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Motivation

Very likely KM phase is the dominant source of CPV in the quark
sector. However,

Matter-dominant universe requires something more than KM phase.

Many new physics scenarios allow more than one CPV phase,
which can be seen in FCNC processes. Even more, such
Information is useful to narrow down possible new physics models.

Search for new CPV in b = stransition is very important !
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Motivation (cont.)
We may already be beginning to see ahint.
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|mportant to pursue measurements by all means
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Basic idea: phase difference from 7. resonance

b
Resonance
b
FCNC

e Standard Model (SM) - CPV ~0

* New Physics (NP)
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Br(7, > ¢6) =(7.1+2.8)x10°?
(PDG2002)
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- CPV can belarge

10e36 workshop @ SLAC

N

S S>K K*.

M. Hazumi (KEK)




Comments on B¥—n(y )™

o Sing3 with B¥—n(y )T
(Eillam, Gronau, Mendel, PRL 74 (1995) 4984)
— nc—nr etc., interference with B*—(nn etc.)n*
— Vub in B*>(nw etc.)n* is the source of direct CPV

— Very interesting idea !, but two problems
« Smaller branching fraction, S/B is not good
 Precise measurement of sing3 will be difficult
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Decay Rates of B* and B-

(M+3I)?2
ds|R(s) + D* I(/[s,z) |2
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Definitions

D¥(s~ M? z) = Dsy(s =~ M?, z)
+ DEo(s ~ M?*,z2)
D,- s =~ ﬁ.{"j_’ ») = HD(:) E?'Ln;
SVL ) T
Bﬁp(s ~ M*, z) = anp(Z) o1’ o EiONP

VML ’

0 =9’ assumed in the following;
we ignore the case where we had additional direct CPV
just from interference between SM and NP direct transitions.
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Definitions (cont.)

+ 1 ,dI't dl-
= (Z) = +
F@=r gt G

The dillerence between the decay rates ol BT and B~ is given by

Y] D

. 1
' { dz dz

v (z) & —dmaganp(z) cos d - sin Onp . 16

Similarly the sum of two decay rates is given by

R | N |
I | ] T / J=T(z) = Ef{r]t+3-lff|}(:'}l_ r+2r cos Onp+1 ) —4magap( 2 ) (r cos Oyp+1) sin o,
B fz [

wherer = ayo/ag )

» z dependence of r reflects the spin components of the ¢¢ system
 measurable from the differential decay rates in the . mass sideband
» Thus we assume pseudo-scaler component dominates the direct transition for simplicity.
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CP Violation

Experimental study adopts fitsto differential distributions.
Just for convenience, we use the following integrated CP asymmetry
as the measure of CP violation.

f 1 dz y(2)?

Acp= 1 i
+
f—l dzy (Z) ] -{.U+:1;]'}—}_ R
Bp = MT Jai—ary ”“H./_lJ:”x]u(r]'
~ gnE [ Byp
= NN BB S(S00)XS) + 2(14r9)Bp
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Branching fractions

e B(B*>n./(—>¢00)Xs") ~2 x 107
- B4 (B+ ->nXs') = 2~5 x 10;?6 (theoretical estimations)
BB+ >nK*) =(1.25+0.14 034 £0.38)x 103 BellePRL 90(2003) 071801
e B(B®—>n K*%) = (1.62+ 0.32 919 +0.50) x 103  BelePRL 90 (2003) 071801
- B(n.—¢0) =(7.1+2.8) x 102 (PDG2002)

e B\p<5x 10°
* estimation based on LUND fragmentation with JETSET-standard ss popping
= B(b - sss) <1% is dlowed with present exp. data (e.g. B,,(B = ¢K))

e B(B—>¢dX9)gy =3~9 x 107 inthen, massregion
» method 1: from B,,(B—>$Xs)~104 + fragmentation - 3 x 10’
« method 2: from B,,(b—ss9)~0.2% + fragmentation - 9 x 10’

r2<5isalowed
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CP Violation (cont.)

Byp~ 1x10° (forr ~ 1, or Dgy,~Dyp)

[ B‘/
~ i T P
Acp =503 BE n(00)XS) + 2LH 2By

~2%x10°

A large CP asymmetry of 20% is alowed. (A~ 0% in SM)

(Acp ~ 40% alowed within the present exp. bound; r2<5)
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Experimental sensitivity

Study for B* = ¢pK=*only
Background level expected to be negligible

Reconstruction efficiency and ¢¢ mass resolution estimated using
GEANT-based detector ssimulator for the Belle detector.

~300 events expected for Ng = 10° (~ 1labt)

* Nj; = the number of charged B mesons recorded by a detector.

