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Themes

l. Beauty Physics and CP Violation — the experimental program

Heavy meson production and decay
B Physics and CP Violation

The B Factories
Physics at the T(4S): time-integrated and time-dependent measurements

. sin(2p) and the triumph of the Standard Model

CP violation: experimental facts
CP violation in the B system
The measurement of sin(2p) in tree and loop (penguin) decays

Briefing on radiative B decays

» 1. Rare B decays: towards the full unitarity triangle ... and beyond
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Leptonic B Decays

Charmless B decays and the measurement of o

B — Knr decays (direct CP violation) and other charmless modes
Towards y

Flavor, CPV and CKM: the present picture and the experimental future
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¥BaBar [

The B, System (e*e- — Y(4S) factories)
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the B, is also produced by the hadron machines
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B — DWK® B° > JIyKy, ...
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B" - D'z(p) . b—> SSS
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Rare Charmless B Decays

today’s lecture

yesterday’s lecture

today

We distinguish three main categories: Box vt v
“t Hadronic b — u(d) decays W7o W
4 Measurement of CPV b i d
th t th,s

4 Determination of UT angle o

1 Test of B decay dynamics (Factorization)

++ Semileptonic, FCNC and radiative decays

2 Tree decays used to measure |V |

1 Penguins and boxes sensitive to new physics d
2 Penguins used to determine |V, /V,| d
1 Search for direct CP, FB asym. or ratios of BRs u
_ Tree + g
¥ Leptonic B decays = Wy —d
2 Measurement of |V, |Viy Vi b Ve =
ub
1 Search for new physics
d d
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B* —> ttv_

¥ Helicity-suppressed annihilation decay sensitive to (fgx|V,|)?

#  Powerful together with Am, : removes fg (Lattice QCD) dependence

-4

b W T

B+

it Best current limit from BABAR :

BR(B" — r'v) =13 70107
<26x10° at 90% CL

Datta, SLAC seminar 2005

-4

%  Prediction from global CKM fit :
BR(B" — r'v)=8.9 77 x107°

CKMfitter Group, CKM’05

+

1 Sensitive, e.g., to charged Higgs replacing the W propagator

2 2\2
BR(B* — r'v) = CENEE 12 (1 L j £2 V.|

2
87z my
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B, — (-

Box diagram with top exchange (fgx|V,,4)* dominates in SM : BRg,, (Bd — r*r‘) ~3x107°

o _ Vo W
Penguin diagrams suppressed b o+
Helicity enhancement : o (m_/m,)? B* t 1%
Best current limits (from BABAR): d V&
Ve W

BR(B, >e'e )<6x10°

...........................................................................

C BR(B, > 7'z )~10°x10°®

...........................................................................

expected sensitivity; mode not yet measured

Sensitive to flavor changing new physics  BRsqy (Bd > r*r‘) o (tan B)° x f (Mgyey )

2 Higgs doublet models, SUSY, Leptoquarks, ... L 4
(2 Higg ptoq ) BRuowy (By = 7777 ) o< (tan B)” xlog® (mf, / mf)

B Factories not sensitive to SM value =» domain of LHC experiments (B,,, — u« u )
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b — uud : Principal modes :

B° > '

3
Q C
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0 +
— 4
i Fmenm— —u].
<V V’ V.V’
Tree : dominant ub ™ ud Penguin : competitive ? tb"td
oc A3 oc A3
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Charmless b — u Decays

Tree “T” amplitude dominates :

A =n (qj (eh7wj No direct CP violation :
whe — pthe | A +i7/T+—
Y B e th‘ _ 1
io ([
- 77h+h—ez » C ‘ﬂh% ‘
fCP o
1+ ‘lw h‘

Time-dependent CP observable :

A. (t)=

h*h

sin(Am,t)-C

., Cos(Am,t)

h+h_

=sin(2a)-sin(Am,t)

ideal
scenario
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Charmless b — u Decays

“T”and “P” are of the same order of magnitude :
[Note that T and P are complex amplitudes !]

; q e "T +etPpt Direct CP violation can occur :
L= }7 | - — — —
h*h " \p )\ e T +e s pr ‘/Ih+h‘¢1
e[ EIPT et )
hh- 1_ | P+— /T+— |e+i(a+5+_) CfCP — h*h > =0
1+ ‘/1 . ‘
_ ‘/1 ‘eziaeff hh
hh- where 6, =6, -0

is the relative strong phase

Time-dependent CP observable :

A (t)=S

h*h~

= 1-C% _sin(2a,,) sin(Am,t)-C, . cos(Am,t)

sin(Am,t)-C

., Cos(Am,t)

realistic
scenario
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digression: what is the meaning of “T”and “P" ?

Example :

A(BO — 7Z-+7Z-_) - VudVUZ(T + F)u ) + Vcdvcj)Pc + \/td\/t;F)t

-

Vcdvcz(Pc o Pu o T)+ \/td\/t;(F)t o Pu - T) U - convention

unitarity =<V, VAT +P, —-P,) +V, V. (P -P,) C - convention

Vo (T+P,-P)+V V., (P,.—-P) T - convention

s ~J

“Tree” “Penguin”

» The “tree” in the (most popular) C - and T - conventions has penguin contributions !
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“Taming Penguins” . cue

¥ Time-dependent CP analysis of B’ - n*n~ alone determines o5 - but, we need a !

¢ Fortunately, SU(2) and SU(3) symmetries provides the additional constraints to deduce
the unknown amplitudes

¥ Consider the decay B — pg, where p,q are isovectors of the iso-multiplet:
{pa}={p*q".pq".p"q°,p°q".p7q".P°q",p"q"}

consider the matrix elements of neutral and charged B decays:

Clebsch-Gordon coefficients

<(p,q)°‘HS UUC_Y,d> <(p,q)+ H, UUC_Y,U> H_ — strong Hamiltonian
Example: isospin decomposition yields for B® — p*q~:
A = <p+,q“Hs uUc_i,d>
\@,1 ®(1,-1|H,[3/2,1/2) ®[1/2,-1/2) + (11| @ (1,-1|H, |1/ 2,1/ 2) ®|1/ 2,1/ 2)
1 1 1
= A3/2,2 _§A3/2,1 +§A1/2,1 _EAVZ,O where: AA/,/, E</f’/f,3 H, /i’/i,3>A/

¥ Doing the same for all the other charge combinations leads to the “pentagon” relation:

\/§(A+° + A°+) =2AY t AT+ A in the complex plane
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“Taming Penguins” (cont.)

