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e+e- B-factories
have a very broad scientific program

« CP & T-violation

» Precision CKM measurements

- Rare decays

- Searches for Processes beyond the SM

- Hadron production in Initial State Radiation

° Spectroscopy (see e.g. Yuan Changzheng presentation Tues. pm)

..... can only scratch the surface in this sampling of
results
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Flavour physics at the luminosity frontier
——y asymmetric B factories

Belle I E 85

SLAC/LBL/LLNL
SLAC-Based B Factory:
PEP-11 and BABAR

ledrom

High Energy Ring
(upgrade of existing ring)

Both Rings Housed in Current PEP Tunnel

v/s=10.58 GeV B :
o+ - SR S

BaBar p(e)=9 GeVv p(et)=3.1 GeVv By=0.56
Belle p(e)=8 Gev p(e*)=3.5 GeV By=0.42

J. Michael Roney
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Delivered luminosities far beyond design...

Integrated luminosity of B factories
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Delivered luminosities far beyond design...

Integrated luminosity of B factories
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CKM Matrix 6 |

In SM weak charged transitions mix quarks of different

generations - encoded in unitary CKM matrix: R
quar transition
/Vud Vus Vub\ /d\ q ' W -
d s b)=|v, v. V,|s —— q
( ) cd cs cb GF-Vﬁ
\th Vts th / \b ) i

Unitarity » 4 independent parameters
one is the complex phase and sole source of CP violation in SM

In the Wolfenstein parameterisation:

( \ [ 1-xn A AX(p-in)
_ . = ~A 1-A°/2 AN + O(XH)
. AX(1-p-in) AN 1
N N ) :
v V _ . vV
AZ= us : AZA4= cb , ,O+”7=_ ud ¥ ub
2 2 2 2 *
Vil Vs Vil Vi VedVes -

] (%)
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CKM Matrix 2l

Physics beyond the SM signaled by breakdown of
unitarity of CKM matrix: non-closure of the
‘unitarity triangle’

B v wt, ptp

/

Vs
Vcd V;

Vcd V:;)

*

VoV + Vil 4Vl =0 & \

BY > J/w K°

o =arg| — V;thi p = arg __VCchf
I/udV; I/ldr/tb 89 D K. /_
Vi vy, 0,0 0,1 P
FEEE T vy, P, =arg| - Vv, Area of triangle

in complex plane ~ CP violation

*Make as many precision measurements as possible that overconstrain the four CKM
parameters (A, A, o,n)

*New Physics would be revealed in discrepancies between measurements

*Generally requires non-perturbative QCD input to convert measurements to a SM

CKM interpretation (but exceptions where single weak phase dominate as in J/¢ Ks)

J. Michael Roney =

Results from the B-Factories WVic



Unitarity Triangle and B System CP violation

Belle and BABAR designed to measure and test CKM framework
=« Sum of angles: a+p+y = (177 £ 9)°
a=(88.5+4.5° P=(21.4+£0.8)° y=(67+8)

= Sides of triangle from semileptonic B decays:
|V, | (Lattice QCD for FF) |V, | (HF Sum Rules for FF)

Vi |229P = (30.04 % 0550, £ 0.74y,) x 1072 Vo[ HESR = (40.93 40,57 £0.94,) x 1072

excl
Vilwet = (42,01 + 046, +0.59;,) x 107 Vit = (42.01 £ 046y, +0.59,) x 107
(41.67 £ 0.38p £ 0.50,3,) x 107

’Vcb‘average - (4081 T 0-900xp + 1141:h) X 10_3 |Vcb|average
NB: errors scaled by 2.4

0.7 T T T T T | T T T T T T T T T T T T T T T T T T

1
0.6 E'Y I fitter
I
I
I
I

Summer 12

Vo299 = (3.26 40,16y % 0.24y3) x 107

excl o E!g _%
Viblind = (442019 £0.150) x 107° £ 3 Angles only =& 3
. . _3|F -8 \*:»\\ U o =
Vidloverage = (395 £0.380, £039) x 107~ o & e -
NB: errors scaled by 3.0 ° =5 E
0.1 é_ ) ‘ | | \\B —g
0.0-0.4 I -OI.2 I 0.0 — O.IZ — 0.4 B 0.6 I I 0{8 1.
P

oo
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Unitarity Triangle and B System CP violation

Belle and BABAR designed to measure and test CKM framework

=« Sum of angles: a+p+y = (177 £ 9)°

a=(88.5+4.5° P=(21.4+£0.8)° y=(67+8)

= Sides of triangle from semileptonic B decays:

|V, | (Lattice QCD for FF)

V2250 = (30.04 40550 £ 0.74) x 1075 Ve

excl

Vcb incl = (4201 T 0-460xp T 059th) X 10_3

HFSR

Vebincl

|V, | (HF Sum Rules for FF)

