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Outline

e T physics at B factories

* T lifetime

* |V, | measurement

* Branching fraction measurements

* Lepton Flavour Violation
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Detectors

Detector of Intemally L5Tsolenoid | gyecirommagnetic Calorimeter
Reflected Cherenkov ST -

* Asymmetric
detectors :
— e, W identification
— K/m separation
— vy detection
— K% vertexing E
— well defined CM o cuner

energy

g ntrLanftCl]amber
ckqn g +dE/dx
1all cell +He/C,H g

: u/ . detection
14115lyr. RPC+Fe
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Luminosities

e High statistics of t* T pairs produced at B factories:

— ~ 500 M at BABAR,
— ~ 900 M at BELLE.

Integrated luminosity of B factories

-1
(fb™) >1ab™!
1200 On resonance :
I—KEKB Y(5S): 121 b !
Y(4S): 711 b
1000 Y(3S): 3"
Y(2S): 25"
800 Y(1S): 6!
Off reson./scan:
~100 fb*
600 -
~ 550 fb?!
400 + On resonance:
Y(4S): 433 fb !
Y(3S): 30 fb*
200 - S M e SRR, S s g . Y(2S): 14 fb !
| Off resonance:
; L | | ~54 bt
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Decay Mode

Cross-Section (nb)

Y(4s)—BB 1.1
T Pair 0.919+0.003
dqq g=u,d,s,c 3.4
1 Pair 1.147+0.005
Two-Photon (Barrel) 2.4
Bhabha (Barrel) 25.52
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T pair events

6{‘ ‘
~ (/6‘ )
R /
hemisphere o

.
/ TN B Tha
Tag MM
y, g
e

hemisphere ~

VT‘q

e Jet-like T pairin CM:
— T"and Tt decay products well separated.

— tag one hemisphere to get a clean Tt sample in opposite (signal) hemisphere.
* Use kinematic and event shape to reduce backgrounds.
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Tt decay modes

* Many t decay modes:

07/17/2014

Topology

17.37

Hadronic
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Leptonic/
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Charged lepton universality

- o~ - _
T B C H B e
. W \\'A
g‘t AUAVAN gg E =€, ]"l ng AVAVAN g:—:‘
V; v Vi V.

L BT —thw(y) | G
ML~ — € o (7)) = o = 32M;1v 192W3ch{mt_,m£)

Pl ) = 1) (14 g%} (1490 (2 _2))

f(x)=1—8x+8x> —x* —12x*Inx, x = my/m,

B~ — e vevu(v)) =1

gT _ — = TH mi Fm[m# 1 me) g'r
9 _ |B(r- — () . 27 _ 1.0024 + 0.0021 (HFAG2012
gE.' \/ (T p: u#y ['Tn T+ m?— Fmrr(m'r:- mp) gE :l: ( ]
m?>
g \/B(T— e () T Tt ool M, ) "8 _ 4 0906 + 0.0021 (HFAG2012)
g# Tr m-;— FCDII(mT 1 mE) g#
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T lifetime

* Analysis based on 711 fbl. 6s0Mtt 7
s et T T (MY, TV, £
— Good vertex reconstruction. )
* Fit of decay length.
CMS 5 T
frame g
g _
— X = 5. 8
e .

l X {(;I’I}q o

PRL 112, 031801 (2014)

pull

x (cm)
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T lifetime result

* Main systematic: silicon vertex detector alighnment.
Py=3 * Test CPT conservation.

BELLE * |nput to test of lepton universality.

ctr = (86.99 £ 0.16(stat) = 0.10(syst)) pm.

s 2800x28+40 CLEO

7r = (290.17 £+ 0.53(stat) £+ 0.33(syst)) fs. Fei  2892%17%12  OPAL
7+ — T — | /Taverage < 7.0 X 10—3 at 90% CL. ki 2901%£15£11  ALEPH
PRL 112, 031801 (2014) J TEemb L
Lepton universality i 2909+14+10  DELPHI
2006+ 1.0 mean PDG
gr/ge = 1.0024 £+ 0.0021 (HFAG2012) & se040+0014 BaBar (prelim.) 5o
d-/ge = 1.0031 = 0.0016 (new Belle 7 ) W 20017+0.53+033 Belle 711 for!
g-/g, = 1.0006 + 0.0021 (HFAG2012) sl
gr/gu = 1.0013 £ 0.0016 (new Belle 7+) T, ()

r

07/17/2014 Georges Vasseur Beauty 2014 9



Events/(0.10 GeVic)  (1-N,, /Nowa) Events/(0.10 GeV/c)

