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Why B — K&t s

»

e At the very beginning great effort to measure BR and ACP with the hope of
extracting Y through SU(Z) analysis

7 Dut then big penquin diagrams were found..

. i
\ _.//.'.

;
# Different weak and strong phases generate direct CP violation

F& So now interest shifted to the possibility of testing hadronic models and look for
New Physics in penguins
Charming Penguin ~ A% V.. V., /~ A?

A(Bg —> K+ 77;_) - l/ts th*x PI - I/us I/a'..b!)a‘k>< {EI'PIGIM}
-\/5- A(BO — KO ﬂrﬂ) - - ‘/ts th*x PI - I/us; Vub*x {EZ+PIGIM}
-\/E.A(R —> K* 7:0) == I/ts I/tb*x PI - I/Lrs I/ub*x {E1+E2+A1_PIGIM
AB* = K" ) = A Vi Vi X P |+ | Vis Vis' X {A -P o}

1

H
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The_two_sources of DKT puzzle

’ ) BR's seem to violate isospin

? r _2[BR (B"—>K" 1TO)+BR(B_—+K_1TO)]
“ "BR(B"—-K’n")+BR(B,—>K"m")

_1,BR(By—K'm )+BR(B)>K m")

4

4 R |

"2 BR(B'>K'r°)+BR(B' - K"

" HFAG )
pre ICHEP
M expectation
0.84 * 0.06 R =1151005
e
’RN= 1121005
1.01 + 0-09 ProPosed SOIU"'ion:
NP in Electroweak Penguins
0.83 + 0.08 | as a source of isospin breaking
\_ J (Buras et dl. Eur. Phys J. C45 (2006))

theoreticadlly expect
RC o R n

Z) Expected correlation among A (K 't )~A (K 1) (SAME SIGN)

0

( not observed by experiment )
HFAG A_*= —0.108 + 0.0T]

+0_ +
pre ICHEP A= 004 E 004

QCD factorization [hep-ph/0308037]
SCET [hep-ph/051024 1 hep-ph/0601214]
pPQCD at LO [hep-ph/0508041]

all predict SAME SIGN

DO o
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Analyses overview

# Small branching fractions ~ 10°
# Large background from e e —gqg
#% Kinematic variables used for background suppression

;{-:mEs:\/(S/zJFPi‘PB)z/E?_Pz (BaBar) or mBCI\/ECM P(Z;M (Be//e)

beam

%k AE=E; —Vs/2  (pion mass assumed for charged tracks)

S Topological variables for further discrimination of signa/ from

background
#% Particle ID for charged Pion/ kaon separation

# Unbinned Maximum Likelihood fit used to extract yields and CP
asymmetries

e Comp/e'fe/y different environment in CDF measurements. invariant TR
mass, track momenta and PID from dE/dx
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0 +
- B =5 Kn 6
% Given the reached éxperimen'fa, precision, nee; to take EM effects

into caccount

v (™= (H—P Pytny) g, o

this is what necessar/y is measured this is what is needed in phenomeno/ogy

“

% |n current experiment spectrum of soft PhO'I'ons in I3 — hh unobserved

& Use MC +o interpret data from rare decays : need to include final
state radiation in the simulation

Different approach :

4 Delle : /"\BC and AE PDFs from MC with FSR simulation taking into account also

interference between charged par'Hc/e

# Dal>ar : choose to rely on theoretical QED calculation instead of MC; quote both
BR with a cut on photons enerqy and non-radiative DR

# CDF . measure only ACP( K1), use theoretical QED — » ED. and Glsidori

caleulation to generate B—> hh templates Phys. Lett. B 633 307315 (2006)
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B B’ — K'n results (Belle) 7

SELLE 449 M EB (ACP 555 M BB) 3000} Tt
hep-ex/0609015 2500k ‘ n* ©° PHOTOS
4 Final state radiation with PHOTQOS v 213 2000k

1500
Jrinterference on 1000
#double photon on 500
0

decut-off ~ 26 MeV 04 02 0 02 04

A E [GeV]

#% No systematic assigned to FSR relating on GNanava
and Z. Was hep-ph/0607019 , which states that it is '

negligible for non SUPERD statistics 10

4 Main systematics from charged tracks reconstruction

(2%) and K- likelihood cut (2.9%)

Impact on eff w/o PHOTOS
e T +470 signal 900 900 ¢
nr K h'm continuum ggg ?gg
9.4% 5.8% 3.6% 3-body D decays-=g5+ 500
""" bkg from mis-ID 500 500
efficiency €= 40. 16% all components ggg ggg
5 - 200 ; 200

A _(B° = Kn) = —0.093 +0.018 *0.008 L N EC I
05...'2 5.225 5.25 5.275 5.3 05.2 5.225 5,25 5.275 5.