(40.93 £ 057, £0.94,) x 107
(42.01 £ 0464y, +0.59,,) x 107

Vipaverage = (40.81 % 0.900p + 1.14¢3,) x 107

| Vcb | average

(41.67 £ 0.38p £ 0.50,3,) x 107

NB: errors scaled by 2.4

e
3

o
o

Vo299 = (3.26 40,16y % 0.24y3) x 107

excl

Viblind = (442 £ 0.19¢xp £ 0.15¢) x 1077

vt
]

o
'S

|VUb|avemge — (395 T O-38exp T+ 0-39th) x 10731 %

e
w

o
[

NB: errors scaled by 3.0

o
o

o
o

» lIII|I[II|IIII|IYIII]IIIIIJI‘WII‘,’IIII!

excluded area has CL > 0.95|
7 7

o

CP violating =&

T T T T
EK | fitter

Summer 12

o

o ,l»<III||III|IIII||III|IIII|IIII||III

1
o
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Unitarity Triangle and B System CP violation

Belle and BABAR designed to measure and test CKM framework

« Sum of angles:

a = (88.

« Sides of triangle

a+P+y = (177 £ 9)°
5+4.5)° P=(214+0.8)° y=(67+8)°

from semileptonic B decays:

|V, | (Lattice QCD for FF) |V, | (HF Sum Rules for FF)

VK0P = (39.04 40550, +0.745) x 1073 [Vaplimr T = (4093 £ 0570y +0.94) x 107°

excl

excl

Vilwet = (42,01 + 046, +0.59;,) x 107 Vit = (42.01 £ 046y, +0.59,) x 107

Viblaverage = (4081 £0.900xp = L14ip) ¥ 107 | [[Vib uverage = (4167 £0.380, £0.504,) x 1072

NB: errors scaled by 2.4

Vip|29FP = (3.264 0,16, £ 0.24) x 107° o

excl

Viblind = (442 £ 0.19¢yp £ 0.15¢,) x 107

0.7 T T T T T T T l T T T T T T T T T T T T T

T
Amd | fitter

Summer 12

0.5

cluded area has CL > 0.95|

CP conserving

Viblaverage = (3.95 £ 0.38, £0.39,) x 107°[7

0.4
=

A

_

I|IIII|IIII|IIII|IIII

| ex

NB: errors scaled by 3.0

0.2

0.1 ! |
! B

0.0 PRI IR S I— PR I S SRR B S R—,
-0.4 -0.2 0.0 0.2 0.4 0.6 0.8
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Unitarity Triangle and B System CP violation

Belle and BABAR designed to measure and test CKM framework

=« Sum of angles: a+p+y = (177 £ 9)°

a=(88.5+4.5° P=(21.4+£0.8)° y=(67+8)
= Sides of triangle from semileptonic B decays:
|V, | (Lattice QCD for FF) |V, | (HF Sum Rules for FF)

HFSR _

Vi 229P = (30.04 % 0550 £ 0.74) x 107° |Vepexel

excl

Vcb incl = (4201 + 0-469xp + 059th) X 10_3 Vcb incl

(40.93 £ 057, £0.94,) x 107
= (42.01 £ 0464, +0.59,) x 107

|Vcb|average = (4081 T O-QOexp + 114th) X 10_3 |Vcb|average

(41.67 £ 0.38p £ 0.50,3,) x 107

NB: errors scaled by 2.4

0.7

|Vub|LQCD = (326 %016, +0.24y) x 1075 ¢

excl
0.5

Viblind = (442 £ 0.19¢yp £ 0.15¢,) x 107

excluded area has CL > 0.95| |
B

0.4

IIIIIIIIIIIJ’}/'IIII

(e ..,..\.,\\.,\\,...

All constraint “ags

- Jf'l“lllllII||III|IIII|IIII|IIII|IIII

|Vub|average — (3.95 T 0.38exp T 0.39t.h) x 1073 o, Bl 2 AN
NB: errors scaled by 3.0 02 :\\‘:\'\\
Data generally well described o B, 0’0 TR N ’ ]
by CKM framework | | | 5 | |
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Angle o=,

a=¢, accessible via b — u transitions in B — sz, B — pp, or B— px
eg. B—>a'n" and B— B—n'n" interference " <u
/

s Vs % Vo d
d z t : b /Q
3 3 Vy / - L
¢ 7 L, Complicated by penguins:
B3 1 fa d ¢
© Vg N Va d = d
Time-dependent decay rate of a BB or a B meson decaying into common C'P eigenstate
6"_|AtI/TBO .
P(At) = 1 1 + q|Scpsin(AmgAt) + Acp cos(AmgAt)
TRO

Scp=sin2a ; A, =0 at tree level

Acp: direct C'P violation (= —C¢c p)
With additional penguin diagrams ('pollution') - L
Sc p: mixing induced C'P violation

