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@ Short recap
@ Angles of the unitarity triangle
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The Unitarity Triangle [recap]

ud ub cd” cb td¥tb functions of p and n:

a=rn—08—v overconstraining

normalized: 0
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CPV Types for the B Meson System [recap]

)\f =g.%

© Define the quantity A: -
P Ajfcp

1. Indirect CP violation, or CPV in the mixing:

|alp| # 1

2. Direct CP \Liolation, or CPV in the decays: | neutral
|A/A | -+ 1 — and charged B

3. CP violation in interference between mixing and

decay: ImA #0 T~ neurral
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Time evolution and CP violation [recap]

® If we consider that both B® and B° can decay to the same final state
and considering here a final state that is a CP eigenstate, then the
time evolution of the physical system becomes:

T
f(By,, = fop, At) = Ze—”“' [1 — 8y, sin (AmgAt) + C,, cos (AmgAt)]

_ T
(B = fop, At) = —e TIAH[1L 4 §; _ sin (AmgAt) — Cy,. cos (AmgAt
phya 4 fer fep

u u . : 1 i A 2
® direct CP violation C#0 CiC —dg=- T :Afcp:z
fepr
2ImA
® CP violation in interference S#0 Sy = fcpz
1+ [Afepl

M.Bona - Flavour Physics amd CP Violation - lecture 3



B/dp1 angle

Theoretically cleaner (SM uncertainties ~102 to 103)
— tree dominated decays to Charmonium + KP final states.

2 — Ao
’3 — al'g [ C(l ];/‘X/:cb = b — cCTs

B’ > J/yK]
_ B’ > J/yK]
(p.M) ) B 5y (2S)K®
Vi Vo : :

00 N o

B—oJ/yr®
B — DD
B - 'K’

B — pK"’

B —» wK"’
B— 'K’

B — gK"

B — KKK

B — f°(980)K"
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"8 = arg [_‘“/Cd I/C::I_')/ ‘/td Y/j[:iJ]

sin2f in golden b — ccs modes

leading-order tree decays to ccs final states
Vcb

b ) C
C BO - JIwKs L
V*_ S +d K°-Ks,

here the CKM elements contributing are V.,V*. that in our
Wolfenstein CKM parameterisation have no phase.

The CP conjugated case is also leading to (about) the same
final state: V*

b )

O 0O

BY - J/\IIKS,L

+d KO - K5,|_

n |

VCS
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;"8 = a'rg [_ I/v(‘ Cl ‘/CIZ) / X/vt d I/vt:if) ]

sin2f in golden b — ccs modes

leading-order tree decays to ccs final states

B° = J/yKs,L

*
b Ve ) C N tree diagram
C A _ Vcbv*cs VcsV*cd
-~ A V5V VAV
Vcs 0 cb Vcs cs Vcd
S +d K- KS,L\\ ]
K mixing

because both B and B can decay in this common final state,

this can interfere with the oscillation diagram:

b V% t V*% d

| < <}
_0
B; W W By
. . .
d Vo t V. b

qA(B — f)

L ]
th th 42 A ~ —i28

T pA(B = f)

.tht
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B =arg |[—V.aV,/ViaVil, ] ] —
Pttt 6inoB in golden b — ccs modes

0 no possibility to generate this
B = J/wKs.t way direct or indirect CPV

)\CP|:1

/ |
A = n i A =1 ViV*% VeV b Cfcp =0
P p A P VRV, VRV
\
Im A
CP

o-i2p

=-n_Sin2p

b S, =-n_sin2p

.
hy (CC) — JPC = 1-
Iy (<) N..U/wKs) = -1 CPV in interference
N Ks~Ki—=»n_ =+1 between mixing
(J/wK) = +1 and deca
=1 - P = (-1)- N U/wKy) y
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"8 = arg [_‘“/Cd I/C::I_')/ ‘/td Y/j[:iJ]

Why J/wKs,. mode is golden

leading-order tree decays to ccs final states BY — J/yKs,
b V¥ ) C N tree diagram
C A _ Vcbv*cs Vcsv*cd

