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CKM matrix
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Wolfenstein parametrization: \, A, p, n
expanding in powers of \:
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where
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Unitarity triangle

K—7mlyv: A=02264+£0.002 b—clv:A=0.82+0.03
2 parameters remain: p and n.  Unitarity triangle:

VeV + ViV + ViV =0,
~ )2 ~ )2 ~ )2

Vud Vub \% td th

cd cb
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a from B — pm

AN (By(Bg) — p*7T)
dt

= (14 AZ)e VT [1 — ¢(Chr £ AC 1) X

x cos(Amt) + q(Spr £ AS)r) sin(Amt)]

where ¢ = —1 describes the case when at¢ = 0 B; was
produced, while ¢ = 1 corresponds to B, production at ¢t = 0

1—|AEF)?

. N
1+|)\:tq:|2 y
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Cow + AC,r = Ao

T IR
<

where parameters ¢ and p enter the expressions for (By, By)

eigenstates, ¢/p = e 2
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APT MR NP N P M
CP = [MF=P+[M—F P+ MM

_ 2Im)\ET

Corn, ACr, AZ'p, Spr, AS,, are measured by Belle and

BABAR. Theory: M, M - the value of o
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afrom B — 777, pTp

Ay
AN (By(Bgq) — n'n") _ e—t/T[l — q(Cryr x cos(Amt)+

dt
+q Sy sin(Amt)]
— ]‘_|>\7"7"|2 — 21m)\7r7r p— qu+7r_
Cmr T 1 [ Aaa |2 Smr T 1 [ Aa|? 0 )\7'('7'(' — ij

Analogous formulas hold for decays to p7 p; (the

longitudinal polarization of p dominates,
fr, = 0.98 +0.01 £ 0.02)

Crr, Sor, Cpp, Spp @re measured by Belle and BABAR.

All phenomenology is presented.
How to calculate M?
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B — mrw, B— pp, B— pr decays
How large Is penguin?

G.G. Ovanesyan, M.V., JETP Letters 81 (2005) 449
P/T = 0; values of « from all 3 decays agree with each
other and with global CKM fit result.

Present paper: P/T # 0.
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effective Hamiltonian

R G .
H = = F [Vub ud(clOl —+ 6202)—

V2

—VipVig(c303 + ¢c404 + 505 + ¢60g)]

O1 = Wya(1 +75)bdya(1 + 75 )u

Oz = dva(l +95)buva(l +95)u

O3 = dya(l 4+ 75)bluva(l +v5)u + dya(l + 75)d]

O4 = daa (1 + 75)0(tcva(l + ¥5)u” + deva(l + v5)d”]
O5 = dya(l 4+ 75)bluva(l — 75)u + dya(l — 75)d]

O = dava(l + 75)0(tcva(l = 75)u® + devall — 75)d”]

cp =1.1,c0 = —0.3,c3 = 0.02,c4 = —0.04, c5 = 0.01, cg = —0.04

c3 — cg are very small; penguins in charmless strangeless B
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factorization

In order to calculate matrix elements of H we suppose that
factorization occurs:
< MlMg‘jljﬂB >=< Ml‘jﬂB > < Mg‘j2|0 >,

which allows to transform H in the following way:

.G o .
H = 72 ubVata1tva (1 + v5)bdya (1 + 5 )u—
Vb Ved (a1 by (1
TV astya (1 + 75)bdya(l + 75)u—
ub "y
—2agu(1 + 75)[)6?(1 — v5)ul }
where a1 = ¢ + %CQ = 1.04, a4 = c4 + %Cg = —0.031, ag =

e + £c5 = —0.042
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B — 7w

Up to a common factor which includes constant f, and
B — m transition formfactor we get:

M(Bg—nt77) Vo Vi 2mz 0
‘}iubVJd ™~ al o Vuzvjz a4 _|_ (mu+md3rzmb_mu)a6:| 62
Aleksan, Buccella,... (1995) BUT § =0

0 # 0 to get nonzero direct CP asymmetries.

