Present context of B physics
and
three body B decays o

Particle physics in one page

B physics : CPC and CPV constraints
on the Unitarity Triangle '

Examgles of three bodx decaxs
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= Direct CP violation B* — Tir+K*

Conclusions
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Particle sics in one page

The gauge sector (1)

The flavor sector (2)
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The EWSB sector (3)
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The VY -mass sector (4)
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(1) best tested, at least to per-mille accuracy

w= (2) + (4) : main developments of last 5 years,
different in nature, both highly significant

== (3) Le secteur tres peu explore



In which context tis work
1S happening

bExtraordinary data of
B-factories BaBar and Bel]e
G P g - s @

Present fundamental questions

= Physics (EWSB)

and cosmology (dark matter)

strongly indicate that there will be
New Physics at a scale < 1 TeV

= Origin of the electroweak breaking

1S being studied seriously and will develop with
LHC

= | Flavor physics and CP Violation
Either discrepancies with the SM appear
Or one does not find discrepancies,

why physics beyond the SM is not flavor sensitive ?

= |deal place to look for New Physics

In CP conserving (loop processes like R - X.Y)

or CP violating processes (asymmetries B — ®K.)



A =sinf .
— . 0 50
Unitarity triangle B 1B,

ViugVib + VgV + VigVip = 0

AX (p+in) - X AXZ + A5 (1-p-im) = O

— (CP-conserving sector
[V I» 1V, |, decays (some very rare)

= (CP-violating sector
(angles of the Unitarity Triangle «, 8, v')
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Direct CP yiolatiOIl)

Interference between weak phases (Tree-Penguin)
and strong phases (absortive or rescattering)

A(B—+f)—|A|e 1e51+]A2|e -
A(B—1) = |A;| e el + |A | 2 el

Z|A[|A;]s1n(3,-8,)sin(6,6,)
A ITHIA P42 A, [ |A | cos(8,-3,)cos(8,-0,)

A

BaBar and Belle (5.7 o) Ag-q+ =-0.11£0.02

Interference between tree b - u and Penguin b — s

Strong phases are important
ct. QCD Factorization predicts Org ~ O(X,)

Roughly 3¢ effect

BaBar A, = 0.34+0.13+0.06+0.15
Belle Acp = 0.30+0.11£0.11
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Interference mixi—-ecay betwen
A(B°— f) and A(B°—> B”— f)

['(B'->f-T(B = f)
Al (1) =—=

= - C.cos(AMt) + S, sin(AMt)

A LT 2
" DA 6 ™Y TS F W
- BS-ES system

- f : CP eigenstate
- Only one CPV phase

(e.g. b »ccs, f=]J/TYK,)
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f‘

ALL(f) = - 1 sin[2(0 ] sin(AM,t)

mixiﬂg_l{p decag)

For ]/ ’FP’KS Ag‘é(f) = SinZ2( Sin(ﬂMBt)



B - 1w, oT, oo

Interference of suppressed
b — u “tree” decay with mixing

BY decay: tree

BY mixing
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but: “penguin”
1s sizeable! : With no penguins
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B = xTn" —Tcp S C'r
BABAR | 7 0.30+0.17 —0.09 + 0.15
BELLE 1.00 + 0.22 —0.58 +0.17
average 0.56 = 0.13(0.34) —0.31+0.11(0.24)

First measurements of tagged B — 797 rates,
hardest input to isospin analysis:  [Gronau, London]
I'(B — n’7%) — I'(B — %%
I'(B — w070 + I'(B — 70x0)

= 0.28 == 0.39

[BABAR, BELLE]
B(B — n'7%) = (1.51 +0.28) x 10~°
Need a lot more data to pin down o — a.g from
Isospin analysis... Bound now:

a — aer < 39° (90% CL)
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e détermination de ¢

B—pp meilleur

oo . CP = + domine (polarisation longitudinale)

BaBar B(B »0%° < 1.1 x 10°°  (90% CL)

Pollution du Pingouin Eetite

B(B—m“1m") B(B—¢"p")

