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A.Lusiani (INFN & SNS, Pisa)

Tau Decays At THE B-FacToRIES

‘ Today’s Tau factories are BABAR and Belle I

¢ asymmetric colliders on Y(4S) peak (/s = 10.58 GeV)

o(t*t7) ~ 0.9nb ~ o¢(BB) ~ 1.1nb

¢ similar detectors, but for PID: BABAR = Cherenkov detector, Belle = threshold Cherenkov & TOF
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034

peak luminosity: 1.7-10°*cm s~

9GeVe /3.1G
peak luminosity: 1.2-1034
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A.Lusiani (INFN & SNS, Pisa)

Lots of tau pairs have been collected at B-factories

Tau Decays At THE B-FacToRIES
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End May 2008: [ Ldt ~831fb™" ~764M tau pairs

End May 2008: f Ldt ~531fb~! ~488M tau pairs

(analyses typically use smaller samples)
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B-factories (recent) tau physics results can be grouped as follows

Tau Decays At THE B-FacToRIES

¢

Searches for LFV

clean and unambiguous NP probes

¢ tau LFV searches complementary to u — ey

Vus from v — s inclusive
¢ |small QCD theory error

(semi-)hadronic decays
¢ QCD and resonances studies

» 7 — an’v BF and spectrum for a7”

¢ 2nd class current searches
¢ rare decays, small BF

Lepton universality and precision meas.
¢ tau lifetime
¢ tau mass
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NEW
PHYSICS
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A.Lusiani (INFN & SNS, Pisa) Tau Decavs At THE B-FAcTORIES

T > uy 0705.0650[hep-ex], = PLB T = uy PRL 95 (2005) 041802
T > ey 0705.0650[hep-ex], = PLB T > ey PRL 96 (2006) 041801
= (~(n%n, )| PLB 648, 341 (2007) > (7% 7, 1) PRL 98 (2007) 061803
T — 3¢ PLB 660 (2008) 154 T— 3 PRL 99 (2007) 251803
T = (hh’ PLB 640 (2006) 138 T = (hh’ PRL 95 (2005) 191801
r— Vo arXiv:0801.2475 T o {w PRL 100;071802 2008
= Kﬂ—, ),V PLB 632 (2006) 51 T > Kn, AK , A\rt, AK| hep-ex/0607040

T > {Kg PLB 639 (2006) 159 ete” — fr PRD 75 (2007) 031103
T - {fy K.lnami, Phipsi08, April 2008
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AE vs. Am for MC signal
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¢ atY(4S), separated t*7~ decay hemispheres ¢ |AM = Mygco—M; ~ O||AE = Ereco—Epeam = 0
¢ neutrinoless tau decay ¢ smeared by resolution and radiative effects

=>» [no missing 4-momentum on signal side ¢ expected background from data side-bands
¢ tag side =» undetected neutrino(s) 4 count events in signal box, or max LH fit

=3 1- or 3-prongs, E<Epegm, M<M;
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Tau Decays At THE B-FacToRIES

qq (uds, cc, bb)
(bb is negligible)
uniform AM
AE <0

Bhabha, di-muon
uniform AM
AE ~ 0 band

AM <0
AE <0

7517, two-photon

T—> 3¢

data candidates
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A.Lusiani (INFN & SNS, Pisa) Tau Decavs At THE B-FAcTORIES

LFV T = fw with o =» 7t x° 384fo~'| PRL 100 071802 (2008)
S 2 T | T S 2 T | T
© O
- T = ew = T = Uw
S 1.9 ' — S1.9 —
v moL
= B 1 = Y ) 7
1.8— ] 1.8 ‘-;-: R . - —
i .o . | AR PEOR A  E |
. .. ....... ...‘\'.:.:.'!'.;:..;.s Yo :.‘.!. . .;.- .'.
PR I | I P IRANE D A A : 1
1.6 55 o 1.6 Y o
A E (GeV) A E (GeV)
¢ signal efficiency: 2.96% — 2.56% ¢ |BF(r - fw) < 11-10- 10-8 (90% CL)
¢ expected BKG/channel: 0.35-0.73 events ¢ PRL 100 071802 (2008)

¢ observed candidates: 0—0 events (arXiv:0711.0980 [hep-ex])
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D
LFV search for r = [VO ‘ preliminary 543 fp~1 arXiv:0801.2475
BELLE

¢ 10 modes are investigated: ¢ data candidates:
> (=¢e,u » 1 events for v — ug, ew, eK*°
> V0=¢ w KO KO o0 » 0 events for other modes