¢ Penguins: since gluons decay with A/ = 0, penguins can only mediate A/ = 1/2 transitions:
P+0 _ _P0+ _ (P+— —P_+)/\/§
PP =—(P"+P7)/2

X Simplification for identical p=q, e.g., for B - n*1~, p*p~ : pentagon = triangle

A0 = A0 L A/ 2 and same for A< A

and for the penguin amplitudes:
P?=-pP"=0 = |A®

PO =P /2

-]

P» P9 measures the penguin pollution in B® — n*n~ !

‘2 the branching fraction provides

since: 0 0_0y_ |700,-a 00|2 00 +a 00
B(E" > 7'7) ‘T e +P ‘ +‘T e +P an upper limit on P%, if o # 0

Refs. for SU(2) analyses : Gronau-London, PRL, 65, 3381 (1990), Lipkin et al., PRD 44, 1454 (1991), a.o.
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Isospin Analysis for B —» zx, pp

2 isospin 13 unknowns
triangles — 7 observ.
and one — 5 constraints

g%rgmon — 1 glob. phase
=0 ©

Assumptions:

- neglect EW penguins
(shifts a by ~ +2°) penguins

- neglect SU(2) breaking

-~ in pp: Q2B approx.
(neglect interference)

a can be resolved up to an 8-fold ambiguity within [0, 7]

Refs. for SU(2) analyses : Gronau-London, PRL, 65, 3381 (1990), Lipkin et al., PRD 44, 1454 (1991), a.o.




digression: Electroweak (EW) Penguins

:I"':;_

EW penguins can mediate Al = 3/2 transitions and hence violate the SU(2) relations

W-

b — m —d | -
EO{_ gyt | E N7,
d\‘\li 7z'+ OCﬂ,3

Use “Fiertz” trick : the effective weak Hamiltonian of the decay B — nrt reads:

ff = &
T2
where O, and O, are (V-A)x(V—-A) tree operators and O,_,, EW penguins operators
O, and Og have Lorentz structure (V-A)x(V+A) while Oy and O,, are (V-A)x(V-A)

but: ¢;,c5 < cg,C4o SO that one can Fiertz-relate the EW Og4, O, to the tree O,, O, :

10
H {vubv;;, (¢,0,+¢,0,)- > V,VscO, } +h.c.
i=3

P = (T+- NG +T°°)

\/tz \/td / Vu*b Vud

C9 + C,]0 Neubert-Rosner,
fl = PLB 441, 403 (1998)
Cc,+C, PRL 81, 5076 (1998)

Hence, if f(...) real, Asp(n*n°) not sensitive to Pg !
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Bounds on Penguins

¥ Once the penguin is bound, one can compute a bound on |o. — oiq] :

B(BO —> 72'072'0) _ B% Grossman-Quinn,
BB — 7{+7[0) = B PRD 58, 017504 (1998)

sin® (a —aq) <

X This first limit does not unite all the information from the SU(2) triangle. This one does:

2
Sinz(a—a )SBOO+ L _ B_Oo_l _(BOO+B+_/2_B+O)
B | fi-cz . \B? 2] oB9B~ fi-c2

90 \\\\‘\\\\‘\\\‘\\\‘\\\!\\\\‘\\\\‘\\\\‘\\\\!\\\\ Gronau-London-Sinha-Sinha
% % : % % % PL B514, 315 (2001

80 | GQ bound )

70 T~

GLSS bound and so | [PB e e

numerical solution 50 e GLSS bound

of isospin analysis 40 i M

give same bound

| 00— O |

o=t > -

on |o—o ; ! : i i ‘ ‘ ‘ ‘
eff 20 ot | |nput results:
10 B ffte .| Summer 2003 |
UL AT P4 FUUTE PUTT I DU P
0 L1 1 | N L1 | L1 L1 L1 L1 L1 L1 L1
0 05 1 15 2 25 3 35 4 45 5

B® (107
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Color-suppressed b — u Decays

b — uud _ (p 3 B ul o famous modes:
B° {— VD\'\< u B° - z°7°
«V V" d
L;b ud \\ (1} 7° B° — ,OO7Z'O
OCZ d BO N 0 .0
P p

¥ Internal tree decays must have a neutral particle in the final state

The quarks from the virtual W decay must match the color of the decaying B meson to
produce color-singlet final state mesons ® internal diagrams are suppressed by ~ 1/N,

Naive color suppression ~ verified in B(B® — D%1%)/B(B° — D=r*) = (1/10.4),, ~ (1/N,)?

Some color-suppressed diagrams are in addition isospin-suppressed (e.g., n*n~ vs. n%n0)

¥ Final state interaction (rescattering) and non-factorizable contributions can substantially
modify the color-suppression

¥ Since the tree amplitude is suppressed, internal tree decays are sensitive to the penguin
amplitude » will see later
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SU(2) — Crucial Ingredient : B — 7979 (color-suppressed)

A B° —» 7970 candidate BABAR

B(B® —» 7°7°)=(1.51£0.28)x10°  C(B° —» z°7°)=-0.28+0.39 | | BooAh oo eioo




Analysis Techniques for Charmless B Decays

g Strong DIRC Particle ID to separate pions from kaons.

¢ Event shape monomials (Ly,L,), and B kinematics
optimally combined in Multivariate Analyzer [MVA]
(Neural Network (NN) or Fisher Discriminant).

¥ New NN-based B-flavor tagging with “Q” of 30.5 %

¥ Unbinned maximum-likelihood fit using beam-energy-substituted B mass (mgs), B-energy
difference (AE), the resonance mass and helicity angle, the MVA, and At.

