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(' P Violation

matter anti-matter asymmetry
weak interaction can violate C'(charge), P(parity) as well as C'P symmetry
—> particel and antiparticle can behave differently
SM has a build-in mechanism that generates C'P violation: C' K M mechanism.

weak and mass Eigenstates are related through a complex, unitary matrix:
Cabibbo-Kobayashi-Maskawa C' K M Matrix

d’ d Vud Vus Vb d
s’ = VexkMm | s = | Vea Ves Ve s
v’ enl b J Via Vis Vi b )
elements Vij are quark flavor transition probabilies (I/VjE exchange). e

BUT NOT able to produce observed asymmetry in our universe.
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(' P Violation

4 free parameters(3 mixing angles, 1 complex phase) for 3 generations of quarks

Approx. represention of Vo in terms of the Cabibbo angle, A = sin ¢ ~ 0.22

LA N L VCKMV(J}rKM =1
N 5 4 unitarity — .
Vo = O A 1 A —|—O()\ ) 2?21‘/}%%;:&@#]{
AA% |1

relevant relation for B meson decays
+ + = 0
O(\3) O(\3) O(\3)
can be represented as a triangle in the complex plane —

sides with similar length = large C' P violation

5 observables (3 angles, 2 sides) = over-constraint

confirm SM or find new physics
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C'P Violation in the B System

difference of particle (B) and anti-particle (B):

e complex quantity: A\op = L =

A¢(Ay): amplitude for B(B) — final state f, p, q mixing parameters and ¢y, s:
weak/strong phase differences
= 3 different types of CF
A) |As| = | Af| — different rates for B and B:=> direct CF — Acp
B) %|;/1:%in the mixing (e.g. K <> K), butin the B syst. p ~ ¢
C)|As| =|Af| and |p| = |q| but Z(Acp) 5= 0:= indirect CF — Scp

and is interefence between A) and B)

e time (At) and flavor (¢ = £1) dependent decay rate

—|At] /70

P(At, q) = “—

BO

{1 +q [SOP sin(AmgAt) + Acp cos(AmdAt)] }
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C'P Violation in the B System

N o (At,fep)—Ngo(At,fop) .
Nig(At,fcp)+N§0(At’fCP) = Acp cos(AmAt) + Scp sin(AmAtL) | At =t — ¢

C'P asymmetry parameters: g o1 .
> £ 0.14F
®© Qo E —0
= . = - ----g=B
= +— (direct CP) 3 i
_ 21 008
ACP — W 0.06/—
) c 0.04?
different decay rates 0.02
: and : E o
* (indirect C7)— ps | |
()\ ) 6 -4 2 0 2 4 6( )
y : 2Z(Acp At (T
6 4 -2 0 2 4 6 — \ o)
At (1) Scp = A2[+1
different time evolution B0 St fo< 5°
B> f fppe—— B - o \ / \ /
- . for B and B decaying into a - o0

C'P eigenstate fop
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®- and mixing induced

0,0 = .. _

B — p’p B B mixing same fore.g. B — p+p :
' . Vi t Vip > B — 7T+7T_, B — 7070 ...

—b \ub < uT] » u

N Vud _

W+\\\ u BO W W EO /§V+/<d

V;d - _ _ _ 5 iy €«

d b i d s
d > d th th ‘ ’

® (o is phase between V;4V,; and Vi, V.,

e 5 only through indirect C# in b — wue.g. interference between B — ppand B — B — pp

V*bvd A
B — y ‘o Via Vi, Ml
S t VudVubl
P2 = aryg (VubV;d) VAV
b3
zx\ltb\,td Vubv:;
— . 0 )
B = Scp ~ sin(2¢s)

fe= nm pp
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Living With Pollution

b — u(p, w,..) at Tree level: sensitive to @2 (Sc p) and no direct CF (Acp = 0)

