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CP asymmetry

CP asymmetry:
a _ P(EO _)fCP7t)_P(BO _)fCP’t) —
ST P(B® = fops1) + P(B” = fop,t)
(-14,, *)cos(Amt)—2Im(A 7, ) SIN(Ami)
- 1+, P

q 7.
A = 77,‘ 9 cp
fep Jep p AfCP

2P in decay: |A/A| =1, [A] =1

2f in interference between mixing and decay: Im(A) = 0
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far/ 2w Decay asymmetry calculation for B->n+ -
FRAiEE

i G - tree diagram only

N
c

u
W_ u B V*u /
—_—p
V’!‘ud < _ W' u
d a/p)  A/A <
/ / VUd a
P A7 j Vi Vas
ViVia NVidVis

Im(A_,) =sin2¢, =sin2a

Neglected possible penguin amplitudes ->
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" - tree vs penguin

d VpVyg*=Ar3(p-1in)
thth *=AA3(1-p+in)

Aiwd)=V,V,, (P, =P+ V.V Ty + Py = Py)

How much does the penguin contribute?

Compare B - K*r— and B - nwtn -
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L .
R K-n+ - tree vs penguin
L Ty

u W.... S .
Tree R V¥ penguin
b b q qd
Vub —_—

—> -

o W- . Vab N u

oy <:£E::r a g \\<:::::r
- y
V* us

S VupVus*=AA* (p=in)
A(UZ/_lS) I/cb (Pc P )+ I/ub (T + Pu Pst) vcbvcs*=A7"2

uus

Penguin amplitudes for B - Kz~ and B » =n*n~ are
expected to be equal. Contribution to ACuus) 1in Ktn-
enhanced by A in comparison to m*n-

B - K*n~ tree contribution suppressed by A2 vs ntrn.
Experiment: Br(B-K+x )= 1.85 105, Br(B-ntn)= 0.48 10-5

> Br(B-n*rm) ~ 1/4 Br(B-K*zx) - penguin contribution
must be sizeable
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Diagrams for B> nr, Kn decays
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N — 32
Possibility of tree-penguin interference.

N.B. in B>=r the two diagrams are the same order in A
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A .
@%@ Reconstruction of rare B meson decays

Br(B-ntn)= 0.48 10-5
-> Rare decay, have to fight against many background sources.

Reconstructing rare B meson decays at Y(4s): use two variables,
beam constrained mass M, and energy diference AE

Use event topology parameters to suppress the continuum
backgrounds.

Use particle identification to reduce the background from 4x more
copious B » K*r~ decays.

Exploit the very good momentum resolution to kinematically separate
the remaining B - K*r~ contribution.
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Reconstruction of rare B meson decays

* " Reconstructing rare B meson

s w}  Gaussian decays at Y(4s): use two

* ".& ‘ variables,

CA. 4 : beam constrained mass M,

v : and
-: ' ! smooth und‘l;r;t-:-n:r; background energy dlference AE
M.;_‘:‘(Gevti 02 o4 IN AE ‘Eb ev) 02
0 Goussian = ZEl - ECM/2
@&y, = JE, 122 p)
. be cM Pi
ARGUS function
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a2
A . .
R Continuum suppression
m-m il Continuum
g oL continuum _ Jet-like €'
% m—! TES}
*% N\ e
: / \w \J s
Y :Jo.oo m;u.;-(}?m:;_m::;r 1053 1068

ete — gqg“continuum” (~3x BB)

To suppress: use event BB

shape variables spherical  sign

B

June 5-8, 2006 Course at University of Tokyo Peter Krizan, Ljubljana




. —y . .
B3 Continuum suppression

ete — gqg“continuum” (~3x BB)

To suppress it use:
eevent shape variables laq 0.86
eevent axis direction - [y
Combine to a likelihood ratio: i 3

BB
|

T — C.‘.‘I.’
K L R = . = e
BE T LW
KLR
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a2
FERAHaER B->n* n-sample — 2005
e ] [
%250 KLR > 0.86 (high gq suppression) %400 KLR < 0.86 (low gq suppression)
O — Total O |
8 8350
<200 ; 300
3200 # m
M150
100
50 /]C
o \A\
02 0 02 04
(GeV)
N =251 8
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AN
wina[f] (TN wmw

B->nt . 2005 sample

KLR > 0.86, good tags
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ﬁﬁﬁﬁ B—>7c_+ 7. results of the fit, plotted
T with background subtracted

a :P(go—)fcpat)_P(Bo_)fCP’t):
e tagged as a B’ Jer P(BO —)fCP,t)+P(BO = fepst)

L300 © taggedasa B®
g =S, sin(Amt)— A, cos(Amt)
...Emu -
= ¥ S.. = -0.67+0.16=0.06
0
£ Acp A= 0.56+0.12+0.06
50 .
“’ + -> direct CP violation!
4 Evident on this plot:
-5 0 = - Number of anti-B events

< Number of B events

June 5-8, 2006 Course at University of Tokyo Peter Krizan, Ljubljana




B->n* - comparison Belle-BaBar:
experimental situation for in 2004

E Belle 152 M BB Ul BABAR?227M BB

with 372+32 BO—ntn~ events with 467133 BO~ntrn- events
S =-1.00£0.21+0.07 S,,=-030£0.17+0.03
A =+0.58+0.15+£0.07 A =+0.09£0.15+£0.04

