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The Two Asymmetric Energy B Factories

PEP-II at SLAC
9 GeV (ef) X 3.1 GeV (e") 14 countries,
peak luminosity: | 59 institutes,
1.2x103%cm2s! ~400 collaborators
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Experimental Landscape (ca 2008)
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Precision Physics and Rare Events

BaBar collected:

480 million 1(45) — BB
Tem = ce
_|_

630 million e

_|_ — _
460 milion € € — T T

27?7 New Physics




Heavy Flavors and the Weak Sector of the SM

In the Standard model the weak eigenstates differ from the mass
eigenstates.

The CKM Matrix:

leptons
e+




Experimental setting: e*e >Y(45)>BB
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Experimental-Technigues: B meson reconstruction

Exploit kinematics of ete- — Y{(4S) — BB for signal selection

Beam-enerqgy substituted mass Energy difference Event topology

2 (multivariate
‘ Mg \K beam AE - E B Ebeam methods)
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Experimental Technigues: Single B-Meson Beams

Lots of interesting modes include one or more neutrinos.

“Beams” with a single, monochromatic B and without ¢, QED etc
would be very useful for : B=>1v, B>vv, B2Kvv,..

Fully reconstruct one of the Bs and study the remaining of the
event = closed kinematics, missing energy reconstruction

B'—»D* - Bo— y(2S)K,

§Semileptonic DMI(vr)
5K/fb1
Hadronic D) X
3K/fb1 efficiency PUr ity
X=nn+mnO+pK+qKj




Part 1: The Elements of the CKM Matrix




4 Fundamental parameters of the Standard Model
They cannot be predicted but can be measured




The CKM Elements |V .| and |V.,]

# The determination of the |V | and |V relies on
semileptonic decays = only one hadronic current

9

2 Two complementary approaches:

# Exclusive
# Need form factor normalization (non-perturbative)

& Inclusive

# Use OPE in (1/my)"

*

Vs

*

dl(B—nlv) G,

dq’ 2477,

*




B—>Dlvin the recoil of fully reconstructed &, ;

s:gna/ | s:gna/

BABAR

I preliminary

N d Fully reconstructed “tag” B meson.
‘““LBABAR =2 B D

- preliminary gg:&h’h ] 3 S|gna| B 4-VeCt0r known.

I fave lopton” °° | ® Neutrino kinematics fully
w154 constrained.
DOEV j ? Excellent w resolution.

# Very clean signal.

1.24<w<130

D%

Events/(0.04 GeVZ/c*)
Events/{0.04 GeV3/ic*)
] g

e NN % & @ Consistent with other methods

\ Missing Mass Squared [GeV?/c’] /415 ’ Missing Mass Squared [GeV7/c'] 2 Larger stat uncertainty
- T ——l R B L N L .
 BABAR \ ; BABAR ® Smaller systematic
preliminary E W N
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d >20 |V | exclusive vs inclusive

: discrepancy remains...
- w=1:zeroD

! :_/recoil point

12 13 14

Fit results )
shape : p? = 1.20 + 0.09 £ 0.04
intercept : G(1)|Vp| = (45.6 £3.3+£1.6) x 107
\_ |Ve| = (398il8i13i09) x 1073




3 Reconstruct D% and D*/pairs
JMENEEEEEE m | |-

(slow 7 from D* not required). ENEEEN . -
EEEEEEE S =m
el mmmEmE . [ o

T
2 Binned 3D y? fit to p,, pp, and 1“:::“: -

cosine of angle between B and T @] e
D/, all in CM frame. LIl nEsmEEE

3 Fit for BFs and form factor FTE R T

slopes. !ll!lllll -] III!!-_

P (GBV) P (GBV)

B — D"lv +bkg Data (on - off)

G(1)|Vp| = (4414+0.842.2) x 1073

F(1) V| = (35.6£0.241.2) x 1073
G(1)|V,,| meas. twice as

Lattice QCD : Form factor norm. at zero recoill. precise as world average!

D*v: |Vy| = (38.3+£0.2+1.34+0.9) x 1073
lv: |Vw| = (40.8+£0.84+2.14£0.9) x 1072




IV | from B—>DUty, Decays
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X /dof = 0.97 8 "/dof = 40.0/21
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HFAG ICHEPO08 HFAG ICHEPOS8 preliminary p

G(1)IV, | =(42.9 £ 1.6) x 1073
or G(1) =1.074 +0.018 + 0.016
(M.Okamoto et al NPPS 140, 461 (2005))

Vool =(39.7 £ L4y £ 0.9, ) x 1072

F(1)|Vcb| =(35.97+0.53) x 1073
or F(1) =0.924 £ 0.012 £ 0.019
(J.Laiho) arXiv:0710.1111 [hep-lat]

IV | =(38.7 £ 0.64,p % 0.9pe0) X 1073




arXiv:0895.2498 [nep-ex] _ _ 0805.2408 [hep-ex]
| _- 383 million BB pairs
Tag one Bin D).

