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Outline

o Quick estimation of Belle II sensitivity for y with
B-»>DK, D>K.x"'n as golden mode

o Potential improvements

Towards the Ultimate Precision in Flavour Physics



y measurements from B - DK™

o Theoretically pristine B » DK approach

- Access y via interference between B- > D°K andB™ » D’ K~
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color allowed
B »D°K ~V_V,,
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color suppressed
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relative magnitude of suppressed amplitude is rg
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relative weak phase is y, relative strong phase is o3



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



y measurements from B*-» DK*

B »>DK"™ 2P\ D>K'K , a'n
B*>D'K*, D'>Dx’ 5 )@x” , _ D—>Ksn0,KsTl
B*»>D'K*, D ->Dy- 1 A WD->KKr’, nnan’...

B* ->DK*i - D—)Ksmc K, KK

B’>DK™ D->K nnn

B*>DKnn D-...
B~...



GLW with DS?,K D decays to CP eigenstates

» Amplitude triangle:

v2A(BT — Depy .r\'___,'l______--"'-ﬂ"-._. A(BT — DK™

~.g'l.'5 Do K

B — DK

e 'H ”Ih K _____'_l_" HE D I"_'_ A Magnitude of one side
: e T ! is ~0.1 of the others
measured observables: TN while relative magnitude of
) ) the others help ¢, constraint.
_ Br(B"=»Dg.K )+ Br(B"» D, K")
“* Br(B »D°K )+ Br(B*»D°K") A Br(B »D_,.K ) - Br(B* » D, K")

P " Br(B »D..K )+ Br(B*>D.,.K")
Relation between (Rqp,, Rep., Acp,, Agp.) and (y, g, 85)
R.,,=1+r*+2r cosd,cosy R, =1+r,’—2r_,cosd,cosy

+2r,Sind;siny —2r;Sind;siny

Acp.=

Acp.=

2 2
1+r;"+2r;Ccosd;CcoSYy 1+r;"—2r;cosd;cosy

= look for R, #1 and A, #0
= # CP, # sign of asymmetry



Comparison of the results obtained for GLW DK with expectations
where ''expectations'' are derived from the GGSZ observables (W.A.), §, and y;

for illustration
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C

ADS method: y via the interference in rare B™ » [K'n |, K™ decays

rate and asymmetry (relative to the common decay):

e 4 V.. u_ V.. 5
b Vub -'-I'.:{-f_____.-f -5 0 V f II K + S‘___F--"'F_ K _ U.S.____.-r"f K +
— CS : N D e
o 2 P @ / Cabibbo WS s WS u
B~ | W tg —% c 7 favoured b S c - Y d
. P d . - L]
— s 2, _@- Ddecay ® & ™
u SR VA S-SR B[] Vg D" Vg U™
g ~JK~ ud ¥ . \/

doubly -Cabibbo
suppressed D decay

 T([K*+n ] K-) + T([K—nt] K+)

Rpk =
ommon . I(([K~nt|K~)+T([Ktn— | KT)
5{3’“ K 5,{‘%“ T W
WS s WS u
b & e e & 5 =72+ 712+ 2ryr,cos(dp + p) cos Y
DY KT

“ A _ D(K* 7 ) K~) —T(K-mt] K™)

PR T D(K-7t K-) + T(K+tr ] KT)
=2rgrpsin(dg + 6p)siny /Rpx

0 _, gt —
where o= |22 KTl 0613 +0.0010

| A(D® » Ktr-)



How to get §, and related (charm) hadronic parameters ?

o dedicated experiments (CLEO-c, BES III) using quantum correlations,
running at (3770)

o CLEO-c: Ry, cosd,, sind, (but also BES III result...)
> CLEO'C: R'Krwco' 6Kﬂzno' R‘KSTE’ 6K37|:

R;: coherence factor, can take any value from O to 1
indicates lack coherence between the intermediate states involved in the decay

o mixing/CPV results from BaBar, Belle, CDF, LHCDb...
o D»KK, nn: yop, Ar (BaBar, Belle, LHCD)

D->Klnn: x,y, |q/p|, ¢ (BaBar, Belle)

D-Klv: R, (BaBar, Belle...)

