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

o(BB)~1.Inb~o(cC)~1.3nb = o(r'77) = 0.9nb

More than just B-Factories !

Belle Detector

Aerogel Cherenkov cnt.

SC solenoid . =1 0151 030
1.5T p 51 ; E ; ’_:’.:%j /_,/
CsKTl) — ﬁﬁﬁmd
16X, _ L
TOF conter— =5 rﬁﬁ .
POV G - Central Drift Chamber
e O small cell +He/C,H,
Si vix. det. S p /K, detection
3 lyr. DSSD 14/15 lyr. RPC+Fe

Fabrizio Salvatore, Le Rencontres de Physique de la Valee d’Aoste



Charm resulis fromn B Factories

D mixing analysis
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@ DY and D? flavor eigenstates are not mass eigenstates

Am AT’ x*+y’
—_, Y=E—, RM: Y
r r 2

@ Parameters used to characterize mixing: x=
@ In SM mixing is expected to be small: mixing rate

c . -5
box diagram: x,y <10 x>>y or CPV in D mixing

long - distance : x <y ~10~ -10" would signal new physics
@ Recent results obtained using D°—K*n"(nt) Wrong Sign events

@ K final state obtained via DCS D% — K*r~ (nmt) or D%-D0 mixing,
followed by CF D% — K-n* (n7) decay

@ The two decays can be distinguished by the decay-time distribution

dN . ’ <2 4 yr2 ; X' =xc0s(0)+ ysin(o)
E oC e RD + RDy t+ A t y':ycos(5)—xsin(5)
. \ \ o = stong phase difference
DC_(;S decay rates interference CF decay
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@ DY reconstructed from D** — DOt decay @ RS and WS yields obtained

Events/ 5MeV

@ DO flavour tagged by charge of the pion from 2D fit in M-Q distribution
% Combinatorial RS + ] .
" Random &t Belle ,%1500 . Belle | @ WS decay-tlme fit
5|~ D 3body | & I ]
107 Signal i € ] R R
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Rus = Nis / Nig = (0.375£0.008)%
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® (hep-ex/0601029)
T 20 1 [|Fitcase Result 95% CL (10%)
I Belle .. no CPV (stat. only} (1 0_3)
10 ; ----- no CPV h
= — o No CPV | R, | 3.640.17 | (3.3,4.0)
ok - ] x2 | 0.18%2 <0.72
\>‘ I
: St y 0.6'%0 (-9.9, 6.8)
-10 - i
[ CPV A, | 23+47 (-76, 107)
20 |- 95% CL A, | 6701200 | (-995, 1000)
UUTTONT OO TN ST VSOOIt NSO TOUTTOONE POUR IO X2 - <0.72
0 0.2 0.4 0.6 0.8
x"2 x10° y - (-28, 21)
Test CPV fitting separately DY and D°: No Rp | 3.77 £0.08 +0.05
. B N B Mixing N\
A _ Ry R, A _Ry—Ry \
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Charm resulis fromn B Factories

D mixing analysis

fp. measurement using chamm
tagged events in e*e" collisions
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fp, measurement using charm TE
tagged e*e” events

@ Leptonic weak decays of charmed pseudo-scalar mesons
provide unambiguous determination of form factor f,,

2
GZV.| :
(D! —lv) = Ve f[im,sz{l—m—'}

87T

DS

@ Lattice QCD calculations predict f, /f, = 1.24+0.07 with
fp, = (249£17) MeV (PRL 95, 122002 (2005))

@ Recent preliminary results improve measurement of
I['(D; — uv,)/T(D; — ¢x) and tp
@ BABAR data sample: 230.2 fb’!
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D *—pu*v, analysis
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@ Signal events: D;""—y D" — " v from cc events

@y, D", u', v, lie in the same hemisphere
: . 0 * 14 9
@ Recoil system: fully reconstructed D°, D", D", D™ (“tag”)

@ Charge of signal muon uniquely identified

@ Main backgrounds:
9
Q
Q

@ correctly tagged events with p from semi-leptonic charm decay or t decay

@ repeat analysis substituting e for p

@ remaining bkgnds estimated from simulation
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@ Selected events grouped in 4 sets:

@ I=e,u; tag in signal or side-band region; 3:2— Dy —utv, BABAR
@ Subtract side-band to e and p events 3 yof
@ Subtract e events to u events % ZE: : T\ | N=489+55
@ Fit resulting AM distribution: 50‘ AR | +m+1lmf:ul‘+
(Nsig fsig+Nbg fbg) (AM) %005 o1 o015 02 025 Mf(?é e'v;cqfs
@ B(D,*—u*v,) cannot be measured directly ... B |
—p measure (D] — uv,)/T'(D; — ¢r) E:E%zi’ gy
+ CLEO (g6) — ———
Fr((%f_)f; ‘;f‘)) 0.136+0.017 (stat) ~ ome —
S ———