Require a /pair in rest of event and
nothing else.

Fit cos?¢g in bins of g.

348 fbt

events /0.5

BY — n— ¢ty }

Ny = 150 + 22

e ::I. g ko | |' F‘l“’ﬁ:.:}-hlrri.\ll:-l'h:lj
8 10 12 14 16 18 20

Combined result
B(B® —» n7{Tv) = (1.54 £0.17 £ 0.09) x 10~*

e Consistent with world average.
e Inclusive vs exclusive |V, | agreement acceptable.
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0805.2408 [hep-ex]
348 fb-!

et |TAQ ONE Bin D).

I Other backgrounds

—Require a #/pair in rest of event and
il | nothing else.

Fit cos?¢g in bins of g2.
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Combined result
(B® - 77 ¢Tv) = (1.54 £ 0.17 £ 0.09) x 1074

Consistent with world average.
Inclusive vs exclusive |V, | agreement acceptable.

Missing mass squared (GeV?)




‘Vubl from B — wlv

Ball-Zwicky q° < 16
FHE0NI+055-037

HPQCD q" > 16
340 4+ 020+ 0,59 -039

FNAL q = 16
1622022 +063-041

Light-Cone Sum Rules (LCSR)
P. Ball, R. Zwicky

Phys. Rev. D71:014015 (2005)

Consistent with new LCSR result:
Duplancic, Khodjamirian, Mannel,
Melic, Offen, 0801.1796 [hep-ph]

Unguenched itice GC

E. Gulez et al. Phys.Rev.D73, 074502 (2006),

Erratum-ibid.D75:119906,2007

Okamoto et al., Nucl. Phys. Proc,
Suppl.140:461-463, 2005

Quenche ce QC
A. Abada et al. Nucl. Phys. B 619
(2000) 5685-587

V| = 3.44 +0-225 .- x 1073 (ckmfitter)

4 3
'V, | [x 107

rTheory lags behind experiments
6|Vub|/|Vub| TP~ 5%

f+(0) +17%
\8|Vub|/lvub| ’ -11%

(e.g HPQCD & FNAL)
y,

LCSR, unquenched and quenched LQCD give consistent results |
Experimental g data are used to improve form factors (several methods)




Unitarity of the First Row

| FRuA

net gaer wo Fit results, without constraint:
F+(0) = 0.9644(49) |V, 41= 0.97417(26)

fic/f = 1.189(7) |V | = 0.2253(9)
%3/ndf=0.65/1(42%)

|Vud | 2+ |Vus |2=0.9998(6)
(neglecting [V I|)




|V .| from the hadronic t decays in final states with kaons

Bt >Kv,) _fe V[ (AI=mg/m)
Bz —>7xv,) [Vl I=m/m)

T V.
w- :V.,,, d
u

BaBar, Preliminary AT T PR
T e |
K™v) e
=" = 0.06531 £ 0.00056 + 0.00093 | S el

B(t—>nv) T o

Assume universal couplings

Using f, /f =1.189 +0.007 from Lattice QCD
E.Follana et al. Phys. Rev. Lett. 100, 062002 (2007)

V.| = 0.2255 + 0.0023

Consistent with [V | from K ;K ,

Tag-side




|V .| from the hadronic t decays in final states with kaons

_ _ 2 2 . 2 2\2 T V.,
B(tT > K VT):fzg |Vus|2 (1 mg/m;)z .
Bz »nv,) [Vl Ad=m /m))

BaBar, Preliminary

K~v
- T) = 0.06531 £ 0.00056 + 0.00093
B(tH>rv)

T

TIT T[T T[T I [ T T [ T T[T T[T T[T AT [ IT T TTITT
Eapty oy gy

—
L)
(X

™
signal
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L= |
™

Assume universal couplings background

Using f, /f =1.189 +0.007 from Lattice QCD
E.Follana et al. Phys. Rev. Lett. 100, 062002 (2007)

IV | = 0.2255 + 0.0023

USl =
Consistent with |V | from K

Events/(0.1 GeV)

63’K£2




Vol Vil from b > d y

th,;:vts S b‘ V;tbgvtd‘d
B IR

B K~

o >

N NG

/

)

