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(' P Violation

Where did the anti-matter go? [L@ST PROPERTY

weak interaction violates the combined symme-

0
A

try C'(charge) P (parity), 7
complex, unitary quark-mixing matrix, Vo i s -
e
(Cabibbo-Kobayashi-Maskawa): ———
+ \‘\\\\\\\\\\\\\\\\\\\\ e
quark flavor transition probabilies V; j (W= ex- "Sorry Doc, we had a load of Anti- |

Matter around 13 billion year

change). but it got lost when we move:
b -u
d/ Vud Vus Vub d b u
S — Vcd Vcs Vcb S
W
b’ Via Vis Vi b |
weak mass |

succesfully testet BUT NOT able to produce observed asymmetry in our universe!!.
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(' PV Observables

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 X VCKMV(JJrKM =1
V. ~ 0O N1 2 . (9()\4) unitarity — 5 .
CrM o D iz ViViy =00 #k
A A ]

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

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:

> -
S g —q=8°
> 2 0.14F »
g : % = - q=B
s — Ac p(direct CP) A o
. 0.082
different decay rates 0.06F-
0.041
0.02;*
. and - P s
: g A
‘ Sc p(mix.ind. CP)— E | |
-6 4 2 0 2 4 6
different time evolution At
B> fope———B"
B f fppe— B - o \ / \ /
- - for B and B decaying into a - 50

C'P eigenstate fop
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¢ and Mixing Induced

thth )

Oy = afrg( Vo V) accesible through mixing induced CF in b — w transitions,

e.g. interference between B — ptp~ B e fps——8

s NI

B

/ d mixing induced
+

*

B : > f
and B — B = pTp~ zxm A
Vg u —
B

) //W' fe= T, PP
d Vi Vi b // 5> U
Pt V., => at tree level:
W, | W u
_ | | — .
b |t L < d SCP = Sm(2q52), -ACP =0
Vbt th
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Penguin Pollution

ol

At tree level: Sop = sin(2¢2) and Acp = 0. .

BUT more amplitudes (penguins) can contribute

penguin pollution = A¢o, Acp
— measured observable 95’7 = ¢ + Ao

and .ACP 7£ 0 possible How the penquin distorts the tree level measurement
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Recover ¢9

e extraction of Ao with isospin analysis  (remove penguin pollution) gbgff = ¢ + Ao
for unflavored isospin triplets, e.g. p, 7

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

e tree |=0,2;

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

allows to formulate relations of the decay \/_§A+- 00

amplitudes A
eg. AT= = A(B — ptp7)

° LA‘I'—_i_AOO :A—I-O
2

75
1 A+— 4 A00 _ A0

S \/EA + AW = A

o A0 = A=9 (no penguin) = geometrical considerations reveal Ago
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B—VV

scalar — vector vector (p : JE¢ = 177) = three different polarization amplitudes

T T e Ay — longitudinal(LP):
AO N T e T > LP pure CP eigenstates

nep = +1
A+1 P A <_ ........ _>. ........ » ° A:I:l N transversaI(TP):

TP
A > mixture of C' P even and odd states
| D A _». ...... .‘_ ......... »
nop = +17 —1

SM: LP dominant, f, ~ 1 — (m%,/m%) ~ 1

2
fraction of LP:| f1, = % Scp = Ncp Sin(2¢§ﬁ)

measure f;, = separate longitudinal (C' P-even) and tranvserse (C' P-even&odd) polarization
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Measuring ¢9

In b — w transitions (e.g. B — 7, pp, ...)