< A B V*CbVCS V*csvcd
0
S +d K - KS,L\‘
- ] - . K . .
possible penguin contributions: mixing

where x can be any up-type quark
/ hence this counts for three
S penguin diagrams

xb xs

can this be a problem?
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;"8 = a'rg [_ I/v(‘ Cl ‘/CIZ) / X/vt d I/vt:if) ]

Why J/wKs,. mode is golden

E gj\’\:/’% /X:u - Pu ~ Vubv*us

V*,, V. < X=C = P ~ V4 V*.
\X:t - Pt ~ thv*ts

0 |

O 0O

using this unitary condition (2™ = 3 family), we eliminate V,V*
VubV*us + Vcbv*cs + thV*ts — O - thV*ts - — Vubv*us - VcbV*cs
thus the amplitude is:

Accs ~ Vcbv*cs (T + PC - Pt) + Vubv*us ( Pu - Pt)
' , ' . CKM-suppressed
O(\°) O(\") pollution by penguins
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"8 = arg [_‘“/Cd I/C::I_')/ ‘/td Y/j[:iJ]

sin2f in golden b — ccs modes

C
L—o@ I, Y(2S), %ey

© branching fraction: O (10°®) B’ W =

the colour-suppressed tree dominates 3 « K,K

and the penguin pollution has

the same weak phase of the tree or is CKM suppressed

o Aop(t) = LW = for) ~ T(B°() — fer) S ~ sin2f
L(B°(t) — fer) + T(B°(t) — fer) C-~0

© theoretical uncertainty:

® model-independent data-driven estimation from J/yn® data:
M.Ciuchini et al.

ASJhpKO = SJhpKO — SiI‘IZB = -0.01 = 0.01 arXiv:1102.0392 [hep-ph].
® model-dependent estimates of the u- and c- penguin biases
ASJhpKO = SJhpKO - sin2[3 ~ 0(10'3) H.Li, S.Mishima

JHEP 0703:009 (2007)

H.Boos et al.
Phys. Rev. D73, 036006 (2006)

AS k0 = Sypyko — SIN2P ~ O (10
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;"8 = a'rg [_ I/v(‘ Cl ‘/CIZ) / X/vt d I/vt:if) ]

sin2f in golden b — ccs modes
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Raw Asymmetry Events/(0.4ps) Raw Asymmetry Events/ (0.4 ps)
D
S

5 0 S AL(ps)

A, (t) =S sin(Am,At)- C cos(Am,At)

Sine term has a non-zero
coefficient and this tells us
that there is CP violation in
the interference between
mixing and decay
amplitudes in ccs decays.

Heavy FLavour AVeraging (HFLAV)
group for J/yKs.

S =sin 26 =0.690 = 0.018
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3 =arg|—VeaV.,/ViaViy . . -
Pttt sin2p in b — ccs modes

sin(2p) = sin(2¢,) A2

PRELIMINARY
BaBar ! ; ; 0.69 +0.03 + 0.01
PRD 79 (2@[}9) 072009 . :

BaBar y _ . 0.69+0.52+0.04 +0.07
PRD 80 (‘ﬁ'bagoj 112001 ' —

BaBar JAy (hadronic) Kg ; 1,56 +0.42 + 0.21
PRD 69 (2@94) 052001 5 :

Belle : : : 0.67 £0.02 + 0.01
PRL 108 2:)12; 171802 o

ALEPH : g 0.84 052+ 0.16
PLB 492, 259 (2000) e

OPAL 5 ; T L 3.20 350+ 0.50,
EPJ C5, 379 (1998) i

CDF | S N 0.79 04
PRD 61, u?zuuﬁ (2000) i T

LHCb E E |, 0.76 + 0.03
JHEP 11 (2017) 170 ; .

Belle5S : - . ' 0.57 + 0.58 + 0.06
PRL 108 (2012) 171801 | .