PRL 93, 021601 (2004) hep-ex/0501071, to
appear in PRL
5.26 CPV,

First evidence for DCPV (3.2¢0

Also ~3.2s discrepancy between Belle and BaBar
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G  Belle B — n* = 2005 results

1st error statistical,
2nd systematic

o A away from 0: Compelling evidence for direct
CP violation in B>=*n” with 4.0c significance

¢ Confirms previous Belle results.
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2005: Status of B>nt n-

BABAR (2004}
-0.30+017+0.03

Belle (2005)
~067+0.1620.06

0.5 - | Average
F -050:0.12
—a—

T

T 2 47515125 1 -075 05 025 0
BABAR 227M BABAR (2004),

——
\ | Belle (2005)

0560121006

05 B

Lf ~2.3c difference =
between Belle and | A - A
_15 R QA\\B\AR L | o b by E (Cn’[[) ]
e 1 os 0 G g Proverssi¥iere. . AT TS FT A
T N
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i -t interpretati
@ﬁ@ B->n ;N erpretation
Interpretation:
tree + N
tree level Y &7
_ 2ig 21¢ 1+ ‘ P/T | e@H@ _ 2i¢2ef,’
ﬂ‘/m' =e - /?“mr =| ﬂ' |
i0—ig; 74
1+|P/T |e strong phase
. diff. P-T
A/m' =0 - A/m oc Sind weak phase

. > - (changes sign
S =sin(2¢,) > S, =v1-A" sin(Z@ > et ob

AQuud) =V, V., (P =P +V, V., Loy + Py —P)) =
¢3 _arg ud ub

. : y=
VW Tadl+ (P = P+ V1 1V W )cP*/T
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[t How to extract ¢,, & and |P/T|?

¢,.¢¢ depends on &, ¢;, ¢, and |P/T|

n= ¢; + ¢, + 3 — O,.¢r depends on 3, ¢,, ¢, and |[P/T|

¢,. well measured

penguin amplitudes B » K*m— and B - n*n~ are equal
> Timits on |P/T| (~0.3);
considering the full interval of & values one can

obtain interval of ¢, values;

isospin relations can be used to constrain §
(or better to say ¢, - drerf) s
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For any |P/T]
5<—4° (95% CL)

For any &
\P/T|=0.17 (95% CL)

& (degrees)

I T
O N QO P —
JLi

For |P/T|=0.6 (for example)

72° < 0, < 146° (95% CL)

0
0 20 40 60 80 100 120 140 160 180

o (degrees)
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2w Extracting ¢,: isospin relations

. AN .
[l S T |
||||||| =| [T
[ ELIR

|B° - n+1t‘,n0n°|

b : . % d n"' u TCO
@ = S u u
Bo t ...... _ BO W+ K
d : n” d d 70
d
P~ Vi*V.; ~ A3 T. ~ Vyp*V
tb Vtd C ub Yud
No pengiun!

Constraint: relation of decay
amplitudes in the SU(2) symmetry
A0 = 1/42 K+ + ROO
A0 = 1//2 At~ 4+ A00
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ﬁﬁrﬁgﬁ Extracting ¢,: isospin relations
LT

How to derive the relation of decay
amplitudes within the SU(2) symmetry?
A0 = 1/42 A+~ 4+ ROO

A0 = 1/y2 At~ 4+ A00

2
1Xx1 +2 2 1
[rr+1] 1]+1 +1 «Symmetrize nw states
+1 0f1/2 1/2 2 1 0 .
osthra-izl o o o -Decompose 1in I,
amplitudes (C.-G.
TLoL|ye 17z /s coefficients)
0 0f2/3 0-1/3 2 1
—1t+iji/e-1/2 1/31-1 -1l eRewrite in terms of
0o-1ft/2 1/z21 21 B->mw decay amplitudes
-1 0J1/2-1/2 -2
|-1-1] 1
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P,

1 0 — 1 .
\7}1(3 T ) VT ;’13/; 2 6‘11!!2 0
0 00y _ 1 ,

41(B — T ) = —3;15/22+ 6‘11/20

June 5-8, 2006 Course at University of Tokyo Peter Krizan, Ljubljana

BO N TCO 7.[:0

R
D
]

E_-,éa

E
=
E

A very difficult channel - finally measured!

227M BB, Belle
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ook BABAR N 61 "1 1|Br(B%—nf)=
;.;20 "’e“'“'"“'*’ sig™ 1/(1.17 £ 0.32 £ 0.10)x10-°
21901 480 i/ A= 0.12 + 0.56 * 0.06
= l | RS 3 4 -
'51: + T ! ““+ {1 274m BB, BaBar Ngig=82
i . ; 0_,0-0)—

o . 22% .nrleI: Br (B%—nr?%)=

52 522 524 Mbc[%ieV] (2.32 * 0.45 * 0.20)x10°¢

Ap= 0.43 = 0.51 = 0.17
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(e " Extraction of ¢,

Use measured BRs and asymmetries in all three B — =nn
decays — extract ¢,

Similar analysis as for B - n n also for B — pp
(6,2Ff closer to ¢,)

and for B - p n

BaBar/Belle BaBar
S, Br(B'-noq0) Similar from B — pp o,= 106° * 80110
A, Br(B-n'm) BaBar/Belle

Aep Br(B*—>w'n’)  similar from B — p=
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