 3
% ] OPAL 03
% i i ! [0.471 £ 0,064 (stat) + 0.022 (syst)]%
o L i 3'
o 1e 2 :i
S ] :. ALEPH 99
B - s : [0.444 £ 0,026 (stat) + 0.024 (syst)]%
‘g’ i i 1:
> 10" = '
w - 3 CLEO 94
N ] [0.510 £ 0.100 (stat) + 0.070 (syst)]%
102 =
= 3 PDG 2006
o 5 : [0.452 £ 0.027]%
L H o—-—|
10-3; = § .l ||||||§ R R A A B AN BN AN
Epa w (Bt 0 g pail waiy ! 0.3 04 0.5 0.6 0.7 0.8
04 06 08 1 1.2 14 16 18 2 B(T'—)K'ﬂovt)[%]

M, -, (GeVic?)

PRD 76 (2007) 051104(R)

(2.267+0.008)%
78 112
38 247 + 159
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T =2 K v, decay

[ | Signal
[ | KsiGm
-xﬁﬁ
B KK
B 3

B non-tt

351 fo- 10%

Neyenrs/(11-5 MeV/c?)

0.8 1 1.2 14 1.6 0.8 1 1.2 14 16

Vs, GeV/c® s, Gev/c®
BF(%)
K v, 0.404 + 0.002(stat) £ 0.013(syst)
Ko v, 0.808 + 0.004(stat) + 0.026(syst)
>K'v, K'2>Km | 0.377 £ 0.002(stat) £ 0.012(syst) £ 0.012(mod)

PhiPsi08, 10 Apr 2008 Fabrizio Salvatore, RHUL PI— 8654 (2007) 65 12
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Comparison of BF and m(K*) with PDG

PDGO7 FIT . PDGO7
Belle K (892)

a) e b)

OPAL-00 4

ALEPH-98 .
I L] | / !
CLEO-96 -
LEO-% RSt I
L3-95 PSS LA
’ * ! R T R RICKI X ANX XGCX
Illllilllllll IIEIIIIlII - l
0.6 0.7 0.8 0.9 7 1.1 885 8875 890 8925 895 8975
Br(K’nv),% M a0z MeV/c

Best description of K* mass spectrum obtained considering the
K*(800)+K*(892)+K*(1410) and K*(800)+K*(892)+K*(1430) models

m(K*(892)) 895.7 £ 0.20(stat) £ 0.44(syst) £ 0.59(mod) MeV/c?
I'(K*(892)) 46.2 £ 0.6(stat) £ 1.0(syst) £ 0.7(mod) MeV
PL B654 (2007) 65
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> ; ] i . h i
bl Exclusive BF (t=2>h"h"h" v,
i
ALEPH'98
(1.63:0.24:0.17)x10” KnK 5 O KKK
CLEO'99 4 ALEPH'98
(1.45:0.13+0.28)+10 i 1.910™ @ 90%CL
OPAL'00 " v | T
(0.87+0.56=0. 40)x10 CLEQ'03
CLEO'03 " 3.7x10° @ 90%CL
(1.55:0.06+0.09)x10 - L T~ @
PDG'06 Global Fit 2 BaBar'07
(1.53+0.10)x10" (1.58+0.1340. 12)<10° —*
BaBar'07 Significance: 8.9c
(1.346+0,010+0.036)=10" | L=
-1.5 -1 -0.5 0 I 0.5 =t 1 B 1.5 . 35
BR (x10%) BR (x10%)
Exclusive measurment for r—nnn* directly identifying ALEPH"98 S
the pions and excluding K, only (2.14+0.37+0.29)x10”
CLEO'99 I
CLEO'03 = (3.46:0.23+0.56)x10™
(9.1310.05+0.46)x10” CLEO'03
PDG'06 GlobalFit (3.64:0.14:0.38110"
obalLri '
= OPAL'04
(AR DR (4.15:0.53+0.40)x10" "
BaBar'07 PDG'06 Global Fit
B | (3.83:0.01:0.13)x10° — (3.33:0.35)x10" K
TCTUTT BaBar'07 TCTT
| | . . (2.73%0. 02:I:0 ugyxm ? 15 ¢ - .
R T T e e A g v 4 5
-2 -3
Data sample: 342 fo-! BR{10% PRL 100 (2008) 01 1801 ARAEA0)
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¢ peak in t=2KKnv, and t=2>KKKv,

342 b

100

50

& .
K+
i

Suppressed | ” CI

J-I..I.J-L-I-PI"I'f\ 111 | 1111 "'l"!--l--l-LJ.J..I.J.l.J Lol LJ L.l !_J T T |_J LJ.L
Foo

1 101 1.021031.04 1.05 1.06 1.07 1.08 1.0

M,..- (GeV/c?)