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

e extraction of Ao through isospin analysis possible A
=

but 2(sin) X 4(A¢,) = 8 fold ambiguity )
In the B — pp system the SM predicts small penguin pollution 24
o ¢, from BY — pTp~ (LP only) A
o BR(BY — pYpV) relatively very small B
multiple solutions due to A ¢ overlap = only 2 fold ambiguity AR
e current error on ¢ dominated by the p system o
I il

Need: Branching Fractions, fr, and C' PV parameters of:

BY — pTp=,BY = p%p" and BT — ptpY
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Previous Measurements

Experiment BELLE BaBar
BR(x10~% 0.440.4+0.25 | 0.92+0.324+0.14
fL 1(assumed) 0.75 £0.11 £+ 0.04
A& p 0.2+ 0.8+0.3
S&p 0.340.740.2

BB pairs (x10°%) | 656.7 465

two independent measurements

BY — ,00,00 (color-suppressed)

o
/
N

BaBar

Experiment

BELLE

BR(x1079)

22.8+3.812:3 ()

+3.6
255421730

fr

0.94175:5%3% +0.030 )

0.992 + 0.02419:926

L
Acp

0.16 = 0.21 = 0.08

-0.01 4= 0.15 £ 0.06

L
Scp

0.19 = 0.30 = 0.08

—0.17 4+ 0.2072-%

B B pairs (x10°)

535(1*)200)

384
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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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Where the Bs come from

]
[

T(18)
13
=l o
o 5
& & T(2S)
8 B s I:
—— i |
=
T wlF ;¢ T(3S)
| -l
+:: C b §
O TR SR N 1 (1)
1 e Y R A
= +-.J ‘+ + s .)_Jf" .y +
B + + 3t Ty ....-,.._,“1-:* ok SR
=
| continuum background
0...|...(§|..‘l...(§)..| ..... |..(§)..| ....... S L
911 9.16 16.00 10.02 10.31 10.37 10.51 10.58 10.62

eTe” Center-of-Mass Energy [GeV]

m(Y(4S)) = 10.58GeV/c* ~ 2 x m(B)
m(B) = 5.28GeV/c?

Y states:bb bound states
Y (4S5) exclusively into BB pairs
Y(45): JFC =17~
B:JP¢ =0""

— B pair in p-wave
asymmetric wave function

— Bss have opposite flavor:

continuum: ete”™ — q@
(u,d,s,c)

gives large contribution

Pit Vanhoefer(MPI) ¢o from BY — pp

IMPRS Colloquium, 11.4.2014 12



(' P Violation Measurement

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

N o (At,fcp)—Ngo(At,fop) -
Nf;g (Atafci)-i—Nio (At,fci) = Acp cos(AmAtL) + Scp sin(AmAt)

coherent  =o K
oz B tagside
B-B pair — )
high energy beam X
=

, Az . % _.  CPside
t t

1 2

o T(4S) — entangled BB pair (~ at rest in CMS) = opposite side flavor tagging possible

e asymmetric beam energies = boost of the CMS = At — Az (At ~ 1.5ps, Az ~ 100um)
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AN

['(At, q) = e 75 (14 (1 — 2w;)q[Scp sin(AtAmg) + Acp cos(AtAmg)])

A4Tp
tagging eff: ~ 30% =
(dominant dilution from misPID) %
wrong tag fraction included as a j;:’
binned dilution factor 1 — 2w
convoluted with resolution fct. _
a) detector resolution héi
b) smearing due to non primary tag- )
side tracks
c) kinematic approx.,

2400
2200
2000
1800
1600
1400
1200
1000
800
600
400
200

8
8
0y
3

1! + L

signal MC: ¢5

enerated — 4K°

= Scop =1

Pit Vanhoefer(MPI) ¢o from BY — pp

IMPRS Colloquium, 11.4.2014 14



Helicity Measurement

separate longitudinal(C' P even) and transversal(C' P even & odd) states
consider two signal components, fit cos(0 ;) — fr, (fraction of LP)
e eg. for B — pYpl JOP: 0= 177 7%t = 0~
,00 — T

01 angle between the BY and the

7t flight directions in the p frame

/ TP  4Ax
(P ......... Pocrunnnns >
T
B
< fN\lOOOOj
o o F
E); 9 8000
P @ 6000
: 5 ao00
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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Reconstruction of (BO — pp)

combine particles seen by detector
BO popo

A

X?/Indf = 0.92

0 Mass

06 08 1 1.2 14 1.6
M, (L) [GeVic?]

p:mg~ 770 MeV,I' ~ 150 MeV

BY = ptp
ot s g0
T =y
x10°
—_ 25
=) -
= 20k
= -
2 15
Ll o
10—
5
S o
s3 =
cg o T
Z K . . L
5.26 5.27 5.28 5.29 5.3

M, [GeV/c?]