Average | - 0.70 +0.02
HFLA : : |

-2 1 0 1 2 3
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B = arg[=VeaVi,/ViaVi)]

cb

angle p in b — ccs modes

(I)l ‘Mnrinnd 2018

FPRELIMINARY

B

=

: ' ' O
@
1 L >
=
2
0.8 - ﬁ .
o
0.6 - Ei_“ 1
-
0.4 F S o
' LS (25 ¢ o
"?J!*g =
0.2 f ) oo
: 2o
=
0D et -
_ I 1 I I I _
0?02 0 0.2 0.4 0.6 0.8 1 p
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Searching for new physics via other b — ccs modes

© sin2p has been measured to O(1°) accuracy in b — cCs decays.
© Can use this to search for signs of New Physics (NP) if:

|dentify a rare decay sensitive to sin2f (loop dominated process).
Measure S precisely in that mode (S,;).

Control the theoretical uncertainty on the Standard Model ‘pollution’ (AS,,).

®
@
@
® Compute ASNP = Seff — S{?Fs — ASSM

®© In the presence of NP: AS,, # 0 > New heavy particles can introduce
new amplitudes affecting physical

observables of loop dominated
= processes.
SS ¢,7’] ’, (KK )Cp » Observables affected include
branching fractions, CP asymmetries,
d\ § KO forward backward asymmetries.. etc..
d * » The Standard Model contributions
need to be understood
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o/ angle

— alg [}l;/ Vlld

b — uud transitions with possible

loop contributions. Extract a using b—udd 47
. . B—ay
* SU(2) Isospin relations. B> ax . _:’z“”
— DT

* SU(3) flavour related processes. B pz :
B> pp B-bp
B —aa,

(p-n)

Vud \/jb
V., Vi

0.0)
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o = arg [—ViaViy /Vaua Vi) i i
CP violation: «

© Interference between box and tree results in an asymmetry
that is sensitive to a in B — hh decays: h =, p, ...

Va1 b u
E_}_ ..................... Ha -
T,p
W+
B t t B d
b . « u
B° . T,
d ——@- ] S b d ‘/ub ) 9/ d p
Va1 b
. J/ . : .
a Vg This is again a case of interference
— between mixing and decay.
Cp, =0 | SO
This scenario is equivalent to the
Shh =sin(2a) measurement of sin2f in Charmonium
decays ... but in this case it is more
complicated..
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a = arg [—ViaVi/Vaa Vi . .
CP violation: a

© Interference between box and tree results in an asymmetry that is
sensitive to a.in B — hh decays: h =, p, ...

Va P ! _ W _
— d
b —_— Hd . . b ﬁ,e’f Tc_’_,p
T, P ‘ u
W+
B t t B d B’
b . * u f _
BO . - - L
d—@ S b d ‘/ub ) 2/ d P d R d T, P
VP
— _/ — _/
~ ~
3
O(\") 6 ()%

In this case the penguin diagram is not CKM suppressed so
it spoils the clean measurement of the CP violation effect
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a = arg [—ViaVi/Vaa Vi . .
CP violation: a

© Interference between box and tree results in an asymmetry that is

sensitive to a in B — hh decays: h = m, p, ...
+ Loops (penguins)
W

Vg P u . | -
E —S————rn o — d L 0o TC+, p+
BD t t —0 d BO 0
TC_, p- \‘ ﬁ']’c’ p-
d——@! > b d d , d ’
Vaib
A\ J .
o =0 Sy, =+/1- CZ, sin(2
. hh — on SIN(20 g )
O =0,- 0
© Measure S o¢ O 2 T

© Need to determine 0, = o — o [P/T is different for each final state]
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= arg [_V:t-d Vfb/ qud L::b]

Bounding penguins

@® Several recipes describe how to bound penguins and measure o.
© These are based on SU(2) [or SU(3)] symmetry.

SU(2)
(Isospin analysis) \
1 A A
m'e and p*p’ TP Snyder-Quinn (et al.)
Gronau-London Lipkin (et al.) Fit Dalitz plot and extract
Isospin Triangles Isospin Pentagons parameters related to «
@ Use charged and neutral @ Use charged and neutral © Regions of the Dalitz plot

B decays to the hh final B decays to the px final with intersecting p bands
state to constrain the state to constrain the are included in this
penguin contribution and penguin contribution and analysis; this helps
measure a. measure a. Remove resolve ambiguities.

. e oq 1A . . . A. Snyder and H. Quinn, Phys. Rev. Lett. D 48, 2139 (1993);
T Clrematy amc e e 99Q ) \
M. Gronau and D. London, 65,3381 (1990) ~ any overlapping regions in H. Quinn and J Silva, Phys. Rev. Lett. D 62, 054002 (2000).