Entries/(2MeV/c?)

BaBar'07 r—¢n v .
(3.42+0.55+0.25)x10°
Significance: 5.7c

Belle'06 T >¢K'v
(4.06+0.25+0.26)x10°
Phys.Lett.B643:5-10,2006

BaBar'07 r—¢K'v .
(3.39+0.2040.28)x10°
Significance: 9.9¢

1 1 1 | 1 1 1

1 | 1 1 1
1 1.5 2 2.5

o
T
N
N
N

o
(=)

5
Q

III|\I[‘II\|I\I

20

|\II|I[I|I

11 112 1.14
M., (GeV/c?)

Resonant decay is
consistent with saturating
= 2> KK*Kv. channel

Bt~ > KK*K'v_ex. ®) <2.5x 10°

PRL 100 (2008) 011801
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Update on V  using B Factory results

K,; decays [1]

(0.2255+0.0019) —o—
K, decays [2] y
(0.2262+0.0014)

Hyperon decays [2] d
(0.2260+0.0050)

Unitarity [2] "
(0.2275+0.0012)

Tt decays [3]

(0.2157+0.0031) i 3.50

t decays (pred. t—Kv) 395

(0.2171+0.0030)

019 0195 0.2 0.205 0.21 0.215 0.22 0.225 0.23

IVl

[1] Mateo Palutan, Kaon ‘07 s

[2] Matthias Jamin, Moriond EW 07
[3] Swagato Banerjee arXiv:0707.3058 [hep-ex]
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Updated Results:

/--\\.
'\-\.{E_{_ \

&3

BABAR:
et 2K n V. BABAR
PRD 76 (2007) 051104 (R)
T 2 Knny,
PRL 100 (2008) 011801

Ly >
o

GELLE

Belle:
T 2K\ v,
PLB 654 (2007) 65

 Theory prediction &(t=>Kv_) fro
B(K=2>uv,(y)) assuming p-t
universality
arxXiv:0707.3058v4 [hep-ex]

PhiPsi08, 10 Apr 2008
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Tt decays In modes with n meson

e Important for testing different theoretical models

> E.g.: Weiss-Zumino-Witten (WZW) anomaly, chiral theory,
relations 10 o+, following from (CVC)

e Studies of tau decay modes including n mesons
have been previously reported by CLEO and ALEPH
> Low statistics: 0.8 = 5 fbo! used in the analysis
» Difficult to discriminate between different predictions

e Belle's analysis uses 485 fb! of data
» 100 times larger than any previous dataset

> Better systematics thanks to precise estimation of peaking
background

PhiPsi08, 10 Apr 2008 Fabrizio Salvatore, RHUL 17




Royal Holloway
UIIVETSILY 01 LOnaon

4

g™ [ 485 %o | Improved accuracy in BF
$F ’“H T wf + by factor 4-8 wrt previous
0 F 'y R {/HWMW measurements
\V*,* - gt > Knv,) (1.62 £ 0.05 +0.09)x104
T R AT Bt > Knnv,) (4.7 £ 1.1 £0.4)x105
B(v > K*(892)m v.) (1.13+£0.19 £ 0.07)x104
‘ Blv > nnnv) (1.39 £0.03 £ 0.07)x103
‘&; 7o gizm
% 60 %mm
= =
® 50 =2
3 Ha
éj 0 zﬁ G600 0 . o . .
3 > Fit yy distribution using Crystal Ball
20 100 + polynomial for bg
10 200
0 - o 11 L1 e
I 0.7 0.4 0.5 0.6 0.7
M, Govic My» GV arXiv:0708.0733v1[hep-ex])