_ 2 — 2
Mbc — \/Ebeam o meC
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0

What a difference two 7°'s make

AE = EBWC _ Ebeam (ﬂ-o — )

e signalMC:  BY — pYp° BY — pTp~

=
o

’g 20000 X?ndf = 2.64

Events / (0.01)

N B~ OO

e \\\\\\
| |

-0.1 -0.06 -0.02 0.02 0.06 0.1
AE [GeV]

AN ONR
TIT]T T

Normalised
Residuals

47rj: 27Ti,27T0
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Separate Signal from Background

multivariate (blind) analysis full projection:

_ B — pO pO (data)
e rare B decays are extremely BKG dominated: several sources

§ 2500F" Fbrect et
-continuum: eTe™ — ¢q,q = u, d, s, c dominant £ ZOOOM
-B decays with same final state: e.g. B — wnwm, prm, ... oof-
— inteference needs to be considered!! (here systematics) e
EE §:+L%+++++++¢+ T S NG 1
-combinatorial BKG from other B decays H e e
-0.1 -0.05 0 0.05 0.1
. . AE [GeV
e hard cuts destroys also signal yield (rare decays ) eVl
o B — ptp~ (MC)
— multidimensional fit: <107
B 0.0 B + - g, .
(6Dfor b — p"p and8Dfor b — p"p ) = P
e consider each background separately g 2
(17 for B — ,00,00 and even more for B — pTp™) PR e ———
gs L S i 7 SO L AL
. . . S -0.1 0 0.1
e = simultanious fit of 3, f;, (and C'PV parameters for B — =* AE [GeV]

pTp7)
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Continuum ldentification

e cte” —qq, (¢=u,d,s,c) gives biggest contribution (Ny5/Ng;q ~ 1000)

e combine O(10) eventshape-dependent variables with Fisher disciminant — Fg, g

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

Spherical
B decays

p(B) = 0.3 GeVic

normalized # events/ (0.07)

® include .7-"5/3 in fit and apply loose cut s

— reject ~ 80% qq events

BUT still huge contribution =
J B B,qq; same normalisation
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Result: BV — pOpO

6D fitto AE, Fg/p, mi(nm™ ), ma(rT77), cos O1o1, COS 07
PRD 89 072008 arXiv:1212.4015
B(BY — p%p%) = (1.02 £ 0.30 £ 0.15) x 107%, 3.40

fr = O.21f8:£ + 0.15 also 1°¢ evidence of BY — fyp (3.10)

Signal enhanced projections

250 _ = = . - ‘ ‘ .
—~ E E 100 —+— data
g S = 3 ; 5 — total PDF :|:
o S ; ] = L qg + BB (no 4m) |
= 200 = = = N 80 === BB (no 4m)
%) g = = % B érr fi ?arlalostates i
g 150 S 5o - @ 60 m: .
Lﬁ w = \E B ]
100 = E 40— _]
30 E
>0 200 . oeeen T E 20 + E _1_+ .
10 1 [ el e ~ ]
[ : ﬁ ‘ E Lo s Simimimemimm i m =2 .
Qo e Qo e 3 Qo e E
L R T S 1 N SERE S R §S bt L4t ++4
Eg 2+ T T Egz 20 T T 3 Eg b T T T T 3
zZx ‘£ ‘ ‘ ‘ zoe B ‘ ‘ 3 Zx *E ‘ ‘ ‘ 3
-0.1 -0.05 0 0.05 0.1 0.6 0.8 1 , -1 -0.5 0 0.5 1
+ -
AE [GeV] my(Tt') [GeV/c] cos(0,,,)
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®o from B — pp Decays

iIsospin analysis
inputs: Belle results
o B, f1 of
BY — ptp~
BY — 50,0
Bt = pp’
e Scp, Acp of