BUT more amplitudes (penguins) can contribute

o

N

c
o

N

N
o af

E+
//
<./
7\\
o o
Q
o o

= 9 penguin pollution = A¢s, Acp

Acp # 0 = direct CF
Scp # 0 = indirect CF

= measured observable gbgff = 9 + Ao

— extraction of A ¢ with isospin analysis is possible
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Recover ¢9

e extraction of A, with isospin analysis  (remove penguin pollution)

for unflavored isospin triplets, e.g. p,

Bose statistics:= 1=0,2 (final states);

tree 1=0,2;

penguin: 1=0 only (gluon; I=0)

>>|

allows to formulate relations of the decay \/TA+-
2 00

amplitudes A
eg. AT = A(B — pTp7)

° LA+—_|_AOO :A—H)
2

75
1 A+— 4 A00 _ A—0

e \/§A + A" = A

o A0 = A=9 (no penguin) = geometrical considerations reveal A¢o
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Recover ¢9

In b — w transitions

e measurement of At provides sin(2¢2 ) = sin(2(¢p2 + A¢p2))

e extraction of Ao through isospin analysis possible A
=

but 2(sin) X 4(A¢,) = 8 fold ambiguity

In the p system the SM predicts small penguin pollution

N

o ¢, from BY — pTp~

A A
o BR(BY — pYpV) relatively very small
multiple solutions due to A¢- overlap = only 2 fold ambiguity 0
e current error on ¢o dominated by the p system e -

= this talk: measurement of B(BY — p'pV)
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Impact on C'K M Angle ¢9

e variation of
BR(BO — pOpO)

in isospin analysis

10—

prev. Belle

Babar

a1
0.
0.6
0.4

el g\

0 30 60 90 120 150 180
ph|2(deg)

0.4x10°
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B—VV

3 different polarization amplitudes contribute — important for C' P measurements

At ereeeneennd, NUDUPROTY R > LP

TP
A—l S N _». P .<_ ......... »
e only longitudinal(LP; Ap) is a pure C'P eigenstate (even)
e transversal(TP) states are a mixture of C' P even and odd states
SM: LP dominant, f, ~ 1 — (m3,/m%) ~ 1 (fraction of LP: f, = Z%LI‘—OAEIQ)
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Break

Aiming at a better understanding of the ~ C'K M angle ¢5

15%: extraction of signal from all events = signal + backgrounds < branching fraction
— rare B decays are extremely background dominated (esp. at a eTe collider)

— multivariate analysis
2md: measurement of time and flavor dependent decay rate  — Acp,Scp
— b — u: observable Scp ~ Sin(ngSff) polluted by penguins
3" remove pollution with isospin analysis

: - 0,0 0

-e.g. with B — pTp~, p°p”, pTp

= several measurements of branching fractions and C' P parameters needed to pin down ¢»

15 and 2™? can be performed in one step
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The Experimental Setup

e |ocated in Japan

SC solenoid
(1.5T) e Aerogel Cherenkov Ct-l e asymmetriceTe™

i x n=1.015~1.030

> collider (KEKB)

3.5GeVe" 551 ons GeV)
—_1 <

CsI Calorimeter
(TD), 16Xo

Time of Flight | e |uminosity world-

counter I\

record
det — 1014fb_1
~ T72 x 10°BB

pairs

8.0 GeV e~

Drift Chamber
| small cell He/C,Hg

Belle Detector

ol =< Si Vi Delecty 14/15 lyr. RPC+Fe

/K, detection
‘ 3/4 layer DSSD — tracking

o

— PID
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The Belle Detector
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(' P Violation measurement

Where the Bs come from:

25
[ T(1S _
[ f ) e Y states:bb bound states
p= ) S . . =
ER e 1 (45) exclusively into B B pairs
el + T(28)
RN o Y(4S): JFC¢ =1-~
= i PC _ ——
: () p—
T wfF ¢ - T(3S) B:J 0
| L] ;A .o
e ot {1 ) — B pair in p-wave
P AV O T T(45)
& L i S £y . .
- . T L e asymmetric wave function
continuum background :
(| PERESIEN SIS SIS ST ST — B's have opposite flavor:
911 9416 LE].OO 10.02 10.31 10.37 10.54 10.58 10.62
i BN, T A . S . _ _
ete” Center-of-Mass Energy [GeV] continuum: ete —  qq
(u,d,s,c)

