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Introduction

> Diagonalizing Yukawa matrices leads to quark mass eigenstates ¢, but skews
quark flavor eigenstates ¢’

d’ d
4 ) A5
e D (W, ) 5 s’ —  (w, ¢ t)y* 5 Vekm | s
b/

> This introduces the non-trivial transformation matrix V¢4, for quarks (CKM matrix)

> Veywm is a unitary 3 x 3 matrix
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The CKM Matrix

Via Vs Vi 1—2%/2 A AN} (p —in)
Vem = | Vea Ve Voo | = —A 1—2%/2 AN? +O(N?)
Via Vis Vi AN (L —p—in) —AN 1

cf. Wolfenstein: Phys. Rev. Lett. 51 (1945), 21
A~ .23, A~ 81l,p~ .14, ~ .35
> One non-trivial complex phase, encoded in matrix elements

5>V, and V, (upto O(A2))
5 Vg, V., and V, (upto O(A%)

> CPviolation (CPV) ifand only if n # 0
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The CKM Matrix

CP violation (?)
> Ifn # 0 some V;; carry a complex phase (weak phase) L Vi
» amplitude: A(t — dW™) ~ VI,
> amplitude: A(t — dW ™) ~ V,,
> CPVsince A + A(?)

t—dW™*

... hot quite

> Amplitude A is not observable ...
> ... but branching fraction B ~ | 4|?

> CPV needs at least two interfering decay modes with ...
> ...one CP odd and one CP even phase
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Types of CPV

(1) Direct CPV (2) CPV in mixing

’XO/i : :f ’XO X0 :f 2
L()Oz
7 + +
0@l

X0/+ - X0 x0
_< z f —0—{ Ef #
> CP odd: from CKM matrix X0 CZf 2
> CPeven: +
> (1): strong phase difference between both WCE:

amplitudes (e.g. tree and penguin)
> (2),(3) 71'/2 (Constant!) (Images: CP Violation, I.1. Bigi and A. I. Sanda)

(3) CPV in interference of

2 2 mixing and decay

2 2
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The CKM Matrix

Another parametrization - Prog. Part. Nucl. Phys. 47 (2001)

Vo] Vil [Viple ™ I, P2
. . — / ~ 2,4
Von = | —Vaglet®s Vleio |V ARSI
Y- . a=1—[—7 6 ~ 1)
|‘/td|e i# _|‘/ts‘e+l¢2 |‘/tb| B, = ¢, = g + b
* * *
- From unitarity: 6 triangles ViaVup + VeaVep + ViaVip =0
> ViaVis + VeaVie + ViaVia =0 gl ameany -,
> VaaViy + VeaViy + ViaViy =0 Ny N\
> ...4more 0‘42\
> Angles &, 3,7 and ¢2,4,c depend on phase
convention (i.e. not observable) 02
> Phases of products V;;V;, V;; V,; are invariant ' ' ]
and observable (e.g. o, 3,7, ...) p
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Probing the SM by Overconstraining

> Motivation:

> We utterly fail explaining CPV on 15
cosmological scale! posm——— v %*;Q ]

> Is the CKM matrix the only source of 10 % A, & Amy .
CPV? & ]

> Isthe SMincomplete / are there more 05 - Am, .
particles?

-> Strategy: = 00; 1
> Overconstrain CKM triangles by s i 4
measuring r ]

> sides-e.g. |V, V| ) 40l ¥ g 1

> angles-eg.y =arg (*‘\/}ingf) Sormer s oGl 555

v sl b b b ]

> IsB, = arg ( Le “7> tiny? (O(A\?)) 40 05 00 05 10 15 20

hell

> Any deviation would point towards
new physics, e.g. 4th quark family?
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The LHCb Detector

more information: The LHCb Detector at the LHC, JINST 3 (2008), S08005
orvisit: http://lhcb-public.web.cern.ch/
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CPVin Mixing
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CPVin Mixing

Neutral mesons mix through weak interactions
> CPVif P(XY — X0) + P(X0 — X0)
> SM: CPV large for K° /K0 (first discovery of CPV)
> SM: CPV small for B, /B

Example: CPV in mixing for B?S>/B?8) in semileptonic modes
> BY — D(*)*;ﬁVMX*
> B} = D v, X

> decays are theoretically clean

> flavor specific = ""‘;V‘f‘"_‘_g
> CP-conserving weth Yoot
> tree-dominated
d w- s
NN

*Phys. Rev. Lett. 114 (2015), 041601, **Phys. Rev. Lett. 117 (2016), 061803
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CPVin Mixing

Example: By — D putv, X

> CPV parametrization:

m(K*%) [GeV?/ ¢4

> Semileptonic CP asymmetry (const. in time)

. T(BY = Dyut|t) = T(BY = Dy |y —
- = 1 2 3
T D(BY — Dopt|t) + T(BY — Dip—|t) (KK [GeV/c?]

