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Structure of calculation and sources of uncertainties
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Branching Ratios
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Higher twist contributions more effectively suppressed 0(0.1)
than for pseudoscalar final states O(1).
— Smaller numerical impact of model dependent terms.




Influence of w-¢ mixing

» Mixing of w and ¢ can be parametrized by:

_ uid+dd .
=sSc0sf + ———sind
¢ V2
w :M cosf — sssind,
V2

where the mixing angle is 6§ ~ 3.4°.

» Branching ratios can differ by several orders of magnitude
— large effects.
E.g. BR(B~ — p~w)=15.5-10"% and
BR(B~ — p~¢) = 6.0 - 10~9. Variation for p~ ¢ relative to
BRatd=0: 6=34° +49.8 0 =6.8° +207.5

> w-¢-error O(10) bigger than other uncertainties of
otherwise clean mode By — wa.

» Modes B~ — p~w, B~ — K*~¢ and Bs — ¢¢ have small
effects on BR.
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Determination of |Vy,| from sin23 and S, in B — p p_

» The leading order terminr, and S, marks the minimum
value for Ry, since o = 90° in that order.
= First order corrections inr, and S, vanish.
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— Vi from b — ulv
BREINR -~ |Vip| from lattice QCD
R - V| from B — wlv

— |Vip| from B — pjpp

» The leading order terminr, and S, marks the minimum
value for Ry, since o = 90° in that order.
= First order corrections inr, and S, vanish.

> Using |Vyp| = |¥ed

Ry one obtains
Vi = (3.5475 ié(sin 20)*5.01(t, Sp) £0.06(Vep, Vus))-10~°
inclusive: |Vyp| = (3.70 + 0.32) - 10~2 euvers

QCD SR B — 7T|I/: |Vub| = (336 + 023) . 10_3 [Bourrely, Caprini, Lellouch]
and lattice (average): |Vyp| = (3.54 £ 0.40) - 102 Lubicz, Tarantino]




Constraint on New Physics phase in B4 — By mixing
New physics phase Q in By — By mixing enters By — J /¢Ks
and By — p*p~. Measured phase changes to sin (2(3 + Q2)).
Change in CKM triangle:

i

K—p =

Independent measurement of |V | constrains Q:

|1 —7tan Q| TI,C0S8¢, S, > 2
Ry=——+—— |[1-tanQ | —~~—5 + S,,S
RV (T ana T2 )| O S, Sh),

where 7 = cot 8 ~ 2.5. Valid for Q < 20°.




Constraint on New Physics phase in B4 — By mixing
New physics phase Q in By — By mixing enters By — J /9K
and By — p*p~. Measured phase changes to sin (2(3 + Q)).
Change in CKM triangle:

Independent measurement of |V | constrains Q:
-0.9 0.2 0.2 0.3 -25 °
0 = (0.0795(r) *83(S,) *83(1,) *33(Ven) T32(Vun))

using |Vp| from lattice QCD. Valid for Q < 20°.
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. . A cD
SU(3) relation to all orders in == (1)

» SU(3)-symmetric final states K*°K;*® and p;" p; . Branching
fractions of By decaying into these final states exhibit
V-spin symmetry.

b BB KK ((1-p)+ )<l r]
B(B — pp) p? + > 4+ 12 42pr,C08 ¢,

plus CKM-suppressed corrections.
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SU(3) relation to all orders in == (1)

» SU(3)-symmetric final states K*°K;*® and p;" p; . Branching
fractions of By decaying into these final states exhibit
V-spin symmetry.

BBy~ KK (- P+ )P
B(B — pp)) p? + > 4+ 12 42pr,C08 ¢,

plus CKM-suppressed corrections.

» SU(3)-breaking parameter: ¢ ~ 1.28 (QCD factorization).
Used range: ¢ = 1.28 + 0.14.

» Use 4 measured observables:
cot3=254+0.13,S,=-0.05+0.17,
C,=-0.06+0.13, b =0.043+£0.015
and one predicted parameter £ to extract: 2 hadronic
parameters r, and ¢, and 2 CKM parameters:

7 and p.




Discussion of Corrections to b

Corrections come from the branching ratio for By — K 0K

B(Byg — KK ) =
2 2
TBdGF |)‘C‘ *\ (2 * * * *\12
—_ K 2f1 R K*) A(K A(K
e ofac(K )+ 21, Reag (K ) A(K") + LIA(K)

, 1 and f, are CKM-factors. f; and f, are much smaller:

=0.83579152 /fo = 0.018-0.0886, /fo = 0.161170:332

In addition suppression of hadronic factors:

[AKY)] +0.12
=0.25"7
|aC(K*)| —0.10

= Neglect terms multiplying f; and
Relative importance to leading term: 3%.




