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Motivation

e B meson decays offer an interesting laboratory to search for new
physics
» New sources of CP violation

e Unprecedented precision required for LHCb upgrade and Belle Il
e Theoretical precision limited by strong interactions

U-spin symmetry

Flavor symmetries provide valuable insights into hadronic non-perturbative
parameters

e Precision limited by symmetry-breaking corrections

o New strategy
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B? — K~K* decay topologies

R. Fleischer [1999]
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e Penguin topologies dominate
» Sensitive to physics beyond the Standard Model

e Related to BY — 77t via U-spin symmetry (s-quark <> d-quark)
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BY - KK and BY — n~nt

R. Fleischer [1999]
A(BY = K~K*) = \/eeC' [1+ Ld'e e
A(Bg —art) = e [1 — deiee_iv}

. plet) + pA(et),
/ / (ut)r / (ut) ! f?
C'ox T+ P 4 E' 4 PA de X T pluty 1 E7 1 pAluty

e Penguin dominated € ~ 0.05

e Weak phase v of Unitarity Triangle
e C and d analogous to C’ and d’
U-spin symmetry
de® = d’e'® and C =’
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BY - KK and BY — n~nt

R. Fleischer [1999]

e Direct and Mixing induced CP violation

I‘(Bg(t) —f)— I‘(Bg(t) — f)

r(B(t) — f) + F(Bg(t) — f)

o< AZL(By — f) cos(AMyt) + ATX(By — f)sin(AM,t)

Acp(t) =

» Depend on « and hadronic parameters d and 6

> AT depends also on BS-BY mixing angle ¢

Original Strategy
e Hadronic parameters are related to those in 82 — =t by U-spin
» Extract v and ¢ from CP asymmetries
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Original Strategy

R. Fleischer and R. Knegjens [2011]
R. Fleischer [1999,2007]

T. Abe et al. (Belle-11)[2010]

R. Aaij et al. (LHCb)[2013]

— A;‘?,’;""*‘(Bg - I\”I‘\’*)
0.8F ——  4dirmix St .

aer o LHCb[2015] v = (63.5772)°
e Future v of O(1°)

» Same uncertainty as future
tree determination

30 40 50 60 70
7 [deg]

e U-spin breaking £ = %/ =1+02and A=6—6=(0+20)°

e Uncertainty on v of O(5°)
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Original Strategy

e CP asymmetries determine the “effective” mixing angle
AB(B, — K~K)

. eff
sin ¢S =
& —4dir — )2
1 Adib(B, — K- K*)

e B2-BY mixing angle determined via sin ¢S = sin(¢s + Adxk)

e Hadronic non-perturbative correction Ak

2ed’ cos ¢ siny + €2 sin(27)
d” + 2ed’ cos 0’ cosy + €2 cos(27)’

tan Aok =

e U-spin symmetry — A¢pxk
» LHCb[2015] ¢s = —(6.9792)°
» Current PDG average ¢s = —(0.68 &+ 2.2)°
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Original Strategy
sin ¢S = sin(¢s + Adik)
e LHCb upgrade ¢ ~ 0(0.5°)

e Hadronic non-perturbative correction
> U-spin symmetry — Aggx ~ 0(0.3°)
» U-spin breaking of 20% gives A¢xx = —(9.0 £2.6)°

e Future BY — J/p¢ of 0(0.5°)

e To match future experimental precision U-spin breaking corrections
have to be known at the few percent level
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New Strategy

e Minimize use of U-spin symmetry
e Use v and ¢4 as input

e Non-factorizable effects probed by semileptonic ratios
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New Strategy

Non-factorizable effects probed by semileptonic ratios

— (By—n—7") . 5 22 )
Re = [T (By—m 0T 00)/da? o0 67 X | Vud|*f |ank|“ re

— r(Bs—K_K") a2 20210 |2
Rk = AT (B K O v0) /el p e 67 Xic| Vus|*figlang | ric
K

e rp =1—2dcosfcosy+ d?> — from CP asymmetries in BS — ot
o rik =1—2d"/ecost cosy + d’? /e
o anr = (1+rp)(1+ x)aye

> rp=PWU)/T

— E+PA®
= TP

> X
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New Strategy

2 2
e Determine d’ and ¢ using rx = r, gﬁ \\2‘5’ (;—;) ig—: (g,i,F)2
> Adkk and ¢s
U-spin parametrization
fa _ |anF I;II_F 1+rp||14+x
NF = T /
anF anel 11+ rp {1+ X

e Very favorable structure in terms of U-spin-breaking parameters
» Robust structure