Phys. Rev. Lett. 117 (2016), 061803

> Observables:
> T[D;p* 8] = D(BY — Dy utft) + T(BS — Dsut[t)
> D[D{p,t] =T(BY = Dip[t) + T(B2 = Dip|t)
—D[Dip,t] _ ag ( _ cosAm,t )

DD pt,t
D[Dopt,t] +T[Dfp—t] 2 cosh AT't/2
~1 for fast oscillation

Nis Meinert - on behalf of the LHCb Collaboration CP Violation at LHCb - Indirect CPV



CPVin Mixing

L stndara Model__ S

_ P[Dgp" f] —T[Dip,t] _ ag 1 ;

Araw = R T _ ~ [ S =
L[Dgp*,t]+T[Dgp,t 2 C ]

_af s ]

£ L s ]

> Fast oscillation of B,: R = 3
> no dependency on production asymmetry ;_g LDB‘CI';”%‘:};‘{"X i _
between B, and B, 3= paar 1V o ]

> measure A, time-integrated Y T ol AU i I .

> include detection and background - - - 0 :

_ ag [%)
asymmetries
> Reconstruct D} — KK 7T invarious ad: Phys. Rev. Lett. 114 (2015), 041601
subsamples of af: Phys. Rev. Lett. 117 (2016), 061803
> magnet polarity
> Dalitzregions a3 = (.39 + .26 (stat.) + .20 (syst.)) %

> data taking periods
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CPVin Mixing

F[D§M+7t] _F[Diuivt] asl
PIDgpt t] +T[Dyp—t] 2

Il
Q

> Fast oscillation of B,:
> no dependency on production asymmetry
between B, and B,
> measure A, time-integrated
> include detection and background
asymmetries

> Reconstruct DT — K™K~ 7" invarious
subsamples of

> magnet polarity
> Dalitz regions
> data taking periods
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C,&}O.O 1~ Al=1
7 )
< B, = D uX
0 /\ Theory X 10
World average
-0.01
DO
-0.021- average
HFLAV B factory
B average”
" ) .
002 -001 0 001 002
ASL(B )

CP Violation at LHCb - Indirect CPV
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CPV in Mixing and Decay
X—O'_(f . X:L 7




CPVin Mixing and Decay

Golden Channel: B — JiK, X ’

> BY/BY decays to CP eigenstate Jh/ K, +
- Theoretically clean mode — f

> leading transitions via tree
> penguin strongly suppressed 7&
> no CPV from mixing expected

> sensitive to sin 23 (Golden Channel) X0
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CPVin Mixing and Decay

15 e
> Reconstruct: B — [ce] K, e
> [ec]l = JWp — pp* o S mtm, & Am, ]
> [ee] = Jhp — ee, (2S) — pp** 1
Amy
- Measure:
5 D(t) = T(BO(t=0) — [cd| K,|¢) :
5 T(t) = D(B(t=0) — [cd K, |¢) ]
> CPVobservable: (T —T") /(T +T')(t) ]
1.0 % - &
~ —C cos(Amt) + Ssin(Amt) =i e, ]
T ‘-ol.s‘ BETEE ‘o.lsl . ‘1!ol . ‘1.|5I 20

> assuming negligible CPV in mixing

> C ~ 0 (~ (no) direct CPV)

> S =sin2pB *Phys. Rev. Lett. 115 (2015), 031601
**JHEP11 (2017), 170
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Tagging at LHCb

SS Pion
SS Kaon
SS Kaon NNet
SS Proton
SS Pion BDT

Signal Decay

-

Same Side

0S Kaon
OS K. NNet

0S Muon

OS Vertex Charge
OS Electron

0S Charm

Time-dependent CP measurements need flavor of B°/B%-system at production time!
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CPVin Mixing and Decay

Combined results:

LHCb

> Direct CPV: O(B° — [cc] K ) = —.014(30) goz ]
> sin28 = S(B® — [ce]K,) = —.75(4) g, f ]
0.4 T T T T Ei(ﬂ U po Jp K ]
@) I B”—»u(QS)K" & ,
L BY— Jpp(ete ) K? 5 10 15
L =3 B~ Jh g,u o )KO Decay time [ps]
0.2 HEEE Combination
r LHCb . T .
i § 02 + LHCb b
of &>
i L‘&\\\\\\\\\\\\\\\ ._;: of + .
02 ch for the nner (oter)contorr 3 307 (57%) | E“c.o.z L BY— ¢(29)K? ]
05 06 07 08 09 1 - . -
S Decay time [ps]

sin 23 has a two-fold ambiguity: 28 <> w — 23; cf. arXiv:1804.06152 (2018): combined dataset of
Babar and Belle excludes m — 23 (@ 7.3 o)
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CPV in Mixing and Decay

sin(2p) = sm(zq)l) =

PRELIMINARY
0.69 £0.03 £ 0.01

BaBar
PRD 79 (2009) 1072009

BaBar : : L 0.69+052%0.04+0.07
PRD soxﬁbofﬁn 12000 T
BaBar JAy (hadronic) Kg | : 1,56£0.4240.21

PRD 69 (2004):052001
Belle : 0.67 +0.02 +0.01
PRL 108 (2012) 171802 :

ALEPH : : 0.84 "% +0.16
PLB 492, 259 (2000) ‘

OPAL : g 3.20 330 +0.50
EPJ C5, 379 (199&) e
CDF i : 0.79 41
PRD 61, 072005 000y | P o
LHCb : : L 0.76+0.03
JHEP 11 (2017) 170 : ;

BellesS : : 0.57 £ 0.58 + 0.06
PRL 108 (2012} 171801 7

Aver%ge : : 0.70 £0.02
HFLA : :

-2 -1 0 1 2 3

LHCb measurements are already competitive with B-factories!
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CPVin Mixing and Decay

Another Channel: BY, /B — h"h~

> B?S>/BPS) decays to CP eigenstates "7~ or K+ K~ o 5
> Theoretically nuisance: tree and penguin f
contributions +
> CPVobservable: (I' — T')/(I" + I')(¢) oA
N —Cy cos(Amdﬁt) + 5y sin(Amd,st) #
cosh(AT'y (t/2) + AfA.F sinh(Al', ;t/2) )
X0 ¥
+
0O
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CPV in interference of mixing and decay

—Crcos(Amy st) + S sin(Am, (1)
cosh(Al', ;t/2) + AJ@F sinh(Al', ;t/2)

Acp(t) =

> Parameters Cy, Sy and A?F are completely defined by A, € C

L (XOXp) AR )
T (XOIX,) AKX — f)
a/p Ayp)Ag

> direct CPVif [ A /A ;| # 1
> CPVinoscillationif |g/p| # 1
> CPVfrom interference of mixing and decay if Im(\ ;) # 0

CPV& A #£1
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CPVin Mixing and Decay

Fit simultaneously to unfold time-dependent CP asymmetries

2)

Candidates / ( 5 MeV/c

5 52 54 56 58
my .- [GeVie?]

D BYSK*K ™
. B —K*n-

A2—>pK -,
B'—K*K -
B 5-Body bke.

Comb. bkg.

Nis Meinert - on behalf of the LHCb Collaboration

g’ 1200
2
= 1000 LHCb
3
5 800
=
£ 600
9]
400
200
0 |
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Decay time [ps]
2
n
o
= 6000 LHCb
3
]
2
5 4000
2
]
9]
2000

0
0 0.02 0.04 0.06 0.08 0.1

8, [ps]
Phys. Rev. D98 (2018), 032004

CP Violation at LHCb - Indirect CPV

Candidates / ( 0.005 )

Candidates / (0.005 )
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)
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CPV in interference of mixing and decay

0.15¢

> Obtain Cy ., Sk x» AZ% (and Acp(B(,,)) from
simultaneous fit to:

Asymmetry
o
-
an
Q
(on

- invariant mass

> decay time + uncertainty 0%
> tagging decision + associated mistag F

~0.05-
probabilities
-0.1F
> unfold time-dependent asymmetries E
I 00 02 03
> Check: A\ =1 o (t-t)mod(2n/Am,) [ps]
g (CKIO SKKa AKK) - (07 07 _1>
> Excluded by 40! (for BY) Same side tag for BO — K+ K~

(Phys. Rev. D98 (2018), 032004)

Strongest evidence for time-dependent CPV in BY to date!
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CPV in interference of mixing and decay

0.15¢

> Obtain Cy ., Sk x» AZ% (and Acp(B(,,)) from
simultaneous fit to:

> invariant mass 0.05¢
> decay time + uncertainty oF

Asymmetry
o
e
-
an
Q
(on

> tagging decision + associated mistag _0_05# +
probabilities 01i
> unfold time-dependent asymmetries E
0,15 L
> Check: Agp =1 0 O'Et-zo)mgaz(zn/mgf[ps]
< (CxrSkr ARK) = (0,0,—1)
> Excluded by 40! (for BY) Opposite side tag for BY — K™K~

(Phys. Rev. D98 (2018), 032004)

Strongest evidence for time-dependent CPV in BY to date!
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CPV in interference of mixing and decay

- Same machinery for B — 77— T
. S 8000
- most precise measurementsof C'__and S E B LLHCb
from ? sm.gle experiment to date o 6000} (o
> combination of both measurements allow P [ B
1] L )
stringent constraints on yand 3, S 4000~ Bk K,
0 BO E a .BM’“"’
B p < L 3-Body bkg.
- Measurement of CP asymmetry A5, and Ay S 2000 A
> most precise measurements from a single
. L
experiment to date O s sa 56 53
- improve constraints on BSM that contributes to My o - [GeV/e?]

loop diagrams
Phys. Rev. D98 (2018), 032004
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CKM Angle v

Why ’y? ~ = arg ( ‘éd“ﬁf)
> ~(had been) the CKM angle with largest cd Tcb
uncertainties amongst «, 3, v = [T Ay ;

> ~does not depend on any top quark
coupling!
> measurements are dominated by tree
contributions!
> smaller uncertainties in physical observables!
> but: direct CPV, i.e. strong phases and
suppression by lowest amplitude

T
HFLAV

/ ) T
| s T —
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CKM Angle v

LHCb Combination — LHCb-CONF-2018-002

> Time-integrated amplitude analyses
(GLW, ADS, GLW+ADS, GGSZ, ...)
s> Bt - DWK+ DK+
> BY - DK
> BY - DK*n~
> BT - DK'ntn~
- Time-dependent
> BY - DIK*
> B — Drt

Best Fit value: v ey = (74.072:9)°

Nis Meinert - on behalf of the LHCb Collaboration

1-CL

1 T
r LHCbD 1
0.8 Preliminary _|
0.6~
04F68.3%
021
[ 95.5%
O 50 100 150
v [°]
0
B B decays
B’ decays
I B* decays

CP Violation at LHCb - CKM Angle ~

I Combination
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CKM Angle v

= L HLAV ]
. . _ -Uyo g 2 el
Best Flt Value. fyLHCb - <74-0_5.8> 0,6_— mCombined__
> Most precise measurement from a single 0_4;
experiment (to date) ok
> cf. full BaBar dataset: ygp,r = (69717)° 05
0

(Phys. Rev. D87 (2013), 052015)

YHFLAY = (73-511:%)0
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There is more!



There is more at LHCb

> There are more angles than S and v

and LHCb can measure these! Zo D08 fb !
o 68% CL cont
> LHCb also probes the baryon sector for 4 (4 log Pt
CPV,e.g. CMS 19.7 fb !
> Ay wprowin,pr KTK CDF 9.6 fb
> Ay = pr ,pK~
> Besides CPV: probing lepton LHCb 3 fb ! )
universality, e.g. _ ATLAS 19.2 fb ! /
+ +p+p—
> BT - K0/ T 04 0.2 0.0 02 04
> BY — K*O¢te- 6% [rad]

Including four LHCb measurements (i.a. first ev-
idence for AT, > 0!)
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There is more at LHCb

> There are more angles than gand v
and LHCb can measure these!

| LHCb — Full fit

S
> LHCb also probes the baryon sector for 21500} @) fpfrjri’c’f;’l’(;’_’_{
CPV,e.g. <> S | Comb. bkg.
> Ay o pr mhn,pr KK~ % 1000} ii:’;;’;’;’ft
> Ay = pr,pK~ 3 v ]
> Besides CPV: probing lepton 500/ . ]
universality, e.g. : k
> Bt - Kt¢te Mt

95754 56 58 e

> BY — K000 m(pa 7t 7) [GeVic?]

First evidence (3.30) for CPV in baryon sector
(Nature Physics 13 (2017), 391)
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There is more at LHCb

> There are more angles than gand v

and LHCb can measure these! R ok LH(l;b ]
1000 WA -2 ]
- LHCb also probes the baryon sector for . /B‘Z:;f”, :
CPV,e.g. s00F e ken ]

> Ay —wprntr,pn KTK™ 600} iComb. bkg.

