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main Goals of B-Experiments

' |Iscovery of CPV in B decay 4_|,2001 summer !‘

Precise test of KM(CPV) and SM w

Search/Evidence for New Physics

0

B decays —» QCD/Lattice, New Resonances
Also, excellent t/charm factory

o)

J

-/
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http://www.dex.ne.jp/mantan/search/std2_search_preview.jhtml?start=1&lastServiceTime=1089537010262&number=1

@_:Asymmetric-Energy e*e” Colliders g
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@:Asymme"icfnergy e'e- Colliders -
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@_:Asymmetric-Energy e*e” Colliders g

World Integrated Luminosity (KEkB+pep-) A8 of 30" September, 2006

o T I T S | KEKB + PEP-II

~ More than 1 ab”’
o ~ 10° BB pairs

KEKB
— | for Belle

600 /-/_, /_/ |

400 | /'/ »a PEP-II
- for BaBar

N o /‘{//;i_/’ _

,44//

Integrated Luminosity {(Ab)

2000/1 2001/1 2002/1 2003/1 2004/1 2005/ 2006/1 2007/1
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World Integrated Luminosity (KEkB+pep-) S Of 30" September, 2006

ot I R FRRAE R N T KEKB + PEP-II
- More than 1_ab'1 -
s ~10° BB pairs_/ &« ) _
| KEKB
E auu- — | for Belle
=
%‘ 400 | PEP-lI
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200 -
0 _.._é - oo H e -
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Big “digital cameras”

that take ~108
beautiful pictures/year.

Good Resolutions
Momentum

Energy (EM)
Good PID
e, U, /K, p, K,

Good Vertexing
(decay point)

By—Jhp K0 \.
T
w

Bs—rm-

e Kt
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Analysis Tools: B-Meson Selection

] ARGUS function

Goussian

M'.,: (G eﬁ

Gaussian

smooth and known background

od 1]

I AE (:{3 eV)

Reconstructing B-meson
decays at Y(4S):
use two variables,
beam-constrained mass M,

(energy-substituted mass m_)

and
energy difference AE

AE=) E-E,.

beam

M= (Echz)z'(Z ]_5,')2

Marko Bracko : Recent results from B-factories
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Anal. Tools: Continuum-Background Suppression

-
* The background : ~3 xBB | The event topology
“continuum’ Spherical B B
o VS
€ e—qq Jet-like continuum
(g=u,d,s,c) —
signa . . .
25 J = Fisher variable
t Q.07
o f * B flight direction oos plm
;‘gﬁ} , - R -PCOSQB\EE‘% Ly
% E } e e H)/(4.8)_)BB D a2 04 0.6 o8 ._‘11
T[4 [ [continuum - B-flavour tagging |-, —
5: I I* f* *# T II*- . ta - Uallt 0.1
' ' b a.oa| |
b b W parameter r ool
L yas) Yes)  Yes) (confidence that the oo LM""
Sa7 946 1om o 1o 103 1o 10 10& other B meson's flavour q| L =22 |
L e'e” Center-of-Mass Energy (GeV) iS CorreCtly taqged) - ..'q'.rn'. - J
13
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Analysis Tools: Flavour Tagging

% High-p (primary), low-p (secondary) leptons
% Strangeness (b - ¢ - S)

* Fast 1T, slow Tt

- » 2-stage Multi-dim. Likelihood-based
utilise all - ‘ method (including correlations)
available info. » Neural Network o2

Marko Bracko : Recent results from B-factories LHC Days 2006, Split, Croatia 14



Analysis Tools: Vertex Reconstruction

By=0.425 (KEKB)
tor 0.56 (PEP-II)

At = Az
‘ C(.By)Yl

0(2cz) ~ 7S5um
0(z,.,) ~ 140pm

|P-constrained fit

Marko Bracko : Recent results from B-factories LHC Days 2006, Split, Croatia 15



The CKM Matrix

« Quark mixing in the Standard Model (SM) is described by
the Cabbibo-Kobayashi-Maskawa matrix:

Via Vs Vi
d d
S' = Vcd Vcs Vcb S
b b

Vie Vie Vi

* \Wolfenstein parametrisation :
1-A%/2 A AX (p-in)

V i = “A 1-2212 AX° +0(AY)
AX(1-p-in) -AX° 1 (A =sind, )

6.: Cabibbo angle

Unitary matrix: 3 real parameters & (CP violation)

