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Unitarity Triangle

B/o1
= ar _ YupVud
TR T,

In the CKM phase convention, y~ §

v/ P3

The SM fit predicts
v = (69.5 % 3.9)°

In the presence of NP in the AF=2
amplitudes, v is a crucial input to
determine the CKM parameters
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Determinations of y using B - D<*> K

* No penguins f< %Zi

* the interference between °
b — cls and b = ucs
amplitudes ~ V V.V, Vi & Q >wv<
They can interfere in differem‘ ways
GLW: BT - DY Kt
— KTK~, ntn™ (CP.), Kg7m°’/w/¢p (CP_)

ADS: BT — D'/D'K* — f(CA/DCS)K™*
e.g. f=K nt, Knn®

GGSZ: BT — B)KJF — (KgnTn )K™
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Basic formulae

GLW: CP-eigenstates

I'(BT—D,KT)+I'(B~ =Dl K")
'(B+—DYK+)+T'(B-—DYK~)

Rep+ = :1+r%ﬂ:2chosycos5B

_ F(B+_>DOiK+)_F(B__>Dch_) _ F2rpsinysindp
~ T(BTSDIKN)+T(B- =D K~) Repet

ADS: CA/DCS decays

DBt [f] o KH)+T(B™ = [f1poK™)
DB [flpo K )4D(B- —[J] oK)

Acp:t

= 1% + 1% + 2rgrp cosycos(dg + dp)

Raps =

F(B-i__)[ﬂDoK-i_)_P(B_—>[f]D0K_) __ 2rprpsinysin(dp+dp)
L(Bt=[f] o KT)+T(B-=[flpoK~) RADS

Aaps =

rexp(id,) = A(DCS)/A(CA) are external inputs taken from D decay studies

GGSZ: Dalitz analysis

My = f(m®,m3) +rpe’®2=7) f(m?, m?)

M_ = f(m%,m%) + rpetPt7) f(m2 m?2) see next talk ...
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Unitarity clock and NP UT analysis

f=y :

1=

0.5

-0.5

summeri3

NP fit

Marco Ciuchini

f=y :

0.5

-0.5

summeri3

NP fit

dark: 68%
light: 95%
ISM: red cross

0.1

0.2

]
0.3 0.4 0.5 0.6

ANP/ASM

Apex coordinates
p =0.159 +0.045

n =0.363 +0.049

Y = (67.7 -

- 6.0)°

NP in AF=2 amplitudes

A = ASM4 ANP
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Determinations of y based on U-spin:
the Fleischer method

R. Fleischer, hep-ph/9903456
A(Bg — ™) = C(e? — de®)
A(BS — K+K_) = (' 1_))\\2/2 (ehf =+ 1;_2)\2dl€’139’)

In the U-spinlimit: C =C’,d=d',0 =6 and y

3 observables for each channel:
|A(B — MM)|* + |A(B — MM)?
2 1

BR(B — MM) = F(B)

[A(B - MM)|* — |A(B — MM)|?

—idas (B) A(B—MM)
2Im (f? 2 jA{B—h‘\-fM})

A{jP:_C: S =

A(B—MM)|?

1+ ‘ A(B—MM)

* all the parameters can be determined up to ambiguities
* a better determination of y is obtained by taking the

value of ¢ (B, ) extracted from b — cCs decays
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U-spin breaking:
factorizable:
non-factorizable:

U-spin breaking

MC, Franco, Mishima, Silvestrini, arXiv:1205.4948

Probability density
E

R

Probability density

0.04

¥[°] v[°]
Channel BR x10° S(%) Acp(= —C)(%) | corr.
By —»nin™ |511+£0.22] —65+7 38+ 6 0.08
By = ntm™ —56+17+3| 11+214+3 |—0.34
B; — 7x% 1.91 +0.23 43 + 24
BT - 7% |5.48 £0.35 2.6 +3.9
By - K"K |254+37|17+184+5 24+18+4 | —0.1

Marco Ciuchini
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C' = Tfact’rcc, d’ewl — dew -+ Tddeim
Tfact — ‘C,/O‘fact = 1.46 = 0.15
rc €1 —k, 1+ k|, rqg €[0,k|,r9 € [—7, 7|

002 -
0015

0.01-

Probability density

0.005- [

lm[.l l ab 1EIIZI| 120

¥1°]
The determination of
v with the Fleischer
method deteriorates

for large U-spin breaking

R. Fleischer, arXiv:0705.1121
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GL analysis + B from b = ccs

In the isospin limit:
ABg — ntn™) = C(e? — de'?),
A(By — m'7%) = Q(TewTe” + de'?)