> A, —prn,pK~
b PT P 400

Candidates / ( 10 MeV/c?)

> Besides CPV: probing lepton ;
universality, e.g. 200 e WL,
> B KL G s
> BY — K00t M. [GeV/e?]

Most precise measurement to date, compati-
ble with no direct CP violation in A, — ph~
(arxiv:1807.06544,2018)
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There is more at LHCb

> There are more angles than gand v
-e-LHCb -m-BaBar -a—Belle

and LHCb can measure these! v 2 : . . .
> LHCb also probes the baryon sector for = [ LHCb ]
CPV, e.g. L5F » ]
> Ay o pr mhn,pr KK~ I | ]

> Ay = pr ,pK~ 1; l SM 1
> Besides CPV: probing lepton 0.5:_ ]

universality, e.g.

> BT Ktete ok ' L L '
R BO . K*0£+£7 0 5 10 15 202
2 [GeV7/cH]

Most precise measurements of R ;- to date (lep-
ton universality), compatible with SM at 2.60
(Phys. Rev. Lett. 113 (2014), 151601)
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There is more at LHCb

> There are more angles than gand v

and LHCb can measure these! [ T S
- LHCb also probes the baryon sector for n% sE 1
CPV,e.g.
> Ay o pr mhn,pr KK~ 1'0: I
> Ay = pr ,pK~ S + ]
> Besides CPV: probing lepton 0.5 ® LHC)
universality, e.g. L LHCD P
> BY = K0 e T
> BY — K¢t~ ¢ [GeV?/cY
> .

Most precise measurements of Ry.o to date
(lepton universality), compatible with SM at
2.1...2.30cand 2.4 ...2.50 (JHEP 08 (2017), 655)
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There is more at LHCb

> There are more angles than gand v

and LHCb can measure these! J I LA
> LHCb also probes the baryon sector for S 1-0; PP * ]
CPV,e.g. 08 T ]
> Ay o pr mhn,pr KK~ 0.6 _*—}—*‘ T o ‘
> Ab — prn ,pK~ [ BIP
. . 0'4f ¥ CDHMV 7]
> Besides CPV: probing lepton 0ok s ]
universality, e.g. “F Len M ;av.m:
> B KEr B I M Ty B
> BY — K¢t~ ¢ [GeV?/cY]
> .

Most precise measurements of Ry.o to date
(lepton universality), compatible with SM at
2.1...2.30cand 2.4 ...2.50 (JHEP 08 (2017), 655)
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There is more at LHCb

> There are more angles than gand v
and LHCb can measure these!

. - * X Ko

> LHCb also probes the baryon sector for Universitat (. YECT* )
Rostock * e

CPV, e.g. = * xx

> Ay prrtn,pn KTK™

Bundesministerium
> A, - prn,pK~ ’?R fiir Bild
3 b PP . | ul:\rd Eorl;gﬁung LH
> Besides CPV: probing lepton

universality, e.g.
> BT - Ktete
> BY — K*0¢te-

Thank you for your attention!
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Direct CP Violation

XO/:I: 2 XO/:I: ~ 2
ey |+ ey



Example: Direct CP Violation

Decay X — Yvia two different channels (weak phases ¢, ,, strong phases 4, )

A(X = Y) = |Ay|eti 10 4| 4, |etiP2tid2
/Z(X — }7) = ‘Al‘e*iqﬁﬁiél + \ﬂg\e’i%*i%

tree diagram: b — wus
AP —|A]>
A2 + |42

T W+ u
21A || 4| Sin (6, — ) sin(5, — 3y) ‘“QLE
| Ay |2+ | Ay |? + 2| A4 || Ag| cos(py — pg) cos(d; — dg) ari

penguin diagram: b — wus
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Example: Direct CP Violation

Decay X — Yvia two different channels (weak phases ¢, ,, strong phases 4, )

NX—=Y)-T(X—=Y)
NX—>Y)+I'(X —Y)
2| A,y || Ay sin(¢y — @) sin(d; — dy)

| A2 + |Ag|? + 2| A4||Ag| cos(pq — @) cos(d; — 05) tree diagram: b — wus

> Measurable numerical value of CPV depends on

> difference between the weak phases: |¢p; — ¢5| (de) b X Q
> difference between the strong phases: |6, — 5| ($§) \-\%\j\
> product of amplitudes: | A, A, |/|A; + A5|? (§8) .
penguin diagram: b — wus
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The Thing about Direct CPV