3
BB — p(w)y] g Vid|? (1 mf}(m)/M?B)

= C*[1+AR]
B(B — K*v) /‘ Vis| |\ 1—m. /M3
_ \
S =1 for p*, 1/2 for p° or w. Form factor Annihilation
ratio contribution

Branching ratios of order 10°.
Very challenging!




|Via/ V| :B->rho/omega gamma
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Significance  B(x10°) £ stat + sys

320 1.207%2+0.20

540 09772 +0.06

Results Consistent with SM
and previous measurments

220 <0.9(90%C.L.)
or 0.50%27 £0.09




: fb-1
Comparison of |Vig/Vis) measurements =&

(Ali,Asatrian & Greub

Vi

7 =0.177£0.043(exp.) £0.001(¢Ah.)| pLB 429,87,1998)

CDF B mixing (PRL 97 242003)
|Vtd/Vis| = 0.206 £0.001 £0.008

BaBar exclusive
|Vtd/Vis| = 0.233 +£0.025 +0.022

Belle exclusive (arxiv:804.4770)
[Vtd/Vis| = 0.195 £0.020 +£0.015

BaBar inclusive
|Vid/Vis| = 0.177 £0.043 £0.001

(first error experiment, second theory)

Theory error in BaBar B — Xy does not include error for using ~50% of states
- i.e does heavy quark duality still hold ?




Part 2: CP Violation in-the Standard Model




CP Violation in the Standard Model

CP Operator: coupling

q
\\\Q'l'

Mirror

To incorporate CP violation

g+ g*

(coupling has to be complex)




CP Violation in the SM: The CKM Matrix

> The CKM matrix V, is unitary with 4 s b

'\
independent fundamental parameters

Vub

# Unitarity constraint from 1st and 3rd
columns: X, V' ;V,,=0

[ Ver

ViisVua + ViyVea + VigVia = O ’

vus
vcs vcb
vts

CKM phases

(in Wolfenstein convention)

Y~ arg [Vub*]




Interfering Amplitudes in B® — Kr Decays

Interference—(A;+A,)%# (K1+Kz)2

Asymmetry = (B} = L)~ A2 1Bl s Bsin(o, - ¢,) sin(8, - 8))




CP Violation in B® — Kr Decays

467 x 106 B9 Mesons 467 x 106 B9 Mesons

Count BO—K*1t~ Decays Count B°— K 1" Decays

Is N(B°—K*r~ ) equal to N(B*—> K" )?

=

BABAR

Preliminary

S

background
subtracted

>
)
>
C,_.) 300
P
o
)
-
88
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CP Violation in B® — Kr Decays

467 x 10¢ B® Mesons 467 x 10° B® Mesons
Count BO—K*1t~ Decays Count B°— K 1" Decays

Is N(B°—K*r~ ) equal to N(B*—> K" )?

_ Br(B— f)-Br(B— f)
Br(B— f)+Br(B— f)

A

CP

+0.006
-0.107£0.016 _ ., BaBar

A (K = { ~0.094+ 0.018 £ 0.008 Belle
P -0.086+ 0.023 £ 0.009 CDF
~0.04£0.16£0.02  CLEO

= -0.098 M2 @81c AVG

+0.030+ 0.039+£ 0.010 BaBar
A p(K*n0) = { +0.07£ 0.03% 0.01 Belle
-0.29% 0.23% 0.02 CLEO

= +0.050% 0.025 @2.0c AVG

AAyg = Agy(K'm) — A (K'n0)
=-0.147£0.028 @ 5.3c




Mixing Induced CP violation

C
Bo C! .............G
d cs No weak phase .

S elO
d KS /\

/ Z"”W e—i2

v*cb

B t B @B, v<
\ y

d @ ............ V*ﬁ b g S

Two Amplitudes ==  Interference == Acp ~ sin2f3

K.-Honscheid; Ohio-State-University. San-Catlos 2008




A Complication: Quantum Coherence

We need to know the flavor of the B at a reference t=0 Flavor Tagging
and measure the difference in decay time At Time Dependence
t 50 >
At t=0 we po  Az=Abbe

B 0 know this

meson is B° 4‘7 ‘:\j

Y(4S) —.
. 3 I~
E 0 7 tag . W;;ﬁ< Vi
By =0.56 ; I=(e-~ u-) |RBY 3
\_ NG J
Y : h'd

The two mesons oscillate In this example, the tag- (’At:\picoseconds

coherently : at any given side meson decays first. [ater, the BY(or

time, if one is a BY the ' It decays semi-leptonically perhaps its now

other is necessarily a B® and the charge of the a B’) decays.