¥ Likelihood components are signal, continuum background, charmed and charmless B-related
backgrounds; as many likelihood-model parameters as possible are determined
simultaneously from the fit to reduce systematic errors.

k Tagging-performance parameters and At resolution parameters determined
simultaneously from fit to fully reconstructed B decays to charm.
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Analysis Techniques for Charmless B Decays

. . ~8c separation 2.50 separation at

¢ Strong DIRC Particle ID to separate pions from kaons. at 2 GeV/c kinematic endpoint
9 ([

%\ ""!""I""I""I""I";'I""-

v Event shape monomials (L,,L,), and B kinematics 084 -

optimally combined in Multivariate Analyzer [MVA] « : f ]

(Neural Network (NN) or Fisher Discriminant). 0.82

¥ New NN-based B-flavor tagging with “Q” of 30.5 % 0.8

¥ Unbinned maximum-likelihood fit using beam-energy-s 0'78;4

difference (AE), the resonance mass and helicity angle,

1.5 2 25 3 35 4 45 5
track momentum [GeV/c]

¥ Likelihood components are signal, continuum background, charmed and charmless B-related
backgrounds; as many likelihood-model parameters as possible are determined
simultaneously from the fit to reduce systematic errors.

¢ Tagging-performance parameters and At resolution parameters determined
simultaneously from fit to fully reconstructed B decays to charm.
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B— hh' Branching Fractions

Zero penguins and color suppr. predicts the hierarchy:

BR(n*n") = 2xBR(n*n%) = 20xBR(n%r°)

BB — Km. 7,

A

KK)

CLEO
Belle
BABAR

CDF

H]

Mew Avag.

e
i
e
L

HFAG
APRIL 2005

PDG2004

color+isospin-suppressed mode
almost half of leading one

/
‘_ no gluonic penguins

Ktr )«

B+_ _ 31 +0.8

Boo - -0.6

but measurement gives:

% penguins could be important!

Also: without penguins expect:

BR(B" >K'w) V[ _,
BRB > 7m) |V, P

.05

but measurement gives: 4.0+0.4

% penguins are important!

0.0

T
12.5

Branching Ratio x 106

large !
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CP Results for BO— z* 7~

Results for the time-dependent analysis :

BABAR, hep-ex/0501071

BABAR (227m) Belle (275m) Average Belle, hep-ex/0502035
S —-0.30+£0.17£0.03 -0.67+0.16+0.06 -0.50+0.12 _ _
o Mediocre (but improved) agreement :
C.x —0.09+015+0.04 -056+012+£0.06 -0.37+0.10 42=7.9(CL=0.019= 2.30)
\\\‘\\\\‘\\\\‘\\\\\\\\\\\][\\\I\I\\\\\\:\ I‘\\\‘\\\‘\\\‘\\\ 1T \\I;\\\ \\\E\\\
BABAR (2004) i BABAR (2004)
—0.30+0.17+0.03 i —0.09+0.15+0.04
—re— —e—
Belle (2005) i Belle (2005) '
—0.67+0.16+0.06 5 —0.56+0.12+0.06
] ——
Average Average
—0.50+0.12 5 —0.37+0.10 ;
—A— o
\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘I\\\i\l\\‘\\\\;\ I‘\J\lJ\\‘\\l‘\J\ll\\‘\\l‘z\l\lJ\\i\\J
2 -1.75-15 -125 -1 -0.75-05 -025 O -16 -14 1.2 -1 -08 -06 -04 -02 0 0.2
STEJT. CJT.TC
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B— 7 Isospin Analysis

1

1 2 fit of isospin relations to observables: ‘a —aeﬁ‘ < 38° (90% CL)

BABAR BABAR & Belle
7\ L ‘ L [ L LI L ‘ T 1 1 ‘ L ‘ L ‘ L \7 [ T T T ‘ T T T ‘ T T T | T T T ‘ T T T | T T T ‘ T T T | T T T ‘ T T T ]
12| % —B—onn (ng Coo) - oL % ---------- B — nrn (S/C,_ from BABAR) .
N =B —nn (with Cyp) 2 Smmes B —nn (S/A,_from Belle)
s | i [ Combined ]
© 08| , 1F
2 i 3
T 06f T 08
c - 1 a Pl A
O — — B )
5] 0.4 . : QI) : :
0.2 - — 06f .
0 : 1 1| ‘ 1 1 | | ‘ | | | ‘ 11| ‘ 1 | | ‘ 11| ‘ 1 1| ‘ 1 | | : :““ :
0O 20 40 60 80 100 120 140 160 180 04| |
o (deg) i |
0.2 _
0 ! e’ a'\"\ Lo b b b by g |
0 60 80 100 120 140 160 180
o (deg)
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B— 7 Isospin Analysis

-4

1 2 fit of isospin relations to observables: ‘a —aeﬁ‘ < 38° (90% CL)

BABAR
7\ L ‘ 1 1 [ T 1 1 T 1 1 T 1 71 ‘ T 1 1 ‘ T 1 71 ‘ T 1 1 ‘ 1 \7 [ T T T ‘ T T T ‘ T T T | T T T ‘ T T T | T T T ‘ T T T ‘ T T T ‘ T T T ]
1.2 % —Bonn (n(? Coo) - i @ ---------- B —nr (S/C,_ from BABAR) -
N =B — i (with G) | 121 iz B—nn (S/A,_from Belle) |
s i [ Combined =1 no C/A,, |
s 08| * i | o0
Q i E
= ]
5 06¢ E sk
c - 1 . O i
02| N — 06f .
0 :\ 1| ‘ 1 1 | | ‘ | | | ‘ 11| ‘ 1 | | ‘ 11| ‘ 1 1| ‘ 1| \: :““ :
0 20 40 60 80 100 120 140 160 180 04 Ls |
o (deg) L ]
R ;. CKM fit il
0.2 Y ;/  no o meas. in fit N
- <— 0(S+)= 0(C+)~0.01 |
0 b'\' | ‘ L1 1 | I 1 1 ‘ L1 1 | 11 ‘ L1 |
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B— 7 Isospin Analysis

-4

BABAR & Belle

50 [ 5*':(—36jg)° R RIREEEEETa
N 1#o0.9
5 P[ r=0.37+£0.17 1
g of 11°e
25 |- %7
i - 1H 0.6
B 50 E
~ B 17 0.5
L -75 ¢ .
o B 1H0.4
o -100 T
o - note yet updated with {4 0.3
n -125 new result from Belle 0.2
w 150 |- i Tn
B penguin / tree % 18 0.1
-175 ;\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\ \\\\‘\\\ % 0
0O 01 02 03 04 05 06 0.7 0.8

r=|RPTI/IR,T™|

1

4 Study decay dynamics ...

See theory talks !
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1-CL

1 2 fit of isospin relations to observables: ‘a —aeﬁ‘ < 38° (90% CL)

1.2

0.8

0.6

0.4

0.2

B — nr (S/C,_ from BABAR)
B — nr (S/A,_ from Belle)
1 Combined

[ no C/A00

| | L ‘ Il L

P B IO ROPUTEE S

-
-
-

-
-
-

40

[
2
I
[
.