H. Lipkin et al., Phys. Rev. Lett. D 44, 1454 (1991)
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a = arg [—ViaViL /Vaa Vil

Isospin analysis

a: collecting the ingredients [ Channel | Decay Amplitudes
ar | A(BY = ntat) = ¥ 151:1,:'3.3 B
from o — to a: isospin analysis Sl "A——A_AN
B" — ’-"“’-"“J = ﬁ 322 T ‘“l, 1,/2.0

® B— n*n-, ntn’, n°n° decays are connected from isospin relations
@® nstatescanhavel=2o0rl=0
= the gluonic penguins contribute only to the | = 0 state (Al=1/2)
= n*n’ is a pure | = 2 state (Al = 3/2) and it gets contribution only
from the tree diagram
= triangular relations allow for the determination
of the phase difference induced on a:

Both BR(B®) and BR(B®)

have to be measured
in all the w channels

M.Bona - Flavour Physics amd CP Violation - lecture 3
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Q= arg {_Lftd Vv{b/ Vi V;:b}

Isospin analysis

@® Consider the simplest case:
B — mx / pp decays.

A+— +AOO :A+0

A+- +AOO :A+O

1
V2
1
V2

© There are SU(2) violating corrections to consider,
for example electroweak penguins (~5%), but
these are much smaller than current experimental
accuracy and eventually they can be incorporated
into the Isospin analysis.

Measuring S in h°h?
provides an additional
constraint on this angle.
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= arg { td‘tb/l 1(1111]J} B
— JUT

© Easy to isolate signal for s*r and w*x° as these modes are
relatively clean and have relatively large B ~ O(5 x10°).

300
500 F — €300 |
— Total Belle m*x = L
(@ 4. e | 500} (b) s
<400 K N nn b 2200
S 00 -
8 " 30 oo
= w100
L% 200 | e
g
100 f Z 9 ;

0%5%0 0204 %2 525 53
AE (GeV) M, (GeV/c)

A‘CP
o

Belle n*w

© Much harder to isolate n°% B ~ 1.5X10° AL -
-5 5
® No tracks in the final state to provide vertex |nfo At (ps)
® B°— n%t°— yyyy has a large AE resolution.

> Possible to separate flavour tags to measure C%. This information
completes the set of information required for an Isospin analysis.
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v = arg {_thvti/ Kl(ilvl.fb}

B—- nn
TC+ TS TE+ T[- S vs C Moriond 2018
CP Moriond 2018 C Ccp CP orion
PRELIMINARY CP PRELIMINARY
T T T T T
BaBar -0.68 + 0.10+ 0.03 - :
PRD 87 (2013) 052009 0 = BaBar ;
Belle N * , -0.64+0.080.03 — Belle !
PRD 88 (2013) 092003 ) LHCDb :
LHCb . * ‘ 063£005£001 | o, | w2 Average i
LHCb-PAPER-2018-006 ' ' :
Average -0.63 + 0.04
9 *
HFLAV correlated average
-0.8 -0.7 -0.6 -0.5 -0.4
-0.4 + .
+ -
TE TE CCP |Moriond 2018
PRELIMINARY
BaBar N 4 0.25+0.0820.02
PRD 87 (2013) 052009 1 ) -0.6 R
Belle g * ¥ -0.33+0.06 + 0.03
PRD 88 (2013) 092003 -
LHCb -0.34 + 0.06 + 0.01 :
LHCb-PAPER-2018.:006 | || -0.8 :
1 1 I | |
Average + -0.32 +0.04 0.8 0.6 0.4 0.2 0
HFLAV correlated average ' ' ' ] S
_0:_5 _d_4 _0:_3 _d_g _0:_1 Contours give -2A(In L) = ﬁf =1, corresponding to 39.2% CL for 2 dof CP
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= arg {_thvti/ Kl(ilvl.fb} .
Isospin-related nw decays

® simultaneous ML fit to all hh
modes with h being & or K:
OB — n'n | K'n, K'K (and cc)
B+ — n*nol K'n’ (and cc)

