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Flavour Physics I

The CKM Unitarity Triangle

order of magnitude: A+ +A°
Hudvrh o v:‘fiv,h i Vfdv:‘h =0 <l

Cabibbo-Kobayashi-Maskawa | B°— 7177 or @ : - ﬁ —
matrix elements '
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QOutline

e Selection of charmless hadronic B decays
— First observation of direct CP violation in B physics
e Charge asymmetry inB —Kmn

- New non-leptonic B decays
e B> KK KK
Understand hadronic physicsin weak decays I
- Experimental measurement of CKM angle a.
- Time-dependent CP asymmetries

e B 1w

e B> mnn(pn) Dalitz New power ful constraint
on CKM UT (p,n)
eB— pp

Many results not covered here, you will hear about them in few weeks




Where we

started from

www. utfit.org.

hep-ph/0408079

| nputs from kaon
Physics, B physics,
Lattice QCD,HQET

S el

XS

1 1 1 1 |
-1 -0.5 0

1 —

P

n =0.348 + 0.028
p =0.172 + 0.047

n=0 — CPviolation in B physics |

The challenge isto constrain the triangle
with “angle” measurements only



Direct CP violation has been observed in Kaon system

We had not yet observed direct CP violation in B meson system
arising from decay amplitude

, , It took more than 30 years to

,K\f_ —|A establish DCPV in Kaon
Acp =—5 a 0 — Direct CPV  system! ["o 53750 (1999)
Al A Re(e'/ &)~ 28x10™
Experimentally: | Br(B— f)-Br(B— f)
look for charge asymmetries A, = S
(in rare decays though...) Br(B—> f)+ Br(B—> f)
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BABAR

200 ——

Rare decays, need a B-factory!

// PEP-II Records

PEP-Il Delivered 253.16/fb
 BABAR Recorded 243.70/fb

BABAR off-peak 22.68/fb

// Peak luminosity 0.921x10% cm2 st
//// Best shift (8 hours) 246.3 pb?
Y Best day 710.5 pb?
/. Best week 4.200 fb?
Best 30 days 16.05 fb
- =] | BABAR logged 243.7 b
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Analysis techniques

High reconstruction efficiency

0.8

‘ —.JE? o

Cerenkov angle
e No charge confusion.
e separation n/K at high momentum

|_Monte Carlo

500

400}

- Signal

300

0.5 1 1.5 2

-1.5 _-I -0.5_ 1] g .
Fisher Discriminant

0.78

- (b)

b Rej ect

= e'e —>qqQ
events
topological variables

E in

Y- Neural Network or
p(GeV/e) Fisher discriminant
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Extracting rare decays

e Small BF (10° - 10%)
- Need high efficiency analysis

— Detailed parametrization of discriminant variables
e Globa maximum likelihood fit

 B4B4rR 1 " BABAR ggr':}gfé
ng Control Sample +% ] Hm | +¢%BU—}D -
r"E:':"su:n:n— - + | — % +
2t B'>Dn" || s Boxrt
[ $ 9 ] E I‘-:J B_/‘XK
£ B : § ]
5 f I o3
™ background |t ]
ii':;g,/;c,;;//,%,ﬁ_ ...... 2 e Rt
'5.20 Mg (Gc‘v’.c ) 5.30 015 AE_ (GeV) 0.15

Count how many K* and how many K-...
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224M BB pairs
First Observation of Direct CPV in B decay
B® - K*z )=910

Ny, =1606+ 51 n( |
A, =—0.133+£0.030£0.009 | n(B’ K 7")=696

)

> 400 5 400F L BABAR -
= =
vy o
200 < | 4.2c, Syst. .
2 % /") included
5 = FoA
2 =200 - -
2 0.1 i i\ background
5 T f :\ subtracted
A - -
z | - -
< _0.1 signal enhanced * - i -\
P R S S RS ST R S S S R S 0_ | L | :. ® I‘ =
52 522 524 526 528 5.3 01 0 0.1
5 . .
mgg (GeV/e') AE (GeV)
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A : systematics and cross- checks
v’ CPV due to mixing ruled out ] Systematics:

PRL 89, 281802 (2002) Source Error
Signal fisher PDF 0.001
v’ Asymmetries consistent in different 0. PDE 0.001
Kaon momentum ranges P:)tential MC bias 0.003
4 Asymmetries consistent when Potential Chargebias ~ 0.008
including decay time information Total 0.009
v Asymmetries consistent in different Background charge
running period _ asymmetry free in the fit:
v Asymmetries consistent with SM 5
predicti()ns A(;r = OOOli 0008

Running period:

Sample Ngz  nxa Akcx Al
19992001 21.1 142 £ 15 —0.240 = 0.102 / 0,006 £ 0.026
2002 66.4 479 £ 27 —0.102 £ 0.055] —0.008 4-0.015
2003 34.1 241 £19 —0.109 = 0,079 0.007 +/0.021
2004 1049 743 £33 —0.142 £ 0.044 \ 0.004 4 0.012
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BABAR

rpreliminary

o
= T

- ngnﬂ =
300+ 23

Events/(4 MeV/c’)

[=]

m,,... (GeV/c)

522 524 526 528 5.3

E BaBar
] E preliminary
o 200 N{Kgn*) = 744 + 36

0 : _'_++_|_ -+

'Ln_'l'I’H—. I

5.25 526 527 528
mgs (GeVic')

Events/0.006 GeV

3

Events/{20 MeV/c?)
=

j&{ﬂﬁ |

| preliminary

Branching fraction measurements

224M BB pairs

Mode

branching ratio (10~°)

B+ — K+TTD
”U . {Elﬂ_m
B+ —_— I{DTF—I_

B -~ K+ta—

12.0 £ 0.7 £ 0.6
11.4 £ 0.9 £ 0.6
26.0 1.3+ 1.0
1794+ 0.9+ 0.7

9.2 5.3 5.4

Mode

asymmetry (%)

mg, . (GeVic)
100 B1Big
goL Preliminary
ED?—
40F
20F
0 LIl '|+. 1 . L
01 -0.05 O 0.05
AE (GeV)

G.Cavoto

BT — K+TTD

B+ —_— I{D?T+

6611

—8.7+4.6+1.0



~. [BABAR > [BaBir
§ 200 reliminary ] @ 20mpreliminary .
o [ N .— = o ]
O [ kKL 1 e
w10 23.0+7.2 E=R .
S | 1 2 ]
E Q'- # * ] E
. (] I | ) ) + c 3
22AM BB pairs £ ! + - e —
u::5.25 526 527 5.282 5.29 -01 -005 0 0.05 01
. . m.. (GeVic) AE (GeV
e First evidence for B N (GeV)
OK O L 30 B4Bar o 400 ByBar
KK E 25t preliminary g . preliminary
e Hint of asignal for K*K0 g 20 NKsk) =41+ 14 S %
S 15; % 1
o b5F ] I
> : 10F
L '!'—— I 3% -
-5:_| T I TR I {};..“If’.n.l.u.l.n
525 526 527 528 , 0.1 -0.05 0 0.05
mgg (GeVic™) AE (GeV)
Mode Signal a Branching ratio (10~¢) Asymmetry
B — K'K" 23.04+7.2+2.0 4.5 1.19 + 0.38 £+ 0.13
Bt — K+K© 41 +14+ 3 90% C.L. < 2.35 [-0.43,0.68]
3.5 1.45 4+ 0.50 £+ 0.11
B — KTK~ < 16 - < 0.6

How can we tranglate all thisinto CKM phases?
G.Cavoto



M.Pierini talk at
|CHEPO4

Hadronic interactions hassles

(X
 11;?7t Col or
y suppr essed

B T B 4 \ Renormalization Group
Invariant quantities
Color (Buras & Silvestrini,

~O(1) allowed CE hep-ph/9812392)

Charming and
GIM penguins(c-u)

Connected Annihilation yg
(a.k.a. W—exchange)

Perturbative calculation of hadronic contributions too naive.
Aqcp/mb Non-perturbative terms