lepton gives the flavour of
the tag-side meson :
Time dependent asymmetry A = SpSin(AmAL) — CpCcos(AmMAL)
Sep = —fep Sin2P (fp= £1), Cqp “direct” CP violation = 0 for J/yK
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sin2B from BY—>J/yKY

Final analysis: 465 M BB

BABARa)

preliminary

rl/{ |III|I'I T I|

77N J/YK}

(CP even)

o o
Tyrri

One dominant decay amplitude

b C

BO g ) [177‘< C J/w
S
No direct CPV expected

SJ/Q/}Kg‘RﬁSiHQ/B, CJ/"/)K,%%O
Theoretical uncertainty in predictions ~1%

Saygo = 0.691 = 0.029 4 0.014
Clet) K 0.027 + 0.020 = 0.016

stat. Syst.

Still statistics limited!
Consistent with Belle measurement




sin2B from BY—>J/yKY

sin(2¢,) = 0.642 + 0.031 +

) i
Q400 |

10
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S 300}
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¢ 200

N
O o)
;o O

|
O
o

-

75 -5 25 0 25 5 75
_ngt(pS)

PRL 98 (2007) 031802

One dominant decay amplitude

b C

BO g ) [177‘< C J/w
S
No direct CPV expected

SJ/Q/}KgRﬁSiHQ/B, CJ/,gng%O
Theoretical uncertainty in predictions ~1%

Saygo = 0.691 = 0.029 4 0.014
Clet) K 0.027 + 0.020 = 0.016

stat. Syst.

Still statistics limited!
Consistent with Belle measurement




Compilation of Results

sin(2B) = sin(20,) EE8

BaBar : 0.89 +0.03 + 0.01
arXiv:0808. 1MB : :

Belle Jiy K° | 0.84 +0.03 1 0.02
PRL 98 (2007) D31802 E

Bells w{28) K. 0.72 £ 0.00 % 0.03
PRD 77 (2008){091103(R) :

ALEPH . 0.84 1982 4 o 1g
PLB 492, 259 (2000) :

OPAL : : . 3.20 10 £ 0.50
EPJ C5, 379 (1998) : ;P S

CDF : P » 0.79*041
PRD &1, 072005 (2000 | T

A :
H;ggﬂﬂ 0.672 £ 0.024




Is sin(2B) universal?

# Decays mediated by several different si.n(ZB )= sin(2c|>1 )%

quark-level transitions probe 23

s !I.hﬂd:ﬁ!d.ﬂa
E mnr -4

wto.mtrﬁ
o A EQID 20N

nmtvﬂmm
: 074 1047

J b_)qqs (eg. (p KS) amenm e e g g m ..E.................... -:_... .E...ggigiﬁ.
: s £0.17
2 Consistency of measurements testd 28 T A “‘m*w*m

QHthmmm

the Standard Model 1 L S S m*ﬂ:uﬁ
> Today's situation B % O ==
| IF

anstvnmw

RN

| o O O N o= = SN ,‘5
NB. Dalitz plot analyses for 'K and K*K K, | gr’iﬁ!m’;tﬂ.ﬂ; il




Let’s try this for the next angle: o

® Access to o from the interference of a 6— v decay (y) with B’B? mixing (j3)

/[ B’BY mixing } ™~ /[ Tree decay } \ /[ Penguin decay ]—\

— thi Vt:’ — Y Vud d 72'_ b d —
b { d_ - \Vub§£<u ) 70 ﬁafgx\g "
BY B 0 b (@) BO v <
t B d /2 _ Uy
d b d a7t
I/I,‘d I/tb
R T L 7 e U L S L1 7] =
A g - o, T+Pe™e”
2 :i_ — 6—12,86—127/ — 8120: l — ez2a —
p A T+Pee
S =sin(2a) S=+1-C? sin(2a,; )
C=0 C ocsin o

How can we
obtain a

Time-dep. asymmetry : A__(At)=S__sin(Am At)—C__cos(Am At) om0
eff *

NB: T ="tree"amplitude P = "penguin” amplitude
K:-Honscheid;-Ohio-State-University, San-Catlos 2008




How to estimate [a—a._4| : Isospin analysis

Use SU(2).to relate decay rates of different A/ final states (/- {r.p})

B—hh can have I=0.or 2 but gluonic penguins only“€ontribute to [=0
(by AI=1/2tule)

Need to:measure=several related B:F.s
Works for =r, pp, prt systems

AT =AB’ > 7x'n)

n~/

AT =AB > 1)

A" =AB" »> ' n’)




Alpha: B — & system

BO N 71_0 71-0
Branching fraction and time-
integrated CP asymmetry.
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BY = (1.83£0.21 £0.13) x 107°
S% not possible (no vertex)
O = —0.43 £ 0.26 - 0.05

Y ST T AT P

2
g of
g

Final analysis: 465 M BB




Alpha: B — pp system

New from BaBar: B9 p%0° (arXiv:0807.4977)
T T 8T B=(0.924+£0.32 £0.14) x 107°
| fo=0.75"011+0.04
1 8% = 40.3+0.74+0.2
1 C% =40.2+£0.8+0.3

. 3.10 evidence for p°p?
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Events / ( 0.0018 GeV/c?)