D>»Knaxn’: x"', y'' (BaBar)
D->Kn: x', y' (BaBar, Belle, CDF, LHCDb)

O oo e

(©]

(@)

(©)

(@)

o CLEO-c/BESIII, use external inputs to access the relevant physics parameters
o strong phases information in B-factories/LHCb
o X,y are also needed for D-mixing corrections in ADS observables

R =rl+ 1)+ 2r,r,c08(8,Fy+d,)
>R =1, +T1. +2T,T,C08(8,Fy+8,) — YyI,COSd, — YIyCOS(d,Fy) + XT,Sind, — X rysin(d,Fy)

= combine charm observables to obtain y and mixing/CPV charm parameters



~ 35 observables

8, grand combination a la HFAG

8 parameters-

X, y,éD , Iy, A

o, [al/Ipl. ¢, 8p(Kp)

% ---- ADS+GLW 3 Combined
1 I
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(include K3=, Knn® info, see next slides)
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Comparison of the results obtained for DK with expectations
where ''expectations'' are derived from the GGSZ observables, 6, and y;
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Sensitivity to y in B»D(K nxn)K mode
sensitivity to y/¢, varies across the Dalitz plot
y=75",8=180", r;=0.125

w=1/(d*L/dy?)

50

GLW like
Interference of

B -»>D’K~, D’»K2p’
with
B ->D°K", D’»KZp’

ad

m 2 (GeV7ich
3

DCS K*(1430) &

1.5

ADS like
T j Interference of
DCS K'(892) g R, B »D°K ", DK™ n
0.5 b - o L | with

B »D°K ,D’»K™*"n

0 15 1 15 2 2.5 n f‘iq_
m = (GeViic)

o golden mode !! even more for Belle II than for LHCb
o focusing our efforts/resources on this mode



Binned Dalitz method: avoid the modeling
error by ''‘optimal'' binning of the Dalitz plot

[ choice of bins guided by model, but extraction
of y is not biased by this choice ]

minimize x° in fit to all bins for each mode

mzmg_:-:} (GeV3ich

Expected number of B* DK™ events in bin i is:

NE =h{Ki+ 13K i+ 2V/KK i(wsci+yssi)

Bondar and Poluektov
EPJ C55, 51 (2008)

'Ih-'l'

i=0

- ha
o =) Ln

—t
TTY[rre

0.5f

= PR W &= WM WM - R

2 3
x, =rgcos(dg ), mi(K ) (Gev©ic?)
o150
1 « CLEO ;. E:‘,—:[—- = Belle V. =Tp SiI’l(EﬁB 4 _‘r,-}'
- 15
0.5 K, is the # of events in bin i from a
" 4 21?'? flavour - tagged sample (D" = Dx")
-0.5 \ ?%?a g L- c, and s, contain information about
L
. "[ IE the strong-phase difference in bin i
-1
el ( (use CLEO data for ¢(3770)»D’ D’
-1 0 = here; measured by BES-III too)

|Bin Aumber i|



Combining measurements for y from all methods

% ---- Belle GLW+ADS
CHM 14 --- Belle GGSZ
] Belle Combined
1-n i T T T T ] T | T ] T | IJ{_I T hjl T T | T T T | T T T | T T T I T T T ]
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0.8 |- 15
© 06
3 L
g -
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0.0 Esc-rto™ : AT T T T T I L r-‘l"l"r-|:..|:_'hA._u__|i-
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¥

] From Belle to Belle 11

BELLE Bellell |M




Belle I1: an improved detector to record 100 X larger sample

KL and muon detector:

Resistive Plate Counter (barrel oumter layers)

Scintillator + WLSF + MPPC (end-caps , inner 2
Bl Layers)

EM Calorimeter:

C=l(T1), waveform samplin : i "'f /

—— cation
electrons tian c;:;nut_.e[l-'l {1}3&&]
(7GeV) L )