B(B— Kr,nw, KK)

* I{{]Fﬂ HFLAV
May 2018
b KK KK
- KK
- 7070
T e T | ;I CLEO
Belle
—_—— D
s T BABAR
= K0 Our Avg.
== K+q¥
—— K'ta
Kn —= K'r*
] I I ] I 1 ] ] ]
0.0 15.0 30.0

Branching Fraction x 10~°
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v = arg {_thvti/ Kl(ilvl.fb}

B - mm

® Inputs from: B® — 7'z~

B" > z'7°

B’ - z°7Y

eight solutions to the isospin system:
shown here a case with

. 0.01
uncertainties reduced of a factor 10 %‘
2 0.003 GCJ
= ) Uiz 5 0.008
S i >
- ﬂ ” =
E 0.0021 -% 0.006
= ! o
s S
e : O 0.004
R o001
| 0.002
| |
0 PR R BT i - J M WA B
0 50 100 150 %

O[]

additional information can be used: to
reduce the degeneracy of the solutions
and also to keep the amplitudes to go to
infinity (unphysical)
for example Bs to KK (assuming SU(3)
and a big uncertainty on that) can put an
upper limit on the penguin amplitude

[ ]Combined
B2 pipi

BZ4 rhorho
B&J rhopi

50 100

UTfi '3

winter18

et TN

RN

SBEBDEE

¥ 7
T,

>,
»,

X

AN D
R

b4

s

K
*.

------

PR
.

from ntw, pp, 7P

combined SM:
o=(93.3 + 5.6)°

2 UTHit prediction:

®=(90.1 + 2.2)°
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o = arg [—ViaVip, /Vaa Vi

B— pp

@ Vector-Vector modes: angular analysis required to
determine the CP content. L=0,1,2 partial waves:

© longitudinal: CP-even state *0'S. . vs C
g _ .. P P Scp CP ﬂ
@ transverse: mixed CP states - S
5 abar
® +-: two n° in the final state 0a | . Belle
5 % Average

@ wide p resonance

but
@ BR 5 times larger with respect to nir
@ penguin pollution smaller than in nr
@® p are almost 100% polarized:

© almost a pure CP-even state

0.4 | .

| 1 i 1 |
04 0.2 0 0.2 0.4

CP
Contours give -2A(In L) = -_*.f =1, correspending to 39.3% CL for 2 dof
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v = arg {_thvti/ Kl(ilvl.fb}

B — px (m*an® Dalitz Plot)

@ dominant decay pm is not a CP eigenstate d(;')( )
Lo u(u )p
@ 5 amplitudes need to be considered: b . u
® B’ - prr, pt, p°° and B* — p°, o' () (U)p(ﬂ)
® Isospin pentagon i p'n’ Cvss  EEIET
@ or time-dependent dalitz el / ﬁj;;;"'
analysis: a extraction together NN G
with the strong phases exploiting 04 |
the amplitude interference: e 2
®interference at equal masses- 04t |
squared give information on 08 : T quasi-
the strong phases between web 2“%%52.?
resonances 12 05 04 o o4 o8 12 c

Contours give -2A(In L) = 5;52 =1, corresponding to 39.3% CL for 2 dof
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v/ds angle

= arg {— Vu c VC d V{:T:J

Extract y using B—DOK?0 final states using:
* GLW: Use CP eigenstates of D°.

b — ¢ interfering with b — u]

B—» DYK®O * ADS: Interference between doubly suppressed decays.

B> DK'z* * GGSZ: Use the Dalitz structure of D—K_ h*h- decays.

B > D"

Bu _}D{'}p . . o
Measurements using neutral D mesons ignore D mixing.