P P I I " 0:. sanett”
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mg (GeV/c) m,, (GeV/e?)

New from Belle: B¢=>p%%: B = (0.44+0.4+0.2) x 10°°

W orld averages:
Bopo = (0.72 £0.28) x 10°
Byip =(242+£32)x107°

B(p°p?) << B(ptp")

Events/ 50 MeV

>3BEE8BIBE

Events’ 2 MaV
s38888

| - .,
| B33 536 528 53 550.781.011.241.47 1.7

M,. (GeV/c")




Summary for a

B—pr(WA)
B—pp(WA) COMBINED;
B—nn(WA)

o
=]
=]
i

CKM fit

no o meas. in fit

>
_—
/)
c
()
n
>
=
L
©
K
o
p =
o

o
=]
o
X

100 80 100 120 140 160 180

o (deg)
SM solution: a=(9118)° o €[83.5;94.0]c@ 68% CL




y = argf{V,,*|: CP violation in DK modes

GLW: Gronau, London, Wyler (2001)
ADS: Atwood, Dunietz, Soni (1997)
GGSZ: Giri, Grossman, Soffer, Zupan (2003)

D decays do not
io involve V or V. no
contribution to phase

UK+

D%D0 —CP state (GLW)
D9/DO—K-r+/K*n-, CA/DCS (ADS)
DO%/D0—Kntn-, Dalitz (GGSZ)

DOK+

Relative phase = e

B* — DK: no time dependence; extract y from rates and CP asymmetries
but b — u amplitude is small (for example ry (DK-) = 0.16 + 0.05 + 0.01 + 0.05 Belle)




B—DUKY) with D—K.r'n Dalitz Plot Analysis

Giri; Grossman, Soffer-& Zupan;-PRD 68 {2003)-054018 & Belle

BABAR PRD 78 (2008) 034023

[95]
Lad

(S
T — T
—

m? (Gevzlc")

Map out Dalitz plot from all D°
—>K ' decays
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s
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3 3 T T T
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preliminary

y=(76£22 5+ 5)°

2

m2 (GeV?/c*

m? (GeV?rct)
»
N (4] w

-
(4]

-

25 3
mZ (GeVic®)

m (GE\F e )

= (76 *12 . £ 4 + 9)°




Summary for y
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The CKM Model has passed the experimental test

1 1 1
fitter

ICHEP 08

sol. w/ cos 2p < 0
{excl.at CL = 0.95)

|||||||||||||||||||
excluded area has CL > 0.95| 7

1.

o

New Targets

® Effects of TeV new physics > deviations from SM
2 LFV and new source of CPV

» Hidden flavor symmetry and its breaking







Courtesy of
S. Sekula

25% Dark Matter

70% Dark Energy

Can we find evidence for New Physics in Heavy Flavor Decays?




Part 3: Where to look for New Physics?




Experimental Strategies

w W ’
b—sy penguins b 5




Inclusive B—X. y Branching Fraction

SM P L« New physics o .
Belle update with E, >1.7 GeV: B = d. 3 x ﬁg
arXiv:0804.1580 du dou T { sz ! S
@Elﬁéﬂ .!: ,-_!I_: .{'_.r{'.l- AT N [9.11b .I"I - (3. 25053110 '
£ - oy comd o .
Q<L BaBar, vaonny 151507 o (3497 e
6000 BaBar = [8L5fb I 2 924057k 111
. BaBar [210671] : P
_ a000) - .,' (39111110
E Fffﬁu st D] & ﬁ'?..?!&ﬂ.ﬂ;?,b{fﬂ‘r
g 20001 @ Holle G050 (3.37+0.41)< 10"
s | HFAG April 2008 = 3.5240.25 010"
g 9
-EEH]ID: I s T 5
.4”0- 111 11 1 L1 I 11 M _ . ...
. 7 3 4 5
BFiB —-.'IJ_JJ{HT"IJ' scaled for B = 1.5 GeV
SMNNLO calculation:  NeKIERk) el SNYIEIEIE: I HFAG 2008:
B (B—X7) |E, > 1.6 Gev= ) UEEEEINSIGNEMEINEILERWY B ( B—X, 7) [E > 1.6 Gev
= (3.5210.25)x10—4