B T AV U



|CHEPO4

A wor king phenomenological model

Evaluated with

Weak

Amplitudes .
.;’I(Bﬂ — K* ﬂ:_) — Vrg Vr,{}*x PI(C) = Vns Vub*x { EI'PIGIM(”-G) ;

ABT— K1) H-Vis Vi X P (W Vs Vio™ X {A ~P 6m(u-c)
V2 4B = K n') Vi Vi X PO s Vi X {E +E +A -P om(u-c)}
\3 aAB’ = KO n®) =4V Vi X P (-1 s >< ‘E +P Gfu(u -c)}

sensitivity to the angle v
P\(C) ~ Agco/ My . ! e

Charming Penguin~ A Vis Vs~ N

® Parametrize Aqcp/m, terms

e Global fit to BF and ACP, statistical test for consistency of
theory with experiment

e Two terms with different CKM elements: interference!

sensitivity toy G.Cavoto

M.Pierini talk at

Complex parameters (strong phases!) —1 Factorization technique



M.Pierini talk at
| CHEPO4

B —» KK system

Charming Penguin ~ A Vig Vip'~ N
2B — K K) = o <A,

AB* — K"K =V Vi X P Via Vio' X {A - P omi(u-c) |
=V td Vrb* X P;(C) B Vad V,,;X ‘{P;Gf*""f(“'c)}

AB’ — K°K") =
Different CKM matrix element as Kn
Different amplitudes (different quark contents)

Pure penguin, sensitive to new physics effect!!'!

Given the small yields, application for a super B-factory?

G.Cavoto



| nput from HFAG averages

Constraining the big picture

Good agreement data/theory

M.Pierini talk at
| CHEPO4

Channel | BR'™ x 10 | BR*® x 106 A%IP AGE )
A(K*r-) predicted!
Ktr~ | 191407 | 18.2£0.8 || —0.07£0.02 | —0.11 £0.02
K+tz0 | 125405 | 12.0+0.9 | —0.07£0.02 | 0.06 +0.04
KO+ | 235+09 | 24.62+13 | 0.00L£0.05 | —0.02 £0.03 _ _
Ko |[9.0£04 | 11.4£10 || —0.01£0.04 | 0.09%0.16 Hints of discrepancy??
A posteriori PDF
steriori PD . 3844
04 . 21 ) (p’n)
Evidence of | ITfit free input
non-perturbative T alue I
02 0.1
effects
0 0 'LL'- jrll
0 0.1 0.2 0.3 04 0.5 0 50 y 100 150
P,(c)

(normalized to E,) Charmless 2body decays
still within SM framework
G.Cavoto



mixing

Decay- mixing interference

f fep

osci w RO

B_O Decay+

No oscillation

Net

( phys(t) — fCP)
+

( phys(t) — fCP)

fep

) F(E?,hys(t)a fcp)—r(

thys( ) — fCP)

Afcp (t) o 0
F(Bphys( ) —> fCP)-l-F(Bphys (t) —> fCP)
A, =-C,_ cos(Amt)+S; sin(Amt)
_ For single
Amplitude ,  amplitude
ratio 1-| 4 | 0
/lfcp = o _1+|/1fcp |*
_ —2ImA,
~e o ™ 1 A P =-Im4,,
CP parameter A |
C;_ #0impliesDirect CP Violation

G.Cavoto



o from mixing- decay Inteference

b un d transition |

B° mixing B° decay: tree B® decay: penguin
b H ‘ d Wﬁ;“ﬁ< g’ T b w- dﬁ T
@ 7 b | @] wertnl,
d —e—e—1b 3 7 d 77
A/ pocVigV NVs AoV [ac 2 Acc VoV, [oc 2
Infact: | oL = 7T - 3+y)
— a1 P [
_gqA 2ia1 %e 1] @2
T
I~
9 _g2s |A=e"T+e"P,
P A=e"T +e"P
G.Cavoto




_ AB'—> T
[2.aB* — n* 1’
2. 4B — n° 1) =

e Youfitfor sin(2o.)

— Isospin analyses
e Eventualy you want

Current predictions

Charming Penguin~ A’

P,(C) ~ Aqcp/my,

— Time dependent CP asymmetries
e Youdliketo extract o

(p,m) constraints.