¢ signal efficiency 2.5-4.9% BF < [5.9—18]-10~8 (90% CL)
¢ expected bkg: 0.0-1.0 events

¢ main BKG: 7 = nwv, nnny

> . - .
3 0.15 ToU ®
L
U 0.1
0.05; 0.05} TN
// o \"‘ 0f L / "
j . . | ,.fl
O -0.05} )
[ e/ [1 signal MC o NS
\e s ot 01!}
005 ® dataevents o015 .
0.1 0.2}
e o
025 ® °
¢ [ ]
RERRCRRARCRREIE 1;’1 172 174 1.76 1.78 1.8 1.82
M“q}(GeV/C ) M m(GeV/cz)
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Tau Decays At THE B-FacToRIES

T — (€ LFV search

¢ selection and SB optimized for best exp. UL 02-_1--' Seete L ftouee - ]
¢ signal efficiency 5.5-12.4% ook o R PR )
¢ background estimated with 2D AM-AE fit ol - °. . E T B .
¢ expected bkg: 0.3—-1.3 events 0al <L SRR ]
¢ data candidates: 0—2 events ol Ll . BT "
¢ Cousin & Highland TN | L fToeww
¢ [BF < [3.7-8.0]-10-8 (90% CL) Sool .+ gl L
¢ PRL 99 251803 (2007) 2 o2k L ﬂ LR ﬂ .
(arXiv:0708.3650 [hep-ex]) P C e T
-0'6_.; Pe e e oaMereee L 2]
Mode  Eff. [%)] Npga  ULSSP Nops ULSSS 0l T e R T WUt )
eee” 89402 1.33+£025 49 1 4.3 I R ]
pefe” 83+£0.6 089+027 50 2 8.0 Thee e |j TR n
pte’e” 124+08030£055 2.7 2 58 WA m e I .
efu u~ 88408 0544021 46 1 56 0ap, " 2 )
e u T 62405 0.81+0.31 6.6 0 3.7 0.65% LU0 .}‘-u.%.-.r " 'I i
pw 't~ 55+0.7 0.33+£0.19 6.7 0 5.3 -04 -02 0.0 0.2 -04 -02 00 0.2
AM (GeV/c?)
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D
LFV search for v — ¢¢¢ | (&M |535fb~'| PLB 660 (2008) 154
BELLE
4 event selection optimized by mode separately Mode  |e (%) Nc  Osyst (/{) Nobs S50 B(x107%)
: L T~ — e ete™ | 6 +0.3 y 3.6
T — u | 7.64 0.07£0.05 7.4 0 241 3.2
¢ expected bkg: 0.0-0.4 events = — e ptpo| 6.08 0.05£003 95 0 244 41
mr 7T — e o | 10.8 0.02£0.02 7.6 0 244 2.3
¢ |BF < [2.0-4.1]-107°(90% CL) e [ 125 0014001 77T 0 246 20

[] signal MC
® data events
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D
LFV search for v — £f ‘ preliminary |671fo~"
BELLE

¢ with scalar Higgs mediation: ¢ signal efficiency 5.8-6.0%
BF(r—ufy) : BF(t—3u) : BF(t—un) ¢ expected BKG: 0.10-0.11 events
=13:0.54 :1 ¢ data candidates: 0 events
(C.H.Chen et al, PRD 74:035010 (2006) BF(r — (fy — tnr) < [3.3—-3.4]-1078(90% CL)
¢ usefy—nn (first time this search has been done)

[] signal MC
® data events

1.7 1.8
M. (GeV/c®)
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B-Factories LFV searches summary ‘

UL90 Lumi UL90 Lumi UL90 Lumi UL90 Lumi

.
Hy

.
uKs

5.8-5.9" 237
7.2—-15" 237
400-890 211

(* preliminary)
(=)
VO = w for BaBar, VO = p, ¢, K*0, w for Belle
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Progress on T — uy since pre-B-factory era

SUSY SO(10) + seesaw — Masiero et al., NJP 6 (2004) 202
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Tau Decays At THE B-FacToRIES

Progress on LFV from B-Factories results

Achievable BR

—
< !