» Minimal use of U-spin symmetry
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New Strategy

e Minimize use of U-spin symmetry
e Use v and ¢4 as input
e Non-factorizable effects probed by semileptonic ratios
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|
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U-spin-breaking corrections

Beneke, Huber, Li [2010] Gronau et al. [1995]
1+rp Fleischer, Jaarsma, and KKV[2016]

1+rf

14x
14+x’

&NE =

e Use data to quantify U-spin-breaking corrections

e QCD factorization agr = 1.00073:320 + (0.01170:023)i

o aje/agr = 1+ Afeéde + O((A%F)?)

e U-spin breaking of 20% gives a correction of O(1%)
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U-spin-breaking corrections

Beneke, Huber, Li [2010] Gronau et al. [1995]
1+rp Fleischer, Jaarsma, and KKV[2016]

1+rf

14x
14+x’

a — |°nF
€NF e
e Use data to quantify U-spin-breaking corrections

e QCD factorization aNF = 1. 000+8 823 + (0_011+8 8%8)’

* alr/anF = 1+ Afesie + O((A%)?)

e U-spin breaking of 20% gives a correction of O(1%)

o rp = Pt /T ~ 0.2 from pure Penguin decays
° }i:}’z ~1+4+(1—-¢&p)rp+ O(r,zp)

e U-spin breaking of £p ~ 0.2 gives a correction of O(4%).
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Exchange and Penguin Annihilation contributions

E—}—PA(“t) Gronau et al. [1995]
— Fleischer, Jaarsma, and KKV[2016]
* X = S5 expected to be small

» Constrained by pure exchange and penguin annihilation topologies
BY — K*K~ and BY — ntn™

» New ICHEP data x ~ 0.15

o HX =1+ (1-&6)x+0(x%)
e U-spin breaking of 20% gives a correction of O(3%)

» Future data will narrow this down further

U-spin-breaking corrections

Expected combined correction &Jg ~ O(5%)
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lllustration of the Error on A¢xk

bs = ¢ — Ak

§AGxx [deg] Upgrade ¢5™ ~ 0(0.5%)
12
1.0t
0.8]
0.6/
0.4

0.2}

= rel. error [%)]
20
e 0.5° precision on A¢ky requires O(5%) precision on Ry and &§r
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Picture from Current Data

d(s)

e BY — K= ¢ty not yet measured

(KT

Tree w

e BY — 7~ K™ has only Tree and .
Penguin topologies O O
7 (K™)

B
» Similar to B — K~ K+

(s)

» lIgnoring E and PA topologies, only
spectator quark difference a(s)

Penguin

B = M(Bg—m~ K')
K= Tar(Ba= o) o p
By
» Semileptonic rate cancels largely in
the ratio R, /Rxk
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Picture from Current Data

Using v = (70 £ 7)°

d=058+0.16, 0= (151.4+7.6)°,
d =050+0.03, @ =(157.2+2.2)°.
Assuming U-spin symmetry d’ = d’ — A¢xx = —(10.7 £ 0.6)°

CP asymmetries in B? — K~K™* give ¢¢f = —(17.6 +7.9)°

¢s = ¢ — Appr = —(6.9£7.9)°.

Very consistent with LHCb determination ¢s = —(6.9753)°
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Picture from Current Data

e Using vy = (70+7)°

d=058+0.16, 0= (151.4+7.6)°,
d =050+0.03, @ =(157.2+2.2)°.
e Assuming U-spin symmetry d’ = d’ — A¢xx = —(10.7 = 0.6)°

e CP asymmetries in BY — K~ K give ¢¢f = —(17.6 +7.9)°

b5 = ¢ — Apr = —(6.9 £7.9)°.
e Very consistent with LHCb determination ¢ = _(6.9453:(2))0

First U-spin test

£=d'/d=087+020 A=§ —6=(58=+83)°
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Conclusion

e New strategy to extract mixing angle ¢s
» Semileptonic BY — 7~ ¢*v,, BY — K~ ¢t v, decays

» Apply U-spin symmetry to robust quantities
e Theoretical precision of ((0.5°) attainable
e Current data show promising picture

Outlook

» Extensive study of Exchange and Penguin Annihilation topologies
» Analyses of BY — K~ ¢*u, strongly advocated

» New sources of CP violation may be revealed
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CKM Matrix

Wolfenstein [1983]
Buras et. al [1994]

Vid Vs Vb 1— 312 A AN(p—in)
Vg Vs Vo | = =\ — 1N AN? +O(\Y)
Vie Vis Vb AN(1 —p—in) —AN? 1
Imy
(2, 7)
Rp/ . 5;,0(1—?2)
n=n(l—35A
A ; (1-32)
0 1 Re
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