Sin(2a) = -0.16 + 0.26

G.Cavoto

Prob. density

ki jf
Vrm’ V:fh -~ )‘v

- V'Hd Vﬂb* X { EI+A ,-P}'G’mff(”-c) }
- Vad Vub*x {El,_l_Ez}
- Vtm’ ub* X { E_-:_Az_l_P;GI‘M(M-C) }

=
LA

Q
T T T T [ T T T T

,_
Lh
L L

,_
| L

UT fit
prediction

-1 0.5 0 0.5 L

Sin20t




Time- dependent analysis

Asymmetric B-factory

Exclusive B meson
reconstruction
flavour or CP eigenstate

e e
rec

e Y(4S) e” 50

tag

Az 1
Al ~ ——
By c
At is a signed quantity Inclusive reconstryction
B-flavour tagging

oy ~1ps< 170 um
7y ~ 1.6 ps < 250 um Tagging perf ormance: Q =30.5%

G.Cavoto




B'—>n*n sample

Likelihood ratio cuts

100

—~ [ B4BAR . BABAR
o 200 preliminary . S | preliminary
> T [
Q =
= 150- - p 3body
ol ™ 50 Background
2100 1 ;ﬁ negligible
2 . c
e [ 68%ofN._ g
E 50 59 of N, W 169%of N, -
I — (11% of N.. . 2.7% of qq ]
o 13% of qq |, . 0 . | .
5.2 5.25 5.3 -0.15 0 0.15
m¢ (GeVic’) AE (GeV)
224 M BB pairs N,, =467+33

G.Cavoto



B'—>n*n time- dependent CP asymmetry

224 M BB pairs

Events / ps
W
S

S =-0.30+0.17+0.03
C._=-0.09+0.15+0.04

Events / ps
W
S

o

h O W

6 4 5 o 5 + ¢ Noevidenceof CPvioIationI

At (ps)

o

Asymmetry / 2 ps

G.Cavoto



Belle versus BaBar

— Bdleclams
3.2c observation
of direct CP

e Based on
Feldman-Cousins analysis l
(ensemble of toyMC 0

Physical bound C_2+A_2=1

BABAR

227M
5004 TRELIMINARY

experiments)

Belle evidence for Direct
CP violation not supported
by BABAR measurements

52c

Belle

152M (04)

1 | 0
TCTU

G.Cavoto




Trapping the penguins

|g)sp|n a’]dygs %A(BO—)ﬂ+7Z')—I—A(BO—>7ZO7ZO)=A(B+ —)7T+7ZO)

Need to measure C_,_, too! (and still do not solve ambiguities!)

Bound the penguins: s$n(a, —a) < BR(B” —» 7°7")
e Grossman-Quinn “ BR(B* - 7" 7°)

But pure SU(2) could not be the end of the story...! I

G.Cavoto



B - nn% K nP

~ | B4Bar | 3 | o+ o BABAR
‘; [ preliminary %150: K'n® preliminary 1
220 N, =379+ 41 ] =

[ 7 o 100
~ [ N.,=682+39 S
@ 100F . 3
£ ]  °
g ¢ 1 >
- ””‘Fﬂ : ' " '

525 5.26 5. 2? 5. 28 5. 29 ) -0.1 0 0.1
mgs (GeVic)) A E (GeV)

B(BT — ntxY%) = (5.8 £ 0.6 £0.4) x 1076
A0 = —0.01 = 0.10 £ 0.02

G.Cavoto



Fisher discriminant
(topology + flavour tagging)

L arge continuum background

: i 2 > (D1
3body contamination 10°¢ B4BAR
c preliminary
v 1 1 .-E
— BABAR 10
Lo preliminary E
> )
o u>J i 68% of N, ,
E ‘ ‘ -L 1k 4.4% of N, - i
%10 T 11
S 5 + 25;TfN 0 2 4 6 8 10
0 QZWOOfN“_“ Fisher Discriminant
0 ) 44 1
5.2 5.22 5.24 5.226 5.28
m_. (GeV/c’)
. _ - + 0 + .

