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CP violation and related issues
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Jrmeiam] CP asymmetry

CP asymmetry:
a _ P(EO _)fCP7t)_P(BO _)fCP’t) —
o P(B® = frp,t)+ P(B® = fip,1)
_ (-14,, |2)cos(Amt)—2Im(ﬂjbp)sin(Amt) B
] 4y, [ g4,
ﬂ'fcp _nfcp —
“p4,

2P in decay: |A/A| =1, [A] =1
2f in interference between mixing and decay: Im(Q.) = 1
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) Decay asymmetry calculation for B->n+ -
B - tree diagram only

(a/p)
%mjmm
V.V

Im(A_,) =sin2a

. a *
V¥ d< _ W u
A/A <
Vud

2’7171’ = 777[7[

Neglected possible penguin amplitudes ->
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A

R " - tree vs penguin
&q‘ﬂun m
u
free / " penguin
b
b Vub —_——
e S _ Vv
'u‘.w u qb

d Vuqud*=AA'3 (P'T'T])
VipVieg*=AL3 (1-p+in)

AGuurd) =V, Y, (P, =P+ V, V., (T,

uud

+F/ - F)

How much does the penguin contribute?

Compare B - K*r— and B - nwtn -
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.ﬁ‘ CKe-t )
EEHAE T K™ - tree vs penguin
[ =] peng

u | S .
Tree b VE penguin
b v, S q
e =
o W- . Vab N u
.,‘.‘. u q g \
< u
V¥is .
S vubvus*=A7V4 (p-ind

AGuits) =V, Y, (PE =P+ VY, (T + Pl = Pl) VaVes*=A¥

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-rnn)= 0.48 10-5

> Br(B-n*rm) ~ 1/4 Br(B-K*zx) - penguin contribution
must be sizeable
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Reconstruction of rare B meson decays

Br(B-ntn)= 0.48 10
-> 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*m decays.

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

LT

AE (GeV)
whet : P Reconstructing rare B meson
T S w|  Gaussian decays at Y(4s): use two
05 b %5 ﬁ‘l' et H
o -,-a : variables,
ofegeas o o § .
ahgin 3 5 50" ; beam constrained mass M,
afe Ty : and )
2 .. £ . oo ? [smeoth ond known background energy dlference AE

o
0z i [

T A€ (Cev)”

Gaoussian

AE=)E,—Eg,/2

&= M, = - B

ARGUS function
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Continuum suppression

25 TOT TIT =T
T(18) .

AL 1 Continuum
g continuum Jet-like €
£ 15+ .
.l
i ol | Trﬁs‘
< \( J’\ 1(8)

’ sur'} Sl g

< -

L L I ——
844 847 10,00 1003 1033 10,37 1053 10,68

ete-— gqg “continuum” (~3x BB)

To suppress: use event BB

shape variables spherical  sign

B
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L2

F=D

Continuum suppression

LT

ete-— gqg “continuum” (~3x BB)

To suppress it use: BB
eevent shape variables lqq 0.86 |
eevent axis direction - [y
Combine to a likelihood ratio: -

Liu
KLR= 5%

KLR
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B->nt - sample (253/fb) — just published

: KLR = 0.86 (high gg suppression) S\400 KLR < 0.86 (low gq suppression)
@ 250 — Total

U
R T —Tot S350 .
continuum | 8260 }
3200 it
M150
100
50
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HERAFR B->n* m: results of the fit

KLR > 0.86, good tags

g

g

S, = -0.67+0.16+0.06

A, = 0.56+0.12+0.06

B' tags — Total
-> direct CP violation!