m(Y(4S)) = 10.58GeV/c* ~ 2 x m(B)

gives large contribution
m(B) = 5.28GeV/c?
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(' P Violation measurement

different decay time-dependency for B and B decaying into a C' P eigenstate, indirect CP

| |
coherent  =o K
BO-]—BOpair B __________________ ) tagside
high energy beam X
] ™t V.V
° Y(4S) c
BO / T
! T .
' Az B CP side
t t,

e T(45) resonance right on BB production threshold (BB ~ at rest in CMS)
o T(4S) — entangled BB pair = opposite side flavor tagging possible

e asymmetric beam energies = boost of the CMS = At — Az (At ~ ps, Az ~ pum)
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Flavor Tagging

towards CPV measurement
Y (4S) — coherent BB pair
one B = B¢ p decays into final state of interest.

use flavor specific decays of the other B = By, to determine the flavor of Bo p; e.g.

B decays B decays
I (Lst) I* (2nd) :: I (Lst) I (2nd)
@  w R wy R @ wE W X
/ / — _ +
b K b C S (K
C s (K) Vs (K")
- +/
(b) w;’ (d) Wy
b L b £ T /=0
B% _ g ©9) (89 C @)
d

1 d rn B
D \( %(T@ow) D \: 3 ()
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Reconstruction of (BO — ,OO,OO)

BY —s 0,0 e vertexing (Az)
00— g

e flavor tagging (B or B)
— 4 charged 7s in the detector

+

e select best BY candidate

candidates : PID criterias (Mp.. closest to Bmass)

0
_ 2 — )
Mbc — \/Ebeam o pBTec

e reconstruct p° candidates from wTwT
e continuum identification

e select 7

pairs

pY(770): broad resonance(I’ ~ 149MeV)

— Mt € [0.52, 1.15] GeV/02 e randomize events to remove asymmetry due to
T . y .

ordering in the reconstruction
excludes Kg(0.49GeV)

e reconstruct B" candidates from ,00,0O
pairs = end up with a B candidate

e charm and strange vetos (due to combina- beeing a potential mother of two  p”'s

torics) — removes peaking BKG also from background!!
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Measurement of BR(BO —> ,OO,OO)

Extraction of BR(BY — p®p?) and f1,

6D extended unbinned likelihood fit  with the variables

AFE, 2Xmq+.—, F, 2 Xcosbye

AE — EBrec — Ebeam

The model consists of 17 components which are: modeled using
— 2x signal (L pol, T" pol); MC
— 2 X misreconstructed signal (L pol, 1" pol); MC
— continuum (eTe™ — qQ); data taken at /s = 10.50GeV < m(7(45))
— 4 x BB: charm and charmless B%(B¥) decays; MC
— 8 X peaking BKG (47s finalstates); MC
mtr Tt arn T agwE bt fofo, forta, pn T, fop
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Model for BR(BY — pp")

AE — EBrec — Ebeam

e signal MC(L pol) e neutral charm decays

— _ I —~  800F
9 20000 Xndf =2.64 S 700 X?Indf = 0.84
S 18000F S :
S 16000- = 600
1% 2 S0
nl 3 = 400:
£ 10000F o 3885
O 8000 o :
1l 6000F 200;
4000F A 1005
2000;_ \ O: | | |
O- , | I [ . \ A )
0.1 -0.06 -0.02 0.02 0.06 0.1 01 005 0 A?_:'O(% e\/o)'l
AE [GeV]
. 8
PDF(AFE)=2x bifurcated gaussian PDF(AE)=gaussian + ;chebychevi
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Model for BR(B" — p’p")

e signal MC(L pol) e neutral charmless decays
& 20000t Xndf = 0.92 N 350- 2
o 18000 S 300 X%ndf = 0.88
o 16000¢ =) g
=~ 14000k - 2505
@ 12000 8 200
< 10000t - :
Ll 6000 L 100¢
4000k 3
2000k >0 fo
O_IIIIIIIIII e L OJLII'I' I R e el S T S TR MY e it S Y
06 08 1 12 14 16 06 08 1 12 14 1 6
M, (LT [GeV/c?] M,(rem) [GeVic?]
PDF(Mptn-) = €rec(Mout —)xBreit-  PDF(Mq+r-) = 2XBreit-Wigner
. 4
Wigner + gaussian + Y _ chebychev;
i=1
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Helicity

e eg.for B — p’p° JOP: )0 = 17— ;7% = 0~
Y
2 different polarizations, longitudinal(L pol, C'P even) and transversal('I" pol, C'P even & odd)
f1,: fraction of L pol,through helicity analysis (SM: L pol dominant)