+ charmless i

(p-n)

Via Mo
V., Vi,

C

00 N Lo
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v = arg [~ Vaua Vi, /Vea V)
y and DK trees

© D™K™ decays: from BRs and BR ratios,

no time-dependent analysis, just rates
© the phase y is measured exploiting interferences:

two amplitudes leading to the same final states
u
© some rates can be really small: ~ 10~ AA}< K-
w- S
b

_D + —0 - ch Do
PR~ T
Vi V 2
+ & A cb (N}\' )
- v + strong phases L
" b , u _
\ A s DO
~rge D K A(D - f) - W
) CK
Theoretically clean (no penguins Y Y
Vub=|Vub|e R (”7\‘3)

neglecting the D° mixing)
31
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Y = arg [7‘/;,1d V;})/ V:?d V:{?’}

Sensitivity to y: the ratio rs

o VaslVale ™ (-1
A K - =
. W™ i 5 W-LLLLH.,< Og = strong
- D° S - hase diff.
B O Vcb ("')"2) U U U K P

A(B- - D°K™)=Ap A(B~ — D°K™) = Agrge’95—7)
A(BT — DYK*) = Ap A(Bt —» D°K*) = Agrgei(9B+Y)

rs = amplitude ratio

B~ — DK~ \/ >, =
T — X
B B— — DOK n :0 cSs
¥ ¥
~0.36 hadronic contribution
& in B* — D™K* 1, is ~0.1 channel-dependent

@ to be measured: rz(DK), r*3(D*K) and r’;(DK*)
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7= arg [7V11d ‘/1;1)/ 1/Cd V:i)

| Three ways to make DK interfere

GLW(Gronau, London, Wyler) method: more sensitive to ry
uses the CP eigenstates D% with final states:
KK, m*n~ (CP-even), K.nt° (w,$) (CP-odd)

+2rpgsinysindpg

— 1472 4+2 A =
Rep+ +TB:|: TR COS7y COSdp CP=x 1-|-'r%3:|:2'r3cos'yc0553

ADS(Atwood, Dunietz, Soni) method: B° and B° in the same
final state with D° — K*xt~ (suppr.) and D° — K*x (fav.)

RAps = T%-I—T%CS-I-ZTBTDCS cosycos(dp+dp)

the most sensitive way to y

D° Dalitz plot with the decays B~ — DO[Kg*n ] K

three free parameters to extract: y, rz and g

M.Bona - Flavour Physics amd CP Violation - lecture 3
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Y = arg [7‘/;,1d V;})/ V:?d V:{?’}

y: GLW Method

® GLW Method: Study B* — D¢:°X* and B* — DX*+ cc ( D° = K*r')
® X+ is a strangeness one meson e.g. a K+ or K*+.
® D.°is a CP eigenstate (use these to extract y):

* 4 observables
D’ _ =K'K ,7°x"
CP=+l * 3 unknowns:
0 _ 0_0 0 0
Dep_., =Ksm™, Ky, K¢ e, Y=2and o

BF(B~ — DY.K~) + BF(BT — DYLKY) , > |, S
BF(B— — D°K-) + BF(Bt — DOK+) +7p rp COS 0 COS™
Acp, — BF(B- — DV\K~)— BF (Bt — D{K*t) _
BF(B— — DYK~)+ BF(Bt — DY K)
® The precision on vy is strongly dependent on the value of r.

> ry~0.1 as this is a ratio of Cabibbo suppressed to Cabibbo allowed decays
and also includes a colour suppression factor for B*—=DOK® b—u decays.

® Measurement has an 8-fold ambiguity on vy.

RCPj: —

+2rgsindsiny/Rcp,

Gronau, London, Wyler, PLB253 p483 (1991).
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y: ADS Method

Attwood, Dunietz, Soni, PRL 78 3257 (1997)

® ADS Method: Study B=° — D®)° K*)=

® Reconstruct doubly suppressed decays with common final states and
extract y through interference between these amplitudes:

B — D0 K®) DY B D™O K™
CKM Favoured b CKM and Color Suppressed
B~
JK O
D0 — K D®0 K

Doubly CKM Suppressed ., 6 - D« CKM Favoured
® vy extracted using ratios of rates:
™ _ A(B_ —> I_)(*)OK_) © 6(*) = 6(*)8 + 6D
g" = A(B~ — D("‘)OK—) ® d0) is the sum of strong phase differences
between the two B and D decay amplitudes.
ro= A(D{J —>K*77) ® r, and ry are measured in B and charm factories.
o AD’ K 7z%) ® §, is measured by CLEO-c
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y: GGSZ Method

® GGSZ (“Dalitz”) Method: Study DO°K® using the DO%—=K_h+h- Dalitz
structure to constrain y. (h = &, K)
© Self tagging: use charge for B* decays or KO flavour for B® mesons.
A(B* > (Kh*h"),K*) ¢ f(m?,m®)+ f(m?,m?)r e
where m, = My,

© Need detailed model of the amplitudes in the D meson Dalltz plot.

