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Physics motivations o

B—o¢K is b—s transition W SM
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» Tree diagram is FCNC .
> Only penguin diagram mediated PR B
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» 9(K'K)K, o(K'K)K, , o(K K )K_: time tependent study
» 0(K K )K*: direct CP measurement
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y Time measurement @ asymmetric B-Factory — ma
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Time dependent asymmetry:

Exclusive
B Meson

Reconstruction

Bep: 0K, KL, J/wK; ..

Nep=-1, +1, -1

R-R
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ﬂf{f) = 2

(1) =—Ccos(Am,t)—nqp -8 sin(Am i)

Standard Model: C =0, §=sin2f
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The BaBar detector e

Superconducting Coil (1.5T)
Instrumented Flux Return (IFR)

(resistive plale chambers)

ElectroMagnetic
Calorimeter (EMC)
(680 Csl Crysials)

Detector of Internall ly
Reflerted Cherenkov

light (DIRC)

144 gnartz bars
HK phatotnbe ars

Silicon Vertex
- S Tracker (SVT)
[Jr;F;E;JPITFT?ﬂ (DCH) (5 double-sided layers)
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° /')
reconstruction
(.
K, selection in EMC iso1 van
60 Mean =0.8587
» Based on 7° veto S i o=
. 50 Uds NC (Taraning) Over = D
* Background mainly from y and neutrons || e ieg= 130
» Cluster shape variables used for discrimination: *}
@ Lateral moment, second moment 30
» Zernike moments 7, , 7 \ NN output
§ 0
a Energy ratios s /s, sg/s25 »f for B'—oK
@ number of crystals, number of bumps §
. . . 10} g
» Trained a Neural Network with these inputs N

0 e i i i Iy Pt L
0 o1 0203040506070809 1

KL selection in IFR

1(](]_—
@ Based on track veto :
@ Residual background from pu 8o
@ Most of K are reconstructed in the first layers 2 | NN efficiency \
. . 260/
@ Best IFRK the one with highest number of layers é for B—s (()KL
3o
5 | .
BeSt KL . Ezo_— - tralnlng
If both EMC and IFR are present = take the TR I
. 40 50 60 _70 80 _ 90 100
(best angular resolution) signal efficiency
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Event reconstruction e
Two low correlated variables: < F
o my=lsr2/p;’
1 o OKTK)K i
- AEZE*__ L ' T
2 . SIGMC
» m_ = Energy substituted B-mass: resolutionon ¢ - @
beam energy is higher than reconstructed one _ - AR
» Define a signal region in m__- AE plane -of_: |
52 520 525 526 527 ;.éé((';'es;jé'
15-“200? EfbD-»0 KI
Booy Slrerreramion
K, modes reconstruction: 35800 Euo conruum
| 300007 (I)(K+K-) I<L
» Can't measure KL momentum ;m AE
» Use B mass constraint and calculate it 15000]
* Only AE variable used for the reconstruction " R
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Y Background fighting

Event topology B’ T
® Most of bkg is qq S i
@ Light quark hadronization produces jets “ lcos(6_ )|
i SPH
@ B events are spherical o081
o |cos(6,.)|: 10” bkg rejection b
@ Legendre polynomials as input of o
FiSher discriminant ® 01 02 03 04 05 06 Oiéogf@%gH;}
- off resonance daia
. . . #b0->0 KI
Angular distribution o MG continuum |

2
® B —» ¢ K decay is P-scalar — Vector P-scalar COS™0y,

o In ¢ frame K* direction has (cos*0
distribution wrt ¢ flight direction

HEL)

dE/dx (a.u)

Kaon Identification for ¢—K'K
@ Cerenkov angle in DIRC | )
N , DCH T e
Emanuele Di Marco 7 Spring School Frascati, May 18™ 2004




B++(|)(KSKL)K techmque )

L.~
"":ts? Frlizy
) _ 5.,E . e [N e
selection - Yield e 0
+ |cos 6, | <0.8 £ “
v NNEMC> 0.6 zné E ]:[3 mg
+ PID on K*: Very Loose & A
¥ bondi o] S Ladl |
’
* [
N = Unbinned ML fit

B*B" & BB’ background
Other B decays have same topology of the signal
... but different , different
Likelihood power tested on MC cocktails:

BB (47 bkg events): 6.0 = 6.6 signal events fitted
B°B° (41 bkg events): 3.8 + 2.8 signal events fitted
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Yields (112 fb'):

o N, . =22.7" o (stat)™” (sist)

o N_ . =2126" t (stat)

Events /D.020 GeV

iminary-

il

Asimmetry:
— +0.32 +0.04 .
° ASIG = 0.33 P (stat) oo (sist)
s A . =0.008+0.022

[A RooPlot of "NtotSig” |

-
N
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—Log(L/LO)

SM predicts:
A=0 (direct QF)

Projection of -log(L)
@ 8
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Fisher
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¥ B"—¢(K K )K,: technique o

l ROMA

B’ selection: ¥ asimuthal angie v

I
2 P S| K, polar angle

» |cos6_, | <0.8 g uncertainty g uncerfainty

sig angular distribution Vo g et ||
L 4 NNEMC> 0.6 o.osgglggrl:ﬁfilgg;ﬁ;gl};g:; Spot E o_ogfcontrihutionfrom Beam Spotj;

2 bl ! : Tl ‘ L+
v |m(KS)_mPDG|< 11.2 MeV/c °-°2"+++._,‘e--..--++++‘1_+-“-, et E oot ‘
+» 1t/ 0 >5(K_lifetime significance) X ‘ L
T S 0.01 I 0.01 .

