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CP violation in the Standard Model (SM):

@ CP symmetry can be violated in any field theory with
at least one irremovable phase in the Lagrangian

@ This condition is satisfied in the SM through the
three-generation CKM quark-mixing matrix (Vud Vs Vub\

Unitarity Triangle: Ved Ves Vep
VudVap + VeaVeh + VeaVip = 0 Via Vis Vi |

@ The angles are related to
CP-violating asymmetries
In specific B decays

@ already good precision
ong(d,): (B. Ford's talk)

% |sin 284 = 0.734 + 0.055
VeaVes Bo_>d/ Vs >
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What about 0((¢2) ? (H. Sagawa's talk)
from a4 1Isospin triangle analysis

@ The decays B» an*7, n*n° 7n°%° are related by isospin
@ szt statescanhave l=2or1 =0
= gluonic penguins only contribute to | = 0 Al=1/2)
% '7n°is apure | = 2 (Al = 3/2) so it has onlytree amplitude
@ triangle relations allow determination |A*=|AC| |
of penguin-induced shift ina: 2« = 200 + k.,

Both BR(B?) and BR(R)

have to be measured in
the 771 modes
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And flnaIIy )/(¢3) ( A. Golutvin's talk)

v IS the weak phase difference between
b - u tree| and b = s penguin| amplitudes
~ comparable tree and penguin contributions
facilitate sensitivity toy

Challenges:
~ Strong phases
~ Electroweak penguins (EWP)
~ Rescattering

All two-body modesare useful:
+« Km, Kz, Kp: sensitivity toy
+ gt A(*z®) ~ pure tree = A, ~ 0
- cross-check for the EWP suppression
~ KK: constraints on rescattering

\ §
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Charmless two-body (or quasi two-body) |

decays: Kz (Kp, K* 7, ..) d.s
@ rare decays: 16-10°:
% tree: Cabibbo suppressed€ [V ) u

<% penguin: new physics in the loops? b X U

@ Kz modes: theoretically cleanef" nenguin amplitude favoured
by CKM factor |

» K'z: PA)H Tca(d)
» Ko+ P19 h W~

L K+.7T0: Pc(j.z) + TCA+CS()~4) d o
> Koo P2+ Tt ot 0,d.5
5

_d

=T, TeAY, P,(1Y, etc...
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Charmless two-body (or quasi two-body) |

decays.tm, (o, ..) and KK

@ 7zt modes: all contributions
of the sami€ order

tree:
» 1 Tea@® + P + ..|+P@)
® 7% Tepcs(hd) + o Tl ]+ Tl o]

® 700 Teodd) + Pu(Ad) + .| +P(19) b . d

) , S

VgV o VeaV o) ( S

@ KK modes: similar to zzzr, but U u

no tree contributions P . U~

®» K'K: W-exchange{®) W s/ |

» KK*: P,A3)+annihilation(4?) f P(1%) ( S e
=» K°%K% pure penguin: P,(A*) [|+P.1%| d u
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Interesting modes

Direct CP violation: for new physics search:
= K°r+: pure penguin
both charged and neutral Bs = K®7o: color suppressed tree

* ~ 0 asymmetry

tagqging IS not always necessar
991Ny Y Y expected in the SM

+ charged and self-tagging modes
-~ higher efficiency
Interference between (at least) two amplitudes
leading to the same final state
As = ayexp i 601+ azexp i[5 ) ¢ L_CEeven |

Ay = 00505 B} s 6
CP-odd

the measured asymmetry is:

gl — | AgP i )
Ace = 5,p = a,p ~ 5% o= 2B 2]
f

.7
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B-Factory detectors:

@ CLEO -

& BaBar
@ Belle

SC and
Rare Earth

Quads  gjjicon
Veriex Detector

RICH

Calorimeter
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Analysis overview:

@ Features of the analyses:

= event selection: exclusive B reconstruction (ggand AE)

=% high background from continuum
+ continuum suppression based on topological information
¥ cross-feed fromother B decaysfor 7°%p) modes

= crucial K/ separatiorn excellent particle identification needed
to distinguish among various final states
+ Cleo and Belle: cut on a likelihood (dE/dx + Cherenkov angle)
+ BaBar: include the Cherenkov angle measurement

In the maximum likelihood (ML) fit

= finally to separatesignalfrom light-quark background:
+ maximum likelinood fit (Cleo and BaBar)
+ AE fit (Belle)

\ §
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Event selection:

Kinematically select B candidates with ms and AE

+ Mgs: powerful variable
to separate signal from
Ilght quark contlnuum

I

+~ AE: some separation power
for final states with
dlﬁerent K/n composmon

. BABAR 5 - BABAR Contro
k. 'S | ; Sample
Eg 5 ontrol sample 5 Em 3 B°-D 7t |
""'.il;!.‘.l.- D = + i § J
%::u:j— 1 _ E
'“’;' background -

i i L L L 1 L L | Lk :. —l .......
5.20 m[ﬁ:«} (GEVJFC"} 5.30
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Continuum suppression (I):

