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Qutline

e Rare penguin B decays : rationale and motivation
* Time-dependent study of radiative  b—s(d)y decays
* B® — K¥(K%m)y, B® — nK%y, B®— p
e Time-dependent study of penguin-dominated b—qQJs decays
» A selection from the 9-mode list :
e BO— KO, , B®— KO_r1r , B® — KO K*K-

e The global picture

e Perspectives and conclusions
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Time -dependent CP Violation in rare B decays : Motivatio n

« FCNC processes are an excellent probe for BSM tests
» Occur via loop-mediated amplitudes
e Non SM amplitudes could contribute significantly
* We will discuss here two such processes
e Radiative b—s(d)y decays
e Penguin-dominated charmless b—qQs decays

* \We concentrate in time-dependent CP studies
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Time-dependent study of b—sy decays : Motivation

5—>§yR
VL SL >
» Radiated photon is almost completely polarised 5 \\6, //’
) g ¢
« “flavour-specific decay” : b—sy, and b—Sy, X (\Qﬁ/\\
* BO%~BY interference can occur only through helicity flip & /9/ AN

* Time-dependent CP asymmetry :

. o
A (o) =B (8 = X5y ) =T(BHAY ~ XSVe) _ goin Amat - C cosamat

[(B (At) — Xsy,)+T (B°(At) — Xsy.) R
« SM : S,C predicted to be very small

- S sensitive to right/left polarisation rate S ~-2m/m,*sin(2p) ~ -0.04
» A large CP asymmetry would be a clear indication of non-SM physics !
* Available modes : BP—K*(K )y (BABAR and Belle) , B°—nK.y (BABAR, new)

e Related mode : B%—pPy (Belle)

May 5, 2008 - FPCP Page 4/17 José Ocariz - IN2P3 Paris-Diderot University



Time-dependent study of b—sy decays: Vertexing

At measurement via Az relies on vertexing
of both B mesons ( By, and B,,)

Example here : B °—K_ 1P -~ -

Beam-spot constraining technique
If no charged track originates at B, vertex

j‘c_
S hY v 7 « Extrapolate K flight to the beam spot
\ -
T[:+ KS“II"" . TI:O -~ _
B™ I3Oum e Fit Y(4S)—BB with kinematical constraint

» Validate using B°—J/QK, control sample

Well-established technique
Used in many neutral modes with one, two, three K,
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Belle : Time -dependent study of

BO—K 1y

Variation of CP asymmetries along
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BABAR : Time -dependent study of B°—K. 1y

Variation of CP asymmetries along  m(K,m°) expected small
Check inside/outside the K*(892) range

M. Pivk, F. Le Diberder, “sPlots”
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Time -dependent study of

BO—K Py

0
Ky 1Y Sp v Cp I

Cep PRELIMINARY

0.8 T ! T
/ NN BHBHI\
" Belle

24 Average

Contours give -2A{In L) = Ax® = 1, corresponding to 60.7% CL for 2 dof

“Inclusive” analyses, m(K m°) < 1.8 GeV/c?
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“K*(892)-only” analysis, 0.8 <m(K,1°) < 1.0 GeV/c?

HFAG averages taking (S,C) correlations into account
Measurements compatible with CP conservation hypoth

esis
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BABAR : Time -dependent study of B%—nK.y (new)
« Combines n—yyand n— it w7 b @ ]

 Beam-spot technique for n—pyevents . 40F
« Signal significance : 3.90 N 20f
e Uses the complete, final ¥4S) sample z 52_

Ijj 40F

e Simultaneous control analysis: B*—nK*y I
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Belle : Time -dependent study of B°%—pCy

» Photon polarisation suppresses  B%-B? interference : expect S small

S further suppressed by CKM cancellation ( V,4) of mixing phase

 Experimental issue : K*y background 30
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Summary : Time -dependent CP asymmetriesin  b—(s,d)y

* Time-dependent analyses of three b—(s,d)y modes have
been performed by BABAR and/or Belle

e« BO_, K*(KOSTlO)y, BO — ply, BO— ﬂKosV
 Measurements compatible with CP conservation
» All measurements limited by statistics
e Other modes could be added
« Excellent physics case for SuperB and/or Belle upgrade

 Belle has also studied B.— @y (BR only)
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b—sqq penguins : loop -dominance

Tree : b—ccs ¢ c Jy ° b—sccC .
b VoWtV S  “golden” modes for  sin2f3
B’ cb cs K° « tree-dominated decays
d d * penguins carry same weak phase
Penguin : hb—sSs e pb—sQq :