BR(B’ —» K'T) = (20.0 =04 +0.9) x 10°
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§ A_(B° > K'T) = —0.108 +0.024 +0.008

B’ — K'n results (BaBar) :

BR : 227 M BB hep-x/0603003
A_: 341 M BD hep-ex/0607106

% underestimation of radiating events in MC compared to scalar QED calculation

—  corrects AE shape with QED/MC ratio — fix final fit AE +tail

parameters on those extrated from reweigl'n‘ed

#% DR with a cut on photon spectrum (105 /MecV) and non-radiative DR

#% Efficiency normalized to the number of events generated with Ey < 105 MeV

% Systematics uncertainty due to FSR
by

.

will cause central value of DR and syst.
error to differ a bit from hep-ex/0608003

Changed during the period of PRD review :

Weighted Events / 30 MeV
N

Be,(10°)  G(Ey™) B°(10")
186 +£061+06 0944 £+£0.005 19.7+£06-+£006

hep-ex/0608003 results

OI—F | . 1 L
-0.1 0 0.1

AE (GeV)
Other sys. from tracking (1.6%)
and signal Fisher PDF (1.5%)
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B’ > K'n results (CDF' ) :

hei:o/;%m A_(B° — KT) = —0.08 +0.023 £ 0.009

#% Unbinned ML fit on invariant T mass, track momenta and PID from dE/dx

% Fit to dll B(S) — h'h”

4 Add QED radiation from calculation to kinematical MC from which invariant

mass parametrization is extracted — gooa’ know/edge of tails needed to
better discriminate different sighals

% Vdlidity of QED parametrization checked on huge D’— K'TU control sample

CDF Run Il Monte Carlo

CDF Run Il Monte Carlo
300:_ o 10°E Bs - ke CDF Run Il Preliminary L _ =780 pb*
. -Bo—> Kn : O8? - Kk w |
- B2 - KK C B >
250~ - B° g L A — T = ¥2 ' ndf 161,83
- BB’ - Kn 10 @, -k 210%f
200 .B8 T g @e; - 8 f —Bhg+Son
- Os° - kk 0
- EIB° — KK - 0 O g
150~ EIA8—> pK e 0 b P =
L EIA N - Ab —>pn E
100( e g1
L 10-1§
501~ - #
L b o gwpr [, LS T T T ||h++++
L — W S "2 [ A 1024,/
%551 52 53 54 55 56 57 58 551 52 53 54 55 56 57 58 / IIIIIIIIIIIII 9
Invariant tr mass[GeV/c”] Invariant r mass[GeV/c?] 15 182 184 186 186 18 182 194
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B - K7 1

BR(B* — K'n’) = (133 £0.56 £0.64) x 10° | s mMIEE
ACP(Bi — K*n’) = 0.016 +0.041 +0.012 hep-ex/0607106
S >
Systematics mainly from PDFs and s 5,3300;— BABAR 12
(3%) for BR and detector asymmetry 2| s ] :E]m 1]
for A - S %: ' ] E B
E 100F * R | ] 50 —:
= G;}M-M_}_Lf:l: [ Preliminary ﬁ
535 536 s34 33  s20 o1 0 0.1
mg (GeV/c) AE (GeV)

Simultaneous ML fit for T T, K'T° +to Ae , Mes ., Fisher and GC

NEW: use merged T and Y — e'e’ conversion

final efficiency €= 26.8 +1.3

10% increase for T

Merged T the two Y too close, recovered
thanks

2 2
M_ITONE_ITO (S_’To_ Sy)
where S is the second EMC moment of the
merged =YYy

Y — e'e conversion : results from interaction
with detector elements

10
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600
500 F
400 F
300 [
200 F 1]
100 E A
U ol L ,_‘_z"_].; -
5.0 5.205 5.25 5.275 5.3
M, (GeV/c?)
signal
continuum

450
400
350
300
250
200
150
100

50

0 L

3—body B decays

© =" bkg from mis-ID

all components

B -» K7

rIIIIIIIIIIIIIIII T IIIIIIIIIIIIIIIIIIII

535 M BB
hep-ex/0609015

@ ML fit to (Ae

topological variables

2D parametrization of (M e’ Ae) for
signal, mis-[ID and 3-body DB decays

, M BC)' cut on likelihood ratio of

@ systematics mainly from T (4%) and likelihood

ratio cut on K identification (15%)

efficiency €= 26.9 * 1.2

BR(B

Elisabetta Daracchini

A CP(Bi

+07 )