@ spherical B events vs jet-like continuum

% several technigues exploiting
event topology or angular distribution
@ selection cuts on:
= Fox-Wolfram moments
= sphericity, cosfg
= B direction (cos6g)
+ build Fisher discriminants: angle between the
% to be included in a likelihood sphericity axis of the B
variable to cut on Belle) and the sphericity axis
% to be included in the of the rest of the event

maximum likelihood fit (Cleo and BaBar)

\ §
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Continuum suppression (l1):

@ Fisher discriminants:
= Cleo: 14 variables
< 9 energy cones, ca%i,
4 momenta of the fastest @, K, p
<% Fisher variable included in the ML fit
= BaBar: 2 variables
=, % 2 Legendre Polinomials:
) P(p’) and P(p’;, cost’)
<% Fisher variable included in the ML fit
= Belle: 6 variables
=% Fox-Wolfram moment ratios
= adding cosfs to build a likelihood:

ale

i

Arbitrary 5

10

o2

0.08

0.04

% cut on the likelihood ratio R =Lg/(L g+L )
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K/m separation:

=» Cleo: 00T
<% Cherenkov angle from RICH H

+ dE/dx from the drift chamber 2000

together in ay2 to cut on '

<% misidentification: 11% kaons as pions ,L_

T R P

(8% pions as kaons) @ 2.6 GeV/c R o
= BaBar: 1 Kaon (6 -0 K)/a(6,)
<% Cherenkov angle from the DIRC S N S sy
— GC Included in the ML fit g 08y |K efficienc:: I
< separation: & @ 3 GeV/c <
<, Yoy
= Belle: =
 Cherenkov angle from the ACC g 04
+ dE/dx from the drift chamber S ol | = fake rate |
% cut on the likelihood ratio L/(L.+Lk) = | i,
| O

FPCP, Paris, June 4th, 2003 Plab (GeV/c)



Marcella Bona, INFN Torino Charmless Decays @ B-Factories

Events/20 MeV
co3888838 3
I I

maode

Cleo BaBar Belle WA
B - wtn~ 45t t0 47+06+02 441+06+03 4.6+04
B 5 Ktx— 18.0+23+12 17.94+0.940.7 185+ 1.0+0.7 18.240.8

B 5 KtK~- < 0.8 < 0.6 < 0.7 < 0.6

80 é_nn —Toal === KT E -KTL: AT TIT I T T grTTT]

- ey~ = Three-body & i
= PPPPITIN | E

2 il
SR -2 Uil

A ALY MRS i :

nn ] : 4] L] 10 15 20 25 a0 35 40

AR GeV branching ratio x 10°
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BR results:Kn

made BR (107%)
Clec BaBar Belle WA
Bt —» K%+ 18.8*37+3% 20.0+ 1.6+ 1.0 22.0+1.9+1.1 20.6 +1.4

Bt —» K+x% 12.9£35+77 128+ +1.0 128+ 1.4%;7 12.8+1.1
B -5 K%2® 12.8£3%+77 104+1.5+1.8 126 +2.4+1.4 11.5 1.7
K[ "
... and KK e | N
o+ |
mode UL on BR (10~%) @ 90% CL :"KK" i s
Clec BaBar Belle - Z =
BT 5 K’K+t <33 <22 < 3.4 o b7
B - K°K® «< 3.3 < 1.6 < 3.2 T
KK~ |
K‘I'KO
FPCP, Paris, June 4th, 2003 KK
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QCD factorization and present results:
BBNS [Nuclear Physics, B606, 245, 2001]

B Data 2001 .
Inconsistent?

Sl e \

Tgt /Tge Bris =~} /2Br [ﬂiﬂuj

L% ]

25} 2Br(#"K*)/Br(z*K") e Br{=FK=*) ;znr(ﬂﬂfcﬂ}

0.3}

. BR(7'7)=1.4 10°

0.5
D 0 D : - s : : : :
0O 2% 50 75 10D 125 150 175 0 25 50 75 10D 125 LS50 L5 0 25 50 75 00 125 130 75
7 (deg) 7y (deg) ¥ (deg)
3 . . 2.5 — . . . . . 0.4 . : : . . .
251 Tgefrge Br(sTHE)/Br(=t K" 5 \ Br{wt ) /Br{#T K*) Tg+ {Tgo Br(a"a" }/Br(w ="}

oL

Jim Olsen's talk at the CKM workshop
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The other sides of the Isospin triangles:
BR results for 7=z and 77"

mode BR. (10~%) [UL @ 90% CL]
Cleo BaBar Belle WA
Bt —» wtx® 4.6+7-3+02 55110 +0.6 5.3+1.3+0.5 5.3+0.8
BY — =0z < 4.4 < 3.6 < 4.4 < 3.6
% . .
- fit region
4 1
3 3
PIT _E =
- o
5 R i
N o
— . light-quarkbkg ~|___ I T ="
“nznln_nl| e G-UEE [GEV]U-EE 050 17