Marko Bracko : Recent results from B-factories LHC Days 2006, Split, Croatia 16



The Unitarity Triangle (UT)

Unitarity constraints for the CKM matrix :
3 ) 6 /# constraints
Vid V=1 = Z ViV =0, —  can be shown as triangles
=l in the complex plane

“The Unitarity Triangle” (1%'x 3" column): V" VZb+ V V:b+ Vi Vt*bz OI

Area#¥ 0 — CPV

Marko Bracko : Recent results from B-factories LHC Days 2006, Split, Croatia 17



The Determination of UT

Precise test of KM(CPV) and SM

B - T, pT, pp
b- ulv vudvu[; fB: B N
@ (Y) (B) @,
B- - D_.K-
B°- DO*T Vea Ve B® - (cc)K
b-clv B° . DD (K)
B - Dolv

B experiments can provide all measurements ! ‘

Marko Bracko : Recent results from B-factories LHC Days 2006, Split, Croatia 18



Measurement of /¢,

SM: sin2f3/sin2¢p, observable due to interference between direct decays
(B~ f..) and mixing decays (B°~ B°~ f_.); e.g. the golden mode :

~

i Vi - Ve
]_30 3 %: B B w L/L, < J/w

V*td - _)ﬂ\ K’

J\

== sm2(p1 sm(AmAt) +
Mleng induced CPV

Vc . . CP eigenvalue A 00
First observed CPV in B (2001)

Marko Bracko : Recent results from B-factories LHC Days 2006, Split, Croatia 19




Measurement of sin2f/sin2¢,

The golden mode &
\:rll ¥
b r 3
' -~
BH ~—— .
= —
‘"-‘___g_
+ = 2
<V,
r
o .-'"'.-'
V= : ~
d td t ‘"'h c
“— » —<_
R7 i i RO :
b - i t 1 d .
v 7 ¥
th \m d
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Measurement of sin2f3/sin2¢,

» Measure time-dependent CP asymmetries :

=L BTt T~ ferit]) NG @ os(Am, )
[|B°> fe;t)+T|B"= fopit]

Cs ; =-n, sin2¢, Direct CP violation term (|Ampl ro|E|AmPL

)

* mass eigenstates: |BL,H>=p|B°>iq|§°>;Amd=mH-mL
o t =1t t,, (coherent BB state: B, tags flavour att_ ; B, decaystof., att
Vector KS/ KL :

« A=0and S =-n,sin2¢,
« CP eigenvalue: n.=-1/+1 (KJ/K))

rec)

. For f_, = (cc)

Marko Bracko : Recent results from B-factories LHC Days 2006, Split, Croatia 21



Time-Dependent Analysis

| Procedure:

|
Example for J/y K.:
P v SB B / Btag - Reconstruct B, meson
> = — 1= = P . \< | « Reconstruct 2 vertices
e (HER) = ~e’;(LER) | “a | A/’ « Tag B meson flavour

Coherent B;J-F ~ N
BB state: B, B, B T~ ‘@Zw
| | I Fit proper time

<AZ ~200/250“;| Brec= BCP distribution
(Belle/BaBair)

Wrong flavour tag

Popu(q, At) e [1-g S, sin(Am,At)+ 4, cos(Am,At)
S=065
Flavour tag: \ " A=0.00

q = +1 (tagged with B°)
-1 (tagged with B°)

T CRes D

Smearing due to
finite resolution

Marko Bracko : Recent results from B-factories LHC Days 2006, Split, Croatia 22



sin2B/sin2¢, from b—ccs decays:B°—(cc)K,,(cc)K,

* Tree-dominated decay (+ the same phase in leading penguin correction)
— Clean extraction of the CKM angle
» Relatively large BR's & low background due to clean experimental signature

— Experimentally favourable ... -
227-10¢ BB pairs

1200 | 535-10¢ BB pairs
} 1000} BABAR

~, | -
g 7 7482 tagged events =T 43°70 tag_ged Frents :
< 600 F 97% g'gt’ o0 purlty .
o o purity 1
— 1 I :
2 400 CPodd 1| )i I
O i i : ' :
Lﬁ 200 : : GeV/c)

0 J 4

5.2 525 " 5.3 - ;

(W GeVic M= EL) (] =

(applying kinematic constraints at the Y(4S) )
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sin2B/sin2¢, from b—ccs decays:B°—(cc)K,,(cc)K,