BY = ptp~

—1 15
O 0.9:
rl| 0.8
0.7¢
0.6
0.5

0.4¢ PPLP
R S S 63%

0.2}
0.1;
o

60 90 120 150 180
()

by = (84.9 + 13.5)°,

Aps = (04 10.4)° arXiv:1212.4015
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Comparison with BaBar

BaBars uncertainty on ¢o () (pp system) ~ 7°

KT - 5o (ABAR)
wnterz. --- B pp (Belle) —— CKM fit
3 B-pp (WA)
10 '\ T I T I T I T I ’I ML I T I TrTrT I TrTrT I TrTrT
B N ' [}
A vl i
7 ] ' ! !
0.8 ' Y
\ 1 K 1
! 5l i
\ ol
= \ n 1
o 06 \ ,' 141 I
> -‘! “ 1 1 I I
=) 3 e !
S Sk
Q 04p \ / 1o w
=k \ ) 1 7
- 1 \‘ ’ , I‘
-t U 1 \ /
0.2 =t \ K ] i i
=\ \ = Y 2N
N ’ 4 LR 1
- AN /, L .t
0.0 b Lo B :
0 20 40 60 80 100 120 140 160 180
o (deg)

-0.2 -

0.4 F

CCP

| LP 2007

PRELIMINARY

04 r

BaBar
Belle i

P P Sep Vs Cop

25 Average

PRI

Y
8
%
%

/
7
SRR,
i
PERORS
L Lotete%ete%e%s.
| ogegesssetese!
£ fototols!

L L
-0.4 -0.2 0 0.2
2 SCP
Contours give -2A(In L) = Ax” = 1, corresponding to 60.7% CL for 2 dof

Belle NEEDS UPDATES on BY — pTp~ and BT — pT o1l
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® previous measurements

Experiment BELLE BaBar
BR*7(x107%) | 22.8 £3.875°¢ 25.5 £2.1130
i 0.94110055 £0.030 | 0.992 £ 0.024 1055
AL 0.16 £ 0.21 + 0.07 ~0.01 +0.15 + 0.06
St 0.19 + 0.30 & 0.07 —0.17 £+ 0.2079:92
Ngg x 10° 535* 384
BR¥(x1076) | 31.7+ 71138 2374+ 1.4+1.4

=0 0.948 & 0.106 % 0.021 | 0.950 £ 0.015 & 0.006
AZSY, 0.00 & 0.22 & 0.03 0.054 + 0.055 + 0.010
Ngpg x 10° 85 465

* : Belle only updated C' P parameters; BR, fr, from 275 BB pairs
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Outlook

250F : o 15° toyMC
- 'm =1.33+ 0.00 140F = 0.02+ 0. _
200F 120F studies for
r 0 =0.03x0.00 lOOi o = 0.00+ 0.00
150~ o B — ptp~
100 60> e MODEL NOT
50~ 29
: 1 200 YET  FINAL-
Oi\\\\\\\\\\\\\\\\\\\\\\\\ IR WEEE RN A 07\\\\\\\”\\\”\\”\” L
0 0.20.40.60.8 1 1.21.41.61.8 2x 1 ()6 . 0@5010 T60R0 PEMR0 BEMA04605 IZED !l
BR_error fl_error
prev. BELLE
160F | fgg‘ BRT(x107 %)=
- m=0.15+ 0.00 - m=0.11+ 0.§0
1407 160- a 22.8 +3.8123
120} 0 =0.01+ 0.00 140F 0=0.01+0.0p — :
100F 120F fr =
: 3 0.034
80} 138 0.9411592% +0.030
60 - A+— _
40" o cp
201 o J k 0.16 & 0.21 + 0.07
O:HH\HH\H‘\‘H\HH\HH O*H‘\H‘\H‘\HH\HH\HH S—|——:
O 0.05 0.1 0.150.2 0.25 0.3 O 0.05 0.1 0.15 0.2 0.25 0.3 or
rprmIP_Scp_error rprmIP_Acp_error 0.19 & 0.30 £ 0.07
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Outlook Il