Result from SU(3) analysis (2)

r, =0.064 + 0.01273-3%5(|¢])

7 =(76.23(cot )4 1(S,) 2 8(C,) 50 3(1eD))

=— Belle: B— DK

— [Beneke, Rohrer, Yang]: B — pTp~
— BABAR: Bt — ptp% ptp=, p°p°
SU(3): pfpp and KP' K}




Result from SU(3) analysis (2)

r, =0.064 + 0.012-3-3%5(|¢])
7 =(76.2713(cot 84 3(S,)T39(C,) 5 (B) 9 3(1¢ )

» Error on v dominated by S,,.
» Error from SU(3)-factor £ smaller than from experimental
quantities cot 3, S,, b — improvement possible.

» Comparing penguin parameter to value from B — pfp[:

r, = 0.038 £ 0.0057502%(Xa)

» Larger, but within errors consistent.
» Still small, which is basis of analysis.
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CP Violation in Bs — ¢ ¢

_ T[BO(t) — dLou] —TBO(t) — dion] _
FBO(t) — ¢rLoL] + T[BO(t) — L]
= Sy sin(Amt) — C4 cos (Amt)

Acp 4(1)

Theoretical prediction of Sy and Cy4 from QCD-factorization:
S¢:2/\20R6M, C¢:2A2n|mw
ac(¢) ac(¢)
lac(4) — au()|/Gev® =
= 0.0575:667 (Ao) 10010 (0% ) *5:018 (Me) 505 (1)

A =0.226 small — S, and C4 small.




Determination of |ac(¢)| from Experiment

78,GE [\¢|?
647rmBS

B(Bs — oLoL) = lac ()

From that one obtains

B(Bs — ¢L¢L)} 1/2 [1.53 ps] 1/2

— 3
ac(¢)| = 0.177 Gev [ s o~

Upper limit for S, and [Cy|:

S5 <002  [Cy <0.02




Determination of |ac(¢)| from Experiment

78,GE |\ |?
647rmBS

B(Bs — ¢LéL) = lac ()

From that one obtains

B(Bs — ¢L¢L)} 1/2 [1.53 ps] 1/2

— 3
ac(¢)| = 0.177 Gev [ s o~

Upper limit for S, and [Cy|:

S$ <002  |Cyl <0.02

» Branching ratios will be measured at
LHCb: 10fb~1 — AS,,; ~ 0.05,
upgraded LHCb: 100fo~! — AS,, ~ 0.01 to 0.02
» Measurement in excess of these limits constitutes
evidence for new physics.




Conclusions

» Precise determination of |V | from By — pfp[ and sin 24.

» Constraint on New Physics phase by independent
measurements of |Vp|.

» Determination of v from B4 — p,"p, and SU(3)-related
decay. Provides additional constraint on power corrections.
Potential for improvements up to 1° — 2° on precision
extraction of ~.

» Upper Standard model limit for S, and |Cy4| provided.

Thank you very much for your attention!
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Future prospects of the determination of |V |

The uncertainty of |Vp| is dominated by the statistical
uncertainty of sin23 = 0.681 + 0.025:
AVyp| = £0.15- 1073,

» Hadronic uncertainties (S, r,) are much smaller:

(10.09) 1072

» LHCb upgrade with 100fb~ promises to measure sin 23 at
+0.003 to + 0.01. Potential for |V | at value of
Assin25 = 0.006:
AVyp| = £0.08 - 1073,




Constraint on New Physics phase in Bq — Bg mixing (1)

» Assuming a (small) contribution of New Physics in By — By
mixing, we measure in By — J/¢¥Kg the CP violation
S =sin(2(6 + Q)).

» Disentangling standard model part:

1—77)— (7 +7)tanQ
1—-7tanQ

p=
» Measurement of S, used to eliminate p:

7(1—7tanQ)

152 +O(r,,S))

17:

» 7 = 2.54 enhances the sensitivity to .




Constraint on New Physics phase in Bq — Bg mixing (2)

» We get an expression for |V,| depending on
(7,Sp:,1ps p, Q):

|VedVep| |1 — Ttan Q| T1,C0S¢p, S,
\Y% 1—-tanQ | ——= + =+
Vel = Vud| V1472 AN 1T 7ann "2
+0O(r},1,S,,S2)

» tan Q appears already in leading order and is enhanced by
T.

» Using the lattice measurement of |V |, 2 can be
constrained to

Q = (0.0.93(7) “83(S,) *§3(r) TG 3(Ven) 1351 Vun))

» The constraint is valid for || < 20°.
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