01 angle between the BY and the

7t flight directions in the p frame

TP AT
......... Pocrunnnns >
T
< fN\lOOOOj
o o F
E); 9 8000
P @ 6000
5 S 4000
3 S 4000
L L [
2000
O: I I 07 I I I I
-1 -0.6 -0.2 0.2 0.6 1 -1 -0.6 -0.2 0.2 0.6 1
COS Oygiiciy COS Oygiicity
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Model for BR(B" — p’p")

Helicity: weighted with reconstruction effiency histogram

e signal MC(L pol) e signal MC(I" pol)
& 7000; 2ndf = %) : Indf =
™ X4/ndf = 0.66 ™ - X/ndf = 0.49
S 6000 S 6000
= 5000 y = 000
S 3000¢ S 3000;
L 2000; [l 2000
1000¢ 1000¢
O: | | | O | | |
-1 -0.5 0 0.5 1 -1 -0.5 0 0.5 1
data cos( 6, ;) data cos( 6, 1)

1 d’T _ 9 2 nl 2 2 1 201 a2 02
T dcos0L_dcos0% | — Z(f cos” Oy €O8” Oy + 3 (1 — fr) sin” O sin 9He1>
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Continuum ldentification

6—|_

e~ —qq, (q=u,d,s,c) gives biggest contribution (Nyg5/Nsig ~ 1000)
e combined eventshape variables using fisher disciminant — F

e cos(fp) (B flight direction)

4500¢
4000
3500
3000
2500
2000
1500
1000:
500
O . | . | . | . | . Y
-1.1 -0.66 -0.22 0.22 0.66 1.1
cos 6,

I

Events / (0.022)

2-jet like
continuum
p(q) ~ 5 GeVic v

Spherical
B decays

p(B) = 0.3 GeVic

e fox-wolfram moments: H; = > MPZ(COS¢M) with legendre poly. P
,J

e thrust, sphericity, ...
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Model for BR(B" — p’p")

F consists of eventshape variables: BB — spherical, g§ — 2 jet like

e signal MC(L pol) e continuum

3 25000F  X%ndf =220 3 1200F X%ndf=055
. : . :
< 20000} = 1000}
% - ¢ 800
2 15000f = :
o g v 600
g 10000 G a0
5000} 200}
o) o)
-3252151050051152 -3252151050051152
F F

PDF = double bifurcated gaussian
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Result: BY — pOpO

ull Projection

g 25007 rbepdt b
‘% 2000 = PRELIMINARY New results, arXiv:1212.4015
L C
1500— . . .
- Signal enhanced projections
1000—
500;
i: %5++TH'++++"'+H++|-++++¢++++++++T+T++HJ'T++J'1'J-1'+"'+++ B 0 — IOO IOO, , 47 final states,
01 005 0 005 0.1 BB bkg, , total
AE [GeV]
. 250h i~ = S 100
S i =} = o
S 200 S 0 = 80
a | 2 60— 5
§ 150 o 3 o
LLl L LUl =
100 é 40
50 = 20
‘é; % ,_éj; §:+ ””””” I E:: %
2 o L i i A = E LI
01 -005 0 005 01 0.6 0.8 1 ) 1
AE [GeV] m,(Tt'Tt) [GeV/c]
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Result: BY — ,00,00

e 6D fitter: PRELIMINARY New results, arXiv:1212.4015
AE, Myt r— Myt~ , €08 Oyel, €08 Onel, Fo/p (M. +.— is invariant p mass)
node branching fractionx10~° events significance
B(BY — p°p?) <1.5 U. L.
(1.02 £ 0.30 £ 0.22) 166 =249 | ~ 30
fr=0.217035 £0.11
B(B° — fop°) x (fo = 7 7)) | (0.8640.27 4+ 0.15) 149 + 47 | 3.00 1st evidence
B(BO — fofo) X (fo — 7'('_‘_71'_)2 < 0.2 -5+ 17 U L.
B(BY — p'nt7n™) < 12.2 33 + 82 U. L.
B(B° — fortn ™) x (fo = o) < 3.1 —27 + 43 U. L.
BB - ntn~ntxnT) < 11.7 —25 + 54 U. L.