. ... even for the modes with K 's, where kinematic constraints cannot be fully applied:
K flight direction (cluster centre) & (cc) 4-momentum are measured
« Requirements: M. (charmonium K ) =m_ (BaBar) ; E__=E___(Belle)

— K_momentum is calculated — p_“*° (Belle) ; AE (BaBar) for selection

535-10° BB pairs —

: D 227-10¢ BB pairs

i + data

= Em -
3000} - BELLE BABAR
zsnu:— 1 J'PK X BG, K _detected 400 Jy K, signal

S 9 JAEXBG, other J/w X background
2000~ B combinatorial BG 300

- . ! ! Non-J/w background
1500:— E 6532 eVe_ntS 200 : 2788 events
1000[ ! 99% purity ! 56% purity

- 100 :

5000 |1
- 0 _ :
20 -10 0O 10 20 30 40 50 &0

aﬂ 02 04 06 08 1 12 14 16 18 2

pC"™ (GeVic) AE=E. " -E " [MeV]

beam
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sin2B/sin2¢. from b—ccs decays: Latest Results

hep-ex/0608039; hep-ex/0507037 || hep-ex/0607107; PRL 94, 161803 (2005)
s . '

Raw asymmetry  Events /(0.4 ps)
. y
i

Entries / 0.5 ps

]
( =] :
<)
NEREEARE

Raw asymmetry  Events/ (0.8 ps)
<)
n

E
< . °F =g 3= -
. CP even CP even . —+= . _
755 250 25 5 . 348 106 BB pairs; ’ T acen
" e Jy K, w(28) K, XK, n K,
535-10°¢ BB pairs; Jiy KL & Jly KYK'—K, 1)
Jig K. & J/y K combined : combined :
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sin2B/sin2¢. from b—ccs decays: Latest Results

hep-ex/0608039; hep-ex/0507037 || hep-ex/0607107; PRL 94, 161803 (2005)

Raw asymmetry  Events /(0.4 ps)
. y
i

Entries / 0.5 ps

=
tags 7 =
+
4
& -
-

s : _;:6\)' = ‘_\%51 -
$ *‘*4 Y o }
] ~ . L

e A .
AN Nt 7s 34810 BB pairs; Ky ﬁ{@ T acem
_ ENENS Yy Ko, w(29) K, X1 5019

535-10°¢ BB pairs; Jiy K & Jiy KKK, 1)

Jiy K. & J/y K combined : combined :

sin2 ¢, =0.642+0.031( stat)£0.017 (syst) sin2 B=0.710%0.034( stat) +0.019(syst)

N
=
o

T T
0
"

Raw asymmetry ~ Events/ (0.8 ps)
<)
o i

Asymmetry

(-C)=0.018+0.021(stat)+0.014(syst) | |C=(-A4)=0.07£0.028( stat)+ 0.018(syst)
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sin2B/sin2¢. from b—ccs decays: ICHEP 2006

T I T I T I
= sm(ZB) sin(2¢, ) EEXY 1 o0 as
PRELIMINARY 0 840+l].82 H0.16
: : -1.04
BaBar . N 0,710 +0.034 +0.019 p({'}.‘l[})lF] | . 0.910£0.370
IEI a 'l - +0.43 +0.070
No reference yet Bﬁll%z%} | o q' 0450 5,44 0000
BaBar 2000) | | . . 0.12040.370+0.09
Belle 0.642 +0.031 £ 0.017 el %li% | | g0
o reference yet {%bﬁmloli)lﬁ | | 0 340+:120:}r::05
BBa 0 —— HO02000,
+ Belle (2001 0.990+0.140+0.06
Average A 0.674 + 0.026 { 31.51{1 BB} -
2
HFAG | | Babgr 201 — 0.590+0.140+0.05
Belle (2002 0.71920.074+0.035
0.5 0.6 0.7 0.8 N b
. i BaBa (2002 N 0.74120.067+0.033
- B-factories average : RN 5
Belle (2003 o 0.73140.057+0.028
- - (152M BB}
— — ) ‘
S=sin(2¢,)/sin(2B)=0.674x0.026 e | e
Belle (2004 0.728+0.056+0.023
(-C)=—0.012+0.022 BISA B ]
Belle (2003 0.65240.039:0.020
BaBar (2006 0.710+0.034+0.019
(347M BB
Belle (2006 0.64240.0310.017
(535M BB
Avera 0.67410.026
(8 expl) |
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sin2B/sin2¢. from b—ccs decays: ICHEP 2006