—

use expected errors for U
B — ptp~ inisospin

. —
analysis
(see previous page)
B(B — ptp~) dom-
inated by syst.— 0 =
2.5 x 107

mean values remain un-

changed

000000000
ol Iiﬁl IIRI)I ICIAI)I I-Ihll ICI)-III IIO) \l m LOII IIIA

¢ = (84.6+ 10.7)°

¢ (deg)
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Outlook Il

assume similar errors for
BR(B* — p*p°) as
for BR(B — pTp~)in

iIsospin analysis

1-CL

000000000
ol Iiﬁl IIRI)I IcIA) I-Ih c'n' "O') \l m LOII IIIA

mean values remain un-

changed

do = (84.5 £ 6.1)°

0O 30

60 90 120 150 180

¢ (deg)
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combine measurements from B — 7w, B — ppand B — pm

Current Status of @9

FPCP 13

RV --- B-pp (WA)

--- BoTUT(WA)
B prt (WA)

] Combined
— CKM fit

1.0 I | I | T T3 I | S I | I | T7T 7 I | |
\ I I T IR B [T | L)
H = oy "o g 1]
i" fir YIRS | -
T R 1 ' 1
LI A \ ' \ 1 -l-
0.8 1 ! [
1 Lot ! [
= o I ! ;T
' .- \ 1
= || 1 1 -
1 ! 1 Iy
- P 1 | ;M
L CE | 1
o 067, I [ B 1 ! 'l"
2 rFy L '} 1 1 1 I .=
= 1 1 - ! \ (|
i gl \ 1 B -
? - 1 ,' " \ 1 1 ' _l-
o L L} - 1 P
0.4 H o1 1 ' ! \ ! :
S - - \ 1 I [
1 I \ I ! ] 1
\ ] 1 , .
- ’ -
\ 1 1
1 1
o 1.

¢2 = (88.7175)°
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Summary & Outlook

e presented measurement of BR(B” — p'p") (acc. by PRD)
BR(B — p%p%) = (1.02 + 0.30 £ 0.15) x 1076, 3.40
fr = 0217035 (stat.) & 0.15(syst.)

e and used it in isospin analysis

ds = (84.9 £ 13.5)°

e currently working on the final update of B° — p+p_
— measurement of branching fraction, polarization

and C' P asymmetries.

pt p~ prev. Belle

5

Pit Vanhoefer(MPI) ¢o from BY — pp

IMPRS Colloquium, 11.4.2014"" 28



BACKUP
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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°
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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.)

Pit Vanhoefer(MPI) @2 from B° — pp IMPRS Colloquium, 11.4.2014 32



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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Model for BR(B" — p’p")

e signal MC(L pol) e neutral charmless decays
& 20000t X%ndf = 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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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

Pit Vanhoefer(MPI) @2 from B° — pp IMPRS Colloquium, 11.4.2014 35



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 TR
0O 10 20 30 _40 50
— purity = 76%(L); 92%(T) # B candidates
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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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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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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£0.042 (m0.70) o 140F
=) C s = 0.296+ 0.027 ﬂ[ S 120 m- 0.27J&: 0.000
< 40f | ST
%)) N [}[ l ~ -
2 300 H 2 8-
D : & 60
w20 f | D 40
10 L .
O_ il rli'{r ..I..']'[' L O: .+++|'I' . Hrl“++++r}+ ! B | e
-2151050051152253 O 02 04 06 08 1

BR x 10° SBR 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

©  50F 4_ ©
O 40E m=0.770£ 0.011 ( WE5) O
e - =0.182: 0.008 F’I 1 S
Q 30 Jf I S
S ] S
-~ 20:_ [ I :/
%) - T Jf %)
E; 10; L + =
Lﬁ O:.|...|...+...+THT_I_.|.|..|...|—.[_..+—.[_.—h~|. G>)

05 o 05 1 15 W

IS input value

fL

= measurement of f;, posibble

250F +
200~ 1t
: m = 0.204+ 0.005
150F
100F
50 ¥
- +
O' | ++LH R |
-0.5 0 0.5 1 1.5
of,
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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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Model for BR(B" — p’p")

Helicity: weighted with reconstruction effiency histogram

e signal MC(L pol) e signal MC(I" pol)
& 7000; 2Indf = %) : 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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