PhiPsi08, 10 Apr 2008 Fabrizio Salvatore, RHUL 18
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g  Comparison with predictions
:.:;a:oo 5{;?00 C . .
3 o 3w « (1 > nnn v, ) consistent with
8" o | | prediction based on CVC and
2 wo = experimentally measured

" 20 | e*e > n+n-n Cross section

" y L A e > Good agreement between

Mg, Gewrd data and MC (TAUOLA)

! ++ o
= Jo

:d:: : .,%*ﬂ%*:*i:tti:ig., z

0.2 0.4 0.6 C;;:xnﬁ , éevfc;2
arXiv:0708.0733v1[hep-ex])
PhiPsi08, 10 Apr 2008 Fabrizio Salvatore, RHUL
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Comparison with predictions

8

« (1 > nnn v, ) consistent with
prediction based on CVC and
experimentally measured
e*e 2 n+n-n Cross section

Nevewr/(20 MeVic?)
g 8
T

§ 8 3

g

» Good agreement between
data and MC (TAUOLA)

=

.l oy
0.6 0.8 1 1.2 1.4

00 g0
3t oo | - Central value of 8(t > Km v,
%3 3 g and &(t > Knn v,) slightly
el = different from chiral theory

200 £ 0 | prediction (Phys. Rev. D 55 (1997) 1436)

» More tuning of MC needed

> Further studies of final state

arXiv:0708.0733v1[hep-ex]) dynamics and resonance
formation in progress

0.2 0.4 0.6 0.8 1 1.2
M_. , GeV/c?

PhiPsi08, 10 Apr 2008 Fabrizio Salvatore, RHUL
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Rare tau decays

T~ — (5m)~ 27TOVT decay BABAR has ~200

times more data

Previous Experimental limit: /
8(t— 5h 270v_ )< 1.1x10* @ 90% CL (CLEO 1994, 1.7 fb1)

Tiny phase space suppresses 8-body t decays
No BR prediction
Decay is likely to go through t — 2env. (R. Sobie, PRD 60, 017301 (1999))

Select signal using pseudo-mass Stenelens) Sisie) & sree feel e

assume neutrino is mass-less
approximate t direction by 7 fracks

m*12=2(Ebeam - E7n)(E7n - P7n)+m7n2

e signalregion: 1.3 <m* < 1.8 GeV/c?
Improves rejection of gg background

5-prong t decay
PhiPsi08, 10 Apr 2008 Fabrizio Salvatore, RHUL 21
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(t =2 5n2n° v.)
N"_" E"I"I"'I"'I"'I"'"'I"'I"'I"'I"ENF'%QO-_|"'|llll|llll T ||__
S 08 — 22fb! 4 2 F E
% i— Background PDF _z % 22? N 20)7Z'_VT ‘ §
3 1o 32 o — H4 | o
S M signal counting E Ry %F signal counting I]
P 12F- region = 2 0 region + ++
= m;: —; § 40; 2
SR =R
o] - = =
- - 20
“E + E oF
2f- = 2 ﬁ l-
S P A N A R BT S VU VY S R 1 77 L8 1.9 2 2.1 22 23
M’ (GeV/ic) M’ (GeV/ic)
Signal efficiency 0.66 +0.05 % Signal efficiency 1.53+0.13 %
Total expected bkg.  6.579 Total expected bkg.  0.470
Observed events 10 Observed events 1

PhiPsi08, 10 Apr 2008 Fabrizio Salvatore, RHUL
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Conclusions

e Exciting tau physics programme at the B Factories
» B Factories are also Tau Factories !

e Huge tau statistics allow unprecedented precision
IN mMeasurements of properties of tau lepton
» Measurement of fau mass and test of CPT theorem

» 1 decays to strange particles

o Measurement of BFs and new measurement of |V (| from
tau decays

o First evidence of 1 - KKK v. decay mode
o Resonance in t = KKr v_and t = KKK v, decays
» 1 decays in modes containing n meson
o Tests various theoretical models (WZW, chiral, CVC)
o Important to study backgrounds for 2nd class currents

» Rare tau decays

~_ Royal Holloway
University of London
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Many more results to follow...
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