Average (PDG 04)
MILC quenched (97) ——

B(Dy - 1'v,)=(6.5£0.8£0.3£0.9)x 107 WiCumquenchedniczon =

MILC+HPQCD unquenched nf=3 (04) ===

f, =(279+17+6+19) MeV —> Tiolesnone
9 200 300 400

?Ds (MeV)

Fabrizio Salvatore, Le Rencontres de Physique de la Valee d’Aoste




Tau resulis fromn B Factories

Lepton Flavor Violation
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LFV with © decay:
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@ Search for LFV 1 decays 1deal probe of new physics effects
@ forbidden in SM: BR O(10-*") in SM with neutrino oscillations

@ much larger BR predicted by several SM extensions B W
-
T . o [
T—py BR < 3.10x107 .
(PRL 92 (2004) 171802) s
T—ey BR < 3.90x10-7
(PLB 613 (2005) 22-28)
- T— Uy BR < 0.68x10-7
1l BR < (1.9-3.5)x107 (PRL 95 (2005) 041802)
(PLB 598 (2004) 103)
T—ey BR < 1.10x10-7
1—lhh’ BR < (1.6-8.0)x10-/ (PRL 96 (2006) 041801)

(Preliminary results)

1—l(r0n,n’) | BR < 1.5-10x10-7
(PLB 622 (2005) 218-228)

T—[\VO BR < (2.0-7.7)x107 t—lhh’ | BR < (0.7-4.8)x107
(PRL 95 (2005) 191801)

il | BR < (1.1-3.3)x107
(PRL 92 (2004) 121801)

(Preliminary results)

t—An,An | BR<(1.4,0.72)x107
(hep-ex/0508044)
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@ Typical topology for LFV decays

@ Analysis requirements:

@ All reconstructed particles within
acceptance of detector

9 0.482 <M(n'm) < 0.514 GeV/c?
@ Lepton ID

@No P,
D529 <E  <10.0 GeV

i * %lle

(b) uds MC
| charm MCl
5 10

puKS {GEV/C)

0.2 -

o) T —> ks MC
In

in signal side

- O
e

cOSW s

@ Correlation p(IK®) vs cos0 o, 08 r %+ Belle
0.6 -
. . 0.4 -
Signal candidates extracted 0.2 | @mwe  02F | (6ot
from [Minw Ecand_Ebeam] pIOt OCl 5 10 OO 5 10
Pus (GeV/c) Pus (GeV/c)
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@ Select signal in 5o ellipse in [

T — IK?, resulis g

0.2

AF (Ge

My, AElplne o g

lI=e I=p

Evts found: 0 0

Efficiency: 11.5%  13.5% -0.2 i

@ Background estimated from M, , sideband

@ Extrapolate to signal region assuming flat _ S

distribution in M,

BR(r —»eK?)<5.6x10"

BR(7 = 1K) <4.9x10°
hep-ex/0509014

AE (GeV)
o
N

(@ 90% CL)
(@ 90% CL)

2| Belle

17 175 18 185 )
281 fb-! data sample M (GeV/ %)
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LFV ete—l*r Royal Hollomay

@ Strongly suppressed in SM with heavy neutrinos

@ Very sensitive to beyond SM contributions

@ Experimental limits:

Js(GeV) UL(95%CL) Publication
Gl Oy 29 <6.1x10°  PRL 66, 1007 (1991)
.. /0, 29 <1.3x10° "
BR(Z® — ur,ez) 92 <(0)I1x10™  Phys. Lett. 254,293 (1991)
o, >92 64 b Phys. Lett. 519, 23 (2001)
o, >92 78 b "

@ First result from BABAR at energies accessible by B Factories
4{1 @ Data sample 210.6 fb"!