S . =\1-AZ sin2a . ; A, =0 allowed
cr cr o 5 Acr q: flavor of Byag, ¢ = +1 for Byay = B°

Isospin analysis using, e.g. B— z’x", recovers sin2a

, , , o B life time

(penguin dominates over colour suppressed internal tree)

, W Amg: mass difference of By and By,
B "i «— U —e \’, L \V < d _ .
W u P d At: decay time difference of Bop and By
Vu(<_d 4d
d > d d d

S . oo
> i/
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Angle o=,

*New published result on B— "7~ from BaBar and Belle

(BaBar also has B— 7’n” on full dataset)

*B— pp: VV final state, helicity analysis to measure CP
o B— p"p~ older from BaBar and Belle
oB— p’p" full dataset from BaBar and Belle (new 2012)

*B— (pm)’ new result from BaBar: warning about lack of

robustness in extracting o = ¢, with current statistics

Results from the B-Factories



Angle o=¢,

B—=n'n
BaBar PRD 87 052009(2013) Belle arXiv:1302.0551
467 x 10° BB pairs 772 x 108 BB pairs
T 250
i 2 200
T : 8
£ 06 E 100
> 04 _I. =
< 02 J//’—\'i"\ Bk 50
04H —i %ngﬂ 05
o 2 0
I T S R R R S 75 5 25 0 25
At (ps)
Sror =—0.68+0.10 + 0.03 SET = —0.636 + 0.082 + 0.027
T = 10.25 + 0.08 £+ 0.02 TP = +0.328 +0.061 + 0.027

= clear mixing induced C# and presence of penguins

Results from the B-Factories J. Michael Roney



Angle o=,

Overall fits for o = ¢, using

B—narn, B— pp,orB— px

: (bayesian)
(frequentist)
m -—- mr/pplpw (BABAR) % UTﬁ P
m.:-:; --- nr/pp/pw (Belle) +—— CKM fit 5 winter13
O rr/pp/pr (WA) T
"o-"'l"'l"'l"'l'é'l"'l"'l"'l"s_ .g. 0'1_ SM fit
3 !
g i
- 0 A
i & 005
- %o 2020
al®]

do/a = (88.7 & 3.1)°

J. Michael Roney
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B* — D"K"* decays dominate y = ¢, measurements

1-A/2 A AX (p-in) :
2 2 4 V _ly
V= .y 1- A /2 AX +O(AY) ube
AX(1-p- in. AN 1

K b
W I Y ]
1) B ;'] " ‘I
B - [\po S f T
i
color allowed color suppressed
Ay X Ve Vs ~ A3 Ay % VypVes ~ AR (p + i)

"= |A[" +]A,]" +2)4]A,|cos(-y + 8) Theoretically clean: no penguin pollution
_|A(B* = DK")
" |A(B* = D°K")

r
Unknowns: v, r,, 0, + 51)/

r, & 6, B hadronic parameters extracted with y

Atotal

strong phase from B and D decay

5D measured at charm factories | ~
J. Michael Roney @
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Angle y=(,

B* — D"’K"* decays dominate y = ¢, measurements

Different methods for extracting y = ¢, depending on the D decay mode final state

GLW M. Gronau, D. London, D. Wyler, PLB253,483 (1991); PLB 265, 172 (1991)]
— D%to two-body CP eigenstates K*K-, n*n (even), K%, K.® (odd)

ADS I[D. Atwood, 1. Dunietz, A. Soni, PRL 78, 3357 (1997)]

— DO%to doubly Cabibbo suppressed decays K*m-, K*nnP, ...

GGSZ (Dalitz) [D. Atwood et al., PRL78, 3257 (1997); A. Giri et al., PRD68, 054018 (2003)]
— D%to 3-body decays K.n*m, K.K*K-, m*n®, etc.

* Dalitz plot fitted to determine how the strong phase of D° decay amplitude
varies over the Dalitz plane

* model independent analysis

BABAR and Belle have reconstructed the most sensitive decay modes

using all or nearly all of their full datasets
GLW+ADS+GGSZ Combinations

Results from the B-Factories J. Michael Roney UVic



Angle y=(,

B* — D"’K"* decays dominate y = ¢, measurements

Different methods for extracting y = ¢, depending on the D decay mode final state

GLW M. Gronau, D. London, D. Wyler, PLB253,483 (1991); PLB 265, 172 (1991)]
— D%to two-body CP eigenstates K*K-, n*n (even), K%, K.® (odd)

ADS I[D. Atwood, 1. Dunietz, A. Soni, PRL 78, 3357 (1997)]

— DO%to doubly Cabibbo suppressed decays K*m-, K*nnP, ...

GGSZ (Dalitz) [D. Atwood et al., PRL78, 3257 (1997); A. Giri et al., PRD68, 054018 (2003)]
— D%to 3-body decays K.n*m, K.K*K-, m*n®, etc.