o BV popo suffers from large systematic uncertainty through interference with B — a,itﬂ':':
e previous Belle result: -B(B® — p°p°)prev. < 1.0 x 107, assuming fr, = 1

-B(B° = fop®)prev. < 0.3 x 107° (657 x 10 BB pairs)
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Systematic Uncertainties

Category SB(BY — p°p%) (%) SfL
N (BB) 1.4 =
Tracking 1.4 —
Particle identification 2.5 —
Mis-reconstruction fraction 1.3 < 0.001
po shape 0.2 < 0.001
Model shape 5.1 0.08
Histogram shape 5.2 0.03
B(B® — ain) 0.4 0.03
B(B% — by7) <0.1 < 0.001
B(B® — asm) <0.1 < 0.001
Fit bias 1.9 0.03
Interference 19.2 0.03
p07r7r helicity 6.3 0.05
Total 22.0 0.11

interference with a7

yield ratio (Y bkg/Ypopa)

Gl b b Lo b b
0 05 1 15 2 25 3 35 4
damping factor ratio (D bkg/Dp°p°)

likelihood scan incl. syst.

o 4 18
y e
0.8

0.7F

0.6F-
0.5
0.4

0.3¢
0.2

0.18

0O 020406 08 1 121416 18 2
B(B°- p° p)x 10°

Pit Vanhoefer(MPI)

¢o from BY — pp

IMPRS Colloquium, 15.3.2013 28



09 from B — pp Decays

iIsospin analysis

inputs: — 15
O 0.9:
® my result on ' 0.8

$> = (91.0 £ 7.2)°

BY — p%0%1p Ape = (0 £ 5.4)°
B(BY — p°0")|Lp =

(0.21 £ 0.36) x 107°

cooo
OO

-------------------------------------------------------------------- 68%
e and world averages else

o0
Illiﬁlllkll)llclﬁl)l

o

o
w
o
@)
o
©
o

120 150 %80
0, ()

same scan with the world average

B(B? — p%p®) = (0.74 £ 0.28) x 107 % — ¢2 = (90.9 £ 8.4)°
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Summary & Outlook

pt p~ prev. Belle

e presented measurement of BR(BY — pYp%) (arXiv:1212.4015)
preliminary results (presented at CKM 2012)
BR(B? — p’p") = (1.02 £ 0.30(stat.) 4= 0.22(syst.)) x 107°
fr = 0.2177 55 (stat.) & 0.11(syst.)

e and used it in isospin analysis

bo = (91.0 £ 7.2)°

e currently working on the final update of BY — pTp~

— measurement of branching fraction, polarization

and C' P asymmetries.

® most precise measurement of ¢ in the B — pp system ?

5 o
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BACKUP
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B—VV

naive SM predictions

2

: : o . . 1 . my My

amplitude ratios: Apg: A, :A_=1: mp |
fraction of longitudinal polarized states fr:| fy, = Aol ~1— my
' [Ao[?+|A|2+|A_]2 m

theoretical status:

LP (Ao) TP
calculable using QCD factorization in the suppressed by powers of (Agcp/mB)
heavy quark limit amplitudes do NOT factorize = hard to cal-

culate (divergences)