BF , , =(1.17+0.32+0.10)x10°° ‘ ‘ o
o — <21 at 68%CL
C,,=-0.12+0.56+0.06 X — Aty

First measurement
G.Cavoto



Our experiment al

dark yellow: 68%
BaBar nr light yellow:95% [

=12

knowledge from nm

iU'Tr”-

1
0.8

0.6

a=103+£19

(selecting one solution)

0.4

0.2

0

-1 0.5 0 05 1

Relatively large penguin
— BF(n%0) large —loose (p,n) constraints...

G.Cavoto



A clean mode? . ptp-

What about asmall BF(B°— p°p°) ?

m 1 { I

|

553 525 527 529 G0 e ain e sm e
mEgs(GeV/c?)

Events / 0.01 GeV

Events/ 3 MeV

4]

Meg (GeV/c?)
BF(p"p ) =(30+4,, +5,,)10° |BF(B /B°—p°°)<11x10° @90%CL

BF(B* — p*p°) =(26.4+6.4)x10° (HFAG)

Penguins are smaller!!!
logs —a | < 11° (68% CL)

G.Cavoto



e VV mode
e S,P,D wave components,

Angular analysis - need angular andlysis

to determine CP contents

T 2 ( 1, cos 81 cos? 85 + ~(1 — f1.) sin® 1 sin® 6
= - COS cos” o + —(1 — S111 S11
I'd cos B d cos By 4 Lk 1 7 4 L v ] 2
A Y
Longitudinal Transverse
(CP even) (Mixed CP state)
SLD[‘Ig & CLDng Set STranzc’Tranzo

& vary for systematics

f... =0.99+0.03(stat)’ s (Syst)

long

Pure CP eigenstate! I
G.Cavoto




A tough job

» g

I_
Self-cross-feed effects (39% longitudinal signal events)
Possible dilutions effect, careful studies reveals few percents
effect (accounted for)

G.Cavoto



Systematics

e Detailed description of B-background

b5l eoc%e%( gl.%laYS channels studied. ..

b — c decays (large!)

Bt || DOEH e ™

Largest systematics on S and C come from unknown CP
properties of BB background.

e Sengitivity to other wave?

- Systematic error interference of signal with a;mt, pn,
nrnnr -0.02 for both Sand C

G.Cavoto



B — pfp~ time- dependent asymmetry

Maximum likelihood fit to
Mg, AE, NN,C0s0, p mass

Events/ (1 ps)

|| = _0.19+0.33,, +0.11,

Events /(1 ps)

- long
| |IC9 =-0.23+0.24,, +0.14,
= F ]
S E 1 Likelihood
“E | projections
oF e ! Lo 1
- ! :
TN

G.Cavoto



BaBar ptp~

a=97t 14

of amplitude

Bounding o

(selecting one solution)

121M BB pairs

l="1.2

0.8
0.6
0.4

0.2

Neglect [=1 component 0

02

dark yellow: 68%

-1 0.5

L
50

43 LUTI it

BR(p*p"}
5 &

Belle

o
I

I

TTFTTH

) BaBar
.-"-l- i
= o ___,.f'.

L 0.5

1 1.8 2

25

T BR{

Inllllnﬁlll1l

Validity of isospin analysis approach under scrutiny though...

e

Internal crosscheck of
UJ(2) assumption
In UT fit




Constraints from nmw and pp

Indirect UT fit constraints. o, = (95 £ 8)°

=12

13 dark yellow: 68%
08f light yellow:95%

0.6

04

0.2 :

0

o2

= 05 0 05 1 =

These measurements: a. = (98 £ 9)°

But thereismore... I
G.Cavoto




B - wtnw® with Dalitz analysis

- ldea: Extract a. and strong phases using interference

between amplitudes. Dalitz variables
Formfactors + Rel. Breit-Wigner st = (P+ o), s— = (p-+po)*.

Asr = T H(f)AT 4"
Il:; = %‘F]c

Time dependance' Contain CP violating phase

—|At|/Tzo ,
‘ [ B ‘ - ‘
AL (A2 = - [|A3w|3 + | Az |? ¢C‘-05(&md&i‘-)
4Tp
]

Coefficients are function of o (26 parameters)

No quasi-2 body approximation, interference effects in!