Unbinned maximum-likelihood fit to the differential decay rate
distribution with two free parameters

e Al p=-2r(ay/ay) -> asymmetry parameter
e B =a,%(r’> + 2rcos0p + 1) —> ~ branching fraction for mass
sideband

0A%,~0.06 for Ng=10°
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Decay rate (arblirary unil
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Clear direct CPV is

86 BY BB B9 9 81 ‘.I.d B3 B
i invariant mass squared i{GE‘..".l'::";n‘]
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5o discovery region

Discovery possible in alarge parameter space
above the curves
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Observation at Belle (LaThile

: : Mar. 2003
will be submitted soon )
a First observation of B™ — ¢¢ K™ decay
E | 2 |
1 [
i_ : i [\ i, oo
Belle preliminary L = 78 fb~!
Bt = ¢ K+) = (2.61 55 +0.3)-107° (M, < 2.85GeV/c?).

Bt = n.K*) x Bf(n. = &) = (2.21324+0.3)-10-%  (2.94 < M, < 3.02GeV/c?).

« Almost background-free in the 7. mass region !
» 3-body decays also observed with a reasonable branching fractions

]
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17, = ¢¢ branching fractions

TAEBELE II: Measured branching fractions of secondary char-
monium decays and the world averages [5]. The branching
fractions for modes with KT K™ pairs include contributions

from ¢ — KTE~ 1 m\(\aX\]
Diecay mode " B (this work) B (PDG)

Ne — db [ERTo ey T (LR e
re — GETE™ {29+33i12)xm— =

ne—s HTHT)  [1d 32 40:0) 1077 [21E£12]%
Jhp = ¢KTK— (24755403 x107% (r.44+1.1) x 10~
Fh—s ot K] (Par 09) wiom® (ro4s0) x10es

PDG x Yafor B(7, = ¢¢) > 8A°,~0.12 for Ng=10°

However, the expected CPV will become larger !
5c discovery region will remain similar.
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Reference: BY = ¢Ks sensitivity
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e Similar new phase sensitivity for ¢¢K* and pKs

« Advantage to include other modes ¢dK*, dpdpKnr etc.
 All-combined analysis will be the most powerful way

7Q
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New “ CPectroscopy”

Other resonances also usable (y ., €tc.)
Neutral B as well (need to take care of time-dep.)

Dalitz-type analyses for both on- and off-resonance data
required to estimate the possible dilution from other
Spin components

Spectroscopy for resonances in B*(B°) and B-(B?)
decays separately = CPectr oscopy
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Summary :Virtues of B—>(d¢)m-mncXS

“Pure” b—sssss, no CPV from the SM
* Non-zero CPV isaclear manifestation of new physics

Reasonable signal yield

« comparable to (or even better than) BO—¢Ks ICPV study
o Better sensitivity by including other kaonic resonances (K* etc.)

 If the BR(nc = ¢¢) issmaller than the PDG value, the A, can be even
larger !

Clean signa

 thanksto good K/m separation
* ¢ meson is also special and helpsimprove S/B

Hadronic uncertainty less important
» Enough to find deviation from SM; observation itself is abig discovery
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" The direct ampliludé D* is separated into contributions from the SM. Dgy. and [rom

NP, D&,
ﬂili.t-' ~ _-1'1r2.:','l = Ds,-m{a ~= ;13"2._.3]
+ Dﬁpis ~ M=, z), (3)
(=)
Dsm(s m M2, z) = “22L (6 4
sm , Z) N (4)
D (s~ M z) = ane(z) ' gti®up (5]

v M

where ap(z) is a real part of the SM direct amplitude, 4 (4') is a strong phase difference
between the resonance amplitude and the SM (NP) direct amplitude. anp(z) is a real part
of the NP amplitude and Onp is a new (' P-violating phase. If § # &' holds, direct C'FP
violation can also occur from an interference between the SM and NP direct amplitudes.
We do not take this case in our studv and assume 4 = &' in the following discussion.
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As a measure of (' P violation, we define the following ' P-asymmetry parameter:

Jr_l1 dzy—(z)?
Acp = . (9)
[1y dzyt(2)?
The numerator of Aep can be expressed with the branching fraction of the resonance (2raf; )
and that of NP in the resonance region (Byp):
1 9o
f dz77(2)* = (2rad) - Bup - 3 sin Onp . (10}
_] "
where
2ran, = B(BT — n.X5) - By, — 0o) , (11)
and
5 | p{M+ar)? : .
T ﬁ [‘I.I—J.]'H f #HNP (12)
e —— ————————————
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The evaluation of the denominator of Ag-p is straightforward with the estimations men-
tioned above. We obtain the following result for B(h — s¢® — sss) ~ 1%, 2rajf, = 2 =« 1077

and |sin Onp| ~ 1:

e~ [T Bup 1 o

A — . D ~ .40 - g s .
o 3 \/H{Bi S XE) - B(n. = 60) +2(1 + 7 2)Bap Onp ~ 040 - sin O

(13)

A large C'P asymmetry of 40% is allowed. The asymmetry is roughly proportional to |r|.
Therefore the asymmetry can be sizable even with r? < 1; for example, ~10% is allowed for

r? = 0.3.
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