K.-Honscheid; Ohio-State-University. San-Catlos 2008



Charged Higgs Bound

£ o
The 95% lower bound of charged Higgs mass

asgaiunction of B(B—X, y) and its error. b “' U.et

m Misiak et al,
| ©8,022002(°'07)
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Measured B(B — X.y) x 10*
M, + > 300 GeV/c? @ 95% C.L. for all tanf3




EW Penguins: B=2>KH, B2K*tF, and B> X I*

JZ.‘JJ<I

%

’ ‘.? .
m J . ML""J\, ~J
W 1":,

7 7 7 4G
e With /*/- pair, can produce both pseudoscalar H off — \/—F (th ) Z C O-

and vector mesons
e SM: BF(B —>Kl+l') ~ 4 x 107 (:l: 30% theory) New Phy5|cs affects
~3 times that for K* Rates, Asymmetries (AFB, CP), nu/ee ratio

Short-distance physics appears in the Wilson coefficients.

C,, Co, C,o important for b— s [7]~

Magnitude of |C; | = 0.33 known from B — Xy, but sign not constrained.
|C5|2 + |Cy0|2 constrained by b — s [7]~ BF, but not relative sign.

New physics may modify the C's H
or intfroduce additional terms
(e.g., scalar, pseudoscalar)
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Good agreement with SM BF

# Obtain partial BF in 6 bins in g2;
extrapolate the total BF.

» BF(B>K*I)=(10.8+1.0+0.9) x10-7
» BF(B%KII)=(4.8f8'f +0.3) x10-7

- —e—Belle, 08’ ICHEP
. —_e— BABAR, 08’ FPCP
—e— CDF, 06' CKM

:7..‘.|...‘\..H|.H.\...‘\..H|.H.|.‘H|.H.||
0 25 5 7.5 10 125 15 175 20 225

)

photon pole 1

.14
Veto eventsinthe ¢ |
J/v and vy’ regions &

I&'CSO.OS

—e— Belle, ICHEP 08

—e— BABAR, FPCP 08

— Melikhov et. al (quark _
model, PLB 410, 1997) 0.02p

BF (107)
? BF(B>K*I)=(11.1+1.940.7) x10~ i
2 BF(B>KI)= (3.9+0.7£0.2) x107 384M
B->K™ 1af B->KIl
12}

i | ANEE | ia

— Ali (PRD 66, 034002, 290, 2002)

M L c o by by gy L
T IR TR RN 0 25 5 75 10 125 15 175 20 225 25
q°(GeV¥/c?) o’ (GeVich)

K.-Honscheid; Ohio-State-University. San-Catlos 2008




K* Longitudinal Polarization

dI’ 3 3
— ZF} cos® (1 - Fp)(1 — cos?
Toos0n 2 I COS 9K+4( )( cos” Ok )
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Unexpectedly Large Isospin Asymmetry?

-0.5§
-1;
-15E
b

15}

05}

Belle ICHEP 2008
BABAR -arXiv:0807.4119

B(BY — KWogt¢=) —

AI_

B(BY — K00+ () + (2

0 25 5 78 10 125 15 1786 20 225 25
q°(GeV/c?)

L | ey by by g e
75 10 125 15 175 20 225 25

9?(GeV?/c?)

Expected to be small in SM (Feldman and Matias, JHEP 0301, 074 (2003))




Anomalous Azz(g?) in B— K& |} ?

Lepton angular
distribution in

[ I rest frame
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Search for B> tv

SM decay proceeds via W-annihilation diagram

B (B—1v)= (0.78 109 )x 10-4

(CKM fitter 2008 prediction)

Sensitive to new physics charged current

Analysis:
Undetected neutrinos result in large missing energy and few kinematic
constraints — high background.