* Dalitz plot fitted to determine how the strong phase of D° decay amplitude
varies over the Dalitz plane

* model independent analysis

BABAR and Bell LHCDb with 3fb! ‘e decay modes
1 y= (67 +] 2)0 (mod 180°) =

Results from the B-Factories J. Michael Roney UVic



- Well established canon of SM that weak interactions maximally
violate parity (P) and charge conjugation (C) - neutrinos are LH,
antineutrinos are RH.

CP also measured to be violated in neutral kaon and B-meson
systems - phenomena well described within CKM framework

The CPT Theorem (Locally Lorentz-invariant QFT conserves CPT) —if there
is CP violation, there is also violation of time reversal invariance (T)

Difficult to establish experimentally T violation independent of CPT:
need a system where we experimentally know what QM state is in

before it decays.

e'e— Y(4S) — B(a) B(a) is an entangled P-wave state: EPR
tells us the state of a B-meson prior to its decay if its EPR-
entangled partner decays and is identified — it's how BaBar and
Belle measure CP violation ... _ _

. . . . Bernabeau, Martinez-Vidal,
can also use this to search for direct T violation  vjjanueva-Perez, arxiv:
and test CPT using this approach JHEP08,064 (2012)

. o
J. Michael Roney =
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T Violation: BABAR, PRL 102, 211801

« BABAR uses this approach to measure a non-zero T violation - strength
predicted by CPT and the CP violation measured by BABAR and Belle

1

i) = [ B°(t)B°(t,)- B°(t,))B’(t, )] 5 ——[Bep (t))Bep(t,) = Bep_ (1) By, (1,)]
Define rati Ly omeoffom
_P(a—Db)-P(b—a) i transitions
"~ P(a—b)+P(b — a) - Y(4S> i 3
a: Flavour eigenstate B or B’ 1dent1fled / A EO\/W K
by semileptonic decay: (" or¢° . t ., L\Z};_ - t - I
b: CP eigenstate B, or B.,_ 1dentified . y Bc'p- ) ¢ 4 Bo
by decay to: J/y K orJ/yp K, /31\/1 """"" ASAVAVAVAVAVAVAV) * il "/}_(
" y(48) ™
= g <..Mzs"’—nsec,,
g oo mens, o KO S+
At = tep - tigor > 0 for B — By - A
< 0 for B.p —B° 4t @s)

. o
J. Michael Roney =
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= Time dependent rate 8 decays
g (AT e T {1+S]  sin(AmAT)+C  cos(Am,AT)} four pairs of

S and C probe interference
in decay-mixing and decay

ML fit to determine 8 pairs
of S , and C, , parameters

+{At>0, At <0}

o flavour tag {¢*, ¢}
p CP tag {K_,Ks}

transitions

1+

AT (A1) = Agf cos AmAt + A;T sin AmAt

0 2 4 6 8 0 2 4 6 8

Combined Fit results:

AS*; = -1.37 £0.14 + 0.06
AC*; =+0.10 £ 0.14 + 0.08
AS ;=+1.17+£0.18 £ 0.11
AC ;=+0.04 £ 0.14 = 0.08

At (ps) At (ps)
Expected: .
2 sin2p 140 signal
0.0 Consistent with sin2f3

+2sin2p  results on CP Violation and
0.0 with CPT invariance

oo
] (%)
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oo =]
B~ > ¢ Vv, simple purely leptonic pseudo-scalar decays
7 V¢ SHNple purely y
carry information about product of CKM element and
strong interaction ‘decay constant’
_Gymym;

2 2
BF(B— (v),, = ( —ﬂ)

2
87 my

- Interesting because some New Physics theories have charged
Higgs contributing to observed decay rate

1+

Vio

“fir, (1 + 65;;2)

b I

Vg Vo
« Additional tree level contribution from a charged Higgs
s It does not suffer from helicity suppression, but gets the same m, dependence from
Yukawa coupling

= Branching fraction theoretical expression depends on the NP model

2

m
B(B — Ww)agpy = B(B — w)sy x (1 —tan®3—E)? W, S. Hou, Phys. Rev. D 48 (1993) 2342.
m
H
tan?B  m% A.G. Akeroyd and S.Recksiegel

B(B — lW)sysy = B(B — lw)gn x (1 — 2)?  JPhys.G29:2311-2317,2003
1+ eotanﬁ My J. Michael Roney E‘z
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Bt—1tv

Uses full reconstruction tagging

- fully reconstruct one of the B’s to tag B flavour/charge,
determine its momentum, and exclude decay products
of this B from further analysis

e- (8GeV) <« e+(3.5GeV)
Y(4§; \ T
_ el

Powerful tool for B decays w

—>unique feature at e+e- B factories

ith neutrino

At the Y(4S) the B" and B- decay products

overlap, this associates parent B with each particle

Results from the B-Factories

Signal Decays:
B> tv
B->D(*) v,
B>Kvwv
B->X, | v,

full reconstruction
B->Dmr etc. (0.1-0.3%)

J. Michael Roney &



Bt—T1tv 24 H

B- > v v, Results

Main discriminating variable on the signal side:

remaining energy in the calorimeter, not 120
associated with any charged track or photon 3"

- Signal at E., = 0 g% |

g St
Belle  Br(B—m)=[072 %3 +0.11]x10™ |§ «  Packground
PRL 110 (2013) 131801 . signal (3.00) -
oo“b.é'o.é, 6.?:‘?.6 1 1.2

BABAR Br(B—tv)=[18375 =024]x107| zo. (0 |
arXiv:1207.0698[hep-ex] submitted to PRD = 300- @ | e

250 !