CKM fit

no oo meas. in fit

+— 0(S™)= 0(C*)~0.01

b'\\‘\llll\\‘\\llll\‘\\\

60

80 100 120 140 160

(04

(deg)
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A “surprise” : BO— p*p~

¢ Branching fractions for the B — pp system (WA):

+6.1 BABAR,

B*=(30x6)x10%, B*0=(26.4 5,)x10%, B% <1.1x10% at 90% CL } hep-ex/0412067

=» small penguins !

¥ Experimental complications (1) :

B — VVcan have L,,=0,1,2, with
CP(L,,~0,2) =+1 and CP(L,, =1) =1
Nature’s great present : longitudinal polarization dominates ® almost no CP dilution

¥ Experimental complications (I1) :

Dominant mode: B — p*p~ — 7n*7n-7°%7° = large misreconstruction rate (~ 50%)
The large misreconstruction rate makes the fit vulnerable to biases from correlations and backgrounds
4-body mode and broad, light resonance: large amounts of B-related backgrounds
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B— pp Isospin Analysis

Results from CP fit :

BABAR, hep-ex/0503049

BABAR (232m)
S,L -0.33:£0.24 0%
C,,L —0.03£0.18+0.09

1-CL

|sospin analysis :

o — arge| < 11° (68% CL)

penguin / tree

57 = ()
P =

< mmil As expected:

1.2

0.8

% 1 B — pp (Prob(..))

CKM 2005

a=(100£13)|

CKM fit

no o meas. in fit

40 60 80 100 120 140 160

o (deg)

much smaller than in B — nrt
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B— pp Isospin Analysis

Results from CP fit :

BABAR, hep-ex/0503049

BABAR (232m)
S,L -0.33:£0.24 0%
C,,L —0.03£0.18+0.09

|sospin analysis :

o — arge| < 11° (68% CL)

penguin / tree

5= ()
r =0.07'%%

Il As expected:

1-CL

1.2

0.8

0.6

LM = B pp. o(S)=6(C)=0.01

ckmz00s —— B —pp

CKM fit

no o meas. in fit

much smaller than in B — nrt

Helmholz School, Dubna, June, 2005
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o (deQ)
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Combination of =z, pr, pp : first measurement of a

-4

1 Combining the three analyses (B — pp best single measurement) :

= mirror solution disfavored

= for the SM solution we find : = similar precision as CKM fit :
_ +16 (o) _ +10 o)
B Factories — |:1 01 — :I "'» Uekm = [93 —13:|
1-CL
[ T ‘ T T T ‘ T 1 T ‘ T T T ‘ T T T ‘ T T 1 T T T ‘ T 1 T ‘ T 1 T ] 1_5 [ T T T T ‘ T T T T ! T T T T T T T T T T ‘ T T T T i
i % ---------- B—onn | I CKM fit ]
12 oS Bpr =1 Combined | (L (o yinfit :
I P B—pp - CKM fit | 1
i i 05 e
o 08f - d
(|) - 1 I= 0
~ 06| 3
i : -0.5
04 v N
n ] -1
0.2~ P . CKM
0 :N:J 1““"-.:--1-\:-1--".J--‘-;"-—'\ 11 | 11 1 l I'J ‘\ 1 1 | | ] _1 -5
0 20 40 60 80 100 120 140 160 180 -1 -0.5 0 0.5 1 1.5 2

o (deg) P
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(1st generation-) B-Factories’ future on o ... till ~ 2008

)- Expect ~ 4 times more statistics for both BABAR and Belle

) zrisospin analysis will “rapidly” improve with better C(z°z°) measurements

)- pp isospin analysis, future unclear:

bound on penguin pollution only improves with /B(p°p°)
if discovered, not enough statistics to well measure C(0°0°) and S(0°0°)

on the other hands: no Belle results yet !

at very large statistics, systematics and model-dependence will become an issue
)- prisospin analysis ... not very promising

)- pxDalitz analysis is just at the beginning: very challenging; still much to learn;
no Belle result yet; model-dependence is an issue !
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EXCUISIONNG
B — U0, K?T, KX (@nd more) Decays
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Charmless b — s Decays

b — uus
U —
- b - > u
0 — el +
5 {d - d} "
Tree: Cabibbo-suppressed ub = us
oc A*

e

P
N

Penguin: dominant diagram?

*
o thVts

o A2

famous modes:

B > Kz
B’ —» pK*
B > K n
B® — ¢K°

¥ Note: no way to produce opposite charge-flavor combination (“self-tagging”) :

B° 4K 7z* and B° 8 K'n™

®» K*nis a flavor eigenstate and cannot exhibit mixing-induced CP violation

X Sinceb—s decays are penguin-enhanced, they provide sensitivity to the penguin
pollution in the corresponding b — u mode, using SU(3) symmetry

+— +—
P71'7Z' PK T

X Could exhibit sensitivity to new physics

Helmholz School, Dubna, June, 2005
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Charmless b — s Decays (cont.)

bd — us us| are expected to have tiny branching fractions
famous modes:
b ———¢— H} K+ B > K'K-
! S
— : _ 0 *— |+
B°< W C B°< B >KK
: S B’ > K"K*
d— ¢ = U} K
Tree: exchange diagram x Penguin: Okubo-Zweig-lizuka (OZI) - x
< VinVug suppressed annihilation < ViVia
o A3 (“disconnected quark o 13

lines are suppressed”)