® Use a control sample S s _ KKp
(CLEO-c data or D**—D0x*) ] S = N
to measure the Dalitz plot. ' E.
D" 5> D7z |
L 0 01 +1— I 2 3 R "1_4'. i
2 (GeV?/c?) 2 (GeVZ/c?)
D" — K;h™h

Control sample plots from BaBar GGSZ paper
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y: GGSZ Method

© neutral D mesons reconstructed in three-
body CP-eigenstate final states
(typically D° - Kstn*)

© the complete structure (amplitude and strong
phases) of the D° decay in the phase space is
obtained on independent data sets and used
as input to the analysis

© use of the cartesian coordinate:
® X, =g COS (0 = 7y)
®y,=rgSin(d £y)

© Yy, rg and 9z are obtained from a
simultaneous fit of the Kqt*r Dalitz plot
density for B and B’

© need a model for the Dalitz amplitudes

© 2-fold ambiguity on vy

m2 (GeV/ch

e
tn

Interference of

B - DK, D° - K*n
(suppressed) with

B — DK, D°— K*x

~ ADS like

S0

I4S

= 40

w

— 35

=]

=30

=
n

=25

=20

=

15

r 10
05 -

2.5 3
m,2 (GeV/c)

Interference of

B - D°K’, D% - K%p°

with

B > D°K’, D° - K%p®
~ GLW like
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CP violation: y

2 [ [UT

S s WA

© UTfit prediction

?0.2—

% y from B into DK decays:

0

£ combined: (73.4 + 4.4)°
0.1

UTTit prediction: (65.8 + 2.2)°

%
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CP violation in interference between mixing and decay:

examples

A
Afop = £. % B A
P “fcp t=0 3\ t
© decays in final state f 5 ep f
. = =
accessible to both a B ora B %
( fis not necessarily a CP eigenstate) B°
< >
© if ImA # 0 then — CP violation =
qAB 2 f) _VaVaA 54 pis the
- — = — o~ — .
pAB = f) ViViA A mixing phase
f Arg(%) ||| parameter
mixing B® 5 1vX, D™Mn(p,a,) 0 |~0 AMpo
“gin 237 B -5 J/yK°, ... 0 1 sin 28
“gin 2ax” B® - #nrw, pr, AT ~(—29) | ~1 sin 2o
“sin(28 + ~)” | B® = D™« ~{(—7) |~0.02]|sin(28 + v)
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BB pair coherent production

® The B® and B° mesons from the Y(4S) are in a coherent L = 1 state:
® The Y(4S) is a bb state with J?° = 1--
® B mesons are scalars (J° =0
= total angular momentum conservation
= the BB pair has to be produced in a L = 1 state.

© The Y(4S) decays strongly so B mesons are produced in the two flavour
eigenstates B? and B”
® After production, each B evolves in time, but in phase so that at any time there

is always exactly one B° and one B present, at least until one particle decays:
= |f at a given time t one B could oscillate independently from the other, they
could become a state made up of two identical mesons: but the L = 1 state is
anti-symmetric, while a system of two identical mesons (bosons!) must be
completely symmetric for the two particle exchange.

© Once one B decays the other continues to evolve, and so it is possible to have
events with two B or two B decays.
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I\/Ieasuring At

JT;+

BO
e
e € Bo BRRRLERS

Asymmetric energies
produce boosted
Y(4S), decaying into
coherent BB pair

Fully reconstruct
decay to state or
admixture under

study (Bgeco)
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I\/Ieasuring At

ﬂ:+
Fully reconstruct
) decay to state or
BO T admixture under
-_*‘-'-_|IIII-|I‘-- § StUdy (BRECO)
e e §0 Emygy ”0""""‘ .
A : : : BERRRREE
symmetric energies .
produce boosted "A-Z:(BVC)A’[

Y(4S), decaying into {}

coherent BB pair - ]
Determine time

* By = 0.56 (BaBar) between decays
= 0.425 (Belle) from vertices

*t =1, corresponds to the
time that B, decays.