(1-MNusc/Npaa)

One prong decays
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Measurements of ratios to decay to

electron (cancels many systematic errors)

_ B(tT > Xv,)

- B(t —»evy,)

Ry

R,=0.9756 + 0.0016 + 0.0036
R.=0.5945 = 0.0014 £ 0.0061
R, =0.03882 £ 0.00032 = 0.00057

R,/R_ can be used to determine |V .|

B(r">Kv,) folv

s ‘2 (l _mi’ "{}Hf)g
Be™>zv) [V, [ U=m /m)

T

Phys Rev Lett 105, 051602 (2010)
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* Some tension
between CKM
unitarity and
T average.

 More results
from all
strange final
states needed.
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K; decays, FlaviaNet 2010
0.2254 + 0.0013

K, decays, FlaviaNet 2010
0.2252 + 0.0013

CKM unitarity
0.2255 £ 0.0010

T — Kv /1t — v, HFAG 2012
0.2229 = 0.0021

T — Kv, HFAG 2012
0.2214 £ 0.0022

T — s inclusive, HFAG 2012
0.2173 £ 0.0022

T average, HFAG 2012
0.2202 £ 0.0015

‘ Winter 2012 \
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Hadronic spectraint - h"h h*v_

Reconstructed three-hadron mass spectra Prellmmary
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M{r ) (GeV/c?) M(K7'n*) (GeVic?) M(K K") (GeV/c?) M{KK'K") (GeV/c?)
Cross-Feed [ Other -Bkg [ Other Bkg
Bayesian unfolded three-hadron mass spectra arXiv:1301.7105 (2013)
a 0.037| T o 0.0 [T T T 1 & u'os_r T T o — T T
s BABAR 3 | . BaBar | 3 ] BABAR |3 | BABAR
= = preliminary 1= o004 H preliminary | < i preliminary = | preliminary ]
] N 18 fl e | /i, g o
g 002 I ©Z god ;. 2| 1 = o004 A s | B
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® d & & L . *Mi‘ v ¥ 2 X i i
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5 oo A ! eI A R
z / B W 2| S 13 ¥ 1 H [
~ i = r ;1 / o Iq 1 — | _..-;!' . =] | : 1
[y - —-// L | s H"il’ L . Hmzlﬁ";i‘;snu Py | 'li“w ? ’]‘ — L ]| I}Il
0.5 1 15 1 1.2 1.4 1.6 1.2 14 1.6 5 16 1.7
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------ CLEO Tauola Tune (98) ------ BaBar Tauola MC I stat. Error (Data) Stat. @ Sys. Error (Data)

* Important measurements to tune the Monte Carlo.
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High multiplicity Tt decays

e Study 23 decay modes.

W 468 fb' PRD 86, 092010 (2012)

- Bn)=nn'n (31‘[):7[‘7[01-[0

f o A

n—prn -
n—on'n '

fonnnn
T )

N> N3 (3n)=nnn’

\
v 4y » )

5 prongs 3prongs+n(yy)  3prongs+31° 5 prongs + n°
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High multiplicity Tt decays

Nonresonnant: Summary of the results:
T — 2T[_TT+3T[0VT Decay Branching ratio
250 T T T T T T r —
% ol St mode (1073)
g o —renn |7 Resonnant
F 1 2mmtnv, 22.5+£0.7+1.2
IE li!l_d IJI.5 l]‘_E Dj‘.’ ﬂ:l! IJI.E! 1 11 1__2 T[_ 2?-[0an 20' 1 :I: 3'4 :I: 2' 2
3n° Mass (GeVic) ™ fl nVvr
e T L2m+2m~  5.2+£0.31+0.37
& 1s00r - ] - finve
g oo ] Latnn 12.6 £ 0.6 £ 0.6
L s e N 2MT Mt WVy 8.4+0.4+0.6
04 05 08 u.':[+ Iu,:u M::l {(;.:wcﬂ;J 12 13 14 ™ 2?-[0va 7.3+£1.2+1.2
O Nonesonnant
3 zmaf T 3 2mt vy 76.8+£0.4£4.0
2 150l E 2~ nt3nfv, 1.0+0.8+3.0
i 1 3m2mnlv,  3.6+£0.3+0.9
. e e 1 2 :z TR Inclusive (incl. n, w, fl}
2 " 3 Mass (GeVie’) 2m-nt3m0 vy 20.7+1.8+3.7