¢ Exchange (neutral decays) and annihilation (charged decays) decay rates go with
2
(7s,)

¥ Exchange diagrams also contribute to B? — n*=~. Their size is an important unknown
in the theoretical prediction of its decay dynamics, since the do not “factorize”

-> theory lectures
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Direct CP Violation

¥ We have seen in the first lecture that direct CP violation (= CP violation in decay) requires
at least two decay amplitudes with different weak and strong phases

o«| T || P|sin(Ag)sin(A6)

=F(§—>f)—F(B—>f)_Iﬂf 1A
" T(B->f)+I(B—f) |AFP+|AF

convention: A, if flavor eigenstate (e.g., K*n—, n*n%), C,, if flavor mixing occurs

¥ Occurence of direct CP violation thus indicates significant penguin contributions

¥ On the other hand: non-occurrence does not necessarily mean zero penguins, but could
be due to vanishing strong phases !
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Direct CP Violation : BY > K* -

Large asymmetry observed by BABAR and Belle in B — K*r~ decays (Summer 2004) :

> B ] T I T ] ]
0 T o 400 —.—
A-(B">K'7z7)=-0.109+£0.019 ;
~ rIJ‘_ 1
E 400 . A 500 o |
% %
<200 .
g N sPlot
L L M [ M M L 1 L L L 1 M M M 1 L ' L 0_u I ' | _I w I.‘
52 522 524 526 528 25.3 o1 0 0.1
mgq (GeV/e) AE (GeV)

Expect more B decays modes (also charged ones) to soon exhibit direct CP violation

Direct CPV requires interference of amplitudes of similar size and with different weak and
strong phases =) cannot be reliably predicted (at present) for use in CKM fit
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B— hh' Branching Fractions

Zero trees predict the hierarchy: BR(K*n~) ~ BR(Kn*) ~ 2xBR(K*n°) ~ 2xBR(K°n?)

A F

o)
g

B(B — Kr, mr, KK)
ey HFAG
—— BABAR APRIL 2005
CDF
PDG2004
— Mew Avg.

Branching Ratio x 106

‘TD-‘TD
= T
——— ot
—_—t— K%
_'_r Ktx
? Ktn™
e R e ([ 0+
I L) ) ) I L) ) ) L)
0.0 12.5 25.0

Helmholz School, Dubna, June, 2005

note: lifetime factors omitted here

Without trees expect:

BR(B® — K°z")

=1,
BR(B° > K7z )

But measurement gives:
BR(BO —> K 07[*)

: ) ~1.32+0.09
BR(B° > K7z )

P trees are not negligible!

almost pure penguin
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digression: B— Kr with Flavor Symmetries

B — Krn decays are related through isospin in quadrangle (4 different final states)

1 neglecting EW penguins system is solvable (9 obs. vs 8 unknowns): determines a

L

4 needs huge statistics and has many discrete ambiguities

=

4 if EW penguins are included system underconstrained; ways out:

L

use SU(3) flavor symmetry
relate EW penguins to tree via Fiertz transformation

neglect exchange/annihilation or color-suppressed EW penguins ®

a mixture of these

1 SU(3) flavor symmetry relates AB=1 decay amplitudes belonging to a given SU(3) multiplet

3 B — PP (2 pseudoscalars) has SU(3) singlet and octet relating final states of all
charges with the modes =, n, ', K, ...

3 B — PV (pseudoscalar + vector) has SU(3) octet relating final states of all charges
with the modes n, «, K, ... and p, K%, ¢, ...

+ SU(3) violations can be large; correction only possible for factorizable terms

-> theory lectures
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“Penguin Puzzles”

1 Long list of publications on the so-called B — Kn puzzle Silva-Wolfenstein, 1993
Benke-Neubert, NP, B675, 333 (2003)

Buras et al. (BFRS), EPJ C32, 45 (2003); (+ 2005)
Chiang et al, PRD D70, 034020 (2004)

Wu-Zhou, hep-ph/0503077

N , Charles et al., EPJ C41, 1-131 (2005)

4 There’s more pUZZIeS s apologies to the many other authors on this problem

# My personal take on puzzles:

= thereis no puzzle in B — pp:  color suppression works when penguins are small

- . )

= there is a it puzzle: why are terms ~V,, so large ?

. . similar magnitude of “u-
- l i ~ ? g 1]

a4 there is a Kn puzzle: why are terms ~V,, so large penguin’ enhancement
= there is an s-penguin puzzle:  why are terms ~V, so large ? )
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B— PV,VV Branching Fractions

B(B — (K*,p,w,®)(r, K,n,1))

Lo
E o HFAG
- APRIL 2005
‘ qﬁKﬂ ———— CLEO
® % -+ Belle
: P —— BABAR
—== ¢ CDF
o —— PDG2004
r S — New Avg.
i_._ {.:)ﬂ'+
—= " wKk?
—u—«.—-—-_-.-&._ MK+
| . P
=
Fot
w o
= K:oﬂ.n
= K'r
= Kt
e — K*+n®
| K
— . Ko Ko
== - i KOt
m‘
1 L L L ) ¥ L] L] L

0.0 25‘.0 50.0
Branching Ratio x 106

B(B — VV)

—— CLEQ == PDG2004 HFAG

—t— Bell —— New Avg.
—— Belle _ MARCH 2005

—'I KK

KE®
=

e LK™ KK

= j Wi
= | oo

T smaller penguins
— than in B — PP

—

50.0
Branching Ratio x 106

100.0
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Polarization in B— VV Decays

Within naive factorization, transverse polarization suppressed oc (m,/ mg)?