— K'n’) = (R4 05
— K1) = 0.07 £0.03 +0.01

x 10°
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B - Kn' 1

r:-b.. 300'.‘ 200 : . (a) . —_
- F Dy : 347 M BB
> 200 E PRL 97
"gmo; ¢ : - 171805 (2006)
Z ok . - -
(G Dominant systematics on BR from M oo and AE
> oooE : (b) : parametrization (3%) and from detector bias for A -
= 1500 | . E fit varibles: Ae , Mes , Fisher and GC
2 100 Bl 3
§ 3 efficiency €= 12.9 £ 0.4
B ok _ _ -
Ae (GeV) _
BR(B" — Kn') = (239 £ 1.1 +10) x 10° Simultaneous ML fit for K K° and K* @°
A 5 ’P( Bi —> KOTCi - '0.029 i 0.039 i 0.0’O KO reconsfrucfed as Ksﬁ‘]t T
- _ 600 £ Dominant systematics from K . reconstruction
400 igg 3 ' fit varibles (Ae , M )
300 300 efficiency €= 12.21
200 | | 200 ¢ [ 449 M BB
100 L [
0 F T 103 A signal hep-ex/0608047
5.2 5225 5,25 5.275 5.3 -0.2 0 0.2 continuum
My, (GeVic?) AE {GeV) 3-body DB decays (—D
BRB" — K'n) = (229 **£13)x 10° 77" bkg from mis-ID @

all components

ACP(BJ—r — K’n*) = 0.03 £0.03 £0.010



B’ - Kr 13

348 M BB

hep-ex/0607076
P B B L B L B L
: 120 E
., 4ooF 100f £ 150 Ir?égég =
S 3s0f > 3 E
§ 300F El_? 80 . _g 100 |
N 250f g s ity % 8 -
S 200f ? L ED 50
g 150F £ a0} -
Z 100} = = 0
L ; 20 B
50:' | 1 1 | T | 1 1 |
| S Ol 512 514 516 518 52 522 524 526 528
52 522 5.24 526 528 58 -0.2-0.15-0.1-0.05 0 0.05 0.1 0.15 0.2 2
M, (GeV/c?) AE (GeV) m, . [GeV/c]
(M_ . Ae) and At, cut on topological variable M M L/L cos®° and At
BC B'  Mmss’ "2 o, B
C(K’n’) = 0.05 £ 0.4 £0.05 C(K’n’) = 0.20 £0.16 +0.03
BR(PB — K'n’) = (9.2 £0.7 £0.7) x 10° BREB — K°n°) = (105 £0.7 £0.5) x 10°

Systematics :

BF : PDF and likelibood rati
% BF : PDF knowledge (2.6%) = and_likelinood  ratio

all affected % S : bkg dt PDF and resoluti
. . bkg and resolution
# S : PDF and vertex method bv K and T0° fumction
C : resolution function and Y s
x + resoidtion tunction dn reconstruction #* C : tag interference and vertex

correlation among fit variables .
reconstruction



D - Kn asymmetries 14

....and many other: ASoni
and DAtwood Phys. Rev.

# Obey sum rule dictated by CPT theorem ie. D 58 036005(1998)
HJLipkin PhysLett. B 621
(2005) ...
Gronau Phys. Lett. B 6Z7: 82 (2005)
. .. BR(K’m™) T, . o 2BR(K T T, s 0. 2BR(Km")
A (K A (K° =A_.. (K A (K
CP( T )+ CP( s )BR(K+ ‘IT_) T+ CP( ) BR(K+1T_) T++ CP( T ) BR(K+1T_)
From HFAG averages post ICHEP WA
Doth measures and WA 0.08 + 0.03 = -0.06 +0.1i A, (K'r’) = 01z o1
compatible with sum rule cP
edicti . note that previous Delle
prediction but still errors . _
too large or else use it to predict measurement pushed WA
AKT®) = 0.13 £0.04 towards positive A_

#DBut even with the new HFAG averages A qu( K®°) differs from A qu( K'r)

by 47 © -’ Calculations are missing

inc?
something? y
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Conclusions s

4 Given the reached experimental precision on DR secondary effects as

QED radiation can not be neglected anymore — different approach in
Delle, Babar and CDF R= 111007 R= 099 007

# Latest result on measurement of 5K of KTt family brings Rc and RN
closer : with the new WA R -R = 012 % 010 Not a very big puzzle on DR

4 Measurement of A -

#*direct CP violation in B° — K'TU established at 76 (WA)

HA - (KTt) obey general sum rules
47 o still big puzzle on ACP
#BUT ACP (K*r’ )—ACP (K'm) = 014 =£ 003 and should have

same sign

# Expecially DR measurements near to be systematic limitated,
nevertheless all of above asks for improved precision s
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