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Motivation
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%k
V V .V _ d b
«=arg(— ) parg(— =), y = arg (= )
ud Y ub td Y tb cd cb

In Wolfensteing parameterisation, up to order A*, all the CKM
elements involved are real except V., and V,,:

V, « *
V*d ), B~ arg<_vtd>' Yy = arg(_vub)
ub

o~ arg(—
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Loop processes more easily L V Tr
altered by presence of NP OOp > ce

constraints on the apex of UT currently
more stringents from loop measurements

Why vy is a key goal ?

y is least well measured parameter of UT
Theoretically pristine
with LHCDb and Belle II the ideal degree level precision is possible



Direct CPV (CPV in decay)

[(B>f) - (B>f) 1-|AJA,
>f)+ T(B>f) 1+|A/A, |

In order to have non-vanishing CP asymmetry, Asym#=0, the B->f decay
amplitude needs to receive contributions from (at least) two different terms
with differing weak, ¢, ,, and strong phases, 9, ,

alei‘?f)l +id1

as €%¢2 +102

Af _ alFi¢1+i51 4 Gg{jiqﬁz—l-iég
A, — —i¢1+101 —1i¢2+1id2
Af — aie + asge :



Direct CPV (CPV in decay)

Af _ Gl{;iﬁf’l +i01 4 GQPifi’z—l—zﬁz

Af _ 019—i¢1+i51 4 GQP—iﬁf’z—l—ﬁz

The weak phases are due to CKM phase in the SM Lagrangian and change
the sign under CP transformation, while the strong phases are due to on-shell
rescattering of particles (pions, etc) and are thus CP even, the same as QCD
interactions. The CP asymmetry is, in sinplifying limit a,/a, <1,

az . ., ,. . 5, «
Ap = - sin(¢pa — ¢1)sin(dy — 01) + O(as/a?).

The CP asymmetry vanishes in the limit where either

(i) there is only one contribution to the amplitude a,->0
(i1) if the weak phase difference vanishes, ¢,—¢,>0
(ii1) if the strong phase difference vanishes, 6,—9,-0



y measurements from B - DK™
o Theoretically pristine B » DK approach

o Access y via interference between B" » DK andB™ » D’ K~

7l
color allowed
B »D°K ~V_ V.

color suppressed
B »D°K ~V,_, V.,
~AMN (p+in)

~AM\°
V.V V..V,
CKM elements involved are —=— while y = arg(— ud ,}'b)
Vusvcb VchCb
V .V 4
- Y=gt A )00

= leading order correction on y is of the order A° ~ 10™* (negligible)



y measurements from B* - DK”
o Theoretically pristine B » DK approach

o Access y via interference between B » DK andB » DK~

i
color allowed
B DK ~V_ V.
~A\°

color suppressed
B DK ~V,_, V.,
~A N (p+in)

relative magnitude of suppressed amplitude is rg

_| Asuppressed | - | Vub \%
- *
| Afavoured | | Vcb Vus |

*

cs |

'y x| color supp|=0.1-0.2

relative weak phase is y, relative strong phase is 65

= for Dx: same dependence to y, but different r; ~0.01 (V. >V, V2> V)



y measurements from B*-» DK”

» Reconstruct D in final states accessible to both D° and D"

— D =Dy, CP eigenstates as K'K™, n*n~, K"

GLW method (Gronau-London - Wyler)

— D =D,,,, Doubly-Cabbibo suppressed decays as K=
ADS method (Atwood -Dunietz-Soni)
— Three-body decays as D>K n'n, KK'K™

GGSZ (Dalitz) method (Giri-Grossman - Soffer-Zupan)

o Largest effects due to

— charm mixing } negligible

. . Y .Grossman, A.Soffer, J.Zupan

- Different B decays (DK, D'K, DK')

— different hadronic factors (ry, 8;) for each



vy, first principles...