* pure “internal” or “flavour-singlet” penguins
» dominant phase, same CKM factors as b—scC

b  usually more than one phase involved
B ViV, KO * high mass scales involved in loops
J d * non-SM contributions could contribute
Standard Model New Physics
SCES = Ss§s + AS‘SM : SiI’IZB S‘cEs '-/'- AS‘SM + Ss§s
CcEs N Cs§s N O CCES '-/'- Cs§s

Theopy Isslle & evalllaler AS_ [OF each node
identify clean modes (with small ~ ASg,,)
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Selected sample of b—sqgq penguins : B%—n'K°

« Experimentally clean :

largest BR among the b—s penguin modes
kinematical identification of n’
nN’'K_ adds 50% more events

e Theoretically clean : non-penguin contributions exp ected to be small

* First b—sqq mode to establish CP violation; result agrees with b—scC
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N(BB) = 535 M
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b—sqq penguins : the time -dependent Dalitz analyses

» Time-dependent amplitude analyses of B%—KOrt't and BY—KOK*K-

» Technically challenging :
» 3-D signal decay amplitude (DP + time)
 several intermediate modes contribute

* Weak phase [, directly extracted from isobar phases
e counting-rate analyses access onlyto  S=sin2f3_
e trigonometry ambiguities resolved by interference
e intermediate modes related to [, include
* K5 and fKg in BO—KOK*K-
o f,Kg and p°Kgin BO—KO 1T 1T

» Analyses yield several other interesting results
e structrure of KrmtS-wave , exotic totsignal (* f,” modes)
e constraint on (p,n) via phases in B—K*(892)rm modes

e CPS, Phys. Lett. B645, 201 (2007)
« GPSZ, Phys. Rev. D75, 014002 (2007)
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b—sqqg penguins : the time

-dependent Dalitz analyses

Non-gaussian result for f K,
2B = 0 (=180) excluded at 4.30 (3.90)
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b—sqQJ penguins : summary

sin(2B") =sin(20f") vs Cpp=-Ap

LP 2007
Cep =-Acp PRELIMINARY
DB .df T I E[ I I I 2]
0.6 - i : : _ : :
* Nine modes in the b—sqq family studied
i |+ CP violation established in B°—n'Kg
Ol |« Direct CP asymetries Compatible with zero
0 | +Global agreement with golden b—scc
2 oK
02rgm K 7« Most values of S below b—sc€ value
Ks Ks Kg
yf EOSK . . .
04 22 i < 71 e Theoretical calculations predict
X [,;,K; opposite trend ...
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Contours give -2A(In L) = ﬁxa =1, corresponding to 60.7% CL for 2 dof
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Time-dependent CP Violation in rare B decays : Conclusions

e Radiative b—s(d)y decays

e Excellent probes for SM tests

o CP asymmetries predicted small in the SM
« B-factories are producing the first TD-analyses
e Only accessible in a B-factory environment !

* Penguin-dominated charmless b—qds modes

* Intense activity ongoing
 CP violation established in  B%—n’'Kg
e Dalitz analyses are challenging and promising
e Interesting evolution of trends
* Theory/experiment interplay required

 All these modes dominated by statistical uncertaint les
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Spare Slides

May 5,

B Meson Reconstruction

Exploit kinematics of e*te~ — 1{4S) — BB for signal selection
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A few diagrams

b W
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PDFs for time- and DP- dependence

Time Dalitz Plot and tagging Pdf

_|Af|/f — % .

—12 € 21 AA A4 -4
f(A1,.DP.q, )< (4] +[4]) | m[ ]sm(AmdAt) qmg‘ | ‘ ‘ _ cos(Am,Ar)
Dalitz Plot {A(DP) Za L5 (DP) — shapes of mtermedm

Isobar Model|_4(DP)=3.a,F,(DP) — states over DP CP violation varies over the DP

Amplitudes d ; and a ] determine DP interference pattern.