With the help of the relation

ViV _
V,j Vb sin 3

we finally obtain:

M(Bg — mr77) ~ Vi VA [1 4 0.14€H(m=2+9)] 'where we put a;

—egtualtto-one:
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B— p'p”

ag does not contribute to the decay amplitude since
< pld(1 = ~v5)ul0 >= 0:

M(Ba—piprr) Vs Vi i
VaVoy 90T Vv, 44

M(Bd SN psz) ~ Vub ’l;kd[l 1 0.076i(71'—06+5)]
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B — pm

The amplitude M~ corresponds to p~ production from

vacuum by (du) current, so the term proportional to ag does
not contribute to It:

M+
VbV

Vip ttl
Vub de

=A [al — a4ei5]

M = AV Vi |14 0.07¢ (=et0)

where A is the complex number.

M _ VaVia _ 2ma 6+ |~
| A {al Vb Vi {CM (mb‘|‘mu)(mu‘|‘md)a6 € ~ B

MT™ =M-", M~ = M"" with c.c. CKM matrix elements
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a from B — pm

a, 6_ =0, A/B= \A/B\eig - 4 parameters; 5 observables

ACr(Belle, BABAR) = 0.22 £ 0.10

|A/B|? = 1 jigﬁ: — 1.56 £0.33
. (1+1]A4/BJ%)
Cor =0.31£0.10 : sino = 098] A/ B Cor =46 E£1.5
1+ |A/B|?

AT, = —0.102 4 0.045 : sind =

0.14|A/B|?

3.50 deviation - largest we encounter; average:
sino = —0.62 £ 0.47

sind = AS,; =0.094+0.13 : d~0, or o~

AT, = —1.240.5
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sin 2ac = Sm/cos5~ +0.07cosd, Spr =—0.13£0.13

lcosd| =1, |cosd|=0.88+0.12 (or unknown)
0~0, §~0: «a=920+4°

o~0, dam: «a=96°+4°
(or o = 94° £4° +2°; uncertainty from poor knowledge of §

Is small since P/T' is small)

a = 84° 4 4°

, 0
0 a = 889 £ 4°

ZZ ZZ

S O
& U

T
T,

Independently we "know" that ¢ is small, so 2 possibilities
remain: 92° 4 4° or 84° 4 4°
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afrom B — pTp~

Cpp = 0.14sinasind ~ 0.14sino = —0.02 £ 0.17
(BABAR and Belle averaged)
sing = —0.24+1.4;|cosd| =0.88£0.12

Spp = sin2a — 0.14 cos o = —0.21 £ 0.22
0~0: a=92°47°
(6 ~7m: a=100° % T7°)

BABAR isospin analysis : « = 100° + 13°
smallness of Br (B — p°pV)
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o from B — ntm™

Cr =0.28sinasino ~ 0.28sin0 = —0.37 = 0.10
(CBABAR — _ .09 4 0.15, penguin is small;
CBelle — _0.56 £ 0.13, penguin is big)

sing = —1.32+0.35, |cosd| =0.55+£0.25

S =sin2a — 0.28coso = —0.50 £ 0.12

0~ 0: a=100°+4°
(0 ~7m: a=110° £ 4°)
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By, B, — mm puzzle

Experiment:
2 [Br(Bg— ntn™ )+ Br(Bg — ntn™)] =5.0+04
1 [Br(Bg — 7°7%) + Br(B; — 7°7%)] = 1.45 +0.29 x 1070

Br(B, — m"71%) =5.5+0.6
Theory (factorization): I' o0 /T+ .- ~ 1072; factor 30.
Way out: My = Aye®® + Ay,
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oy = 53% £ 7°, while for As and Ag factorization works very
well.

th
ub

v V2 Aq cos 8+ Az cos(d,—dt) -~
1/12A2+41/6A2+1/(3v/2) Ag Az cos 8¢
~ —2.60(1 4+ C_)Pcos(dp — x) ~

~ —0.14 cos(dp, — x)

P1+C+

ooy = sin o X
\/_

AQ Sin 575

~ 23°
\/QA% -+ A% + 24/2A40 A5 cos &

X = arcsin

Numerically shift of o is small.
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Conclusions

520 apppr = 99° % 4°

taking into account pr data we finally obtain:
Opumg = 95° 3% if 0
Ap—uad — 910 + 30 |f 5

ZZ ZZ

Global CKM fit results
aurhit = 947 £ 87, ackMfitter = 94 1+ 107

Thus the accuracy of the present day knowledge of « can be
close to that of 3. G = 22° £+ 2°
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