= + 0.07
B(B—Tr 1) 0.33 £ 0.0 B(Bp o) < 0.04
Sp+p- €t cette borne - & =[96 * 104 +11/°

BABAR & Belle | i wee B — TUT (BABAR and Belle) :
combined | 12 Combined ]|
1 w-B—>pp re-4 CKMfit -
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Mirror solutions
disfavored
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"KM indirect constraint fit:
a=98+16°

o (deg)
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Quinn-Snyder method

(Vudvjj\ [3
CP phase (Tree vs. Mixin Argl; v/« |= Bty =TT -&X
’ . ’ A ViaVih) —
Time—deEendent Dalitz plot
A(t) = cos(AMt/2)[f A" +f A +£,A%]
+ i sin(AMt/2) [f+ﬁ+"+f_ﬁ"++foﬁoo] (+ from tagging)
cosd mE_-% p(s) P 5 S
f(s) ~ [1(s) = [o(m S)="\{ = - Hi
s—m5+i1'[(s) \'s | Po o PIs) 4 %

d

‘E—A(Boﬁp“f’) =A" = lXT T p
g A(BO-—:- pono) _ A00 _ o000 500
gA(E%p*n') = A" = el pt-
8] 50 -+ =+ 1Xr+—  pt+—
pA(B -0 T )=A =T +P
% A(EO—-} poﬂo) _ A00 _ ,ice:00, 500

The known variation over the Dalitz plot given bv Breit-Wigner

- determination of ¢ and strong FSI Qhasgg
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A Dalitz plot showing 1200 B — pw events, genemted with the Small Penguins set
of amplitudes. The p°7° band is noticeably depleted. The events are concentmtcd at the ends of the

p bands because of the Ionetudmal Eo]anzat:on of the p - ;



Neglecting Penguins

Typical interference terms

f o o gives é

No « dependence, but phase dependence from BW and FSI
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Phase dependence on BW

Im(f f*e“zi‘x) = Im(f f*)cos2« + Re(f f*)sin2c
+ + Tt m— T+ qum—

T = e T L NI W SSerT i T __—'__———___—__—_____—_

"
BO(t) — Eo l = o"R - T’ gives sin(2c¢+d)
B —

No phase dependence from BW (|f] 2)

dependence sin(AMt) Im(TT'e*21%)

for ch__arged S T=T
terms sin(20c+3) § = Arg[ T (T )*]

for neutral p s f=T
dependence sin2x
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Interference between various intermediate states
SE———— T}

contributing to the same kinematic 3 region

Dependence on cos2x as well as on sin2«
.-

even with vanishing Penguins some degeneracies are lifted

ambiguity o -5 -

Analysis in principle fits tree and penguin contributions
(10 parameters)

Uncertainties
e

Assumption of p dominance has no theoretical basis

Other resonances can contribute to 31T
fo(400), £.(980), f2(1270), 93(1690), f.(2050)

Nonresonant 31 (flat piece, to be fitted in center of Dalitz plot)

Electroweak Penguins

U

Analysis of BO — 0T distavours solution ¢ + >
“

Combining B - op with B® - OTT
(CKMFitter, UTFit, Marie-Héléne Schune 2005)

x = 99+12



3 from three body peguin modes
B — 3K by BaBar and Belle

= B%(B’) > K*K¥K.

_—————

S¢=-(f,-f.)sin2@ C.=0
Corrections

u-quark Penguin

b—u tree

Measurements of f, and sin2f3

f. ~0.9 sinZ2@ ~ 0.55 - 0.60  (large errors)

- B”(B”) > KK K.