> Key channels (non-comprehensive and IMHO)
> «a: BY = pp /7w (CPVin mixing + decay, i.e. time-dependent)
> B: BY — Jhp K (CPVin mixing + decay, i.e. time-dependent)
> Bs: BY — Jhp ¢ (CPVin mixing + decay, i.e. time-dependent)
> ~: B’ish — D’ish K’ish (mostly direct CPV, i.e. time-integrated)
> Why direct CPV for +?
> no need to tag initial flavor
> bring amplitudes on same level by nifty composing suppressed and favored modes
> experimental extraction of strong phases in similar decays
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Direct CP Violation

Example: B® — K71~

> Interference between tree and penguin

> CPV observable: time-integrated asymmetry tree diagram: b — uus

I'B° - Ktr) —T(B° - K—nt)
[(BY - Ktr ) +T(B® — K—7t) W+ (

b
5
u,C,t

penguin diagram: b — uus
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Direct CP Violation

Early results in 2011 - i e
> improved determination: iwoo: 3
ACP<BO _ K+7T_> % Eoomad] AN
= —.080 + .007 (stat) -+ .003 (syst) § 300
> first measurement: S o
Aep(BY — K1) . r X4 b
= +:27 & 04 (stat) £ .01 (syst) O
K*~ invariant mass [GeV/c?] K7+ invariant mass [GeV/c?]

Phys. Rev. Lett. 110 (2013),221601
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Direct CP Violation

Improved results in 2018
> Ap(BY = Ktn) =
—.084 + .004 (stat) + .003 (syst)
> Ap(BY - K7t =
+.213 4+ .015 (stat) 4+ .007 (syst)
Remember: direct CPV ~ sin A¢yeqy X Sin Adgtrong

> strong phase difference Adgng NOt yet
accessible from theory (with acceptable
uncertainties)

> just two (boring) manifestations of CPV?

Candidates / ( 5 MeV/c?)

8000

r LHCb
6000} [ ek n-

L . F?%K n-
4000 — B'>K*K ",

L B'>ntn-

- . 3-Body bkg.
2000

= Comb. bkg.

0

5 52 54 56 58
my .. - [GeVic?]

Phys. Rev. D98 (2018), 032004
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Direct CP Violation

> SM+ U-Spin symmetry (assumption) — Phys. Lett. B492 (2000), 297

A(BY — K=m+)[2 = |A(BY — K*70)|?
= |A(B® — K—7))? — |AB® — K*+n)[?

A_ACB§+B(BS—>K
_AfF? B(BO — K

)

.
)T

> ...the equality follows from a “miracle” which occurs in the standard model and is not
expected in common new physics models - Phys. Lett. B621 (2005), 126-132
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Direct CP Violation

> Theory (assuming U-Spin symmetry): :‘u\ -
S 8000~
0 CO: LHCb
A = A?P + B(Bg — K777+) 7_<B0) -0 ") 6000¥
T BB S K )n(BY) P S
from literature* ié 4000; g":lli*; 5
'a C B'—mtn-
8 [ B B0dy bk,
> LHCb measurement: 20001~ Comb. bke.
A = —.11 + .04 (meas.) + .03 (lit.*) 05 52 54 56 58

my .. [GeVic?]

Phys. Rev. D98 (2018), 032004

*HFLAV avg. arXiv:1612.07233 & JHEP 04 (2013), 001
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CKM Angle v

Example: GLW*method in Bt — DYK ™

*Phys. Lett. B253 (1991), 483 & Phys. Lett. B265 (1991), 172

> Reconstruct D in CP-even states, suchas K+ K~
> B* - DCP»evenK+
> B™ = D¢poyen K™
> Reconstruct DV self-tagging: D° — K ¢*v,,or K n*t
> Bt - D°K*andc.c.
> B* - D°K*andc.c.
> Combination of all 6 (4) modes allow clean extraction of
~ (no theory input for strong phase necessary)

> Note: CPVis notin D°, but needs entire decay chain!

tree: b — s [cu] po
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Combined dataset Babar & Belle
arXiv:1804.06152

> Time-dependent Dalitz analysis for
BY » DWhY, D - K ntn~
> F(Bo(t:()) — [KS’]TJF’]Ti}D(*)hOH) = ...

Im(ApoA%,) cos28 — Re(ApoAF,)sin2f

> Clean extraction of 3 (not just sin 29)

S + ug from JHEP11 (2017), 170
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