=
S
S
H 200~ g
All measurements combined: = 5 Signal (3.80) ﬁﬂi

150
BF(B—1v)=(1.15£0.23)-10" 1o /
cf Standard Model:
BF(B—1v),, =(1.01£0.29)x10™ vt T ey

V,|=(3.9520.38=0.39)x10™) i
J. Michael Roney @
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Bt—1tv |
N

Results after ICHEP 2012

p-value

BF(B —1v)=(1.15+0.23)-10™*

0.30 110"
— - F‘ T T ] ‘ [ T
CKM =3 CKM fit w/o BR(B—1V) F
- -
Sammar 12 =+ Measurements (WA) .
‘lo i T ] ] L] Ll l T T ] T LA I T ' T T Ll I T i C
i ] - 020 -
s - .’a :
0.8 [~ - - [
1 0.15 -
0.6 - 1.60 ] o [
i _ o [
I ] @ 0
0.4 — o
. : -
] 0.05 —
= - |
i =
N ] r umne 12
00 lad ol PRRPRITTN [P E PRIT BT R PRTE B 000 v o Lo vl [ L i a1
06 08 1.0 12 14 1.6 18 2.0 22 24 [ X 086 07 08 09
BR(B — v) x 10* sin 23
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B — DOhv Decays

B — DUrv Decays
Semileptonic decay sensitive to charged Higgs

Ratio of T to u,e could be reduced/enhanced significantly

R(D) = F(ZE — DtvVv) R(D*) _ F(ZE —>D*rv)
I'(B — D¢v) I'(B—=D (v)

= A well understood process, form factors measured for B — D)/,
decays involving T have additional helicity amplitude
= Several experimental and theoretical uncertainties cancel in the ratio!

= non-SM contribution from H* expected to change rates for B — DUty

Scalar Helicity Amplitude: (good to 1% form . >15GeV)

2 2
H;HDM _ H:S,SM |1 tan2 /3 q — forB D*TU
m.. 1¥m/m,) | + forB—D v

Results from the B-Factories J. Michael Roney
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B — DCtv Decays BABAR PRL101802 (2012)

R(D)exp = 0.440 £ 0.072  R(D*)exp = 0.332 % 0.030

12.00 12.70

_ R(D)sm = 0.297 £0.017 R(D*)sm = 0.252 £+ 0.003

SM exvectations in S. Faifer. J. Kamenik, |. Nisandzic, PRD 85, 094025 (2012).

100

Combined BaBar result:
3.40 above SM

4

T wf
S »f _
g of )
z ® :
z °f I
. L
20: )
60_ BD*rv 023_ | i |
| Dk " T S
sk
i BF(B — D( )TU)
° 1Pzl (GeV) ‘ BEB — D/ XY tan/?’/ m .
. . . % U
Missing Mass Squared Lepton momentum in ( )

B frame -
Results from the B-Factories J. Michael Roney




B — DCtv Decays BABAR PRL101802 (2012)

Events/(025 GeV?)

100

4

8o B 8 8 8o B &8 8 8 o

[

3

o

m?nins (GQVQ )

Missing Mass Squared

R(D)exp = 0.440 + 0.072  R(D*)exp = 0.332 + 0.030

I 2.00 I 270

_ R(D)sm = 0.297 £0.017 R(D*)sm = 0.252 £ 0.003

SM expectations in S. Fajfer, J. Kamenik, I|. Nisandzic, PRD 85, 094025 (2012).