AE (GeV)



Marcella Bona, INFN Torino Charmless Decays @ B-Factories

I

With an upper limit on the BR(xzz"):

It is possible to get information onx
with only an upper limit on 7%7"
-~ for example: Grossman-Quinn bound (assume only isospin)

00
cos2{aegsr — ) > 1 — 25+D
| Gtet - 0 | < 5f| @ 90% CL from the best UL
: : . : 2| IHE I e7m @ 20007
trying the isospin triangle confidence =3 50%"  mm 10000f"
anaIyS|S forj'[j'[ L [ T — e —— . .......... Joo

- using the BaBar G, and §,,, o=
WA BRs and BR"z") = 2.0 - 10,,
with |A%|=|A%)|

~ but scaling the errors to
higher statistics: 500 ft 02

0.4

0 0

|a'aeff| (deg)

doysx3iom XD 8u) e y[e) S,S00y

hope: not to measure such . .
a high BR{ 7%
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CP-violating asymmetries in B— p*-
@ in principle: direct measurement ofa with the full

three-body Dalitz plot analysis[A. Snyder, H. Quinn]
@ but: much more difficult than in the zzz case

= three-body topology with a neutral pion:
=% huge combinatorics, lower efficiency
* high background from other B decays =, :(kl;lhmiagawas takk)
.| [ interference regions @i
@ for the time being a quasi two-body = §» E
analysis has been performed: ;
= selection of thep-dominated
_9 Dalitz plane region
= use of multivariate techniques
to suppress light quark bkg
= fit for p*7", p*K" at the same time

FPCP, Paris, June 4th, 2003




Marcella Bona, INFN Torino Charmless Decays @ B-Factories
y

Branching fraction results B = p*7:

mode BR (10~°) [UL @ 90% CL]
Cleo BaBar Belle
B® 5 pta~ 27681442 2261+ 1.84 2.2 20.8760+248
Bt — pzt+ 10.4%33 421 244843 80234 0.7

Bt — p*ta® < 43 — —
B% — p%#° < 5.5 < 10.6 < 5.3
[ ' ' ' 100 -
o ., 29 fy*
Nu 3 " ]
- - -
- I =] B
ﬂls— — =
w | 5
N4 D
8| |
oLLL 0534535 536 527 5.28
5.20

Mg GeVic
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Trying the Isospin

triangle analysis
for par:

on 500 fb! with the current
WA BRs, C and S values and
BR(B’ = p°1° =0.9 - 10

not much sensitivity to«a =

assume BR(B - p°1°) to be
below experimental sensitivity:
~ improved constraints, =
+~ SU(2) analysis gives meaningful
constraints ona above 2 abb

FPCP, Paris, June 4th, 2003

Stark's talk at the CKM workshop
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.I -__. ..
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What's left? K’z and pK...

@ K’z and pK:
< same physics as K
< sensitivity toy ?

maode BR (107°%) [UL @ 90% CL]
= 4 Cleo BaBar Belle e
B® 5 ptK- 1678 +£3  7.3%1% 1 1.2 16 & 572
Bt — pK+t < 17 Sy < 20 < 12
Bt — ptK® < 48 Yy —
B — pK® < 39 = - < 12
BY 5 K**#x— 16+f + 2 — < 30

Bt —» K*xt 7.6150+1.6 15,5 + 3.4+ 1.8 19.4157+3 1150
Bt —» Kt 7" <31 — -
Bt - K*gt < 3.6 — —

\ §
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Asymmetry measurements:

5 — tagging
i ¢ + - -
B> 7k i needed for
LB > 0Kt —— | K°r® 't
. - -77:+,0-, -77:-,0+
B —> K o TUU
- = These
F B —> #° K° | : = measurements
3 , s are still
:_ B"—>m'n _ ——m— statistical
B* —> 7tn dominated
= ™ =
E o YN .. _ BR(B® - ptx~) — BR(B" — p~*)
B —>pn A = BR(B'S ptr-) + BR(B = p-n¥)
i _ R _+ BR(B®— p~n*) — BR(B® — p*=n™)
B B‘:|I -> p+ﬂ' = BR(B® — p—n*t) + BR(B® — p*n—)
L, . Cleo
L B" —> Ko~ |BaBar I
: Belle i
HFAG average | s

-1 -0.5 i, 0.5 1
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Summary and conclusions:

Charmless two-body PP decays: the picture is getting clearer
~ penguins don't seem to be negligible: K vsnr
-~ the inputs for the isospin triangle analysis (I1A)
are starting to be usable:
7*n® has been measured
still an upper limit on z%° = if high BR, IA not feasible?
too early for a significant constraint
@ Charmless PV decays:
< p*° and p°z° still missing for the IA
< full Dalitz plot analysis on its way
< more missing pieces in the Kland
@ next years will be really interesting
= most measurements are statistically limited
= exciting times for angles andlirect asymmetries

\ §
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