= SlIl(2 B) = SlIl(Z(])l) @ OPAL 32007 40.5
PRELIMINARY [1998} 08
BaBar ; : L 0.71+0.03 £0.02 0840 1542016
No reference yet . : CDF 0.910:0370
Belle |+| 0.64 +0.03 + 0.02 (2001 043 +0.070
No reference yét Belle{ g%} 0.450 044 0090
ALEPH : o | , 08410%+0.16 BaBar 12000{ . 0.12040.370+0.09
PLB 492, 259-274 (2000) ' T 0 (9/th 32000
OPAL . 3.20 *189 + 0.50 (Fe%eﬁl{%ol% 0.580" 3, "5 100
EPJCS, 379-388 (1998) | e 0.34040.200+0.05
CDF : 5 O » 0.79 241 Feb. 23M BB
PRD 61, 07200:5 (2000) : ' . ' %elllg I{%(IBO]%} 0.990:0.14010.06
Average ; + '
R a E | 0.675%0.026 Babar (2001 0.590+0.140:0.05
5 1 0 ] 5 3 e I&(ﬁﬁﬁ} 0.719:+0.074+0.035
. ] BaBar (2002 0.741+0.0670.033
- B-factories average : RN 5
Belle ;%3} 0.731:0.057+0.028
S=sin(2¢,)/sin(28)=0.674+0.026 SRR RN
(-C)=—0.012+0.022 i OIS0
Belle (2003 0.652+0.039:0.020
e \World ave rage : Babar (206 0.71040.034+0.019
Belle (2006 0.642:+0.03120.017
. " (335M BB
S=sin2¢,/sin2 =0.675+0.026
;?gl{';ge 0.67410.026

* Precision measurement (< 4% error) & Reference puoint of the SM

LHC Days 2006, Split, Croatia 28
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sin2B/sin2¢. from b—ccs decays: ICHEP 2006

b%CéS CCP= 'A ICHEP 2006

PRELIMINARY

BaBar L 0.070 +0.028 +0.018
v ™

No reference yet

Belle o -0.018 + 0.021 + 0.014

H————H
No reference yet .
Average L 0.012 4 0.022
HFAG P

-0.1 -0.08 -0.06 -0.04 -0.02 0 0.02 0.04 0.06 0.08 0.1 0.12 0.14

e There is no direct CPV in the SM ...
but ~20 difference between the two B factories ...
=>\We have to wait for more data again ...
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B/@. Constraints from b—ccs Modes

« World average. p = (P1 —_ (212 + 1.0)0

or
B= ¢, =(68.8%1.0)

Ambiguity has to be solved
| with additional measurements

n=(1-a*/2)n M)l . i

-0.2 _

-0.2 0 0.2 0.4 0.6 0.2 1 p :( 1 _ A2/2> p
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B/@. Constraints from b—ccs Modes

 \World average:

-0.2
-0.2 0

I 1
0.8 1

I 1 I
0.2 0.4 0.6

|1sin2¢p,=0.78+0.44+0.22

B=@ =(21.2£1.0)

or
B=¢@, =(68.8%1.0)

LP 2005
PRELIMINARY

Ambiguity has to be solved

| with additional measurements, e.q. :

* Time-dependent Dalitz analysis for
B%— D%h® (b—cud)
(DO(*>—>KS1T+1T' ; h=w,n, 1)

hep-ex/0605023
PRL submitted

_ +0.40 +0.22
cos 2 P,= 1.87 -0.53 -0.32

P =(1-A°/2)p

Marko Bracko : Recent results from B-factories
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B/@. Constraints from b—ccs Modes

« World average. p = (P1 —_ (212 + 1.0)0 |
' i : : or
B= ¢ =(68.8%1.0) |

PRELIMINARY

ﬁ:(l_}\z/2>n BE(])I &

> Ambiguity has to be solved
1 % | with additional measurements, e.g. :
|S | e« Time-dependent Dalitz analysis for
0.8 - i B°— D%h® (b—cud)
. E (DYO—=K 1 ; h=w,n,TT )
o r °y < . e >
- N[5 || = 080 R e /0605023
0.4 N S (o, g cos2¢,=1.87 55 .93 PRL submitted
. e J
0.2+ é"O)" &
: e
. =
0 _ ______________________________________________ S
0%2 0 02 04 06 08 1 F_) =(1 -2\2/2) 0
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Measurements of a/@,