BO
K™ < > ¢
d mm) S ¢@m S s @m | A
d am S @m S mm) S =) > A ~m,/Img
d mm) S =m) S @am s @m A_~m¢-mK*/m;0
. ] 1. 1
Experiment: % T % ]
09 Pl S Y\, VI e—— ¥
BABAR & Belle, 3 php 3 Ctre ) 3
HFAG Moriond 2005 g 0.8 P IR GEERy w *EI.'I.B
- wp* — =
07 G =07
. + )0 ™~ 5 3
0.6 - prK ™ —o.6
b - -
0.6 > TR DFL —o0.5
. 9K° [
= KT 3
> 03 e 0,8
& E
- 02 | > Large non-factorizable annihilation | "2
0.1 amplitudes in penguin decays ? | -~40.1
3 OV g
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Towards Y [next UT input that is not theory limited ]

N = = GLW : DO°decays into CP eigenstate
b — cus,ucs

= ADS: DO°decays to K-z* (favored) and K*z— (suppressed)

the million dollar Q: % GGSZ: D°decays to K z* 7~ (interference in Dalitz plot)

» All methods fit simultaneously: vy, r; and @

rB
. how small ?
rB

Gronau-London, PL B253, 483 (1991);
Gronau-Wyler, PL B265, 172 (1991)

Atwood-Dunietz-Soni, PRL 78, 3257 (1997)

Giri et al, PRD 68, 054018 (2003)

_ Z} K(*)_ b - W = u —
b —. w N c B~ {U ‘L&< c [D™° No Penguins ©
o {i o Ol T

cV V’ cV V. relative CKM
cb " us Tree: color-suppressed wores

.| )
oc A3 ocﬂ,3\/p2 +772 phase : ¥

c
A
c
C|
—
X
T

Tree: dominant
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The “GLW* and “ADS" Analyses

- GLW : measure branching fraction of B~ — DO(CP)K—

D° 5, reconstructed in +CP (for ex., D°,,—»KK*, D°, >K;7°) » b — ¢ and b — u interfere

ry =|A(b — ucs)/ A(b — cus)|

X 4 observables sensitive to Y

~01-0372
Rep, o T(B~ — DG K™)+T(B" — D%, K*) o 1+(r2) + 2r, cos(5,) cos y

) . 0 o N 0 . _ _ strong phase
ACPJ_r oC F(B —> DCPiK )— F(B —> DCPiK ) oC ier SN 58 SII’]Q//I?CPJ_r in decay of B

X Problem of GLW : requires interference of amplitudes with rather different sizes

,D} ADS : disfavor favored amplitude and favor disfavored amplitude

B >D(-»K7z)K 4y B D(>K7)K
2xCabibbo-
suppressed

r, =|A(c > dus)/ A(b — sud)

RADSE( ) I’ +I' +2r7/cos5 + =0.060 + 0.003
(...)=

strong phase
2rr S|n78|n(5 + 0, )/RADS in decay of D
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"ADS+GLW?” : Constraint on y

B~ — DOK-, D*OK- (upcoming: D°K*-)

+ BABAR and Belle have measured the observables for GLW and ADS in the modes

4 No significant measurement of suppressed amplitude yet = limit : r;®) < 0.2

BABAR, hep-ex/0408082, hep-ex/0408060
hep-ex/0408069, hep-ex/0408028

Belle, Belle-CONF-0443, hep-ex/0307074
hep-ex/0408129 1.2

"l for the SM solution :

o <005 >
i 04

Vokm = [58 J—rg]o 02
0

= not yet competitive with CKM fit

L L L 1 1 T 1 1 1 T T T T T 1 T T 1
I I \ \ \ \ \

B Cr I D’  GLWand ADS
|~ ‘CKM2005.  ..... D*OK~ 1 Combined ]
i —e— CKM fit i

1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 ‘ Il 1 Il ‘ Il Il Il ‘ Il Il Il ‘ Il Il Il ‘ Il \.\\j
0 20 40 60 80 100 120 140 160 180

Y (deg)

Helmholz School, Dubna, June, 2005 A. Hocker: Beauty Physics and CP Violation — the Experimental Program (l11)

43




The “GGSZ” Dalitz Analysis

A

- Promising : Increase B decay interference through D decay Dalitz plot with D%— Ksr*m™

\J

Decay amplitudes : _
Sum of amplitudes

/Aﬁﬁﬂﬂ:A@T»mKWf+re le D0 K-
A, (m?,m?) = A(B+ 95";«)@ 1,6l } £ =f(m?,m?)

\ m, =m(K3z")

\—/

50

D° .

2 ; -
Al = + @07
15—
K n" '
- n.sf—
Lo b v b v b v v b w 1 Cov bvv o by by v by by 1y
0.5 1 1.5 2 2.5 ) 3 0.5 1 15 2 25 3
2
m: m.,
Simultaneous measurement of rg, dand y BABAR, hep-ex/0408088
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"GGSZ" : Constraint on vy

1-CL

% huge number of resonances in DP: K*(892), p(770), »(782), £,(980,1370), K,*(1430), ... ®

1

¥ amplitudes of Dalitz plot measured in charm control sample ©

Y oas = |:63 +1g:|° Measurement of amplitude ratio:
[ no improved constraint when adding y from CKM fit ]
T T T ‘ T T T | T T T ‘ T T T ‘ T T T ‘ T T T ‘ T T T T T T T T T

I~ — T T [ T T T T l T T T T | T T T T ‘ T T T T

- Em - D®K GLW + ADS ] i . ]

B fitter 7
12| ‘G ... D“K Dalitz =1 Combined | 1.2 % — g+ ~ BEK WA |-

L i - oriond 05 s

L PRELIMINARY e CKM fit | s ~ |

1 I = ] i ]

i ¢ i i 0.03 | ]
0.8 [ \ 1 o o08f e =012 2904 | |

i ‘ 1 O - % 40.03 | |
06 [ B 0.6 rB=0'09—0.04 B
04 | : 0.4 .
02f CH 0.2 -

i WA | ] i i

ol A R o A A AR ol Ll ‘ ]
0 20 40 60 80 100 120 140 160 180 0 0.05 0.1 0.15 0.2 0.25
()
Y (deg) s
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b — ciid,ucd “sin(2pB + vy)”

o
\
\
QIO Q C
~
S

c
Vl//)é d} Similarly: B(B?) — D;K*
b — Li} golden y mode at LHCb
d d

BO {_ j D+ BO
d
oV V' «V V'’
Tree: dominant cb " ud Tree: doubly CKM-suppressed ub*cd
oc A2 oc A
::"E Relativeweakphase2ﬁ+y 7\\\\‘I\\\‘\\I\\\\\l\\\\‘\I\\‘\\\I‘\\\\‘I\\\‘\\\\7
- A - D" n "  Partial. + fully rec. -
but : y dependence of the order of O(10-4) 1.2~ Tokma00s' ... D**n* [1 Combined |
1 || fulltoys | D" p " e CKM fit i
a Huge statistics, but small CP asymmetry e ] T
= Unknowns : rg,, v and 6 = needs external input a o8 ST - |
= Use SU(3) to estimate ry,* (theory error: 30%) ' 0.6 T LT X 7
therefore not used in global CKM fit 041
BABAR, hep-ex/0408038, hep-ex/0408059 0.2
Be”e, hep-eX/0408106, PRL 93 (2004) 031802’ O N 1 o b b b b b b b by
Erratum-ibid. 93 (2004) 059901 0O 01 02 03 04 05 06 07 08 09 1

|sin(2B+7) |
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the global CKM fit