=
o3y

ﬁl?&\\ @ Four modes: e'e— 1"t , I'=e", u"; v—m v, ' v,
\
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z:’_‘:i,f

g; LFV e*e—l't - preliminary results [EEErs

I ;
: : T~ s e—U'T
@ Signature of signal process./, ..... T — -
é VT\\ 25 .
@ Select signal events in (m_, p (1)) plane 21: %j:
@ Unbinned ML fit to extract signal and bg 3’ §
===p | NO evidence for signal | <= :
Mode o UL(95%) o/o,,, UL(95%;
+ = -+, + o 3 —6
e'e sut(c >rrrv) 591t 5.2x10 ete—setr
e'e sut(tt->rv) 11.4fb 10.1x10°° = o
o' e (tt o ry) 148t 13.1x10° f: .
e'e e (r" >x'n) 11.1fb 9.8x10° b ;:fi
- Os g’
Combined o clo,, g g
- - ~6 Pl H
ee — U 7 4.6fb 4.0x10 5" 5
- - _6 ° 10
e'e” >e 7" 10.1fb 8.9x10 ;
0%

L. . P 165 17 175 1.8 185 1.9 195 22 5.2 '.25 .
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Tau resulis fromn B Factories

Lepton Flavor Violation

Rare tau decays
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é&» Rare t deca Royal Holloway
T — (57‘[)_ 27[0\/1 decay BABAR has ~130 \ ///

times more data
Current experimental limit: /

@ BR( 1 — 5h 27%_) < 1.1x10* @ 90% CL (CLEO 1994, 1.7 fb't)

T
@ Tiny phase space suppresses 8-body t decays / ree

@ No BR prediction

5-prong t decay
@ Decay is likely to go through © — 2onv_ (R. Sobie, PRD 60, 017301 (1999))

Select signal using pseudo-mass Cuts applied
@ assume neutrino is mass-less o 1-prong (tag) hemisphere

o approximate t direction by 7 tracks o lepton tag

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

@ 5-prong (signal) hemisphere

o signal region: 1.3 < m*_< 1.8 GeV/c? @ 5-prong pion ID

o - e 70 identification
Improves rejection of qq background |
@ conversion veto
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T — 5m2n’,_ preliminary resulis

N"‘“ 227 I I T I T I I"E || == T T T T T —
L 20k 4 2 F
% sE- Background PDF E % 805_ P 26{)7Z'_VT ‘
T L6 24z °F — 1
S LE 4 ¢ 60 + []]
I 2B = 5 soE .
B 1 E = .
§ 1(; E E 40§_=|gnal region j +
i | 30
EE E 202—
of E 10f- ﬁ l-
S R I R L PR Y - I B 17 1.8 1.9 2 2.1 22 23
232 fb-! data sample M’ (GeVic) M (GeVic)
Signal efficiency 0.66 = 0.05 % Signal efficiency 1.53+0.13 %
Total expected bkg. 6.5 Total expected bkg.  0.47}
Observed events 10 Observed events 1




Tau resulis fromn B Factories

Lepton Flavor Violation

Rare tau decays

Study of T—m v, decay
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Decay dominated by intermediate resonances: p, p°, p”’

Under CVC theorem, ntt® mass spectrum can be used to improve theoretical

error on a, = (g, -2)/2 "
' F.(s)= (BW,+BW,, +BW )
10 : 1+ f+y
//
1 . Miz_l_d'MiFi(S)
v BWgs = ) :
(M =s)+ f(s)—i/s T}(s5)

a7[0.50,1.80] = (462.6£0.6£3.2+2.3)x10™"°

M. o . hep-ex/0512071

a7[0.50,1.80] = (464.0+3.0+2.3)x10™"°
: ALEPH, CLEO

m, = 774.620.220.3 MeV/c?

I, = 150.6+0.3£0.5 MeV

m , = 13361223 MeV/c? a, 0.50,1.80]= (448.3+4.1+1.6)x107"

e'e: CMD2, KLOE
[= 471%29%2] MeV ]
Differences between n® mass spectrum and
m'm mass spectrum in e'e— 7 reaction

m.- = 1600x13%4 MeV/c?

[y = 255%19£79 MeV



Tau resulis fromn B Factories

Lepton Flavor Violation results

Rare tau decays

Study of T—m v, decay

Measurement of T~ mass
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D
rmd T MASS Measurement S
In SM, high precision measurements of mass, lifetime and BF of 1

lepton can be used to test lepton universality
@ Present limit on m_ dominated by BES result (PRD 53 (1996) 20)