Time- Dependent CP Parameters:

C = a;| —|9; = _2Im|aja; ]

J 2 2 /= -

Cl‘]. + a‘]. ‘Clj| —|—|a]"
interference helps

disentangling strong and weak phases, and
thus raises the degeneracy in the

time-dependent CP parameter S
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b—sqQq penguins

summary

sin(2 BEff)
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b—sqQJ penguins : summary

in (2 Beff)

in(20;") EEXS

PRELIMINARY

“s-penguin”
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o ~ BaBar ¢ UTUTUTTATTT oS- 071+024+0.04
& Bele e 0.30 + 0.32 + 0.08 T‘|'|"::
________ L Averagei i f=md G 0582020 8
o BaBar ' —— 0.40 +0.23+0.03
X Belle - 0.33£0.35+0.08 mIK
B Average ; : : 0.38 +0.19 8
U BaBar YT T u61 +824+Dug+uoa"
Sa. Average: G b 0.61 755 whkg
BaBar 5 ST e T L 0.02
X Belle : — [: ' 0.11+0.46+0.07 , .
° Average : ; sl 0.48 +0.24 KKK
o TBaBar U 0.00+0.07
< Bele ! m—— [ jif! 0.18+0.23%0.11
_____ "~ Average: JH-! : 0.85 + 0.07 3"{5
. BaBar—|— i f| i o072:o071+o008
Oy Belle ! . | ! 0.43+049+0.00
| 9% Average:f{—— — 5 o ) 0.52+041
=] ! LE s +0.07
~ BaBar - : inan 0.76£0.11 7554 -
\ Belle : e §.68+0.15+0.03 733 | |
L Average: H i 0.73+0.10 01
-2 -1 0 2
Asin2p
May 5, 2008 - FPCP Page 23/17 José Ocariz - IN2P3 Paris-Diderot University



Asymmetric B-Factories (e.g. PEP-II)

PEP II
Low Energy
Ring (LER)
North Damping Ring
p\ Positron lliieturn Line F’ositrop Source
e-gun
B e e & B
200 MeV Linac
injector
PEPII
South Damping Ring High Energy
Ring (HER)

3 km >

A

e'e” - Y(4S) - BB

. coherent production of neutral B pairs

—> exploited for flavour tagging C.M. boost By
. boost of Y(4S) in the laboratory : ~ 0.55 at PEP-II
- required for time-dependent CP measurements ~ 0.42 at KEK-B
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Experimental technique: analysis

Use kinematical constraints at the Y(4S): S
_ %2 s |
AE = Ebeam - EB 20 ]
> lOg t“—"“.'"**"-" I —fJ | I ‘ 4
Flavour tagging algorithm s ” SRS I B AE | 3
« exploits charge correlations in B decay produc s 5-“3“2' %
2 i regon |[F
Q=) &(1-2w)*~03 ol S
i > sidebands - ] E
¢ —Tagging efficiencies T R RS T Ta R TP TP TR Ryt

|
O ~ 1/1/Q w—Mistag rate MmEs  GeV/c?

Extract decay time differencd from vertexing
VOAL ~ Az

Perform unbinned maximum likelihood fits
 On signal-enriched samples with cuts on selection VasdBelle)
«  On more inclusive samples with multivariate fits (BaBar)
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b—s penguins : experimental challenges

Signal-to-background issues :

* (very) small branching ratios, often below 10 __, Bdecay
» Large backgrounds fromete—qqg

» event-shape discriminating variables for background supreson
« Backgrounds from other B decays may be significant A

* Use WA measurements to estimate contamination

» Add B-background information in ML fit qq background

Vertexing issues :

« Some modes with no charged tracks from decay vertex \/

* use beam-spot constraint
« validate with control samples (i.eB°—J/¢K) Cow cW 4
A

O R =
~ 20pm -
Beam-constraint vertexing inBO—K KK : Y s oo

r o, ~200pm, oy, ~4pm
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Spare Slides

BF(B® —» K %) =(35.775+2.2)x10™°
App =—0.03+0.05+0.06

« Now BF(B° — K*(892) %) > 5o significant
« No significant charge asymmetry in any

resonant sub-decay

Branching Fraction (10™")

K*T(892)n 126732 =09
K*°(892)x" 36+0.7+04
(Km)gta™ 25,4j§;2t§1§ +4.7
(Km)p?n® 11 :-‘i}‘ggtl;? +3.2
p (TTO)K+ 80T 3+06
N.R. 4440905

* More data is needed to test phase _ »

differences for CP asymmetries
« CKM constraint from K*z BFs

Gronau, Pirjol, Soni and Zupan, PRD 77, 057540 (2008)
Ciuchini, Pierini, Silvestrini, PRD 74, 051301 (2006)
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Events/(57.5 MeVic?)

Dalitz Analysis of B — K- *7?

232M BB

BaBar, arXiv:0711.4417
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