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‘ Measuring o in B>hh Decays

At tree level, time-dependent asymmetry A p(¢) in b — uud
transition to a CP eigenstate measures

*

B th th
Vud V:b

Possible interference with Penguin amplitudes:

arg =x-B-y =a (in SM)

Acp(t) = sinQa,p); .= a-Aa; direct Ap# 0O
d|_-
»JU -

—0 b »é > 1) 70
+ o+ _
b ‘7 > 7 ' JT 9:0 d

Tree = Penguin
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Isospin analysis in B = pp, mun

M. Gronau, D. London, Phys. Rev. Lett. 65, 3381 (1990)

2AOC A+— — A(BO s p+p )
A” = AB° = p*p)
A% = AB” = p"p")
+0 1 b 0o  Neglecting EW penguins, 0 is a pure tree A% _ AB° — pO po)
A" =—A" + A4 mode: two triangles share a common side 0 .\ . 0
V2 o _ 7 " AT =AB = pp)
V2

= 6 unknowns, 7 observables in B=>pp (or 5, until CP asymmetries in p°p? are measured)
o 4-fold ambiguity in 2Aa. : either triangle can flip up or down

o In principle, 3 sets of triangles in B — pp (one for each polarization)

See also Mark Allen’s talk this afternoon
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| Common Themes in All Measurements 2%
» Small Branching Fractions: O(10-°-10-)

o Multivariate analyses to maximize sensitivity
¥~ Often deal with <1/100 S/B ratios

o Typical variables

“” mgg, AE, event topology (neural nets or Fisher): discriminate against
continuum backgrounds

¥~ AE, resonance masses and helicity angles: discriminate against
dominant B backgrounds

¥~ B vertex and tagging: for CP analyses and further background
suppression

o Main backgrounds: continuum, charm B decays, charmless
crossfeeds
¥~ Systematic understanding of backgrounds and signal distributions crucial
¥~ Correlations often important !

* Vector-vector modes: angular analysis
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Maximum Likelihood Fits

Use (extended) ML fits to maximize sensitivity
N n, : yield of each event type (fixed

L=6Xp —Eni 1_[ Enifi(xj;e) — max or free
i i\ f; : PDF for each event type
yield term PDF term x; : variables for each event
0 : PDF parameters (fixed or free)
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e Simplest case: uncorrelated variables, PDF = product of projections
— Often not so simple: have to understand correlations (systematics)

e Compare parameters against data (systematics)

e ML fits are not always unbiased: test with plenty of MC



Angular Analysis in B = pp

B — pp 1is a vector-vector state; angular analysis is required to determine CP content:
= Helicity angle distributions

o 2 “helicity frame”
Longitudinal: 4, = D pure CP = +1

\/_

1
Transverse: 4., = S+ D+ P 0
+1 \/g \/g \/E .tI‘ ansverse Tt
1snota CP
Transverse: 4, =—=S+—=D-—=P eigenstate

V3 V6 A2

Fortunately, the fraction f, of the helicity-zero state in B — pp decays is very close to 1:
= V-A/pQCD prediction: f; = I-O((m,/mg)?)

f1(B" — p*p )ywa= 0.9670052
J1(B* — pp")wa=0.96 + 0.06

BaBar/Belle Average, April 2006

Don’t miss Andrei Gritsan’s talk tomorrow morning !
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Events /10 MeV

Events / 24 MeV

Branching Fraction Measurements: B%—am
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)
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Fisher

Br B - afnyx Br (a* — p(n* n)n") = (16.6 £ 1.9 £ 1.5) x 107

(90 significance)

= Potential for measuring o

R. Aleksan et al., NP B361,

141 (1991); M. Gronau and J. Zupan, PRD 73, 057502 (2006).
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‘Branchmg Fraction Measurements: Boéalp

=>One of important backgrounds in B’ =>p*p-
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= Statlstlcal dlstrlbutlon
e With systematic uncertainties

II|IIII|IIII|IIII“«PII|IIII|IIII|IIII|III

Based on 110 million BB pairs: PRD74, 031104 (2006)
—> 68 = 38 events (10 significance)