Marko Bracko : Recent results from B-factories LHC Days 2006, Split, Croatia 33


http://www.dex.ne.jp/mantan/search/std2_search_preview.jhtml?start=39&lastServiceTime=1091629566859&number=37
http://www.dex.ne.jp/mantan/search/std2_search_preview.jhtml?start=10&lastServiceTime=1090676093961&number=1

1.2

0.8

0.6

0.4

0.2

Summary of a/¢, Measurements

I e @ B — WA I
COOEE B—pn 1 Combined
I B—pp —e— CKM fit |

=

. # B
N I T B AR T P B

a/@, =[93 1 ]°

It turned out
to be more difficult
than expected

20 40 60 80

o (deg)

120

140 160

180 two years ago...
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Measurements of y/¢@,

Simple mixing CPV
% @ (with By)

interference gives 0x¢,(B*)

Marko Bracko : Recent results from B-factories LHC Days 2006, Split, Croatia 35
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Summary of y/¢@, Measurements

B S

- O - DK™ GLW + ADS :

1.2  FPCPO06 ... D(*)K(*) GGSZ [ Combined |
e |sin(2B+y)|  +e- CKMfit |

. A i
- . :
| .
WA |*

0 20 40 60 8 100 120 140 160 180
Y (deg)
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Measurements of |V_| and |V _|

Semileptonic B decays - reasonably good theoretical understanding

two =) exclusive final states
ways: =) inclusive final states

Vcb ’Vub

) W-
° cy LAY

q q
AV, < 2%
AV, | ~ 7% SEVERAL THEORETICAL
APPROACHES TO HANDLE

HADRONIC EFFECTS
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Summary of Measurements of UT angles/sides

|=

-

06 — & i —]
= 2 : _
~ b ! -
K 5 J

0.5 = o sin2p § —]
- = i —
- @ 0 _
@ i -]

04 [—|® | T
— =] ' —
- @ T —

o +
- | -
- |2 | -

03 — 3 —

02 — | —

01 é =
o : B

0 1 I 1 1
0.4 02 0 0.2 . 04 0.6 0.8
p
_ | T | -

06 — & 7
— & _
-9 -
C |3 -

o5 — & 7
- | ® ]
— = —]
L ol ]
4@ -

04 £ —
ro ]
— 1] —

=
- E -

03 = § —
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Summary of CKM/UT Measurements

1.5_ |d|1j::j l |h| éLIDIEE! EERUREE EEET
B ‘% =
B : 0 Am, i —
1— ; '-":] ] - —
5 o e KM-phase
: | ] |source for CPV
0.5 ~ |~ Established !
g :
= o1 . _
RN 7 Precise Test of SM
B - (& search for
0.5 — . NP effect)
e % 1 ~inprogress
B . 5 -+ (Need more Data)
B % 13:}1.'::?5?;913 i
1.5 E IlI:HElFlElmEI e b e e e ’}:’ . o W .
-1 -0.5 0 1 1.5 K

0.5
P
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Search for New Physics

In spite of Great Success of SM, there must be
New Physics beyond it at High Energy scale

CPV in B decays| a powerful tool to search for NP (New Phase)

Rare B decays | excellent opportunities for NP search

Loop diagram  Penguins [b—s(d) y, b—s(d) /']

o

b s (d)

¥

Decays involving T (- H?)

T Decays (Lepton-Flavor Violation = NP) : B-factory = t-factory
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sin2fB*"/sin2¢. " from b—s Penguin Decays

vcs vcb*

SM scenario :
S =S = sin23/sin2¢.

CCs SSS

ACS=ASSS=O

Cc

Marko Bracko : Recent results from B-factories LHC Days 2006, Split, Croatia 41


http://www.dex.ne.jp/mantan/search/std2_search_preview.jhtml?start=10&lastServiceTime=1090676093961&number=1

sin2fB*"/sin2¢. " from b—s Penguin Decays

‘/ts ‘/tb:

SM scenario :
S... =S, tAS,, = sin2B/sin2¢,
A CS - ASSS - O

Cc
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http://www.dex.ne.jp/mantan/search/std2_search_preview.jhtml?start=10&lastServiceTime=1090676093961&number=1

sin2fB*"/sin2¢. " from b—s Penguin Decays

‘/ts ‘/l‘h*
SM scenario : Scenario with New Physics :
S... =S, +AS,, = sin2[3/sin2¢, S_ #AS,, *+ S,
ACCS - ASSS - O ACCS # ASSS
Theoretical evaluation for AS,, are crucial for each sqq mode !

