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INTRODUCTION

The B — ¢ ¢p decay was observed for the first time by CDFIl in 2005:
D.Acosta et al. (CDF Collaboration), Phys. Rev. Lett. 95,031801 (2005).

CDF Runll Preliminary L=180+10 pb”

8 events in search window
Expected BG events = 0.75 +0.41
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Using 180 pb-1 of data available at
that time 8 events where observed.
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Now this measurement was done using 2.9 fb-1 of data
available at CDFIl (2002-up to April 2008).
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OUTLINE

1) Motivation.

2) Theoretical predictions:
the polarization puzzle.

3) Analysis strategy.

4) Signal selection.
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MOTIVATION

The B_?—> ¢ ¢ is a vector vector decay mode

b S ¢
B weot J The dominant decay element
J S
qb is the penguin b— s5s
:‘ —_
S S

The final state is self - conjugate.
It can be used to measure A I _, CKM studies,
and test of decay polarization prediction.
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MOTIVATION

The relation between differential cross-section and the
observable angular distribution in the B meson and V
rest frame using a helicity basis is:

d]._'_H ViVo—... 2 1 . . 4 .
dcos ?9:'1{:1{}:;:9:150 oc | Ao| cos™ 9y cos™ da + 1 sin” 91 sin” 9 (|A+| + |A_]| )

— cos ¥ sin?y cos Yo sin s [R(t ({E_iwgﬂlmﬂi) + Re ((:H"ﬂ.éln./ﬂl*_)]

1 .
+§ sin” 94 sin’ Js Re ((IEWAA—-‘K) ;
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MOTIVATION

[n Experimental analyses, observables are preferably defined in terms of the
transversity as they have definite C'P transformation properties. A typcal
set of observable consists of the brancing fraction, two out of the three po-

larization fractions fr,. f|, 1, and two phases ¢y, ¢, where

B _ Ao, 1, | 587 AL
foL = mprA A P = 99,

and naively, within the Standard Model, one expects

M
fo = mp
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# Polarization puzzle

Within the standard model one expect:
0 . fr 1020
And forthe B — ¢p¢p decay: —oc——
. f, 5369

However it was observed in some decays, for example

B— (pK>l< and B— pK*
that this relation is not valid

Babar collaboration : hep-hex: 0705.1798 :
f+ =0.21+-0.05+-0.02 J 1=0.49+-0.05+-0.03
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Polarization puzzle

Explanations of this puzzle inside the SM are in:

Ali & Kramer hep-ph/070316: on recent BR and polarization
prediction in the pertubative QCD approach.

Fleisher & Gronau in hep-ph/07094013

Some of them predict the Branching ratio too:

BR[107°]
QCD Factorisation 21.8_%:%_*?:;'-:3
1.0+13.1
195710 520
QCD Factorisation 13.1
Naive Factorisation 9.05
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M. Beneke et al., hep-hex/0612290.

X. Lietal. P.R.L. D.68, 114015(2003);
D71 019902(2005);
hep-hex/030936. 8



MEASUREMENT STRATEGY

The measurement consists in the determination of this ratio:

From MC From PDG From data

BR(B.— 00) _ Ny
BR(Bs = J/1¢)  Nyjpg

h— KTK—

Where
J/ — pp
We have performed a normalized branching ratio and not
absolute because:
1) The two decays are topologically very similar.

2) In the ratio we can simplify a lot of sistematics.
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Selection Optimization

In order to choice the variables to be used in the event selection
and select the best interval values of this variables, we followed the

procedure of the “maximization of the score function”

V(S+B)
Bs — ¢¢ Bs — J/vo
Variable cut Variable cut
ny _ > 330pum ny > 290pum
pEmin = 0.7 GeVc PS> 1.4 GeV/c
%2, < 17 Xy < 15
d0(B) < 65um d0(B) < 80pm
dO?;ax > 851um P%Mﬁ > 2.0 GeV/c
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Backgrounds

Expected background are:

» combinatorics (expected smooth function);
» decays not correctly reconstructed (reflections) peaking under

the signal:
» for Bs — J/¢o:

> By — J/YK* ~ 4.2 % of the signal

» for B — ¢o:
» By — oK* ~ 2.7 % of the signal

» B, — K K* ~ 0 % of the signal

The reflections were evaluated using Monte Carlo sample

CDF ltaly
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candidates / 10 MeV/c?
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Selected events

CDF Run Il Preliminary
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B — 00
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By— ¢

combinatorial background

2 ia WILTFYTITTRP,

%2/ ndf43.79/ 35

K*

Tl
%]
(S0 %
M
on

53 535 54

L |'|-.-|-'| l
5.45

55 555 56
m(K'KK'K) [GeV/cY]

12



Selected events

CDF Run Il Preliminary L., =29fb"
Ny =
= y ¥2 / ndf81.76 / 68
ol A
L350
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8300} * s > JY o
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m(J/y K'K) [GeV/c?]
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@ Efficiencies

Evaluated using MC

~

BR(Bs — ¢¢) Ny (€8s J/ue)
BR(Bs — J/t @) Nyjypo \_€(Bo— 60)

\ BRU/¢ — pupr) @
BR(¢ — KK)
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Evaluated on data



@ Efficiencies

€
4% _ 0.939 + 0.030 = 0.009

€s0

€, 4= 0.8695 + 0.0044(stat)
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Systematics Evaluation

We evaluated systematic uncertainty:
» due to different parametrization:

» change in fit range = take into account possible structures
below the mass peak due to unknown partially reconstructed

» using one gaussian instead of two for the signal

» change in background subtraction = driven by B; — J /¢

» due to effect not simulated in MonteCarlo used for example:

» the polarization

CDF ltalia
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BR result
The result is:
BR(Bs—¢¢) __ L tat _
BR(B—J/g) = |1-78 £ 0.145%3 -

- 0.20%5t] - 1072

BR(BY — ) = [24.0 + 2.1(stat) + 2.7(syst) £ 8.2(BR)|10~*

CDF ltaly
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BR result

BR(B® - ) = [24.0 £ 21(stat) + 2.7(syst) £ 8.2(BR)] 108

BR[107°]
Experiment 1413 (stat.) + 6(syst.)
QCD Factorisation 21.8_"%:&1%2:3
19510 %"
QCD Factorisation 13.1
Naive Factorisation 0.05
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# Conclusion and perspectives

1) The final result is in agrement with SM prediction.
2) Error is dominated by Jpsi/Phi Branching ratio error

3) The sample selected allow to polarization studies
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The relation between differential cross-section and the observable
angular distribution in the B meson rest frame is :

dl' g, v I, .
AN | Ag|? cos? 94 cos? 9y + = sin? 9 sin 95 (|A+|E + |,4_|2)
dcos 91 dcos Vadip 4

— cos )y siny cos s sinds [Rﬂ ({E_WAUATF) + Re (c:H"ﬂAnA*_)]

1 '
t3 sin” 91 sin” ¥ Re (e AL AY ),
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The Bs->VV decays

Considering a B meson with four-momentum pg decaying into light vector
mesons Vi(p1,n"), Va(pa,€), with masses my 2 of order Agep, the decay
amplitude can be decomposed into three scalar amplitude 523 according
to

g PB,PB, : pipg
Ap_vivy = in™ (Slg,u,y— So—E7— + S3i€pupo s | »

or alternatively an helicity basis can be defined as :

...
Ao = A(B — Vi(p1,m5)Va(p2. €))) = 52z (S1 — 2)
Ar = A(B — Vi(p1, i) Va(pas €1)) = 1 (51 F S2),

or a transversity amplitude basis can be defined using Ap = Ag, and re-
placing Ay with

A (A+A)
AVF )
AJ__I: ‘v"f_

Ist tuto Mazionale
dil Figica Mucleare
Sezione di Tmeste
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The Bs->VV decays  C =