. wvAAvuULY



ntnr® Dalitz distribution

~ |sobar model dominated by vectors [ p(770), p(1450), p(1700) ]
— Scalar contribution assumed to be negligible

~  Small p°r® signal, 26 —16 parameters

- Reparametrize Dalitz distribution (better handling of background)

, 1 my — mg'" , 1 _ .
m' = — arccos |2 — — 1 and 6 = —6, 90 . mhelicity angle
™ mges — mgtt ™
30 1
C Interference 44 ARRR LR RR ALY R

0.8 15

0.6 7, :E:‘.-:- ’.',' .

0.4 (5

0.2 |44

G.Cavoto



Events/U0.06

ntrn® data sample

Dalitz plot variables:

213 x 10° BB pairs

100

50

0

0

0.z

0.4

.
Neural Network
100 F

75

50

Events /0.1

25

T T T T T 1.5|:I|||||||||||

0T 1 []Signal
Misreconstructed
B background

N qq background

Events/0.05

50

0.6 0.8

4.2

0

0.2 04
MM output

Events/ 1

06 08 1

At) alAt)

Yield B — wta—7%: 1184 + 58

G.Cavoto



Time dependent fit results

213M BB pairs
Constraint on strong phase difference Direct CP asymmetry

Between B° — p*7” and B’ — p™7*

1 I T T T | T T T T
_ i BABAR
5_|__ — al‘g (A—I—*A ) r prefiminary 7
05 - —
IIIIIIIIIIIIIIII | T T | T I_ i ]
'L BABAR T ;
0 ; 'L_. preliminary < 0 i — ]
| i\ — usingisospin ] I ’ 1
i 06 :,-' ----- without isospin . 05 ]
O / | K i ]
04 L g ‘ b I 2.90 ]
-_ ____________ - ------------- :‘__::-’--_-h__‘:_-_-_-______-_--: _1 [T T T R PR R T S N N N N
0.2 - - -1 -0.5 0 0.5 1
: '," : —+
0 -_—_--I I___I__I-- ------- I__I--I--I-- | I--I--I--__I__I--I ----------- Apﬂ

-180 -120 -60 0 60 I12(; 18C
5, (deg) C(p*n-)and C(pr*)

(5 =(-672+7)] (including interference effect)

G.Cavoto



o from mtn O

213M BB pairs

+27

_17 £6);

Assuming SU(2)
(rrrrrrrrrp T TT e T T T T e
"F BABAR
[ preliminary
0.8
;06
3 a = (113
04 F
0.2 |
Ur|||||||||||||| L
10 0 30 60 90 120 150 180

o (deg)

Ambiguities removed!

&

0.2
] —
= UT -
T = %
E

Dalitz model
systematics

A promising channel



Conclusions

e In 224M BB pairs BaBar has observed direct CP violation in
BO ->K*n
Tt A =-0.133+0.030+ 0.009

— Indications for direct CPIn it

e Non-leptonic charmless 2-body B-decays
- Well explained by phenomenolgical models within SM
— New state observed (K°K?), good for future?

e o extraction was never straightforward.

— Need full isospin analysis for nr (first measurement of Cn°n®)
In pp smaller penguins
~ First time-dependent Dalitz analysisin (pn) wtnn’

BaBar: o known to 10°

No big surprise, SM seemsrock solid!

G.Cavoto



Many more..!!

CP Asymmetry in Charmless B Decays

+1.0 T — CLEQ
—— E=lie " HFAG
41 —— EABAR A ¥ AUGUST 235th 2004
—— FDG2002 '3 -
— e Awvg - s
- e - - =
- “";{ - S & N =3 N ;J‘" o
o E;F é‘; < oy & ;‘:{ _-"..1
. ::- = i b B . L. j 2 e T
PR IR IR
o - F e
ha H 1 [ | | _ L &
— I.-_:_ | . ) -_-'.,- T"""
5 l | L . = 5
4 o =
g 5
1.0 :

New physics could hide in some of them!!!