Beryllium beam pipe
2em diameter

Ny
Yertex Detector
2 layers DEPFET + 4 laye

; positrons
(4GeV)
Central Drift Chamber _ 70 : :
He(50%):C2HG(50%), small cells, [ongile WE_
arm, fast electronics E D ; . Ll
50.;_ GUﬁ]. 5031) -., .............
wf-

b Data taking will Stad in 2018

Integrated Luminosity (ab™)
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precision will be reached through

Ultimate y 'from' tree deCﬂYS many individual measurements

A= DKp
B—>D(Km)K rmt
b 9 \Il B->D(K3m)K I:B e
- \ B>D(Km)K s B->D(Kr)
© TR T \ Belle Il rD]EC [6.50k] . 1" S—
T E B->D(KK)K* e - B->D(KK)K
E B->D(KK) - W
8 E = _ “ B> D(nm)K* " L g -- :lBﬁD{KKJCD
c E - B—>D(mm)K
: E B->D(K hh)K _Bs D
? ? : B>D(K*KIK  gsp(amk
2, 6
o
&

70% data Y(4S), NO PXD SHUTDOWN
o~ —e— 70% data Y(4S), 2018 PROJ 9 MONTHS/YR T
—e— 70% data Y(48), 2019 NOMINAL

i 70% data Y(45), 2019 NOMINAL. improved K
LHCDb estimate
0 2017 2018 2019 2020 2021 2022 2023 2024

Year Oexp > 1

(O tneory Negligible)



Potential improvements
Belle 11 vs Belle

(beyond only statistics)

o continuum suppression
o PID performances
o new possible avenues...

16



Y(4S) B-factory Y(4S) B’ B*

but also continuum factory ....
/
u’d

i 25i | | | | | | | | \ Tl,:l
g 50 -
e hreshold Ba, B
O isf ! energy threshold o 2 B d nothi Ise !

F o ‘ _ s and nothing else !
8 .o e Ls,  for BB production J
A R VO R NP | yao o 2 B mesons are created simultaneously
oo T T il in a L=1 coherent state
\6 944 946 10.00 10.02 1;:;5% (1(;)2{”621)0.3'1 10.58 10.62

= before first decay, the final states
contains a Band a B

o ''on resonance'' production

e'e” > Y(4S)» B, B,,B'B" € \. ,J,< ci hadrons
o(e'e” »BB)~1.1 nb (~ 10° BB pairs) .~ e g —

o '"'continuum'' production (qq=uu, dd, ss, cc)

o(e'e  »>cc)=1.3nb
o(e'e »ss)=0.4nb
o(e'e »>utli)=1.6 nb
o(e'e” >dd)=0.4 nb



B->[K n" n" |, K* Dalitz Analysis

with Belle 11

illustration MC for Belle B»D(K nnn’)K analysis

1800

= Signal

g C : a B — Signal
2 1600} ~—— Miss reco n* E B — Miss reco n°
@ g —charged bkg| 7 - — charged bk
1400} _;”}::fi 1-:-:-: —rnix;!;l ’
1200 ;— uds 80 :_ E:Erm
1000/ I
. C
600 —
400
200 EE; ; 20 |
— 0.1 0.1 0.2 03 0l : ! —
AE (GeV) 0.2 0.1 0 in.cELE{'Ge"ul’]
efficiency loss = 33 %
. . B 0 .
background rejection = 97 % using NB
CLEO cones combined using DNN....
c 1
:E; o.gi— N
Spherical BB events % 08 =
2 07
flavour tagging and vertexing " .-
( K- ~  MVA Method:
0.5 — PyKeras
- BDT-AdaBoost
0.4 — BDT-Gradient
0s ; Fisher
i - L R sy

Sianal efficiency



Fraction (%)

Belle Il in few words

o collecting 50ab ' from 2019 to 2027

SVYD Belle

R e [ | .