[n Experimental analyses, observables are preferably defined in terms of the
transversity as they have definite C'P transformation properties. A typcal
set of observable consists of the brancing fraction, two out of the three po-
larization fractions [, fi» i, and two phases ¢, @1, where

B Ao, 2|2 _ A1
I = AT L = A

and naively, within the Standard Model, one expects

T mv
fo = mpg
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n=20 COT: large radius (14 m) Drift C.
| . 96 layers, 200ns drift time
n=30 ° Precise Pr above 400 MeV/ ¢

LAYER 00

o
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END PLUG E M CALORIMETER
END FLUWG HaD RO M Cal O METER

" o  * Precise 3D tracking in|n|<

o G(1/ Pr) ~ 0.1%GeV ~; G(hit)~150pum
» dE/dx info provides >1.3 sigma
K/t separation above 2 GeV

1.0 2.0 3.0 m
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)
INFN

Muons detectors e

Miion track \r '5 Radial centerline

gl S
| Si-Ii_cn Veex Detector i . - \ T T ‘ )

I Intermediate Silicon Layers
[ Central Quter Tracker
BN Time Of Flight
I 1.4 T Superconducting Solenoid
I EM Calorimeter

I Hadron Calorimeter

Muon Counters/Chambers

To pp interaction vertex
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Relevants detector elementSinin

for this analvsis:
CDF Level 2 Silicon Vertex Trigger

Sezione di Tmeste
Proton-antiproton
collision point

Exploit long b, c lifetimes in Trigger!
Transverse view L1 track + Si hits = Impact parameter @L2
A first at a hadron collider!

CDF is a charm/ B Factory!

2D decay length
L,,~ 1 mm

____________ - 35um & 33 pm
ﬂﬂﬂﬂﬂ E | resol @ beam
B decay vertex 2 | =0 =48 pym
g T
d,=Impact parameter § s000f
; 5{I{I-Uf—
Lepton (e, u) + displaced track trigger o
Lepton:p>4 GeV -
Track: p>2 GeV, d,>120 pm e
Semi-leptonic B decays (B—€8vX) 2000}
I{H}GE—
Displaced two track trigger S r et
Tracks: p=2 GeV, d;>120 pm -500  -250 0 ¥ 250 500
Ip>5.5 GeV SVT impact parameter (pm)

Fully hadronic B decays (B—hh’, B,.—D_m, DK ...)
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systematics

| | BY— 6 | BI— I |
ﬂ."".-¢, Nao | AN JU;._"E T

fit range 3% -
signal parametrization 3% 207
backeround subtraction: error on BRs 1% 1%
Acsy/cgs Ag g1y /1 we
polarization in MC T 6%

XFT particle dep. 4%
pr reweight (0.9%

n parametrization
& correlation 0.9%

Table 16: Contributions to the total relative uncertamty from the systematic uncertainty

sources considered.
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MOTIVATION

Considering a B meson with four-momentum pg decaying into light vector
mesons Vi (p1,1"), Va(p2,€*), with masses m; o of order Agcp. the decay
amplitude can be decomposed int@Three scalar amplitude Saccording

\

i PB, PB, : p'fpg
Aﬂﬁt.ﬁ‘;.z 1?}' Rl <Slgﬂu . Sg -~ <+ SgEEFHPgm :

to

or alternatively an Qelicity basis)can be defined as :

im i
A(B = Va(p1, 15)Va(Ps€))) = g (S1 = )
A (B — Vi(p1,n5)Va(pa,€k)) = 1 (51 F S2),

A5 i it rasisyran be defined usingd re-
placing AL W
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MOTIVATION

In the trasversity basis the amplitudes have defined CP value:

Corresponding decay amplitudes: Ay, Ay, AL

- transverse (< perpendicular to each other) — CP odd

- transverse (| parallel to each other) — CP even
- longitudinal (0) — CP even

|AII »

|BSG:. >

[A'D 2 5\-\__) IK+K_ K+K_}

|AL}/
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Polarization puzzle

This result, known also as “Polarization Puzzle”, is more evident
in the B meson decays involving penguin diagram decays.
Different solutions were proposed for this “puzzle”, beyond and
inside the Standard Model.