Putting it all together

K-t vy
A—
Inputs:
07 : |_| T T |A| T [ T T T &\
-3 m
0.6 i ° tfitter ﬁ
s CKM 2005 1 V.,
05 F & =
€ |3 ] Am,
= 04 F ¢ // 1 = am, =
= : % ///// . B— v
0.3 & . : | _
K 0.2 1
0.1 S IVub/Vcb| _:
B ]
O 1 1 | L1 ] | 1 1 ] ] L L]
-0.4 -0.2 0 0.2 0.4 0.6 0.8 1
5 /
. —2JL V¥V
Perfect agreement ... if it weren’t for the s-penguin decays
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Putting it all together the global CKM fit

K-t vy
07 T T T | T T T [ T T T m\
8 Am,
0.6 i ° tfitter ﬁ
s CKM 2005 1 V.,
05 F & =
€ |3 ] Am,
T 04F 3 & 1 [ Am
-0 € .
= 0.3 ?3< ///// : ] B— v
. Q a E | |€K| |
K 0.2 € E
0.1 < IVub/Vcb| =
B ]
O 1 1 | L1 ] | 1 1 ] ] L L]
-0.4 -0.2 0 0.2 0.4 0.6 0.8 1
5 /
. —2JL V¥V
Perfect agreement ... if it weren’t for the s-penguin decays
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Putting it all together

the global CKM fit

K-t vy
A—
Inputs:
0.7 L 2|B 'A' I I B &\
3 m
0.6 A j ° tfitter ﬁ
£~ O CKM 2005 1 v,
05 F & E
€ |3 ] Am,
= |8 = 1 = Ay
0.4 - |3 - & . °
= 0.3 ?3< . 7/ . B— v
: e
K 0.2 SK B | K|
| 1 sin2s
0.1 < IVub/Vcb| B
B N
O 1 1 | 1 1 1 | L L L ] 1 1 L
-0.4 -0.2 0 0.2 0.4 0.6 0.8 1
5 /

N —2IL V¥V

Perfect agreement

... if it weren’t for the s-penguin decays
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Putting it all together the global CKM fit

K-t vy
A—
Inputs:

N
4

ub

Vo
Am,

S

CKM

titter
CKM 2005

B— v

To)
o
o
A
—
O
0
©
e
m
@
P
v
g
i}
ge:
=
C
3
@

Nl R EEEEE FEE ‘L444

A

N —2IL V¥V

Perfect agreement ... if it weren’t for the s-penguin decays
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Putting it all together the global CKM fit
' Kr—ma"vv
A—
Inputs:
0.7 -Lo /i Ny
& KM
0.6 < fitter ﬁ
= ? CKM 2005 E Vcb
. 0.5 - _rc‘: B Am,
| 0.4 :_ _g -t . _: ] Ams |
|= LA % “ / : B— v
03 B 5 \ 1 -
| s ; . £
K 02| 2 s : i
| \ sin2p
0.1 | V_V = -
' i < ub cb| Ve ] @
O I 1 1 1 . / 1 | L L L 3 7
-0.4 -0.2 0 0.2 0.4 0.6 1
5 /
. —2JL V¥V
Perfect agreement ... if it weren’t for the s-penguin decays
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Putting it all together the global CKM fit

K" —n"vv
A—
Inputs:
0.7 -LO — - | - CKM/ N
0.6 ?\. titter ﬁ
~~3 CKM 2005 1 Vcb
05 F 8 =
€ F 3 : Am,
= 04[ % 1 = amg =
= 0.3 % . B— v
O OO — ] i
K i . |5K|
|
0.2 | sin2
0.1 | o
| /4
O |
-0.4 -0.2 0 0.2 0.4 0.6 0.8 1
5 /

N —2IL V¥V

Perfect agreement ... if it weren’t for the s-penguin decays
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Putting it all together the impact of the unitarity triangle angles

K" —m vy

1.5

T I T T T T I T T
B | excluded area has CL >0.95 |

O 0O
KY—mTvv i
-0.5
-1
sin 2o - R
| CKM 2005 :
Al e ey

-1 -0.5 0 0.5 1 1.5

The angle measurements dominate !
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Putting it all together the impact of the unitarity triangle angles

1.5 T T T T I T T T T I T T I T T T T I T T T T I T T T T

| | excluded area has CL >0.95 UT angles from B factories

: 5 ]
Ak _
e o :
| CKM 2005 : i
_15 1 1 1 1 ] 1 1 1 1 | 1 1 1 1 ] 1 1 1 1 ] 1 1 1 1 | 1 1
1 1.5

-1 -0.5 0 0.5 2

P

The angle measurements dominate !
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Putting it all together the impact of the unitarity triangle angles

1 5 T T T T T T T T T T T T
excluded area has CL >0.95
[ > 30 exclusion :

UT angles from B factories

2nd solution

|50 e
05 F

: 5 ]

Ak _

e o :

| CKM 2005 : i

_15 1 1 1 1 ] 1 1 1 1 | L 1 1 1 ] 1 1 1 1 ] 1 1 1 1 | 1 1
-1 -0.5 0 0.5 1 1.5 2

P

The angle measurements dominate !
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The Future Program for