3T 2T Ve 83.3+£0.4+4.3
3n~2nt v, 16.5+0.5+0.9

PRD 86, 092010 (2012)
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Second class current: T - ' n’'v,

400 —m———r——————r—r———r—————r—r—r—r—r—1—t——r—

. ‘S, - TR (9\8)\1{ 7
 Hadronic currents: 8 300 esmx 4, e
— FCC: JPS=0*+,0-,1*+,1+ s P -

ey 100 i

. IPG=O+ N- - i d
B SCC. J _0+ ’O +’1++’1 g gBI o .085 0.9 0.95 1 1.05 1.1
e Second class currents: o o = x 1 Mass (GeVic?)

o e e S T S B e e
100 T =T N(O38) v,
F 1'(958) = n Wty
- n— ot "

— vanish in perfect isospin
symmetry (m, =m,).

— No evidence found so far.

Entries/0.01 GeVic?
O
L]
| | | | |

40

* Search for SSCtT > n’v.. = s

— Peak fully accounted by qq S B . S S8
background. 200

, 6 % ;renwﬂnv, -
* BR(t>mn'v)<4x10 R 3 T s %
at 90% CL. - s
w i st :
|ﬁ w—i:;-:“; W= R, S| N i
PRD 86’ 092010 (2012) 8.8 0.85 0.9 0.95 1 1.05 1.4

n* 1 1 Mass(GeVict)
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T decay modes withK_.°

e With 1-prong e/ tags search for
3 or 5 charged tracks in signal n
hemisphere for h K.° (K.°)(%) v..

* K. candidates from nt* v pairs (EI%IIES
with displaced vertex.

No 50c NN B R BE R N B D S S SN A WA A

-~ i

s 400E —— Data - —

= 8 - w00 |73

N —m KsKs € _

s 300F — 1 K¢ K93 5.29 GeV
e | &R &= Bkgd :

z 2000 3

100- IVI (T[ T[ ) E ‘—‘|_,f~'"’
L “ —_—

1 2 o .- ’ i
0.48 0.49 0.5 0.51 0.52 Vu 1 VT
- Mass (GeV/c?)
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Branching fraction results

- —KO
e TOM KOV T>K KV T>1 KKV
(0.950 + 0.150 + 0.060) % T s sVt
CLEO 96’ ALEP 98’ CLEO 96"
(0.704 +0.041 £ 0.072) %~ (0.158 + 0.042 + 0.017) % - (2.30+ 0,50+ 0.30)x 10°* =
ALEP 98’
(0.855 + 0.117 = 0.066)% =~ ™ ALEP 99’ ALEP 99°
ALEP 98’ (0.162 + 0.021 + 0.011) % - (2.60+ 0.10+ 0.50) 10°* -
(0.928 + 0.045 = 0.034) % = ] i
OPAL 00" CLEO 96 BaBar 12 -
(0.933 + 0.068 = 0.049) % — (0.151 £ 0.021 + 0.022) % (231 0.04 £ 0.08) = 107*
Belle 07" -
(0.808 <+ 0.004 = 0.026) %
Belle 14’ Belle 14’ Belle 14’
(05311 0.002 £ 0.016) % - (0.148 = 0.001 + 0.005) % - (233 0,03+ 0.09)x 104 -
P L TR T N T PP I ST A I I I B e
b ° - B x 0.02 0.04 006 008 04 012 0.14 0.18 018 x 107 . . 2 25 3 x10*
Bt —)011:'1(00\-"1 Bl S KK v Bt 5 KK
L391I>T[KT[V - - KO0 0 - -K O 00
(9% o120 s00s%  — = W 2K Ky, T2 KK v,
CLEO 96’ (0.145 £ 0.036 £ 0.020)% '~ % .
(0.417 + 0.058 = 0.044) % - ALEP 98 BaBar 12
, 3 (1.0 + 0.20 +0.22) = 10°
&Lg;Hfg 073 = 0.037) 55— #—— (0.152 + 0.076 + 0.021) %
. ALEP 99
‘&'_-354'3‘,“)_(93_053 coone  —— (0.143  0.025 + 0.015) % -
Belle 14’
Belle 14’ ' R — e
Belle 14 (2.00 = 0.22 + 0.20) x 10°
(0.386 +0.004 £0.014) % e (0.150 = 0.002 = 0.007) % -
sl b b b b b bl P R D B PR R P TN N N TN
Q10 01 02 03 04 05 x10 01 005 0 005 01 015 02 x10° 02 04 06 0B 1 12 12 16 1.8 2 22 x10°
Br - 7K'z Vo) Bt = KK v,) Bl — TKKI v,)