~
S,

plots presented by K.Inami at PhiPsi08
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STANDARD
MODEL
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Lepton Universality Tests ‘

¢ Standard Model (SM) predicts that leptons have same weak charged current couplings

¢ B-Factories can measure several relatively less known ingredients for LU tests below

rT—>e (g‘l' )2 Tu
(o'

5 f(m?/m3)r"
_BF(T_ae_;evT)(mﬂ ) ° L EW

Mi—e 9u Tr M-/ f(m2/ mf)rz_w
2 /12
ey g-\>° T _ = my\5 f(mg/ m/u)'JuEW
- o« |—]| = T—BF(T — U VyVr) = VTN
H—e de T T f(mﬂ/mT)rEW

_ - 22
M—e oc (ge)2 BF(r™ — e7vv,) f(m,/m7)
rT—)ﬂ BF(t— - Il_;pv‘r) f(mg/mz)

f(x)=1-8x+8x3—-x*-12xInx (approximating all m, = 0)
réW = 0.9960 (EW radiative corrections, Marciano-Sirlin)
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Precision measurements and Lepton universality

D

Tau mass| (<MY [414fb-1| PRL 99 (2007) 011801
BELLE

m; = (1776.61 + 0.13 + 0.35) MeV precision (0.021%) comparable to BES/KEDR (0.015%)
CPT test (not possible at threshold)  (m+ — m.-)/m; < 2.8-10~* (PDG2006: < 3 - 10~3)

Tau Lifetime preliminary  [80fo~1| Nucl.Phys. B (PS.) 144 (2005) 105

Tr— — Tr+

T = 289.40 £ 0.91 £ 0.90fs (ArFPG2006 - +1,01s) ASTAT( ) = 0.32% (CPT test)

Tr—+ Trs

¢ limited progress on lepton universality

¢ no improvement on leptonic branching fractions (hard job matching ALEPH systematics)
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Vus measuremements ‘

KL3 decays: , ;

f\é—;‘ " njl:éij = |Vas| £+(0)

K12 decays:

i

Hyperon decays:

(courtesy of S.Banerjee, KaonQ7)

¢ kaon measurements limited by theory uncertainties (see e.g. arXiv:0802.3009 [hep-ex])
» for K3 decays A[f,(0)] = 0.50%
» for Ko decays A(Fk/F) = 0.59%

theory uncertainty on Vs from tau estimated to be 0.23%]| (arXiv:0709.0282v1 [hep-ph])
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Tau Decays to final states with strangeness = 1

¢ |inclusive BF(r — s)| ==» |potentially most precise/ clean Vs measurement

¢ if spectral functions are also measured = simultaneous fit of Vs and mg

¢ otherwise, one can use mg from lattice QCD (now Amg ~ 10 MeV)

I' [t~ — v:hadrons(y)] R: strange

¢ R, = — |Vus|2 = 2
r [T_ - evTve(y)] (Rr,non-strange/ |Vud| ) - 5R1-,theory

> RT,non_Strange/ |Vud|2 = 3661 + 0012 (eXperIment)

» OR:theory = 0.216 £0.016  (SU(3) breaking, arXiv:0709.0282v1 [hep-ph])
A5"_"’7-,’[heory

~ 2-0.23%

> AVl -
(Rr,non-strange/ |Vud| )

¢ to fit for ms simultaneously, must use also moments of the hadronic inv. mass distribution
2

m k /
T R
< Rﬁl:f ds(1— 32) (32) dR;
0 ms) \mz/ ds
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Tau Decays At THE B-FacToRIES

Inclusive BF(r — s) before B-Factories

Bhald — 1_Be _Bu
\_//

Hadronic Decays

wo
<d -d Vyq+s Vo
u

R

=R.-R

174

T,Strange T,non-Strange

suppressed

Cabibbo allowed
61.8

Cablgulﬂ

i A
Strange T Decays:

Mode B(10-3)

K- 6.81+0.23
K" 4.54+0.30
Koz~ 8.78+0.38
K-n°#° 0.58+0.24
Koz 7° 3.60+0.40
K-mta 3.30+0.28
K™y 0.27+0.06
(K3m)~ (estimated) 0.74+0.30
K,(12707 =K@ 0.67+0.21

(K4m)~ (estimated) and K'~5 0.40£0.12

Sum 29.69+0.86

Davier, Hocker, Zhang(RMP 78. 1043, 2006)

Heavy Quarks AND LePToNs — 5-9 JuNE 2008 — ScHooL ofF PHysics, UNIVERSITY oF MELBOURNE
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A.Lusiani (INFN & SNS, Pisa)

Vus and mg determination before B-Factories

Extract |Vus| with Fixed m, Simultaneously extract |Vus| and m,

V- m_ One-Sigma Contours
K,; Decays [1]