G.Cavoto




PEP || Luminosity Projections

@ Yearly Integrated Luminosity [fb-1]
B Cumulative Integrated Luminosity [fb-1]

1000 o
@ Peak Luminosity [10**33]
R o

= 800 3
1 *
o o
< =
2 2
£ ‘0
_g 600 Q
E IE
: 0.5 ab-!
o
5 400 -
(]
E

200 A

1999 | 2000 | 2001 | 2002 | 2003 | 2004 f 2005 | 2006 | 2007 | 2008 | 2009
@ Yearly Integrated Luminosity [fb-1] 3 23 41 39 62.6 66.1 § 120.1 151 160.1 217 216
B Cumulative Integrated Luminosity [fb-1] 3 26 67 106 168.6§| 234.7 || 354.8§ 505.8 § 665.9 | 882.9 | 1098.9
@ Peak Luminosity [10**33] 1 2 4.4 5 7.5 10 13 16 20 22 25
~ Year

2004 2006 +— 1.6 x 103

G.Cavoto




Out look

e Next future will see experiments at hadron colliders
take over B-physics (larger cross sections, B, physics)

e Nevertheless e'e environment is unique

— Final states with many neutrals, high flavour
tagging efficiency, ultra-pure samples (recoil),
coherent state

e Measurement of o at 1° possibleonly at ete

e And many other accurate B, physics measurements
to spot New Physics

A super B-factory? I 10 ab*/year
Detector and machine challenging...

LHC measures NP masses, super B-factory couplings and phases?
G.Cavoto



Angles only, as promised

(p,n) plane from measurements of sin(2f3), sin(2c.), and y only

asof today
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Many thanks to M.Bona
and M.Pierini for UT fit

support
G.Cavoto pp
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B’—p*rn- quasi- t wobody

£ (At) = (L+ A (ph)e ™7 (1+](S,,, £ AS ) SN(AMAL) — (C,,, = AC,) coS(AMAY)]
£ (At) = (L A (ph)e ™ (1-[(S,, £ AS,,) SN(AMAL) — (C,,, = AC,) coS(AmAY)]

A3 @

S =-0.13+0.18+0.04 50 113 fb-d

P 520:: BO

C,. =0.35+0.13+0.05 i __
AS,, =0.33+0.18+0.03 (o @ L
AC, =0.20+0.13+0.05

©=-0.114 +0.062+0.027| <. e

——
0...--"" i o= T ]

. R . 0.5
Sgnificance for direct CPV: 256 @
-10 -8 6 4 -2 0 2 4 6 A‘?(DS\}O

More promising: perform full Dalitz plot analysis;




pnt Dalitz analysis parameters

Parameter

Coefficient of

Fit Result

I1_ | F—|* sin{ Amgdt) —0.19 £+ 0,11 £ 0.02
I | F<|* sin( AmgAt) 0.06 £ 0.11 £ 0.02
Uy | fol® 0.16 £+ 0.05 + 0.05
- | f=|* cos(AmaAt) .22 4+ 0.16 + 0.05
- | F_|* 1.19 1+ 0.12 + 0.03
U= | Fe|? cos{ Amadd) 0.50 £ 0.17 £ 0.06
[ m Im[fo f*] cos(AmaAt) 0.3 £1.4 +0.3

[ Re Re[fof*] cos(AmgAt) 2.0 +£1.2 +0.2

[ 3m Fm(f. 7] 0.16 + 0.70 &+ 0.14
[];-Re Re[fof*] —0.26 £ 0.65 £ 0.17
=m Fm(fe 7] sin AmadAt)  —52 +1.9 £0.7

% Re[fof*]sin(Amaht) —0.3 +£2.0 0.5

U m[fs f2] 0.25 4+ 0.35 + 0.18
U ke Re[f.f2] —0.34 +0.39 £ 0.15
U5Em Sm[f_f;] 0.34 + 0.43 + 0.17
R Relf_ f2] _0.98 4+ 0.44 + 0.18

L7~ : branching fraction and charge asymmetry
L= dilution and time-dependent P asymmetry

I.. : mixing-induced asymmetry (strong phase shifts)

-!.f'ﬁiﬁ. and I,.,.. : interference in Dalitz plot
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