DK DK~
(f}uK‘ B* f)pK*
y

K’A TDE‘ \_
IJK DDK+

A(B"»D'K") = A; and A(B=»D"K7)= Aprpe’™”
A(B*»D°K*)=A, and A(B'»D°K*)=A,rge™"

9

amplitudes of the subsequent D° and D’ decays to a common final state f
A(D°»f)=A, and A(D°»f)=A_r,e™

assuming direct CPV in D decays negligibly small: A(D°»>f)= A(D°>f) and A(D°>f)=A(D’>f)

A(B- - D(— f)K")=A(B- - D°K")A(D® - f)+A(B~ — D°’K")A(D" = f)
= ﬂgﬂﬂ?’}jfiéﬂ —I-ABI"BE‘I.{&E_Y}AD,
A(B* — D(— f)K*)=A(B* = D’K*)A(D° - f)+A(B" — D°’K*)A(D" - f)

= ABAD +AB?'B€I{5H+Y}ADTD€IéD.




vy, first principles...

rates of B"»DK"™ and B"»DK"
|A(B~— D(— f)K7)| = |AglPIApP [r] + ] + 2rgrp cos(65 — v~ op)],

|A{B‘ — D(— f)K™) ‘2 = |Ag|*|Ap|? [ré + 1 + 21p7p c05{65+“}f—65}].

if D final state f is CP eigenstates (GLW method):
r, =1, and §, = 0 (=) for CP-even (odd) eigenstate

A LB > D(> f)K7)-T(B* = D(= f)K¥)
P I'(B-—> D(— f)K7)+I'(B" - D(— j':)KJr),
2rgSindgsiny —2r;Sindgzsiny

ACP+=

Acp.=

2 - 2
1+r;"+21r;C0S805COS Yy 1+r;"—2r;C0S46;COSYy



B->DK"™ at Belle II

B->Dn

B » DK
illustration with Belle B»D(K=)K analysis = 5000 o000 BB
95000 95000 A
2 4000 S continuum
KID<0.6 (pion-like)| 3™ i
<2000 £2000
w1000 w1000
. 1 . 0 0
ATD F . \DK" atDn —0.1-0.05 0 0.05 0.1 0.15 0.2 0.25 0.3 -0.1-0.05 0 0.05 0.1 0.15 0.2 0.25 0.3
i\lﬂ, I;ID}D.S _ : (1 - ?FA 1) ;\Itlﬂtr RI\_"I."-I,L— E AE (GeV) AE (GeV)
DK 1 DK D §1soo
ML — _ i Ly OAJLT . _ L1600
i\n, KID<06 — 7§ (1—=nA™") N R/ (1—¢ S1a00
I 31200
<£1000
D _ A\ D=y arDw .
N, kip>06 = = (1—=nA"") N& K e
1 400
aT D _ A D7y arDw » 200
*'\IT;,IfID{D.ﬁ — A (1 _ ?FA ) }'Itot (1 o h’) i
S
é
KID>0.6 (kaon-like) | 3
-
9
kaon fake kaon eff pion eff pion fake =
[].—E] £ [l—h:) M 05 01 0 %.1-005 0 05E 0315 0.2 0.25 0.3
MC 12 70+006|854L 1006 9542003 247 £0.03 el (e
data 1586+ 040 |84324+0.39|92.13+046] 7944031 = o
< <
S S 140
:,.’ ‘”-’ 120
2 £ 100
g S g0
for Belle i G g

for Belle II: performances expected
to be as good (better ?) as for Belle MC...

one of the important outputs of current data taking (jury is still out)




GLW with D, K D decays to CP eigenstates

» Amplitude triangle:

V3A(BY = Dory K7) ="\ A(B* — D"K™)

A B~ — Deps K7

- il

E — DR
R J"H ”h __" _____'_l_" BE =D I"_'. A Magnitude of one side

is ~0.1 of the others
while relative magnitude of
the others help ¢, constraint.