Beneke, Buchalla, Neubert, Sachra-
jda: arXiv:hep-ph: 0104110, 9905312, M. Beneke, J. Rohrer and D. Yang
0006124 arXiv:hep-ph: 0612290
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B—VV

measurements Polarizations of Charmless Decays
HFAG . K 3(1430)*
August 2010 N — 0K5(1430)°
. _ K (1270
tree dominated: (p, w, ...) : @gﬁ )
_E ¢K*O
fr ~1 . wK3(1430)°
i WK (1430)*
penguin dominated: (K", ¢, ...) : WKt -
) e
__ s
fL ~ 0.57? i . 'OK*opo
R KK
N s K*OK*O
s ay ay
N
e.g. K™ naive expectation: e T
—— New Avg. + 0
~ 1 _ (MK*\2 — Ball %= PP
fr~1—( o ) 0.97 . Belle =1
— “helicity puzzle” 0.2 0.4 0.6 0.8 10 12
topic of ongoing research Longitudinal Polarization Fraction (f.)
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Helicity

f1, not only over fit to cos(© ).

e in fact i build models for two signal components, LP and TP.
e they only share the same shape for the p mass.
e slightly different A E and F due to different momentum distributions.

e cos(Oy ) gives best discrimination

= fit a common branching ratio and obtain the yields for each polarization by fitting also f7..
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Continuum ldentification

What | use.
® momentum sum relative to
aaaaa ) thrust axis Lo
ooooo ,‘J e angle between the 2 Bs thrust
1 1 | 1 1 o ‘A"F—"Irl " aXiS
L2c L2n 'co'S(T'BlTO) - cbs(Bz)

e [ flight direction

e fox wolfram moments

% S I IR i BB

o i ag

- ol cut: cos(T'B|TO) < 0.9
1 1 1 Jl I L L

-1 -06 -02 02 0.6 1 -1 -06 -02 02 0.6 1 -1 -06 -02 02 0.6 1

heo heo heo removes ~ 60%qq

@)
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Rec: PID Criterias

e information from different subdetectors — likelihood ratios ERi/j

e charged tracks from signal MC: standard set of cuts — syst. are known

LR <0.9 LR/ <04 LRy <0.9

Events / (0.01)
(=Y
<

H
2
Events / (0.01)

Events / (0.01)

10* 8

10°E

P S 1 PR = e s PO IS I B ([0 3 ST N PO PO A il
0 0.2 04 06 0.8 1 0 0.2 04 06 0.8 1 1

LRy, LR roton

electron

e require that tracks (somehow) origin at the IP: |dr| < 0.5¢m & |dz| < bem
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Rec: Charm and Strange Vetos

e removes signal like features comming from background with similar final state topology,

eg. B = D (n nta)n ™"

or wrong PID; (AE = Erec — Epeam)
~ 200F —~ F
160t -
\\C-’/ 140 \\C-’/ 120
g 120 g 100
5 10 5w
> 80: > -
L] 60¢F L 60;
40¢ 40F
-0.1 -0.06 -0.02 0.02 0.06 0.1 -0.1 -0.06 -0.02 0.02 0.06 0.1
A E [GeV] A E [GeV]
before and after vetos
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Rec: Charm and Strange Vetos

Cuts on M (7rm):

— 50000F
DY :1.86484 & 0.02[GeV/c?] -
K : 0.493677 & 0.018[GeV/c?] & 30000
$ 20000} \
Lu L
10000
Cuts on M (7w7m): o M
0 O 3 06 09 1.2 1 5
D* :1.8696 £ 0.02[GeV/c?] M(rm) GeV/c?
=+ . 2
DF :1.96849 + 0.02[GeV/c?] 25000
8. 20000F
S
~ 15000F
Cuts on M (pup): £ oooot JHM
JW : 3.0969 + OO4[G€V/C2] Li 5000%”"“/J
(2)8 304‘3‘28‘3;52‘3‘76‘ 4

— loss in €00 < 4%

M(pp) GeV/c?
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e BCS: best candidate selection

& 500~

8 B truth

S 400:— mISrec

S 300

) ¥

I 200:—

o -

m  100;
O' L L . L . . | .
5.27 5.2765.2825.2885.294 5.3

M, . [GeVic?]
if 2 candidates with same M}, = \/Egeam — ]523

—> choose combination with highest 7 and lowest 77~

multiplicity = 1.40

Events / (1)