Reduce the background by reconstructing the second B (“tag B”) in the
event in the copious decay mode B-——D*0|-y,

Reconstruct Bf—ttv_with t*—l*vv,,, or t*—h*v, where h = x, p, or a,
Require no additional charged tracks in the event




New Belle Result on B+—zttv

Method: Tag-B on one-side (hadrohic tag or D) | v.tag)
Look for.t signature with “extra” energy in the ECAL
Use 657 M.BB with D™ v tag

% [ Prediction for BR(B — 1v)
ICHEP 08

= World average

2.1c deviatioé

BR(B — ) x 10°

o ki L : M_- Note that interference is
0 0250507 1 L EEewesncny "4 destructive in 2HDM (type

E
- FeL Gev) L “ ). B>B, implies that H*
Ggom = 154436 H® 10 | tribution dominat
- = 154_35 (Stat) e (Sy t) contripution aominates
= B(B—1v) = (1.65" 8;§§f 8;;353 X100~ [ 3.8c

K. -Honscheid; Ohio-State-University. San-Catlos 2008




It doesn't have to be a B meson decay




Can we find a light Higgs before the LHC is repaired?

The Next-to-Minimal Supersymmetric
Standard Model (NMSSM) adds a M ,,=100, 200, 300 GeV
Higgs singlet [*] — extra Higgs boson, T

A% can be light.

tanB=10, u=150 GeV,

Y(3S) = y4°; A° — yy (invisible)

Channel could dominate for a light
component of the dark matter (y)

BR(Y — y A%

-

Parameter Scan

blue points: m, <2m_

red points: 2m_<m, <7.5 GeV

green points: 7.5 GeV <m, < 8.8 GeV
black points: 8.8 GeV <m, <9.2 GeV

The fraction of the A

\
/ which is non-singlet

search for A° — uu, tt

[*] c.f. PRL 95:041801,2005

Best limits come from recent CLEO and PRD 76:051105,2007

hep/ex arXiv:0807.1427




Experimental Approach

Search for an invisibly-
decaying particle recoiling
against a single photon

/ Photon Selection: \

« EMC shower shape, acceptance, etc.

« Veto events where there 1s activity in the
muon system opposite the photon
(vetoete-— yy)

« Veto photons 1n regions where the muon
system has gaps

Additional Constraints

«No activity in the
tracking system (track
veto)

«Maximum energy
requirement on remaining
photons (<100 MeV total

energy)




~ AY(3S) >y + Invisible Candidate

|

We reject this background by
vetoing correlations between our
signal photon and activity in the

muon system

Total Signal
Efficiency:

High Energy
Region: 10-11%

Low Energy
Region: 20%




A Snapshot; Fits to the Photon Spectrum

* Tﬁlm h*+H”%H+T

yidf = 22.5/42

Non-peaking
FrjiEnA;E background
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Results for Y(3S) = ¥ + Invisible

: B  BAR Stat errors only

_ Preliminary — Stat @ Syst errors
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BaBar Preliminary Result:
arXiv:0808.0017 [hep-ex]
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CPT Invariance

Prob(B® — B°)|4t])= Prob(B* — B f|4t
Required by CPT ]

Test CPT invariance of B-mixing

(using dileptons) by studying the

mixing asymmetry as a function
of the sidereal day.

E——

crcprr{l At]) =
Prob(B” — B")(|At|) — Prob(B” — B°)(|At)|
Prob(B° — BY)(|At|) + Prob(B° — B°)(|At|)
N6+, 67)(At < 0) = N(£+, £7)(At > 0)
Based on PRL 80 (1998) 1818 N+ ) (AL < 0) + NI+ ) (At > 0)

"¢ Measure A

G it




Results
B, > =p\/1—Z‘BO > +q\/l+z‘§0 >

_ / 0 / Do
|BH > =p 1+z |B > —q 1-z ‘B > Interpretation of measurement

AT'xRe(z) = AT'xRe(z), + AI'xRe(z),cos(QT +¢, )
Im(z) = Im(z), + Im(z),cos(QT +¢,)

A Measures:

CP/CPT

p"4a, No Time ]#Jdendence
Am—ida /2 )

Significance
is 2.80

Asymmetry vs. Sidereal time

meas
CPT

A

o

Q_IIII|II\I|I TTTTT I|IIII|\III|IIII‘IIII

TR SR [N T R S AN TR N N N TR N i
8 -006 -0.04 -0.02 0

o [TT T

1-D projection of 2-D
|At| and s1dereal tlme ﬁt

Ly
8 10 12 14 16 18 20 22 24

Time t (sidereal-hours)




Recent BaBar Searches for LFV: =3¢ and 1—={o

Search for tri-lepton final states
with 6 distinct combinations of
electrons and muons

B(T — ££0)

SM+w-mixing (PRL95(2005)41802,EPJC8(1999)513)

SUSY Higgs (PLB548(2002)15¢, PLE566(2003)217)
SM+Heavy Majorana v (PRD66(2002)034008)
Non-Universal Z' (PLB547(2002)252)

SUSY SO(10) (NPB649(2003)189, PRD68(2003)033012)
mSUGRA+seesaw (EPJC14(2000)319, PRD66(2002)115013)

1(.—14
10—7
1(.—1(]
108
1['—1(]
10-9

MSSM+seesaw (PRD6&6 (2002) 057301) B(t — puv): B{T — pup): B{t — pun)=15:1:8.4

G Search for T+ — I*® (using
/ electron and muon final states

6 and w—n ' n? ). Observation
T @’ of either is an unambiguous

sign of new physics.