S = -sinZ3 Ce=0
Correction
u-quark Penguin

sin2@ ~ 0.63 - 0.58



A=V, V*(P -P+T)

chb ¢S

ubVL:;(Pu_Pt'I_Tu)

il
PKs T Ky MoK
<0()%) =0.05

sm(2[3 )/s (2¢

sin2B, .. in transitions b — s

| LP 2005

| PRELIMINARY
tl—>ccs Average ! 0.69 £ 0.03
Q= G ...... e S T T
X Belle 0.44+0.27+005 |
S Average et 0.47 £0.19
& BabBar : — ~asll et 0.30+0.14+0.02
F Belle : ok 0.62+0.12 + 0.04
i€ Average | =l 0.48 + 0.09
T S g 0.95 22 40.10”
X Belle 0.47 + 0.36 + 0.08
= Average ' 0.75+0.24
e BaBar e il
é:*( Belle 0.22 + 0.47 + 0.08
|5 Average :[EE T SRR 031026
: o RN — | 0.50 %038 £ 0.02
< Belle s 0.95+0.53 *312
S Average 0.63 + 0.30
e BaBar i —Herd| 0 ¢ 041+018+007+011
\¢ Belle 0.60 +0.18 + 0.04 g3
RN RS S I 0512014 "G50
< Baiar i BT X ) 04
< Belle 0.58 +0.36 % 0.08
g Average 0.610.23
-1 0 1 2

Deviations of sin2@_..in b — s
penguin decays not settled yet
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Determination of y

from Dalitz plot asymmetries

(D) K.’ m common final state
A. Giri, Y. Grossman, A. Soffer and J. Zupan MS) K
b B
A(B™ — DK) ~ Ve Vis — :‘—.} )
A(B~ - D°K) ~ V, VX e\ D’

s

A(B" — l_)OK+) g *V

- - 1
+ Op— U )
A(B —}DK)NVJEVCS -
coherent svalk
B” - DK - K. 'K D° = DO+rel(-Y+3) B
B* - DK - K t'm 'K’ | DY - D%+rel(Y+3)p°
2 y. 2 2
m+ = mKSﬂ-'*" H = mKS]T“’

M(DS e KSTI+‘]T=) = f(mf,mf) + rel(-Y +9) f(mf,mf)
M(D? > KS*JT+'JT“) = f(mf,m?) + rel(Y +9) f(mf,mf)

M(]'jo — KSJT+]T_) = f(mf,mf) from continuum e’e - gq

Dalitz plots DS — KSTE""JT” and DS > KS’JT"’TE“ are not identical
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Re(r ')
Deviation from origin indicates r=0
Difference between B and B” means CPV ¥ =0




Measuement of B
B’ (B") — I_DO(DO > K ‘.IT+TE_hO

—K.t'1t” can interfere (D)
(e ————————

D°(D°) »K "1™ described by f(mf,m?) [f(m’m})]

Due to @i time-degendent Dalitz Elots

differ for B” and B

| cos(*THf(m?,m?) - ie2® sin(*5)n,o(-1)“f(mZm?) | 1

2

| cos(*THf(m”m?) - ie2® sin(*5)1,o(-1)f(m%,m?) |

, f(mz,m?) from EO—*KS‘.IT+IT:_ in e'e”—»qQ continuum
(model with resonances)

Belle : 300 events (DTEO, D¢, D1, D*TEO, D*n)

-30°< B <62 excludes 8 = 67° at 95% CL

Tl
Lifts the B -5 - amblgmty



Résumé of information
from Dalitz analysis

= First useful measurement of v

oy
= Useful measurement of &« in B~ — p1r
disfavouring mirror solutions

combined with sin2x from B'::l - popo
E

— Resolution of ambiguity 8 — 5 - 8

= Direct CP violation in three body
charmless decays B* — T m+K~

= (P in three body Penguin b—s decays
BO(EO) — KiKJFKS



Conclusions

"Dalitz analysis :
a new paradigm for measurements
of fundamental parameters"

K. Abe
Lepton-Photon Conference 2005

Fundamental question
that will be raised very soon
in Flavor Physics and CP Violation

New Physics is expected at energies < 1 TeV,
possibly associated with the Higgs

In Flavor Physics, either

- One finds deviations from the Standard Model

- One does not find deviations

Why the New Physics is not flavor-sensitive ?