Yellow bands show the world averages and their uncertainties from PDG:

B(r~ — K KJKJv,) < 6.3 x 107" at 90% CL 468 fb! PRD 86, 092013 (2012)
Bt~ — K KIKIm v, ) < 4.0 x 1077 at 90% CL

B(r— — KX~ w,) = (9.14 £ 0.01 £ 0.22) x 10— Py 669 tb"' PRD 89, 072009 (2014)

BELLE
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: -K 0 K O 7¢O
T>1K"K" v,

* Simultaneous fit of M(mt°K.°

dynamics

K.°) and M(mt K.°).

C 60— -
oM (Tt0 K 91K 0) > E M(rtK.9)
P — All Fit L
" C — WI(1285) + mwi(1420) " C
R o KR T Y
o 30F Ar - tK K v, S
;_ 5 ; 30—
£ 20l E:
a r & 200
10f- 102—
S R TR : WS R A & A AR Y: n‘us 0.9 TR
MR'KIKS) (GeVich) M@KY) (GeVicY)
B(r~ — £,(1285)7 v, ) - B(f;(1285) — KoKew") = (0.68 +0.13 £+0.07) x 10~ ",
B(r~ — £(1420)7 " v, ) - B(f,(1420) — KdKdn®) = (0.24 4+ 0.05 + 0.06) x 107,
B(r~ — K*(892)  Kdn'v,) - B(K*(892)" — Kdn~) = (1.08+0.14 £0.15) x 10~°.
v
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LFV in T decays

* Lepton Flavour Violation:

— Extremely small in the Standard
Model with neutrino mixing.

— Unambiguous sign of new physics.

Model B(t — p) B(r — £££)
MSUGRA +seesaw 10— 8 10— Y
SUSY+SO(10) 10— 8 10— 10
SM+seesaw 10— 9 10— 10
Non-universal 2’ 1[1_g 1 IC}_8
SUSY+Higgs 10— 10 10— 8
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Searchfort=> 1l hh’

* 14 Lepton Flavour Violation
modes investigated:
— 1T —> I"h* h’" (8 modes) 0 3-." ;
— 1T = |I"h h" (6 modes, -

02 ~ T-—>].L+.TE-J'E-

AE (GeV)

I"i' e
violating lepton number) o2 ;'.q SE :
* Tag with one-prong decay. 04 210 el
1.7 1.8
* Search for signal in the M,.r (GeV/C)

M,AE) plane. =
(M,AE) p VB o5 bl PLB 719, 346 (2013)

BALLE
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LFV in T decays

0 0 0 M HFAG-Tau
5_ by IP IS \Y Il |l1h Ah [ Winter 2012 |
107 = ® —
] ® “ooo.. e ® °. ° o -
C e °® ° ® oo © ]
10°: © oo E
- v ]
i v v Viv Vv vy v’ i
Yy v v v v
107_A 'v v Vy v v | @ CLEO
— A A -
- va I A \ASME
o AAXv R Y . AA v . 1Y BaBar
N A A A
A v ) S { Aa A
- A A A A X AXA N Be”e
10°= E
% L T T Y I l:

90% C.L. upper limits for LFV t decays

TP RRE AR Y “’5”“’5”88 mcu :*..:*..m:tﬁuxx uuxf auxxxx<l<<l<

+
V=g O :’-.a):’._aimj.@j_ 0'a 'o's 0 gt oo =5 |—;|—; lili!!xfm!wmi+®+i+®+ig By v

‘o'zl j_@:’._@:‘._q;j_a;j_mimilﬂl;‘ h’h’!x

» Super B factory to reach 10~ B.R.
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Summary

* High statistics of t pairs at the B factories
allows precision tests of Standard Model and

search for New Physics.
e Recent measurements of:

— T lifetime
— High multiplicity processes
— LFV in T decays
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