Combined BaBar result:
3.40 above SM

If discrepancy

with SM holds,

result cannot be
explained by

Type |l 2HDM;
excluded over full N

parameter space atg ,
99.8%CL

041k

Can be accommodated in
more general extensions
of Type Il 2HDM

J. Michael Roney
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B — DCrv Decays  Belle PRL99, 191807(2007), PRD 82 (2010)

_ First observation of B = D*tv by Belle (2007)

Belle did not publish a measurement of the
ratio directly for all modes and so did not quote
average R values. Publications based on fraction
of Belle data

At May 2013 FPCP meeting Andrej Bozek (Belle)
presented a ‘private average’ of the published

Belle results
Belle Deviations
—+ .+
+ B-D t'v, -+ ﬂom SM
+ + based on A. Bozek
average of Belle
—— oo =¥ average results (FPCP 2013)
o .
N sm | R(D*) =3.00
PRD 85, 094025 (2012) R(D)= 1.40
. Y | oW.W%i R(D®™)= 3.30
M., [GeVic’] private average of Belle results

Bozek reports a combined BaBar and Belle deviation from the SM of 4.8c

1 ()
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Low mass Higgs Searches 30 H

Searches for Light CP-odd Higgs
o Y'(2S,3S) — yA®’, A’ — hadrons
o Y(1S)—=yA° A’ = 7t't™, u'u
Dark Higgs Searches
oe'e” —=A'h', h'—=A'A", A'—=hh, (h.=e, u, 7)
New BABAR result - shown first here at Lepton Photon 2013:

Search for light Higgs decaying to two gluons or s's
in radiative decays of the Y (1S)

Results from the B-Factories



Low mass Higgs Searches

BaBar Searches for Light CP-odd Higgs
Search for light Higgs decaying to two

gluons or s§ in radiative decays of the Y (1S)

90% C.L. Upper Limits

ete™ 5 1(29) > 7t 1(19)
T(15) = vA; A” = gg or s5

Sample: 17.6x10° Y'(1S) decays

-1 - Expected average —— Observed limits

Observed limits from
- Expecied (0%) - == statistlcal errors only

Expected (95%)

At low Higgs mass, m, <2m_: 10°

o expect s§ to dominate rate at high tan8 " = ; ; ;

A Hypothesis Mass (GeV/c?)

o expect gg to dominate rate at low tanf3

oo
] (%)
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Lepton Flavour Violation Searches in tau Decays

Lepton Flavour Violation in Tau Decays

LFV is long established way of seeking evidence of

New Physics
Y e e
.
i<
e
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Lepton Flavour Violation Searches in tau Decays

» 48 channels probed by Belle and BABAR
- LHCb has recently entered the game

> ] P 1s? Iv° I Ihh Ah Fm
8 - Ky . 1%&(2012
q’ 1 -5:’ . —
- 10 g = o %000 °y0 o, ¢ o 3
* - 0o “ = IS 3
> @ ¢ a o. : |
(T i ® ..'.. o ®
- sl o
5 107 ¢ o0 =
o - -
2 | v, v (N
= v Vi v Y 1
— v v v v v
7. A TV Yy e CLEO
s v AL vy vv Y3y BaB
% + A LAY v v AA a A A A A A A apar
A A A
= MCEE Ve A . L0 P N e ‘%Bene
i i 4 XA
S 4 » LHC
O 10°: . b
X H 11 [ 11 L 11 Lttt BEEN:
8 e :c-,_-:ooq_“_oo.oao.!. dieess cw:x:xo:ueu!x ngf x&ek¥x¥!(|((|(

0:.0109:01”10:{@1 01010 E oo's < '<o ke un!zx:{"’xmﬂioaoa" RY X
oz 101010101010 BER eryy
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Lepton Flavour Violation Searches in tau Decays

48 channels probed by Belle and BABAR
- LHCb has recently entered the game

w |

§~ P s’ \ Il Ihh Ah im

> ’%f =

e s . o ) 3
™ [ = o

a e Mode BABAR (x107%) Belle (x107%) , o |

= Lot e 7t 5 ety 3.3 12 l

. - )

L 3 T+ o p.i*,' 4.4 4.5 v 3]

.‘é - T+ - pFutys 3.3 U | 'y .

= v 7 etetem 2.9 2.7 Vv v

: 10-7»_ - " = CLEO

() = A X ™ o - A® Y v

o Lt A Lagv, Y Yy AA . A A, , A a"", -V BaBar
| A & A

=) WA LT A e XXX‘ v, 4 Lo Aa 44 Belle

=l ‘ 1+’ LHCb

. o

O 10°: ‘ =

N AN NN 11118

8 5% :C’g_-::"oq_ow_oo.oao&- Iﬁ 33 cm:a:u»:uekxx kaf x"“‘ﬂ!! <zl

Q= 01@101°10:{01 01010 101 0@11:&0’ gguu!zxfoxmmnoawak ttxx
wzo:eacionoaoao B ke yy
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Lepton Flavour Violation Searches in tau Decays LHCb PhysLett B 7224(2013) 35
e

LHCb uses D, — t v as source of taus

PhysLett B 7224(2013)

Published on fb™of data looking for LFV and Baryon
number and Lepton number non-conserving decays

B(r™ — pptp”)

REC&SEL ETRIG izvsig

€
cal % cal %

X

=B(D; — ¢(up)m) X

B(D: — 7 1,) « eRECGSEL * CTRIG X

Candidates / (10 MeV/c?)