Events/(1.25ps) Events/(1.25ps)
§ o

A (ps)
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B->nt n~: results of the fit, plotted
with background subtracted

® tagged as a B

S = -0.67+0.16+0.06

'3200 o tagged as a B’
Emu N A, = 0.56x0.12+0.06
= ¥ -> direct CP violation!
H Evident on this plot:
E acp Number of anti-B events
E o /pﬁ“%’? < Number of B events
g "
-1
5 0 5
At (ps)
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@’rﬁw@ B->wntn . IN erpretation
Interpretation:
tree + N
tree level Y &7
(OR) .
l _ e2i¢2 N /1 _ 62i¢2 1+ ‘ P/T | e =| 2 | 2l¢2eﬂ
71 v/ i5—ig, N
1+ | P/T | e strong phase
. diff. P-T
A/m =0 - A/m oc Sind weak phase

(changes sign

S_=sin(2¢,) - S__=+1- Az sin o> direct ob

Awiid) =V, Vo (P; =P+ VY (Tay + P = P}) = ( v J
* u }/ ¢ _arg “ “
=V Taal+ B =P+ 0 vy e =] 7T T
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R ARG How to extract ¢,, 6 and |P/T|?

¢,.¢¢ depends on &, ¢;, ¢, and |P/T|

= ¢, + ¢, + &3 — b, depends on &, ¢, ¢, and |P/T|
penguin amplitudes B - K*n— and B - wn*n- are equal
- Timits on |[P/T| (~0.3);

considering all interval of 8 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)




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
[ron e

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
1x1 +2 2 1
friaf 1]+ +1 .Symmetrize nw states
+1 o0f1/2 1/2 2 1 0 .
o+1li/2-1/2] o o o *Decompose 1n I,
e 1 1 amplitudes (C.-G.
coefficients)

0 0]2/3 0-1/3] 2 1
_1riji/e /2 1/3)-1 -1l eRewrite in terms of

0o-1ft/2 1/z21 21 B->mw decay amplitudes
-1 0o|1/2-1/2}F2

|-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

May 17-25, 2005 Course at University of Barcelona 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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Extraction of ¢,

Use measured BRs and asymmetries in all three B — =nn

decays — extract ¢,

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

and for B - p n

BaBar/Belle BaBar

for B — pp

S, Br(B'-noq0) Similar from B — pp

b= 106° * 8% 50

A, Br(B-n'm) BaBar/Belle
Ae Br(B*—m'n)  similar from B — pm
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backup slide

b E ll;l 0
80 Whel
- d d ;0
d
3
T ~ Vyp*Vug ~ A P ~ Vip*Viq ~ A3 ) Te ”_Vub*vud
Mt = -Te 162 4 peldp
S=sin2¢, M0= 1/y2(T.ei® + T)e 192
A=0 MO0= 1/y2(T eidc e-162 4+ peidp)
. ) S = V(1-A?2)sin2¢,eff
Ispospin relations for B—nn A ~ sing,
) ¢, from 3
e B—nn g’
BaBar g
(&)
0 50 100 150
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o backup slide
CKM Matrix - ¢,
Belle [152M)] BABAR2I3M] |
A 0167099 _0.088+0.049+0.013 iy R B — 7L (S_.C_. G,y BABAR s Bell)
s -028+023*018  _0.10+0.140.04 Lo - B—pn 3 Combined
000 e B e~ CKM fi
c 025007092 034x0.112005 g —>pp = C t .
10.05 v £ E ] {

A7 ~0.02+£0.16 =0.21£0.11+0.04

'C0.53+029*0.99 08]

=0.47+£0.15+0.06

combined 3.6 0.6 Lo

a@=(102+11£15)" a=(ll3ff;i6)" i

|Based on factorization &
SU(3); Gronau & Zupan]
0.2

|
60 180

M.A.Giorgi,ICHEP’04 0"\* N I e
0 20 40 60 80 100 120 140 1
o (deg)
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152M BB PRL93,021801(2004)

100 = — Total
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2004 status

CPV in B® - &t n—: BaBar and Belle,

A

i

S,= -1.00
0.

£ 0.2
58 £ 0.2

1
1

0.07
0.07

.=
t

227M BB Babar,M.Cristinziani,ICHEP’04

'+

A, =

S,= -0.30
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t
t
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