L | L | HHHH\ L
O 10 20 30 40 50
# B candidates

L(top) and 1" pol

multiplicity = 1.05

Events / (1)

1%" I

momentum ST
0O 10 20 30 _40 50
— purity = 76%(L); 92%(T) # B candidates
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Correlations!

sometimes correlated multidimensional P DF needed

e.g. a1 or fopo(peaking bkg: A FE shape similar to signal)

D 16Pk T 1
2 14HE > 1.4k
CIN: O
= 1.8 = 1.
E E
E E
= 08 = o
0.64 Sam ey | 0.6)8 : -
06 08 1 12 14 16 06 08 1 12 14 16
M, (L) [GeV/c?] M,(Ttm) [GeV/c?]
/‘\T & 16000-
o o E
S S 14000
= = 12000
[4) @ 10000
L W 4000:
: 2000}
Oilwww\www\www\www\wwwlw Oﬂlwww\www\www\www +
06 08 1 12 14 16 06 08 1 12 14 16
M,(Tgr) [GeV/c?] M,(Ttm) [GeV/c?]
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Motivation

B —light VV (|IB°) = |bd))

BR/O™

light hadronic vector states: p, w, a1, b1, @, K*, ...

ra
=7

—> rich field of physics with different types of amplitudes

tree, QCD/EW penguin, weak annihilation . |
but: light <+ rare(CKM suppressed) ' }
— experimental difficulties
e extract flavor parameters, e.g. C'P asymmetries : | I ]
e find (hints of) new physics Jp ") l | ]

s pélp.() A E" o E‘Up” kgt k! FUP- F“cp K9 7%
e helps understanding

a) QCD, b) helicity structure, C)...
Bartsch, Buchalla, Kraus: arxive: 0810.0249
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BY _ IOOpO

® previous measurements

Experiment BELLE BaBar
BR(x10~% 0.440.4-+0.25 | 0.924+0.324+0.14
fr - 0.75 £0.11 £ 0.04
A% b - 02+08+03
S&p - 0.3+0.740.2

BB pairs (x10°) | 656.7 465

=> no observation made at Belle (yet) although more data available (~ 2 X)

challenging analysis new method on full data set
e rare decay: BR < 1079 — ® no cut-based but multivariat analysis,
e large backgrounds including eventshape
e helicity structure and fr,
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Toy MC Studies for BR(BO — ,00,00)

Estimate the fitter’s ability to find signal with Toy MC, proj. into A F.

expected Nr of events:

— signal:~ 100 S
— 4 7rs ff:~ 650 2
2
(using world averages) L
— .~ 4500
— all:~ 110000
Fit Region:

5.27 < Mye < 5.29 [GeV/c?]
—0.1 < AE < 0.1 |GeV]

0.52 < m(rtr~) < 1.15[GeV/c?]
—1 < cos(fy) <1

Normalised
Residuals
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Toy MC Studies for

e performed fits on 300 toy MC samples

S §OLm=0777:0042 (n:0.70) ~  140c i
=) © 5=0.296+ 0.027 ﬁ g 120F m=o0.27 WLi 0.000
~ 4 1 , = 100"
£ 30° 1 2 80 I}
G>) - e 60:_
w20 | g
E J'}' - t +
O el LD bl hl'[' L O L g, | g, | M
-2151050051152253 O 02 04 06 08 1
BR x 10° 5BR x 10°
IS input value indicates 3 o significance

—> on the edge of a observation with a 3 ¢ significance
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Toy MC Studies for

e performed fits on 300 toy MC samples

©  50° H o
8 40:_ m_: 0.770 + 0.011 (rrpot 5) 8
O - $s=0.182+ 0.008 ‘- l Je)
Q 30 Jf I S
S ] S
= 20 r | =
%) F T Jf %)
s 8 t 5
Lﬁ O:.|...|...+...+THT_I_.|.|..|...|—.[_..+—.[_.—h~|. G>)

05 o0 05 1 15 W

IS input value

fL

= measurement of f;, posibble

250F +
200" 1t
. m = 0.204 + 0.005
150F
100
500 ¥
- +
O' | ++LH R |
-0.5 0 0.5 1 1.5
5f,
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