*t-t,= At

t=t, t=t,
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I\/Ieasuring At

ﬂ:+

Fully reconstruct
decay to state or

BO admixture under
—>‘-|:_-..I-IIIII- study(BREco)
e e §0 Emygy 00""""’

E ."0.‘..*‘
Asymmetric energies : :
produce boosted "A-ZZ(BVC)A'[ : \ K-
Y(4S), decaying into U
coherent BB pair —_ i I-
Determine time | {}
* By = 0.56 (BaBar) between decays |
= 0.425 (Belle) from vertices . Determine flavour and vertex
= ' position of other B decay (B;,.)

*t =1, corresponds to the
time that B, decays.

*t-t,= At

t=t, t=t,

= Then fit the At distribution to obtain the amplitude of sine and cosine terms.
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a = arg[-ViaVii, VWi

B— pp
® (Simp”ﬁed) anQUIar analySiS 0, are the helicity angles: angles between
® |nputs from: the 7 momentum and the direction
0 - ot ] , 0 : )
0 4 — T opposite to that of the B in the vector
B" — P P rest frame.
B” —> p+ pﬂ 92 ¢ is the angle between the vector meson
decay planes.
B 5 p’p° " ’
\ < * We define the fraction of
longitudinally polarised events as:
e _ [ Hol?
I [Ho|? + [Ha|* + [Hoo[*
= fr
d°T 9 5 5 1 L .
= — ~08° f1 cos® 0 —(1 — sin® 6y sin® #
I'dcostidcosty 4 Ji cos™ 0y cos™ 0z + -;L( Ji)s Lo 2

® fL ~1 for B— pp decays: this helps simplify extracting o.
® (Can measure S as well as C to help resolve ambiguities.
® Finite width of the p is ignored in the a determination
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o= arg {*md‘/ti/uldvjb} C P VIOlathn . ol

© Combining all the modes to maximize our knowledge of «..

2 i 2 00081 2 0.001F
@ 0.0031 o i
'; - JUTU '; 0.006 'dc; pﬂ:
§ ™ evidence of S 0004 no CP 8 o
o | ] . g . . o -
& | CP violation & violation g
0.001- 0.002 observed
00‘ - ‘5‘0‘ : ‘1(‘)0:‘ o I1F|JO‘ 00 - ‘5|0‘ /k ‘ ‘15‘0 - ool ‘ Ijl5‘03‘ o |1(|)0‘ o |15‘0‘ I
Ozl ] 0oLl Ol ]
>, 0.01 -
= [ ] Combined
ga B2 pipi UTrit
. . B2 rhorho CKM
bayesian analysis: 8 o008 o rhorh itz
the quantity plotted is £
= 0.006}
- o] !
now the Probability -
Density Function (PDF) o 0004y osw = (92 £ 7)°
0.002

o 50 100 150
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B — pm (mran® Dalitz Plot)

© Analyse a transformed Dalitz Plot to extract parameters related to .
© Use the Snyder-Quinn method.

e!

S 30 1
IS
~
- ~ o
.25 > 0.8 %
. 20 2 < :
| IR D R g — | S 06~ -:;'.,-‘
. "
+
| =

0.4 (547

6 =

(6

0.2 [

; -=:: i 4 .:=: | | 0 :'I 'I'. : :.EI:._I' - ?Ig “n%//?%ll I| 7
10 s loR20R e I25EE 00 0 0.2 0.4 0.6 0.8 1

5
2
Tt s+ = (p+ +po) ) 1 ‘ ;rng—mg““
p m = —arccos | 2 —1
s

min
IT?O — My

(my=m

""'Vs";":"i".é"ééi'//c?"‘ 2 4

\/s =1.5 GeV/c?

J'[+J[-)

© Fit the time-dependence of the amplitudes in the Dalitz plot:
o—|At|/7

AL (A2 = y— [Asl? + [Asl? F (| Asr[? = |Asr ) cos(AmgAt)

+ 2Im {ZMA}T} sin(Am_.dAfJ] :
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