ACO
(0.2255+0.0019) : T . T - ] .
K, Decgoyosza[Z] —— 035._ — &m*“'m*ww A
(0.2226 _; 1514) ' Bun &ty e,
Hyperon Decays [2] —= %%
0Bf [ & 4w .
(0.2260+0.0050) 10" 10

T Decays (pred. t— Kv) [2] o Vo
(0.2225+0.0034) s 0225

Average [2] .
(0.2240+0.0011)
2.20

Unitarity [2]
(0.2275+0.0012)
RN N N NN W R [ Maltman, Wolfe (Tau06) hep-ph/0611180
0.19 0.195 0.2 0.205 0.21 0.215 0.22 0.225 0.23 ol ; 15 . oll . 0||5 . )
00 . . 2

[1] Matteo Palutan, Kaon'07 \"M
. . . . us m (GeV)
[2] Matthias Jamin, Moriond EW'07 s

0215

|Vus precision: 1.53%|
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T = Knl 230fo-1| [PRD 76 051104 (2007)
(]
Q
=10 L
G L CLEO'94 °
8 I (5.1+:1.0+0.7)x10™
2103 :
. ALEPH'99 .
g (4.44+0.26+0.24)x10"
- . :
el R OPAL'04 .
e F (4.71:0.59+0.23)x10"
Q |
'E PDG'06 Avera%e .
210 (4.54+0.30)x10
K BaBar'07 ol
o (4.16+0.03+0.18)x10"
1 ¢ i _
Lo Y S, Tn L g c b b b b b Ll b by
04 06 0.8 1 1.2 1.4 16 1.8 2 2 25 3 35 4 45 5 5.5 6
-3
M, o (GeV/cY) BR (x107)

¢ 78k data candidates, 38k estimated bkg ¢ 70 efficiency largest systematic
¢ c=(2.2267 +0.008)% ¢ BF(r » Kn%) = (0.416 + 0.003 + 0.018) %
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T = Ky 351fb~'| |PLB 654 (2007) 65

y PDGO7 FIT
e Belle Fﬂ
aj —a—
qe 107
% OPAL-00 4
% 10°} ALEPH-99 o
b ALEPH-98
E I &
w CLEO-96
zl-:.l & {
L3.95
L L
Illl-lltI-IEIII ;_Illlltlldl
0.6 o7 0.8 0.9 1 1.1
Br(K’mv), %

¢ 53k data candidates after bkg subtraction ¢ K; efficiency largest systematic
» smaller bkg w.r.t. Kn% ¢ BF(r - Ksnv) = (0.404 + 0.002 + 0.013) %
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Tau Decays At THE B-FacToRIES

T — 3hv 342fb~1| [PRL 100 011801
-pe-Ap+ -Ar-Ap+
TR Knx
Exclusive measurment for t—nnn* directly identifying ALEPH'98 —
the pions and excluding K, only (2.14£0.37+0. 29)X10
CLEO'99
CLEO'03 . (3.46+0.23+0. 56)x10 -
(9.13+0.05+0. 46)x10 CLEO'03
PDG'06 GlobalFi (3.84+0.14+0. 38)><10 ¢
obal Fit
—e— OPAL'04
(9.02:0.08)x10 " (4.1510.53+0.40)x10" "
BaBar'07 PDG'06 Global Fit
(8.83+0.01+0. 13)><10 o (3.1’.2¢0.35)><10'3
BaBar'07 5 -
Lo b b b L I BT R (‘2'?3;9'[}2#0?09)*1?‘H‘\ - L
8 8.2 8.4 8.6 8.8 9 9.2 9.4 9.6 -1 0 1 2 3 4 5
BR (x10?) BR (x10?)
-Ap- + -K - +
KK KKK
ALEPH'98
(1.63+0.21:0.17)x10" 5 R
CLEO'99 ALEPH'98
(1.45+0.13+0.28)x1 0’ 3 1.9x10” @ 90%CL
OPAL'00 2
(0.87+0.56+0.40)x10" o CLEO'03 0
CLEO'03 3.7x10° @ 90%CL
(1.55+0.06+0.09)x10™ =0
PDG'06 Global Fit BaBar'07
(1.53+0. 10)><10‘3 | (1.5810.13+0. 12)"10
BaBar'07 Significance: 8.9¢
(1.346:+0,010+0. 036)x10 | | d | | | | | |
A5 ] 03 o o5 1 18 o 05 1 15 2 25 3 35
BR (x10%) BR (x10)
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K,; decays Updated v — s results
(0.2255+0.0019) 3