r[em] PXD+SVD Belle |l
20
[em] :xl‘ayers DSSDs

Interaction Point

Ks from B = K*

4 DSSD layers = 2 pixel layers + 4 DSSD layers
larger radius outermost layer (8.8 cm - 14 cm)

PXD/SVD: K™y TCPV

CDC track + SVD hits in the|l st and 2nd outermost layers

100 |-
80 [, ) ]
P : K4 reconstruction with
40
20 7cm-> 12cm
0 0 5 ' 10 15 20 25 30 35 40 45 50

r of Ke vertex (cm) Ratie_of B - py (sig) and B = K7 (bg)
— 5F - ® B'—p'y
A: B™ poy 0 25_ ? I B'—p'y
s =
— 0 * . - *

g B= K*(&92) v 0 b * = .
2 3% K/ mislD assumed E . .
= 5a|51-8quif. 1 ;_ Y
= *
Ar
= peslms | 1 & | 1 ) vl 3 Ll - l i
04 02 0 02 04 10 0° 10
AE=Eg* - Eveam (GeV) K misidentification rate

= new detectors (CDC, TOP, ARICH) in place (see P.Urquijo's talk)



B->DK"™ at Belle II

B->Dn

B » DK
illustration with Belle B»D(K=)K analysis = 5000 000 BB
S 5000 Ss000 :
2 4000 S continuum
KID<0.6 (pion-like)| 3™ P
€ 2000 2000
@i 1000 111000
f\rf %:’ID;:.D,& _ % (1 . AD I{) i'\'TtEf Rh’fr . %.1-0.05 0 005 ?&e?i)w 0.2 0.25 0.3 %.1-0.05 0 005 (()'G1e?i)15 0.2 0.25 0.3
DK 1 DK D §1 s §1 s
AT _ - m AD ) _ 1600 1600
*'\r;, KID<0B — =~ (1 ?FA )}‘tot Rhﬁ?? (1 E) S 1400 1400
I #1200 #1200
€ 1000 <1000
D _ A\ D=y arDw .
N, kip>06 = = (1—=nA"") N& K e e
= 400 400
rDw 1 A D rDw i eto
}"n,ffm{u.ﬁ = 3 (1 —nA ) Nt (1 - hf) b i o 10 o
>
&
KID>0.6 (kaon-like) | 3
P
g
kaon fake kaon eff pion eff pion fake =
[].—E] € [l—h:) K 05 01 0 %.1-005 0 osE 0315 0.2 0.25 0.3
MC 14701006 | 8541006 | 9542 +0.03] 44712003 (GeN) G
data 15864040 |84324+030 | 0213 £046| 7944031 = = :22
< <
S S 140
:,.’ ‘”-’ 120
& § "a
for Belle i @ 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)




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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O

O

O

B->D(K, nn)K

D= K, nx has never been explored in B-factories
However, J/yK; has been used for sin2f extraction

with a reasonable efficiency/purity (and a significant impact)
potential is even more promising in Belle II (upgraded KLM with scintillators)

""Precise Measurement of the CP Violation
Parameter sin2p in B°»(cc)K° Decays""

[PRL 108 (2012) 171802]

J/vK, [CP even]

& a00F E i 772x 10° BB pairs
9 300 § g 200 :
= o0 =[15600 £ 150| +£10041
“ 150| : =96% 100} ity =63 %
100} 50| «"\ batkground subtracted
BOp et g op™  T==agood tagged only
0 I—6I -4 -2 0 2 4 6 ]
sin2p8 =0.671 + 0.029 g 0.8? sin2f =0.642 + 0.047
A =-0.014 £ 0.021 E oSl A =0.019 + 0.026
2 oz gl Fa g ]
O ' o | ; |4
A I
-0.4} g -0.4 J(
-0.6 | a0 6.1

-0.8}

_1: [P

6 4 -2 0

At (psh

sin2p =0.667 £ 0.023 = 0.012 |. .

o World's most precise

A =0.006 + 0.016 +0.012 |?

measurements
o anchor point of the SM

o still statistically limited !