One solution beyond the SM could be New Physics inside the
penguin loop:
(Groseman hen-nh/NR11N229- Yanna et al hen-nh/N411211)

i, ¢ t, ... what else ?
E H . g
S
s

)PF 2009 S S )




Event signature

The events are caracterized by 4 charged particle in the final state

)PF 2009

/

K+
K- +
Lxy
A 'I
i B

o

ol

BO
Lxy = transverse
decay length ~,.o%;
500um ..:’,v i

econdary
Vertex

et d5(B) impact parameter B

d, = impact parameter
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Optimization Selection procedure

Event selection is performed using the following variables

e transverse momentum of the B meson: p%:
e transverse decay length of the B meson: L,,:
e 1mpact parameter of the B meson: dDB -

i s - s = = ) Y 7 :[‘ 1 1 BN ] - h N o ] e u 4‘ - d {D -
e 1mpact parameter of the more energetic ¢: dg,, ..;
e impact parameter of the less energetic ¢: dg; . :
e transverse momentum of the J/v¢: pi/™;

K

e transverse momentum of the less energetic kaon from ¢ decay: pp;

e the bi-dimensional \? of the primary vertex fit: \f,y.
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Selected events

Additing more trigger restriction:

B.2>J/yé

S=1150 ev.

candidates / 5 MeV/c?

S/N ~4

i I. T J Al i I | M- I TR J L I |- | I il I
528 53 532 534 536 538 54 542 544 546
m{JIY KK) [GeVic’]

These events are only In the trigger sample we used

in this analysis (TwoTrackTrigger), not in the samples

used for other J/psi phi measurements (DI_MUON Trigger)
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Systematics Evaluation

R T 0 o Filaa
B— oo B —J/vy¢

fit range
signal parametrization
background subtraction: error on BRs

ANgs/Noo | ANyspe/Nijys

.':)[}'/

A
39
1%

29

2 0

1%

Acgo/o8 | Degjps/Ea/ps

polarization in MC 7% 6%
Acgp/ /v
XFT particle dep. A%
pr rewelght 0.9%
AE‘.“’ Iln"llll :_hI“F
1 parametrization
& correlation 0.9%

CDF ltalia
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Measurement of BR(B? — ¢¢) in 2.9 fb!

of Two Track Trigger data
G.Artoni, B. Di Ruzza, M.Dorigo, L.Ortolan, M.Rescigno, A.M. Zanetti

fs i ¥
= . @ Experimental interest: improve Theoretical interest: test recent
B “=' precision w.r.t. to earlier pub.(180 pb-1).

QCD factorization calculations
¢ | Expected sensitivity in future S in B->VV.

5 = : : ] PR
sin(2betas) measurement in Bs->phi phi. BRI0=]
WE MEASURE: From MC Frg\m datg @  Experiment lri'f_‘;(sta:_l}ifn{i}m_}
- 3 CD Factorisation 21.8% ) .
BR B = N bl Q ~11-17.0
( 5 ﬂh@) o (ol _ 19510+
[} & F E e ket
BR[BS — J/'L:} d;) NJ,"li,ﬁ(fJ C Q(_.D FdLlUI.’l.:\dll-Ul'l 13.1
Mave Factorisation 005
. COF Aun i Prafimnary . =20
3 | ol a: D. Acosta et al. PR.L. 95,
L - o b 031801 (2005)
%-u T 5 g b: M. Beneke et al., hep-hex/
3 0612290

. By iy K
3 o c:X. Lietal. PRL. D.68, 114015
: (2003); D71 019902(2005);

hep-hex/030936

binatorial backgrounds
B

.....

i 625 63 535 G4 545 L8] 5565 55

BR(Bs—¢) _. stat syst] . 102
The result is: Br(B:—J/yo) LT8R 0™ L0207 <10
BR(B? - ¢0) = [24.0 + 21(stat) + 2.7(syst) = 8.2(BR)| 10~

Perspectives: Measure polarization in this decay through the study of angular distributions
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