K,, decays o .
(0.2262+0.0014) ¢ - K% PRD 76 051104 (2007)
Hyperon decays

(0.2260:0.0050) ——— ¢ > Knny PRL 100 011801
Unitarity

(0.2275+0.0012) | ,:B
T decays - BELLE
(0.2157+0.0031) ¢ - K%y PLB 654 65-73 (2007)
tdecays (pred. t—>Kv) _ g 324

(07217.&0'(?030). . , , 4 universality improved Vs determination:
0.19 0.195 0.2 0.205 0.21 0.215 0.22 0.225 0.23

assume u — 7 universality to predict
BF[t — Kv(y)] from BF[K — uv(y)]
Rev.Mod.Phys. 78 1043 (2006)

IVl

¢ S.Banerjee, arXiv:0707.3058v4 [hep-ex]

¢ |Vus precision: 1.38%|
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Tau Vs status and prospects

¢ Vus(t) =0.2171 £0.0030 universality improved Vs from r — s inclusive
» uses Vg =97377(27) from PDG2006, however negligible change using updated V4
¢ Vs(unitarity) = 0.2258 + 0.0011  using V4 = 0.97418(26) [Hardy-Towner, nucl-th 0710.3181]

» moved by 1.50 w.r.t. PDG 2006 — 2007 (isospin breaking Coulomb corrections)

» Vg from neutron decays differs by up to 4.50 [0.97092(68) — 0.9786(19)]
(also, recent measurement of neutron lifetime is 6.50 away from PDG2006 value)

¢ Vs =0.2246 + 0.0012 from Ky3 P.Massarotti HQL08 (FlaviaNet)
¢ Vs =0.2261+0.0014 from K,» P.Massarotti HQLO8 (FlaviaNet) (my elaboration using above V,,q)

‘ IVus(T) - st(unitarity)I =270

BF(t —» Kv)

F(r - nv)

¢ |experimentally, it is useful to improve on Vs from T — s inclusive and also from
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Tau decays modes with 7 meson
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D BT

<o

BELLE preliminary

Tau decays modes with  meson arXiv:0708.0733v1[hep-ex])

=4 Comparison with predictions
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M_. , GeVid

> Further studies of final state

arXiv:0708.0733v1[hep-ex]) dynamics and resonance
formation in progress
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T~ > npnntan" v, withnp — yy

Tau Decays At THE B-FacToRIES

384fb~!' | accepted by PRD

BF(t— - nrn*n~v;) = (1.60 + 0.05 + 0.11)-10~4

BF(r~— — f1(1285)x~v) = (1.11 + 0.06 + 0.05)-10~%
BF(r~ — 1/(985)n"v;) < 7.2:107990% CL  2nd class current, suppressed by isospin conservation
arXiv:0803.0772 [hep-ex]
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23M tau pairs

preliminary
“““““““““““““ Belle X
. Bele f 2512% 0.04£0.38 | ]
] —eesme CLEO f —a—
TR 25.42+0.12+0.42 | | i
24.60+0.35+0.50 | )
ALEPH | o
25.4740.101+0. 085 | -
OPAL | -
25.44+0.17+0.29 | ]
" CRNE Average |
(M) (BeVie) 25. 42+0. 11 a5

¢ 5.4M candidates fitted ¢ improved spectrum (larger stat. than LEP)
¢ largest systematic: 70 efficiency ¢ a;" close to previous existing tau estimates
¢ BF(r - 7n%) = (25.12 + 0.04 + 0.38) % see H.Hayashii@FPCPO08 for details
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Tau Decays At THE B-FacToRIES

Conclusions

LFV Searches
¢ |good experimental coverage

¢ [recent new/updated results

expect further improvements

Vus from r — s inclusive
¢ |results on several BF, Vs updated

3.20 — 2.70 discrepancy w.r.t. K/unitarity

Lepton universality and precision meas.

¢ |tau lifetimel, [tau mass
¢ [CPT tests

improving mass and leptonic BF is hard

(semi-)hadronic decays
¢ |Precision improved on several small BF

¢ |first 2nd class searches results

v — x’v BF and spectrum for Ayap(g—2),,

Future prospects

¢ [B-Factories
» |many new/updated results to come
¢ |KEDR, BES-III
» |[Tau Mass
¢ |Tau Physics at Super B-Factories

» |LFV searches to probe NP

» [Tau EDM, g — 2, CPV
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