Estimates of y sensitivity with B*D(K xnnn')K*

o The decay D’ K.n" n~ x° has a relatively large branching fraction of 5.2%,

almost twice that of Kont' 7t~
o Interesting resonance substructure
— K. w — CP eigenstate GLW like

— K "7 n° — Cabibbo - favored state (CF) — ADS like
— CLEO-c obtained F, = 0.240 + 0.021 (significantly CP-odd)

o ¢, <0 = CP oddness of Ken" ™ 7’

Bin number Specification Bin e 5
1 mr w w) &= miw) 1 1.12 = 0.12 0.12 + 0.17 "’157 _P
2 m(Kir~ ) = m(K* ) & m{nt =) = m(p) 2 0.20 + 0.07 0.11 + 0.13 i
3 m(KEr ") = m(K* ") & m(x ~ =) = m(p~) 3 0.41 + 009 -008+ 018  f
4 m(Kdm ) = m(K* ) 4 0.84 + 0.12 0.73 + 0.34 1y
5 m{K2xt) = m(K*T) 5 0.54 + 013 065 + 0.13 .053 )
6 m(K2n0) = m(K*0) & 0.22 £ 012 137 +0.22 l
7 m(rtr0) = m(pt) 7 0.90 + 0.16 0.12 + 0.40 T
8 Remainder 8 0.70 £ 0.14 0.03 + 0.44 e s 0 es

o Project to a 50 ab™' sample o, ~ 3.5°
o compare to B*3D(K¢n'n )K* 0, ~ 2’
o on-going Belle analysis should give us a more precise estimation soon
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c; and s, at charm factory

at ¢(3770), J'*=1"", decays to a DD pair (decay are quantum related )

D mesons decay to final states f, and f, with CP eigenvalues n_ and n,

CP conservation requires that n.n, (-1)" =1, hence n_/n, = -1

= if one D meson is reconstructed in a CP even (odd) eigenstate,
other D meson must be CP odd (even) eigenstate

measurements of c, and s, require that one of the D mesons decays to

K2n"n~ final state and the other decays to final state X,
if X, is CP even (odd) eigenstate, D meson decaying to Kon*n~ must be CP-odd (even)
amplitude and partial width of D, at Dalitz plot coordinate (m?*, m?):

A(D. - Kh*h™) = %(ﬁﬂ +Ap),

AT(D, - KOW*h™) 1( ., -2\ . — .
dm?2 dm? - 2 (AD +Ap ) + ApApcosop.

decay rate to bin i of the D, Dalitz plot:

1
L;(D. — K:E}h+h_]l o = (TG +1-;) 2T T ;.

=

. . 0 + _
if X, 1is Ken e

Iijoc T;T_j+ T Tj - 2\/T5T—;‘TjT—j{C:'Cj +5i5j)-



arXiv:1010.2817, arXiv:0903.1681

c,, s, for D>Kon' n”

M;" = hope(K; + 20 KK + K_y),

M = heonr(KiK_; + K K; — Zw-'xfi';f{_j K_;K;(cic; + sis;)).

1 1 O - T =f f -t T.F rf
c',s' for DK n"n~ M* = hepe(K! 72/ KK, + K',),

M, = heore (KiK' + K_i K] + 2\ /KiK' K_ K (cic; + s5}))

Ac;, As, are model-dependent i Ac As;

1 0.39+0.17 0.07+0.06
with assumption made to deduce Ac;, as 2 0.18£0.05 0.01+0.10
DCS decays contribute with opposite sign, 3 061=015 0.30=0.12
CP-eigenstate amplitudes related by factor 4 0.09=008 0.00£008
(1-2re®), r = tan’6,, 5 any value 5 0162017 0.06 +0.06

6 0.57+0.21 —0.1540.24
use BaBar model 7 0.03+0.01 —0.04 % 0.06

8 —0.10£0.15 -0.15+£0.21

By the way, c, and s, come from charm factories (CLEO-c, BESIII)
but could we use e*e >y (3770)y,x Sample ?



Could we use e* e >y (3770)y,,, Sample ?