= 7 )
A(Bg— -
ABtT = ntn0) = ( d\/g ) + A(Bg — 7'n")
Taking B as an input, >
N
. . -
the GL analysis determines y 3
2 o0
v = (68 & 15)° [25°, 87°] =
o]
@)
Channel BR x10° S(%) Acp(= —C)(%)| corr. | &
By —ntn~ [5.11+£0.22] —65+7 38+ 6 0.08 00!
By — 7mtn 564+ 17+3| 11+£214+3 |-0.34
By — 7% |1.9140.23 43+ 24 |
Bt — ntx° |5.48 £ 0.35 2.6 + 3.9 WaSANE | N
B, — KtK 254437 17+184+5| 24+18+4 |-0.1 V]
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Other determinations of ¥:
combining the 6L and Fleischer analyses

Probability density
Probability density
Probability density

1[°] 7[°] V[°]

The combined analysis is:

* comparable to the Fleischer
method for constraining y but
more stable w.r.t U-spin breaking _

* more effective than the GL 50
method for constraining y 0102030405 0.60.70!8?(.9
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Probability density

Probability density

Hadronic Parameters

posteriors, combined analysis, k¥ = 0.9

Probability density
n

4

]
1=
sj
A
obLbs

Probability density

05

o .5..D|5....|..’..

d!

Probability density

Probability density

0.04

No sign of huge U-spin breaking, but k~0.5-0.7 possible
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Probability density

About NP contributions

* NP in the mixing phases is constrained by the UT fit

NP in b - d penguins can jeopardize the analysis,
if it introduces new weak phases or breaks isospin

* NP in b = s penguins can be accommodated

I omp
002 - [
- iR -
[ 1 1
I } [ ! i
I HI A W TR I _|_|_'|_|_sh_|_|_:_|_1%n_|_|_|_'l_rh_|_|_
100 TB0 1]

A p 1 — /\2 0t .y nt
A(BS N K+K—) — Cfl — A2/2 (ei'ﬂf _I_ AQ (dr'e.!@' _I_ E%Qprdi\IpebeNP))
v = (74 £ 6)
/\ : : ;.
£, £ £
8 8 g,

\ . = d =
iy ¢ NF'[ ] NP
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Determination of B_

The combined method can be also used to determine
B.. As a proof of concept, we take as input yv= (69.7 +

3.1)°, instead of B_, and find for x = 0.5:

* Bs = (6 + 14)° with the inputs used in the analysis

*Bs = (2.6 + 2.7)° assuming an error of +0.02 for
CPV observables (S, A,) in B, — 't /K'K-

The combined method allows for a competitive
determination of Bs at the SM level by providing sufficient
control over the subleading amplitude. This requirement
applies o any method, including B, » J/y ¢
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Perspectives of this analysis
Data need to be updated (in progress)

The combined method can be more
effectively implemented in the framework of
the UT analysis (in progress)

The original parametrization of U-spin
breaking effects puts a double breaking in
the parameter d/d’ (alternatives under
consideration)

For very large values of the U-spin breaking,
additional solutions may appear (under study)
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Conclusions

Extracting vy from B - DOK® works and
is not limited by theory uncertainties

Methods based on flavour symmetries
can provide additional constraints

The Fleischer and the Gronau-London
methods can be combined to reduce the
sensitivity to U-spin breaking effects

The same method can provide a
competitive determination of Bs
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Backup
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Determinations of y from SU(3):
early proposals with B - K &

Amplitude analysis of
BR(BT — Kr"), BR(BT™ — K*7"), BR(B* — n%x™)
M. Gronau, J.L. Rosner and D. London, Phys. Rev. Lett. 73 (1994) 21

Issues:

- dynamical assumptions

- electroweak penguins

- rescattering effects

- SU(3) symmetry breaking

N.G. Deshpande and X.-G. He, Phys. Rev. Lett. 74 (1995) 26
M. Neubert and J.L. Rosner, Phys. Rev. Lett. 81 (1998) 5076

A.J. Buras and R. Fleischer, Eur.Phys.J. C11 (1999) 93
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