Br (B - a*p)x Br (a,* — p%n" 7 )7 ) <30 x
1076 (90% C.L.)
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Updated This Summer: B’ — p'p

distributions for the highest-purity tagged events

) BABAR | > | | |
% preliminary = 0
= 100 &
< 2 hep-ex/0607098
b= D
2 9 - — :
= sum of backgrounds Based on 347 million BB pairs
05.25 5.26 5.27 5.28 5.29 0 -0.1 0 0.1
myg (GeV/c?) AE (GeV)
3 | | | > "~ BABAR
= 200 1C1 4 =
S P helicity | 2 100
5 R R Ce
5 100 § 50 [ e Tl Y
[8a]

0.5 I0.6 | 0.7 | 08 |
m. (GeV/CZ)

Np+p_ =615+ 57 do:/ninated by self-crossfeed
Br(B" — p'p)=(23.5+2.2 % 4.1) x 108

f, (B — p'p)=0.977 £ 0.02479013
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‘ CP Asymmetries in B — p'p

hep-ex/0607098
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Events / ( 0.002 GeV/c?)

s

Updated This Winter: B~ — p o’

Based on 232 million BB pairs;: hep-ex/0607092 BaBar
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B™ — p p’ Results

Br(B* — p p")=(16.8 £2.2£2.3) x 1076

f‘L ( B — pi po) = (0.905 = 0.042"'9003;’7 Largest systematic errors:
’ » modeling of backgrounds
e signal misreconstruction

ACP —_ -0.12 + 0.13 + 0.10 e statistical uncertainties in signal PDF
Br(B* — p'f,(980))<1.9 x 1076 (90% C.L.)

The new measurement in B~ — p p° allows the pp isospin triangle to close

Old results: ;E; :ﬁ: isospin prediction
PDG 2004: (26 + 6) x 107 g 9
Belle: (31.7 £ 7.15%%) x 1076
Phys. Rev. Lett. 91, 221801 (2003) £ 0
Previous BaBar : (22.5t%"+5.8 ) x 1076 QOIdppWA

Phys. Rev. Lett. 91, 171802 (2003) BR(p*p%)
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New This Summer: B9—p%p?

* Incremental improvements in analysis hep-ex/0607097
o Event selection, ML fit

 8-dimensional fit

Q

mgg, AE, event topology, m(st), ,, cos6, , (helicity angles), flavor tags

* Float 8 major components in ML fit

=

BY—=p°p’: simultaneous fit for yield and polarization

> Signal-like modes B?=p’,(980) and B®=f,(980)f,(980)

Q

Q

Q

BY—=a,mr (dominant peaking background)

Peaking backgrounds from open charm decays

“" E.g. B=>Dx (D —>Knx)

Charmless decays

“ E.g. B=>K0° , o*p°

Combinatorial background (dominated by continuum)
“” Determine shape from data, float parameter values

= Results statistically consistent with the previous BaBar analyses
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nts / (0.002 GeV )
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‘ New B — pp Results: Summary
hep-ex/0607097, hep-ex/ 0607098

Due to increased Br(B" —p"0"), weaker constraint on a from B —
op pp

~ 25 -
= Q B o)
BABAR o\ [74,117] BABAR
< 20+ Aa preliminary os | at68.3% C.L. preliminary
150 |Aar| < 18°at68% C.L. s
10- |Acar| <21°at90% C.L. °'4;_ _
5:— 0.2}
o;:;.:.:.:7';-7::::.::: ::: A T ol N J o ,_,_ N\ _‘ o
=30 =20 10 AOcppo ( deg)10 20 30 0 20 40 60 80 100 120 140 160a (de;;so

This 1s a frequentist interpretation: use only the B — pp branching fractions,
polarization fractions and isospin-triangle relations in arriving at these
constraints on Aa = a — o and «

With more statistics, determination of both C and S in B" — p° 0° will be possible,
leading to an improvement in the precision of the the pp isospin analysis
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B’ — (pm)": Dalitz-plot analysis

hep-ex/0608002

0 : :
B [OJT is not a CP eigenstate
\ 0 o = Time-dependent Dalitz-plot analysis assuming isospin symmetry:
measure 26 coefficients of the bilinear form factors
- _+
p T
EO / A. Snyder and H. Quinn, Phys. Rev. D, 48, 2139 (1993)
Monte Carlo

AB’ = m'n )= fLA(p ™)+ fLA(p ") + fLA(p"7")
AB’ —»anwa’) = f,A(p"w )+ fA(p )+ fA(p"x")

>+~ Interference in the corners of the Dalitz plot provides
ENERE RN information on strong phases between resonances

s, (GeV¥ch The p(1450) and p(1700) resonances are also included
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One of the Ingredients: B*—>p*r’

Based on 232 million BB pairs: hep-ex/0506069  CABAR

=> Constrain isospin relationships in B?—=psw system

“aof Z 70 “;580:-
¢ f BABAR A BABAR s f BABAR
@35F  preliminary <60k preliminary q " F preliminary
= F 2 r - F
530" s Qa)-
2 @S0 5 F
25F C _]_ = 50F
" 40F o
20F -
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15 .

sk . of .
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m, (GeVic AE (GeV)

X7 mass (GeVic?)