“b - ccs: sin2@,” (SM reference) m=) deviation(?)
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http://www.dex.ne.jp/mantan/search/std2_search_preview.jhtml?start=10&lastServiceTime=1090676093961&number=1

b—s Penguin Decays: B’ —¢pK®°

« Almost pure penguin (“golden” mode) 2w 'H' 'B' R ['H,;RL_'KU',__'__.}
« |AS,|<0.04 (CPV phase beyond SM?) % o preiminary —
¢ clean to reconstruct; but BR~9x10% © af
60 g
- - g=+1 a C
@ [ ——gq=—1 a
L 40 :
o ! o N\
D : 1= N\ -
_.E. 20 B ]
L [ 05k s
g‘ C | —s ‘ 2
= < 4]_5::._‘ ain Systematic | —¢4— i
GEJ - Contribution -
=3 . ., b A= Daligmodel J 3
< Simultaneous fit £ = « =z _o 2 ¢ ©
sin2¢41(J/yKO) case [for K &K sample 347-10° BB pairs
............................. .

-7.5 -5 -2.5 0] 2.5 5 7.5

-EAl(ps)

535-10¢ BB pairs

S=sin2 ¢ =0.50+0.21+0.05
(—=C)=0.07+0.15+0.06

S=sin2BY=0.12£0.31£0.10

(—A4)=0.18+0.20+0.10
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* Another “golden” mode:

» Largest branching ratio among the b—s penguin modes (BR ~ 6x10~)

® IASSMI < 0.04 n,Ko
@ : QB% Ve X —— q=—1
2 100} —x
PR : %
G,_J I :'. n
Z 50f i .
5 _
of

O
(&)
——r—r—

Asymmetry
o

o
o
——

L5|35M7§§ *% ¢ sps] hep-ex/0608039 |l Baam BB At(ps) | hep-ex/0609052

“sin2¢,” = +0.64 £ U.TU £ U.U4
5.60| A =+0.01+0.07 £0.05

]

Asymmetry Ewvent
— =
':_.:F'I C_Fn

. el
w20
NER

=8

30F (c) 'K,

n’Ks

;o
i iy e e
o=

5 0 3

“sin2¢,” = +0.58 T U.TU T U.U

9.00 A =+0.16+0.07 £0.03
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Summary for b—s Penguins in 2006

sm(ZB Ty = smfzqn BlLEAS,

PRELIMINARY

... Rverage [ i %
o BaBar i ek
X Belle :

e
ke

¥ BaBar QzB
¢ Belle
. Average

0.68 +0.03

012+0.31£0.10
0.50+0.21£0.06
0.39+0.18

055+0.11£0.02
0.64+0.10+0.04
0.59+0.08

0.66+0.26 £0.08
0.30+0.32+£0.08
0.51+0.21

0.33+0.26 £0.04
0.33+0.35+£0.08
0.33+0.21

0.17+0.52+0.26
0.17+£0.58

0.11 +O46+007
0.48+0.24

0.62+0.23
0.18+0.23+0.11
0.42+017

-0.84+0.71 £0.08
-0.84+0.71

0414018 +0.07+0.11
! 0.68+0.15+0.03 77}

+0.12
0.58 +0.13 75

In all 9 modes

Smaller than b=>ccs

recent theory estimates :

Beneke, hep-ph/0505075

Cheng Chua Sonl hep ph!DSDEZSS

1 2

-0.1 O 0.1
sin2p(penguin) — sin2p(J/ywK%)

02

Theory :
tends to
positive
shifts ...
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Decays with “Missing Energy” (2 2 neutrinos)

SM: v

Gemp m2 . o 5 >
g mz(1 — —5)f5IVil“TB

70 mB T

B decay constant - Lattice QCD

B(B — tv) =

BSM : sensitive to New Physics from H:
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B — tv : Experimental Challenge

Always 2 2 neutrinos appear
in B >1Tv decay

Majority: 1 track + invisible

449M BB

o [N= 680k ’

g eff.= 0.29%

g |purity =357%

3 Tag-side: Full reconstruction

5000 -

B*® DY’ +p*/r*/at/ DO
L 5op0/ bog L. prg

5.22 5.24 5.26 5.28 5.3
Moc (GeVicz)
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B — v : Candidate Example