* I immi N LR
* | 2 A 0 1 2 Ks% G -1 -08-0.6-04-02 -0 02 04 ula 08 1
L 4
R —» Unbinned ML fit

9001

B°B° background " No Bias

» Likelihood fits on cocktail (13 events) "®Fon signal
600 Yield
# NSIG — 2.4:5 + 1.80 5000

400f
N =105+34 |

300[

RMS 1.135

Underflow 12

Qverflow [}

Integral 9988

2000

100}
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B"—¢(K K )K: results )

Yields:

_ 1.86 (aict) 3 o T Rl | T Bar
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! T T
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o B"—0(K*K)K : technique o

C
. E_vis-E ¢
B selection: S f
9 < O 8 %mo-_ . IDUUUT Db0->¢K|
[ =] |COS SPHl . (0] :_ Signal K+K'_: i - « off resonance data
e |cos6 | < 0.8 ?;"""; mass ] e 1
e 1.008 < m(¢)< 1.026 GeV/C2 gpoo_ _ 6000} .- A:E:VIS
¢ PID: Not a Pion x Tight é‘m.‘ ] [ 0
¢ EMC Neural Network > 0.75 oo S
e AE < 6.5 GeV : S S .
2000 ] i . .
@ 0;*¢¥‘ o ﬁ*ﬁ#& — : {- L }AA [
@ 1 10l 102 103 104 105 1.06 1.07 = 5 10 PP
K'K mass (GeV) GeV
=]
] °
. = Unbinned ML fit
B*B" & BB’ background " : ]
. J=0: B’>{'K_ |
» Three peaking modes: 0
@ B"-IPK : 3 events '='\ J=1:B %¢I<L

@ B"—¢oK*(K n’) :5 events [ )

@ B0%¢K*+(KLTE+) - 10 events} fL=052 (meas.) L-“j‘ \ )
» They have different angular distribution from ¢K \ /
» B bkg component in the Likelihood P

cosB,
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B"—¢(K'K)K : (some) results ey,

L~
. 3 60; | BB E s " BABAR
YleldS. E 50§ prellmlnary-g “ prefiminary
N. .= 59.4 +£17.6 (stat) s N
N_ .= 5295 +75 (stat)
NB BKG 18 (flxed) 000 0 0000020030040050060070% e

AE (GeV) Fisher

Events /0.005

="l -Log(L/L,)

:\|\‘\‘|‘|‘\‘\‘\‘|‘|:
0 0.10203040506070809 1

lcos(6,,¢, )

The uncertainties on CP parameters
are consistent with expected ones.

ol | [
0 20 40 60 Naub 1?% K 1&0 640
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B"—¢(K*K)K_: technique e

L
O .
B" selection:
% |cos 6, | <0.8
% [m(K)-m,_ |< 11.2 MeV/c?
% t/6 > 5 (K_lifetime significance) e —
* ¢ selection: ,gmf_ %m }
% 0.970 < m(6)< 1.050 GeV/c? 1. 3 ]
% PID: Not a Pion x Loose - sigMC ;30'
: 4000 mESZ“ + +
% 2000 10f bkg (data)
¥ Sz oh saem '5'.21{Js“.‘zés?.é%‘“s.ﬁéé‘ew 82 521 522 525 524 525 526 szﬂE:&gev)
® = Unbinned ML fit
ﬁ [& RooPlot of "Delta E no KI'| [ ARooPlot of AE" ]
1@00| %70:-
B*B & BB background: : isigM
P B°0K*) removed with § | £
P Two peaking modes: AF -
& B>fK : 3 events wou- : HH
& B’—a’K, : 2 events o + bkg (data)
' B bkg Component in the ]j'ke]j'hOOd —00_.3 * —01.2 -0.1 ‘ : ‘ 0.1 0.2 - 03 —nﬂiS ‘ —D‘.2 ‘ —0‘.1 ‘ IIJ I 0I1 ‘ 0.‘2 ‘ 03
Delta E no KI (Gev) A E(GeV)
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B"—0(K*K)K,: (some) results ey,

Yields:
NSIG =61.6 + 9.3(stat)
NBKG=1127 + 34 (stat)
N = 5 (fixed)

B BKG

Events /0.003 GeV/c

Events /0.005

S=xxx+ 0.43
C=xxx+ 0.37

The uncertainties on CP
parameters are consistent with
expected ones.
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¥ Combined CP fit o=

;

0 0 ;
Merge all B"—¢K 0 oo
20— - e
® Simultaneous extraction of S and C for o owr - &
K KK o0
® 0K, (—K'K) i err(C)
® 0K, (0—K'K) n
0"
® 0K, (6—>K.K ) o
.We fj.t: 10 o
§E= T Ee e ey
0.2 0.25 0.3 0.35 0.4 0.45
® C - XXX i O .32 S en{S em02) | ?Jtemp
=393
®S =xxx £ 0.36 0 Under -0
I 3 ineg- 5%
¢ - — e L || err(S)
= B = i
o ' = ] Y
— = = a ERinRal
. - B
Hic sunt leones? -
e BEE LR
E SIS :.w#ié
St e
El mHH&Wiiiim iiiith fn aaln an
’ 0.2 03 04 05 0.6
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Conclusions [
0 U ' » [ BaBar /
»B°—¢K" is the right place to test the SM =« [ 7
80 " PEP-Il Delivered 75.46/fb //
C : B | broARctrek ars
» Some prediction with more " /
luminosity (180 fb™):
> G(S)~O.25 _fz
» ¢(C)~0.20 AN ]

» Ready for Run4 dataset inclusion

» The new idea of Beam Spot Constrained Vertexing
has made possible the inclusion of

» Belle measured for ¢K: S = -0.96 + 0.507 "

=0.11
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