Br(B* — p'2’) =(10.0 £ 1.4 £ 0.9) x 106
Aqp=-0.01 £0.13 £ 0.02
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Events / 0.13

Events / 0.084

New Results This Summer: B’ — (pﬂ)o
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New B’ — (px)’ Results (cont.)

hep-ex/0608002

A more physical interpretation of direct-CP quantities:

W/_/<:;> P W/7<:;’ -

— | ? ps. > 1 ) —o|? P > 1)
B _ h .7'l7+ B _ h p+
d > d > |
+— -+ __ +0.15
A7 =0.03 £ 0.07 + 0.03 AT =—0.38"315 £ 0.07
1:""1""|""| """" ARARE R RN
0.752— BABAR —
osk PRI Quasi-two-body description of B — o7 :
0.25; -
< z AS .= 0.06 + 0.13 + 0.029
4).25: .
05 E ACM =0.377 £ 0.091 £+ 0.021
-o.755— —

_:lllllllllllllll llllllll lllll[lllllllll:
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C.L

‘ Physical Interpretation

The relative phase between the amplitudes of
B’ — o and B’ — o'

S5, =arg(A™ A7) = (34 = 29)°

hep-ex/0608002
Constraint on o

no constraint at 2o level

1 1
BABAR BABAR
PRELIMINARY 6—'—— [75’152]0 PRELIMINARY
[5, 63]° a
at 68.3% C.L. —
0.5 O 05
025 /N /7 \ 05— /7 \ _
o— T o - - ]
-100 0 100 0 50 100 150
0, (deg) o (deg)

Relatively weak constraint on @ from B — (om)°, but free from ambiguities!
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Combined Constraints on oo from BaBar

Constraints on « from B — s, px, pp (Frequentist and Bayesian analyses):

_I T I LI l LI | LI I I’ T [ l’l T I LI | LI I T [— 0-008
1oL wrom Bpr (BaBar) ] _E- . U . _
i 6 ..... B—pp (BaBar) [] COMBINED_’ 7 i hf Direct constraints ”
- B—nr (‘BaBar’) 1 d:) i
" Y I T T A O 0.006- g
i o € [86,114]° i 3 L éo'ooelndizecg .
Ha i = rconstraints
08 :at68.3% C.L.: . — - -
3 L . ' 4 _Q i i o.oo4»
O i : Png T °
- P = ®© - o t
| - Y 5 8 o0.004 o
- 08 1 CKMfit ] ] o . ;
[ i‘noameas.in fit ] E - oy A
041 7 I ° of°]
] 0.002 0=(92+7)
0.2F ] ~ (SM sol’n)
__ 97.5° _ j \
O \r':-l | |.| ;", > o ol noaa 0 /\I ! 1 | 1 1 1 1 1 | | 1
0O 20 40 60 80 100 120 140 160 180 0 50 150
o
o (deg) of’]
CKMfitter Group (J. Charles et al.), Eur. Phys. J. C41, 1- M. Ciuchini, G. D'Agostini, E. Franco, V. Lubicz, G. Martinelli,
131 (2005), [hep-ph/0406184], F. Parodi, P. Roudeau, A. Stocchi, JHEP 0107 (2001) 013 [hep-
updated results and plots available at ph/0012308],
http://ckmfitter.in2p3.fr updated results and plots available at http://utfit.romal.infn.it
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Summary

* New results from BaBar this year
o First evidence for B — p°p°
o New measurements of branching ratios and CP asymmetries in
B*— p0’and B’ — p'p-
o Dalitz analysis of B — a7 a’ decays
* More clarity to come with more data

o Currently, constraints on o depend on details of theoretical and
statistical treatment; these discrepancies should be clarified with
more precise measurements

a CP analysis in B — p°0’1s becoming possible: could reduce the
uncertainty on o to ~10 degrees by the end of current B-factory
era

DPF/JPS 2006 Yu. Kolomensky, o in B=>pmw and B=>pp at BaBar