H HHHL

sig sig

LHCb 90(95)%CL Limits

B(t— = p ptp”) < 80(9.8)x107°
B(t— = putp”) < 33(43)x1077
B(t— = pup) < 44 (5.7)x 1077

w ) MV

Candidates / (10 MeV/c?)
Candidates / (10 MeV/cz)

1800 1900 1800
mputu) MeV/e?] m(pu 1) MeVie?]
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e*e-+K*K-(y) Precision Cross Section BaBar, submitted to PRD arXiv 1306.3600 36
e

Precision Cross Section of efe- = K*K-(y)
BaBAR, submitted to PRD arXiv 1306.3600

. -2
ete—>hadrons cross section related to a, = g-2),

= L B B LR BN LR BN B
E 3 . o . ‘ j_ through dispersion relation:
g = BABAR Measured e’e” — K"K~ Cross section vs \/s_ = -
k3t - (J /9y — KK~ and y(2S) — K'K"~ contributions subtracted) | @20 — L dsK(s)o, (s)
8 102 g—:q % W 471_3 mzo' c ete —hadrons\*
2 - ."'\ 3 -
O 10E] ™~ = Davier et al Eur Phys.J. C71 (2011) 1515
1 ;_i A - @, =(692.3£4.2)x10™" - without BABAR K'K~
= Y i =
ok i f*ﬁﬁ;*ﬂ**wn T @ -afr=(-2878.0)x10™"
: LT - %
102 = AEs =
- t T -
10 3 ?l 1 1 | | L1 1 1 | | I | | | I | | 1 1 1 I | I | | | | | | ﬁ'%
1 15 2 25 3 35 4 4.5 5
Vs (GeV)
KK.LO _ -10
a¥* 10 = (22.9320.18,,,, +0.22,, +0.03,,)x 10
contribution from threshold to 1.8GeV

a¥*t0 = (21.63£0.27,; +0.684,,)x10™ - non-BABAR

u
contribution from threshold to 1.8GeV

Results from the B-Factories




Next generation e+e- B-factory

Belle Il at SuperKEKB

. - Super
Machine design parameters @lEKB

E uest for BSM
Z SoF Goal of Belle I1/Super KEKB
3 - f P KEKB SuperKEKB
£_°% : 1 parameters units
5T aof- We will reach 50 ab- LER | HER § LER | HER
2 4 e in 2023 Beam energy Eb 35 8 4 7 GeV
© 3
> 20f- Half crossing angle 0] 11 41.5 mrad
= 10E o monthe/jear Horizontal emittance &x 18 24 32 5.0 nm
5 0 : L : I = = 3 =D SRyt Emittance ratio K 0.88 0.66 0.27 0.25 %

:° 8- Commissioning starts Beta functions at IP | Bx/By’ 1200/5.9 32/0.27 | 25/0.31 || mm
- 6 in early 2015.

— = . Beam currents | 1.64 1.19 3.60 2.60 A
§5 af - Shutdown Physics starts -
E% f for upgrade beam-beam parameter | ¢ 0.129 | 0.090 § 0.0886 | 0.0830
< F late 2016 —
< F 1 1 e Luminosity L 21x10% 8 x103% m-2s-1
a %12 2014 2016 2018 2020 2022

Calendar Year + Small beam size & high current to increase luminosity

« Large crossing angle
» Change beam energies to solve the problem of LER short lifetime

Physics Programme
- Test CKM at 1% level

= CPV in B decays from new physics (non-CKM) Belle IT and LHCb
* B-recoil technique for g _> K™+~ B— 7y, B—>D"7zy (and ATLAS & CMS)
- 1 physics: lepton flavour violation, g-2, EDM, CPV, |V ... are Complementary

« Charm: mixing, CPV,...
- Many other topics:

= Y(5S) physics, , ISR radiative return, spectroscopy, Dark Sector probe, low mass Higgs...
- Physics motivation is independent of LHC

= If LHC finds NP, precision flavour input essential

= If LHC finds no NP, high statistics B and 1 decays are unique way of probing >TeV scale physics
J. Michael Roney
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Summary

- Belle and BABAR are continuing to publish

= Completing Physics of the B-Factories Book
summarizing the papers currently published by both
collaborations

s Completing the CKM program but also going into new
areas — e.g. T-violation; light Higgs searches, Dark
Sector searches

s CKM is generally describing the data well

» 3.40 tension with SM in BABar B—D)tv decays,
earlier published Belle results see similar hints
= eagerly awaiting new analysis on Belle full data set

- Looking forward to future data from Belle II at
SuperKEKB and LHCb

oo
] (0
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o
|

PRD 76:051105, 2007
tanf=10, u=150 GeV

NMSSM
Parameter Space

* BF(Y(1S) — v A9)
depends on non-
singlet fraction

BR(Y— YA")

* High mass Higgs very
p— Non singlet fraction Cosf
difficult to exclude m. <2m, *

A

2m, <m , <7.5 GeV/c?
1.5GeV ¢ < 8.80GeV/c
8.8GeVici<e M, «9.2GeV/c?