Exp d3 Run BTH Form ¢ Ewvent 1707493

— Eber LK) Eler Q.0 Mon Feb 9 17255248 2004
B+ - Dﬂ TL'+ B E LL E ;rtﬂt[?; 0.0 Etet(gm) 0.0SWD—M 0 CDC—M OKLM-R. 0

Signature:
Remove Tag-side

S T o
7 . ] \\_\\.\}.- ;‘:'.,-':-.: m—mm :.---;:'.,' ..'..:';;:__ o, . .
S i . ¢
.l-';.'-..- pym el g I|II". .,
e Sk ;

1 tracku: nothing

No extra tracks
Ece. ~ 0
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B — 1v : Signal Extraction

E.., : extra neutral energy

50

40

Events / 0.1 GeV

30

20

RS L

' S
l.-".
am® g
" i
. H
- o

oy
a,
s
1

10

|-

Signal +
background

+

+

Y —

B%‘Z'J |
Signal

— hep-ex/0604018
449M BB submitted to PRL

5 T decay modes

Observe 17.2*33 events
significance = 3.50

B (B+—» T+V) =

(1.79 £ 0.56 + 0.39 ) x10™
0.49 ~ 0.46

/1t Evidence of B decay"\
with22 v !!

—3

4

Big step for the future
" of hunting for NP -
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B — tv : Average results

Evens/l. 1 W

BF(BT-T1*Vv.)

| J |‘ '
] = (0.88 T5o7+0.11) x10% 334M BB
BR< 1.80 10 @ 90%CL b 0.0 02 03 04 05 06 07 08 09 |

Semi-leptonic tag onlye='*"

Combined [hep-ex/0608019]

(1.36 + 0.48)x10+ A
e . [: § + (mesonaics et
0o 05 1 . 1.5 j 25 3 1 ; t'll I Sackiopound MC (scaied)
BF(B-- TN i - —] e
¢ |V, | = (4.39£0.33)x103 (HFAG) g I{ ;
[ :
_ 3k scaled to _

— | . - —— - r ]
fB =0.21620.022 GeV (HPQCD) IE_ (.1 02 03 04 0506 070809 |
PRL 95, 212001 (2005) -
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Constraints on H*Mass

300

250/ N
~ L ]
2L ¢ ]
%znn— |
G excluded 7
o — -
% — -
o3 B _

= 150
+ B .
L r ]
100 __ Tevatron Run I __
i Excluded (95% C.L) ]
L LEP Excluded (95% C.L) i

5{] ] ] ] | ] ] ] | ] ] ] | ] ] ] |
0 20 40 60 30

tan 3

Use known f; and |V, |
Ratio to the SM BF.

2
m
r, =(1- —£tan” b)
mH

r,=1.130.51

ry |
T T
tanf} / m(H*)
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B - K*vy : Motivation

b= s with 2 neutrinos

SM: BR(B>K' W) ~1.3 x 10° e
BR(B>K vv) ~4x 10°

(Buchalla, Hiller, Isidori)
PRD 63, 014015

DAMA

-4l

* New Physics in Loop
* Light Dark Mater (M~1GeV)

Cross-section [cm

No sensitivity in Direct search

]-D"I'-!' ]'i]l:-hU]lT.'Hl]] 3 - ,
10 107 10
WIMP Mass [GeV]
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B - K®yv : Results

[hep-ex/0608047] Similar exp. technique as B - T'v
% 14 _|-|__ MC expectatlon Full-rec. tag & K + nothing
E 12 535M BB 460K tags *
o 10F Yield =4.7%;
L%’ 8 (1.70 stat. significance)

Sideband = 19
MC expectation = 18.7+3.3

B(B% — K*0yv) < 3.6 x 10-4
0

1 (90% C.L.)
0 02040608 1 1.21.4

“ealGV) ot BaBar L—I85M 55 %

Extra Calorimeter Energy N T i
B (B 2K v ) 9 20%el sy

Hope to see Signal in the (near?) Future ...
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b—-dPenguins:b—->dy

[PRL96,221601(06)] E47|\/| BEIW
20 .

18t B— (p,n)y [S86M BB
"o 16 > 2 50-
> 14 LP05 5.50 s S
= 12 . | 2 | ]
37.2 signals S0 e S\
N - - o f ]
31: Slgnals LR S YT *
E oF Established !gsoBABARJF B py
2 §40 .
B3~522 524 526 528 53 S TTTRL/
2 T 20 +
M, (GeV/c) 2" AL
. & [hep-6x/0607099]
BR x 1[)—0 BqBar Belle | 55§55 520835 536 527 s28 8255
Bt — pty |1.067,75 £0.07]0.55 5 o1 M:s(GeV/c?)