~350 Million t-pairs

LF\V: Results
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Event Selection: “1-prong” +
(3t) (fw)

AE = EI*{ec _ E: AL
Mc.: T mass with the
AM=M, —m_ energy constrained

to E /2

T

beam

Expect ~1 bkg. event per channel
Signal efficiency is 2-10% per channel.
Results consistent with background

broad shaded area indicates
regions containing 90% of signal
events

We find no evidence for these decays
90% CL upper limits:

(4-8)x108 (30)
and

1x107 (fw)

PRL 100:071802,2008

PRL 99:251803,2007
K. ‘Honscheid;-Ohio State-University. San-Catlos 2008



Lepton Flavor Violation in © Decay

e Forbidden in SM but various new physics models predict s as high as 103

SUSY SUSY Higgs MSSM
it

V¥ Belle VBaBar V¥ CLEO

&

|

one more magnitude lower

—
[—]

Q || G—)Jyl.ll
< ‘. | A THUR
10 B

mSUGRA+seesaw . °

—
=
=

SUSY.SO(10)

)

S )

Higgs ZS

—
=

Upper limit of BR for LFV T decays

SM-+seesa Super B factory
JAN

= a;::‘-_c:s_—fh{‘mz__hwm_.‘1::uhubﬂ&bﬂ&ﬁ&:&kg&faxﬂ!eaaarzésr ) 10" . 1 10
EXT .,
—wiwzwz.wmz,g_mmzﬁl:ﬂun:ﬁu& un:n:‘..d uea““;:x:.ii' “ « Lumlnoslty(ab)




Part 4: Where do we go from here?




Where do we go from here?

BaBar is complete

Belle
e Start Y(5S) run (+ some 2S)
e Shutdown for upgrade

CLEO-c is complete

Tevatron
e 8fb1l (2009)

The near term future will be in
Europe: LHCb

Will there be a new accelerator
dedicated to heavy flavor
physics?

LHCb is waiting for data

o= =~ LSS - =W

New Beam pipe

Interaction Region Damping ring

Crab crossing ‘pa\
6=30mrad. i;\_\\_"

By*=3mm
New QCS

Linac upgrade

L = 4x103>/cm? /sec




Where do we go from here?

BaBar is complete

Belle
e Start Y(5S) run (+ some 2S)
e Shutdown for upgrade

CLEO-c is complete

Tevatron
e 8fb1l (2009)

The near term future will be in
Europe: LHCb

Will there be a new accelerator
dedicated to heavy flavor
physics?




If we had 50 times more data...

Are there-new GP-violating phases in b,cor rdecay ?

Are there new right-handed currents ?

Are there new loop contributionsto flavor-changing neutral currents

Are there new"Higgs fields ?
Is-there lepton flavor violation?

Is there new flavor symmetry that elucidates the CKM hierarchy ?
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Very high initial luminosity,
It is asymmetric : 4 on 7 GeV

Ring magnets, RF, vacuum componens
can

as the basis for
an upgraded detector

Polarized beams possible

Flexible design: Y region, charm & tau
threshold regions

European Roadmap process (2008-2009)

(INFN, ECFA, CERN Strategy Group)
INFN—Ministry

Regione Lazio funded digging the SuperB tunnel!

Lum|n05|ty in 2015

Super Flavour Foctoy 5

b4

107 kmAit L)




New Design for New Physics

Crab sextupoles

waist line is orthogonal
to the axis of bunch

Crab sextupoles
ON

waist moves to the IP beam distributions
axis of other beam for SuperB

All particles from both beams collide in the minimum (without transparency
B, region, with a net luminosity gain conditions)




Summary

The:2-B-Factories continue to produce a wealth of new
physics.results

CP Violation in the B sector is firmly established

The CKM paradigm is established as the source
of CP-volation & flavor mixing in-the SM
A1~0.23,4~08,p~02,17~04

Precision measurements ofithe magnitudes of the CKM
elements are.now available {experimental uncertainties)
Vs ~2-3%

VD m:5%

VisD '~ 1-2% |

New upper limits for rare decays aslow as 108

We are still looking for that needle.inthe haystack...