A=

> Non singlet Singlet

oo
] (0
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«
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&2 03 S, [/ Gan#e1 e -
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42/
I

Channel

ap O 1079

Aah.a(MZ) 1074

oy

m

mtx~

wtx—x

2= 2x~

wix2x°

2 2x =" (7 excl.)
7tx"3x° (p excl,, from isospin)
3x*3x~

2" 22 27" (n excl.)
mtx"dx° (g excl,, from iscspin)
mmtn”

W

2= 2x"

et w 2% (estimated)

wn® (w— x%)
wrtr—,w2x? (w— x%)

w (non-3w, xv,1y)

K'K~

K2K?

& (non-KK, 3=, =v.v)

K K= (partly from mospin)
K K2x (partly from isospin)
K K3x= (partly from isospin)

442+ 008 £0.13x0.12
064 +£0.02x0.01=0.01

507.80 + 1.22 = 2.50 = 0.56

46.00+ 042108008
1335+ 010043029
18.01 £0.14 £1.17 = 040
0.72+0.04 =007 = 0.08
036 +0.02+008=0.01
0.12+0.01 £0.01 = 0.00
0.70+0.05 = 0.04 = 0.09
0.11+0.01 £0.11 = 0.00
1.15+0.06 =0.08 = 0.03
0.47+0.04 £0.00 = 0.05
0.02+0.01 = 0.00 = 0.00
0.02+0.01 = 0.01 = 0.00
0.89+0.02 006 = 0.02
0.08 + 0.00 = 0.01 = 0.00
0.36 + 0.00 = 0.01 = 0.00
21.63+0.27 £ 0.58 = 0.36
1296 +0.18 £ 025+ 0.24
0.05 + 0.00 = 0.00 = 0.00
230+ 0.07£0.12+0.08
1.35+0.00+038+0.03
—0.08 +0.01 = 0.02 = 0.00

036+0.01 £0.01 £0.01
0.08 + 0.00 + 0.00 + 0.00
3443+ 007 £ 017+ 0.04
458 +0.04 £0.11 £ 0.09
349+ 0.03 £0.12+ 008
443+0.03 £0.29+0.10
022+0.01 £0.02+ 001
0.11+0.01 £ 0.01 £ 0.00
0.04 + 0.00 + 0.00 + 0.00
0.25+0.02+0.02+ 003
0.04 +0.00 + 0.04 + 0.00
033+0.02+£0.02+00
0.15+0.01 + 0.00 + 0.02
0.01 + 0.00 + 0.00 + 0.00
0.01 + 0.00 + 0.00 £ 0.00
0.18 +0.00 + 0.02+ 0.00
0.03 + 0.00 + 0.00 + 0.00
0.03 + 0.00 + 0.00 £ 0.00
3.13+0.04 £ 0.08 + 0.05
1.75+0.02 £ 0.03 +£ 0.03
0.01 +0.00 + 0.00 £+ 0.00
0.76 +0.02 £ 0.04 £ 0.02
048+ 003 +0.14+0.01
—~0.01 £ 0.00 £ 0.01 + 0.00

on 0.36 + 0.02 + 0.02 = 0.01 0.13 + 0.01 + 0.01 + 0.00
WK K (w— 7%) 0.00 + 0.00 + 0.00 + 0.00 0.00 + 0.00 + 0.00 + 0.00
J/¥ (Breit-Wigner integral) 6.22 + 0.16 7.08 + 018
¥(25) (Breit-Wigner integral) 1.57 + 0.08 2.50 + 0.04
Rinea [3.7— 5.0 G&V] 7.20 + 0.05 + 0.30 + 0.00 15.79 + 0.12 + 0.66 + 0.00
Rgen [1.8 - 8.7 GeVl,g, 3345+ 0.28 24.27 +0.19
Rgcn [5.0 - 9.3 GeVludac 6.86 + 0.04 34.80 + 0.18
Rgcn [9.3 - 120 GeV]udus 121+ 0.01 15.56 + 0.04
Rgep [12.0 - 40.0 GeV] s 1.64 + 0.01 77.94 + 012
Rocn [> 40.0 GeVl]udecs 0.16 £ 0.00 42.70 + 0.06
Rgcn [> 40.0 GeV), 0.00 £ 0.00 ~0.72+ 0.01

Sum

6923+ 1.4+ 3.1+24+ 024 +03gcn

274.97 £ 017 £ 0.78 + 0.37 + 0.18y + 0.52gcn

ANUU AL 11 ULLIL LIIU A0 A UL LUL AU

Contributions to a,""*’ and Aq,,,(M})

Davier et al Eur.Phys.J.C71 (2011) 1515

For most of these channels, BaBar provides
the most precise measurements from
ISR studies

J. Michael Roney