BO — 0 [0.7710% £0.07 | L17H 05000

VIV
B' 5wy | <ot Josstygil| New Physics
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b — d Penguins : B —» KK

2004/5 :
Evidence ==) ‘Observatlon ! ‘

D>
449M BB B — K% feed-across

45 F—
40 t KK
35 F
3 +9.6
30 £ .
o5 —37 -8.3
20 F
15 A
10 /\
g:_II/'_\ D:.l'.';_..{_:___.”-l.
52 52255255275 5.3 0.2 0 0.2
18 E
16 E-KUK(J
14 |
12 | +6.5
i Ao 13 :23 -5 4
730 : |
557 s28 529 a
0 3 1

M. (GeVic?)
[hep-ex/0608036] [hep-ex/0608049]
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Summary and Conclusions

Excellent performance of B factories
Belle + BaBar : > 1000 fb' data !

« CPV in B decays: KM phase = source of CPV (~Established)

« CKM/SM tests: _
Precision measurements of sin23/sin2¢, via b — ccs decays :

S=sin2¢,/sin2=0.675+£0.026)] Precision: < 4%(1°)
Other CKM parameters' precision: ¢, , ¢, ~10°—-30°; [V [~ 7%

NP Searches: _
Measurements of sin2[3*"/sin2¢_*" via several b — sqq modes

(B — DK, K* K- KS, n'K®, KKK, KT, f (980) K , w K_ etc.)

S S S

Strong hints of Asin2f < 0 (between b — ccs and b — sqq)
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Summary and Conclusions

5" First evidence of B decay with 2 2 neutrinos
s b—d/s;EW;radiative penguins ...

* | did not have time to mention exciting results in hadron spectroscopy ...
... charm baryons ...
... strange charm mesons ...
... discoveries of unknown new resonances (X, Y, Z)
and measurement of their properties ...

. DO-D° mixing: New upper limits

=) Many new results still to come with more data!
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Super
@LKB Future Plans: SuperKEKB

Super KEKB Proposed Schedule

10
SuperKEKB
L ~1.6x103¢ 1.6 - 3x1034 4 - 8x10%
peak \

g | e > < > <
o
S
> 5 oB BB and 1*1”
@ every year
£ 2 yr shutdown for
g upgrade N A
B 7 Crab cavity installation
©
D Belle is here.
£ 2. 0.63ab-" <>

0 —

2000 2002 | 2004 2006 | 2008 | 2010 |

Calendar year

[ ILC inspired Super B-factory (INFN/SLAC) L___.~103%]

peak
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Super _
@ﬂ SuperKEKB Schematics

~Super Belle

‘ cNew meuper QuaD

New beam pipe
& bellows

More RF sources t

ﬂ‘
'®Y

3.5 GeV e  beam
9.4 A

More RF cavities

Energy exchange | @

4 5 X 5 C-band ( Damping ring

Positron source

~8 x 1035 cm-2s-
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@)} SuperkEKB: Physics Reach

i J [ {FREEn Jooo]
AS(0Ks) 5ab1 50ab1 W 2fb'1w LHCDb
AS(K"K'Ks) By :
AS(n’Ks) o
AS(KsKsKs) HH
AS(n'Ks) H
sin2y(Bs — J/yo) r
S(K™) H
Br(B — Xs) -
Ja{ (B = Xs) i
W/ iFHEKIIJ | | i
m’ A (KTT) | | .

I‘v}v-r‘v*'r'-r'r-‘r'rvﬂ'r'r.rv*'v"vvﬂvv*v'v{rv.rv-r‘vﬂ.v

-I'-"."I'I'I"E"'I‘r""."*'*'m'I'{"."EI’{'I"I' -----4
U) i
C
©
(4
—
2N
[Tl
2N
o

Bi{fh ----- » 1) i i |
Br(B" — K'vv) R S
Br(B' — D) o
l!n]:‘n » D) | ; |_5_|
sin20, E
0,77 isospin) "
M;ﬂr} ﬂ
0,(DK"") W
@.{Bs%i{i{} -
0,(Bs — DsK) ' | " |
uhi ] | |i’";"{ [ —

T 0 0 055 03 1 01 03 0515 03 01 01 03 05
Physics at Super B Factory (hep-ex/0406071)
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