@ Same accuracy (~0.3 MeV ) can be obtained with present stat

The Analysis of 1 lepton decays allows to measure
separately m_+ and m_ and test CPT theorem

o Similar test from OPAL: (m_+ - m_)/m,,, <3.0x10~ @90%CL

@ High 7 statistic of Belle allow significant improvement % sl Belle Data, 253 fb!
. : : S5 ML) |
Analysis uses different technique than BES: e i '-.*"'1-*"'#%?-'%';;-%4%# MJ
c ' o L.t
@ Define estimator of T mass (pseudo-mass) e L
2 |
Moy =M + 2B ~ED(Ex —P) = .
@M, . <m_; in absence of ISR and FSR, M_. has an l”aﬁ;\
edge at m_ %"&*"L.ig,h_
@ Use t—1'vv; t"—>n*nn’(n®)v, decays and fit M. 100 e,
5 0
F(X) = (ps#pX)atan(X-py)/py) +ps +pX M el My = 3.0x107 @HOWCL

Moin (GeV)



Conclusion - |

B Factories are also charm and tau factories

@ A lot of extremely interesting results obtained by B Factory
experiments in Charm and Tau physics

@ World’s best sensitivity in the search for D mixing

@ Measurement of mixing parameters in D'—K*7x-

@ No CP violation observed

; (D, — uv,)
['(D; — ¢r)

@ Most precise measurement o and decay constant fj,
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Conclusion - I
@ New and updated results on LFV and rare tau decays

@ World’s best limits on LFV
& 1—ey, uy, 1L, Thh’ |

@ new result on T—1K°

5\

@ World’s best limits on t=—5m2n%_
and first limit on T—2wnv,_ search

@ Study of T—nn’v_decay

@ Improved measurement of m_ and test of CPT theorem

Many more results coming soon !
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T (nr) results il s
D'—Knn?, K3n (PRL 95, 231801 (2005))
Signal yield obtained using binned ML fit in M(Kn(nm))-Q space

DY—Knr! DY—K3mw
N

Ry =18 Lrs = 229401523 %107 [3.20£0.17:2% |x10°3
RS Sws

0 no
A = Rws(DO)_RWS@O) = -0.006+0.053 -0.018+0.044
RWS(D )+RWS(D )

0-8:'I"'I"'I"'I"'I"'l"'l'

— 0 o o ]
07 L Bell == D — K+Jt_1t+1t_ (Ix'1=0) N
- cHe D! - K'nn'n (Ix1=0.028) ]

_ / / r2 r2 > 0 W
RWS _ RD + RD y + (X + y )/ 2 0.6 ?'{‘;""’33’51;::{ ~ -\"\:.\;\}. BO:E“L:EO (IX’1=0) E

o 0 0
05 Fow R
e
- o - S
Y -~

N . D’ K'nn® (X1=0.028) ]
measure Ryq, fix X to I £ o I
o . . T T TROSOX E
limit obtained in Kn ] 2 BN ]
02 R O o ]
=  measure R, vs y’ ] AR ;
pVSY 011281 fb! data sample e

I o e

0 0.08 4 YT Y YR
x’=y’=0 HRD(Kﬂ'ﬂ' )2(0.85f0_07)tan O, 008 004 002 0 002 004 006

Rp (K37) = (1.187%1¢ )tan* 6,

in agreement with expectation
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fp, result obtained normalizing to Di*—¢n™ BF from PDG

fp, =(241£16+£6+30) MeV

WA?S {93] — e m—

BES (95)

E653 (96) — DT —

L2 {g?] —

CLEO (98) e

BEATRICE (00) T —

OPAL (01) S w

ALEPH (02) m—r—

Average (PDG 04) I———

MILC quenched (97) ——

MILC unquenched nf=2 (02) ——

MILC+HPQCD unquenched nf=3 (04) e

This Measurement : e | |
200 300 400

fp, (MeV)
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e'e—1 1 (y) selection:

- —0 S
@ 2 or 4 charged trks with p>0.1 GeV/c T— nn'v selection:
@ Sum E__ 2 highest p trks < 9.0 GeV/c @ Evt divided in 2 hemispheres
o Removes Bhabha and p*y evts @ | trk and 1 ¥ in one hemisphere
m._-m,
0 . . . 14 V4
@ Reconstructed vtx close to IP o ¥ selection: —6.0<—"——"<5.0
. vy
@ Removes beam-related bkgnd @ 11’ bg from sideband
. . . 0
@ Highest p trk in the fiducial volume ¢ 1° momentum > 0.25 GeV/c
o Cutin (Mmiss’ emiss) plane :§1Os B .IDMA - .
@ Removes remaining Bhabha, 2y and puy evts % ;Mi{ﬁ? |
A
Bhﬁ0 =(25.60+0.04+0.31)% o ‘- -
z 2
B ,=(25.15£0.04+0.31)% N
&a 103 .6

@ Good agreement with previous measurements

102

05 25 3

. . . 5
@ Improvement 1n statistical error (Mz0)* (GeVic??
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