Flavor Physics and CP Violation

) =
e
/7

L

© = |B8TEV

St

KTEV 23,

Kaons at the Tevatron
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CLE

E787 /E949

O
Teva

LHC
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The near Future ? the global CKM fit in 2008
K —>m vy
A—
07 - ' T T T [ T T ] w\
>~ 8 sin 2 \\\ :
0.6 E AR ! “\\% e Vo
_\d\ , \ ca.2008 V,
05 F B : :
€] - B ] Am,
= 04 F 3 B K 4 = am, =
=R > 1 Bow
03 [ 6 =] i L
. ; o : 2]
0.2 | : sin2
0.1 / - a
: y
0 .
-0.4 -0.2 0 0.2 0.4 0.6 0.8 1
- note: Lattice QCD is expected
p to improve significantly as well ! /
| N —2JIL VYV
assumptions: | o(V,)~8%  o(Am,)~5% a(siin2ﬂ)~0.019 o(a)~6° o(r)~10°
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The near Future ? the global CKM fit in 2008
K- vv
| ——
07 [ ! T | T | T T T T T T | T T ] InpUtS:
O\,
06 % Wl fitter ﬁ
3 A "\ ca. 20087 A V.,
05F 8 - i
€] g : Am,
= 04 [ 3 B K 34 = Am, =
= — 3 s ] B— v
03 — <>1<3 - i L
K 20 . ]
0.2 | 3 sin2p3
| _
0.1 i \ a
| Y
O o by T Wy ]
-0.4 -0.2 0 0.2 0.4 0.6 0.8 1
- note: Lattice QCD is expected
p to improve significantly as well ! /
. —2JIL ¥V
assumptions: = o (V) ~ 8% o(Am,) ~ 5% a(siin2ﬂ)~0.019 o(a)~6° o(r)~10°
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more on y measurem
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The B— pr System

X Dominant mode p* 7~ is not a CP eigenstate Aleksan et al, Nucl. Phys. B361, 141 (1991)

& Pentagon relation
between pr states

Lipkin et al., PRD 44, 1454 (1991)
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A -(t)=(12Az)-(-S.sin(Am,t) + C. cos(Am,t))
) S 21m A, =14, §
wnere: = =
B P T AL P
pr pr
C mixing-induced CPV direct CPV
S=8"+S AS=S"-§ C=C*+C AC=C'-C
strong phase difference CP-"eigenstateness”
Unknowns Observables Constraints Account
o B+, s, AS, C,
T, P+ AC, A,_ 21 unknowns
g +0 2 SU(2) pentag. - 13 observables
T P+ B*, A,
. p0 = _po+ — 8 constraints
T"O, P+0, Bo+ A 0 B .
o+ po+ 1o+ PO (P, P™) — 1 global phase
_’m’, POO’ B, s,,, Cy 21vs.22©
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Isospin analysis for B— prz ?

k¥ Atpresent... no useful constraint. How about the future ?

1.2““\\\‘\\\1\\‘\1

[T T
ab™

110

1 1ab™

T :
3 CKM fit

1

1

0.8

i

S,

0.6

i

Z A

—
bava
Y s

0.4 [

=

Confidence level

77

S

>
7

0.2

27

gz

| A

60 80

o (deg)

k Very large statistics needed:

quid systematic errors ?

Confidence level

1.2

1

0.8

0.6

0.4

0.2

Charles et al., hep-ex/0406184

- 11ab

110

\ . ]
[ CKM fit

!

00
smaHBM

quid goodness of the Q2B approximation ?
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Fit Projections V... -1064151

o BaBar1 | a1 T

preliminary

75 f

Events /1 MeV/c?

0
5275 528 5.285 -1 075 05 -025 0 026 05 0.75 1 -0.2 0 02 04 06 08 1
mes  (GeVicd) AFE' NN output

| | | | | | | = I - I =

- B i
7
[
g
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Results of BY— (p7)? — z* 7z~ 70 Dalitz analysis

-4

#  From the 16 FF coefficients one determines the physical parameters :

= Direct CP violation ?

Average : BABAR (213m) & Belle (152m)

+0.13
-0.14

Ax2(no direct CPV) = 14.5 (CL = 0.00070 = 3.40)

A~ -0.15+0.09 A" 047

0.25 no direct CPV
0 g
:
-0.25 E
I
0.5 |
i i
i [
-0.75 |- E i
" [ICHEP 2004 : A
- 7\ | | | ‘ | | | | ‘ | | | | ‘ | | | | i | | L | ‘ |
-1 -0.75 -05 -025 O 0.25

g

Parameters : a, |T+|, T+, 700, P*-, P+

Scan in o using the bilinears :

- M~ B pn (Dalitz) ]

CKM 2005

CKM fit

no o meas. in fit

o (deg)

BABAR, hep-ex/0408099

0 20 40 ©60 80 100 120 140 160 180
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B— nnrn, Kr, KK Decays in SU(3)

A

1

1 Global analyses:

¥ Complete B — nw, Kn, KK analysis in SU(3)

4 “a”from B - n*n, K'n-, KK~

‘uat present: 13 parameters vs. 19 observables

Gl when everything is measured (incl. B) : ) S [N (h=r, K) in SU(3)
15 parameters vs. ~ 50 observables ’
T 05 0 05 1 15 2
3
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B— nrt, Kn, KK Decays in SU(3)

¥ Complete B — nw, Kn, KK analysis in SU(3)

o “B” from B — n0n0, KOn0, K*K-

1

1 Global analyses:
‘uat present: 13 parameters vs. 19 observables

Sl when everything is measured (incl. B,) :
15 parameters vs. ~ 50 observables
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B— nnrt, Kr, KK Decays in SU(3)

1

1-CL

. . 15 LI — LI —— T T T T T T
# Complete B — nn, Kn, KK analysis in SU(3) i | ]
4 f“o” from B —» -, K, KYK- 10 ]

o “B” from B — n0n0, KOn0, K*K-

I interesting combined constraint in (p,n) plane

L

T

1 Global analyses:

{

‘uat present: 13 parameters vs. 19 observables !

— . . . -1 : ]
&l when everything is measured (incl. B,) : i

Y 9 ( S) i % Combined hh (h=m, K) in SU(3) 1

15 parameters vs. ~ 50 observables | Prelminary i | ‘ | |

05 o 05 1 15 2
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