Usually measured observables:

- BB~ = Deps K7) + B(B* — Depr K Acps = B(B~ — DepsK7) — B(BT — Dops KT
Pt = TB(B- — DVK-) + B(BT — DVKT) B(B~ — Dep+K~) + B(B* — Deps K7)

Relation between (A.,,, A, Rep,, Rep.) and (y, 1y, 65)

2r;Sindgsiny A = —2r;Sindgzsiny
CP-—

Acp,=

2 2
1+r;"+21r;C0S05COS Yy 1+ry;"—2r;C0Sdz;COSYy

— 2 _ 2
Rep,=1l+rg"+2r;c0os65c08y R, =1+r;"—2r;cosdzcosy

= look for R, #1 and A, #0



The other charged B's decays...
B-»D’K,D"»D=x",D’y

o anew set of (ry, 8;) = (T, 85)...

o 1y, CP eigenvalue of X
- Np — TIDXTIRO/YX(—UI, l=angular momentum between D and n’/ Y
— ny = for D'»Dx’, n, =—-1xn, for D'»Dy

= shift of & between both cases



GLW observables (predictions vs measurements)
DK [PRD82(2010)072004] D"K[PRD78(2008)092002], DK [PRDD 80(2009)092001]
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ADS method measures ¢, via the interference in rare
B™ » [K'n |, K decays

E] Vub
N Cabibbo
B~ W favoured
. D decay
U
colour —
U
suppressed
VUS ﬂ.—-—"" Vus E__.--.n
o | K- o ||kt
W_EE& 5 W_EES‘ P doubly
b = ¢ c o d Cabibbo
o . ——& . 7 _  suppressed
B™ Vi DY Vg - | Ddecay



ADS rate and asymmetry (relative to the common decay):

favoured J— suppressed o 5
b _— po Kt = |[|K~ | K
N L = 7 = We s W u ™
B~ W& ¢ 7 8 R
‘ Z o = 2
1_1[- \3\ ;2 -d__-’ m B_ | ﬂ_—

!
=4
=4

R NKtn~|K7)+T([K ot K™)
common PE (K7t | K~) +[([KTn~| KT)

T d
l;.fi:: K ‘;.5'.’.'_: ﬂ-+
WS s WS u ) )
B_;_,‘__? S c - eS8 =75 + 1% 4 2ryr, cos(dg + 0p) cos ¢3

KT |K7)-T([K #nt]|K™T)
'|[K—nt|K-)+T(([KtTn—| K1)

=2rgrpsin(dg + 6p)sin s / Rpk

Apk =

| AD? - Ktn)

— — — 0.0613 £ 0.0010
A(DO — K+7—)

where 7p



Comparison of the results obtained for DK with expectations
where ''expectations'' are derived from the GGSZ observables, 6, and y;
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0.5 —
< i ] U x2 2 * *
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@ T L _ * — * ° * ° *
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Lot of interesting modes... not used until now

D mode 2F.—-1 branchingratio D mode 2F.—1 branchingratio
(x 107°) (x 107°)
K'K” +1 3.96+0.08 Ko’ -1 11.9+0.4
T +1 1.40+0.03 Ko 1 4.8+0.3
J'IZO.TEO +1 0.82+0.04 Kon. -1 94+0.5
0_0 S L
1 10.0£0.7
P 000 KIKIKY -1 1.0
Ko w +1 9.1+1.1 0 0
o N T -1 unknown
Kﬁn? ) +1 2.5+ 1.1 n'n® n° -1 unknown
K KKq +1 0.91+0.13 KK’ 1 < 0.6
0
fadar : 14.3+£0.6 K2K%n 1 unknown
KKn 3.3+0.1
T 7.4+0.2
D mode branchingratio(x 107°)
Ken'n 28.3+2.0
Ko KK~ 4.6+0.2
K} " n
— K; K'K”
t st -
e promion o | KL 526 challenging modes
promising 0 O 10.0+0.9 with K;, two n”'s...
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