P(3770)
R ‘ e’ e‘-:>D¥_), arXi:v:O708.0082
° 5__ + @ I % e+e-)D+D{a;ISR
P,
R 9 Y ﬂ\‘ _ §+J5H&+.+d+.+h W o 4
i - e'e »D° D’y
| + 0.5: % } ge e - %
0 .+. ++1+L.J+.+|+m+m 0 1. L L at+%{*+JH{|+§}.*1E+HL++++.#uﬂﬁ#tﬂrhh
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_ j. AN h. .Hﬂﬁ:} .{. { i'| +.+H+++.H| .{'{:++.++#‘+F‘mi*ﬂ+ﬁ+ﬂ+ﬁ++ A

Y

to be compared to CLEO-c, DT yield (Kgnin, Kn+Kan’ +K3a+Knn+KK) = 7,000 evts @ 0.8 fb™*

7 38 39 4 38

46 48 5
M(D D), GeV/c?
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both D candidates reconstructed

in Kn, Knn®, K3, K nm, KK channels

signal yield ~ 150 evts for 673 fb™"
= 11,000 evts for 50 ab™

N,_\ [ "U [
"o 300F = L
SF @ | 1 3 0F
g . + .
J 200 S 100
= + N z i
100 j_ + +_'_+++ + 50 :_
ok i s ok
2 1 0 1 2 8 9 10 11
M D D), (GeV/ich)? M(D Dy), GeVic?
g
< F
z A (c)
102 o
ot Tt +
10 T T T 4T+ i +1 H+§
1 0.5 0 0.5 1
cost

only for K nn mode, only for 0.8 fb™' so doesn't seem to be competitive




Time - dependent measurements

o All of the measurements presented so far were time-independent
o Time-dependent measurements (mixing induced CPV) also possible:
— B"»D"x, B"»DYp
o In order to extract y from B- SS/SV decays, must supply r = |Ao/ Af|

externally (expected to be ~ 1-2% ), usually assuming SU(3) symmetry
= not good idea to include those measurements in y average

o In B VV decays, one can extract all physics parameters from data
o Belle study: ~ 100k evts per ab ',
3 helicity configurations: A = Zx A,
we use Cartesian coordinates {r,, 0,, ¢} 2 {X,, V5, X5, Vi }
o(2p+y)=11" for Belle II with 50 ab™"

o on-going Belle analysis should give us a more precise estimation soon
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A look at first data... (phase 2)
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D=2K
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Rediscovering beauty: B> D" h + B> J/¢y K"

Results for 0.5 fb ™" Candidates in signal box

(M, > 5.27 GeV/c’,

;" IIIIIIIIIIIIIIIIIIIIIIIIIIIII!IIIIJIIII: 1-&;::'” |||IIIIIIIIIIIII||||||||||||||||||||||||||

= %0 mapmy T = R o |AE| < 0.050 GeV)

o - s, K, K . = s K, e

TBD :u -r:_.ra.r: B =120 :;.:u:-rc_.ra.r: y Mode yield
40, By ] - 30 (i, Ky

E?ﬂ' el - -Emu v B* = Dzt 116

B* =+ Dp* 61
B* = D*n* 22
BY » DEaF 13
BY — D**pF 10
BY - D¥x¥ 25
BY - D*pF 33

B— JIK 29

Balle I 2018 jpaliminary)

Belle il 2018 (preiminary)
IL dt= 472 pb”

IL dt = 472 pb"

B2 521 522 523 524 525 526 527 528 529
M, (GeVict)

%27 045 01 005 0 005 01 015 02
AE {GeV)

Show capacity for charm physics in e" e = cc
- D, D", D
o Cabibbo favoured and suppressed modes

... for B-physics
o hadronic modes from b->c
o semileptonic decay modes from b->c
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C OI]Cl“SiOn "Data ! data ! data !" he cried impatiently

"I can't make bricks without clay." (Arthur Conan Doyle)

o Promising perspectives at Belle II for y measurement
o To stay competitive, we need to stay on schedule...
o With first data, more realistic estimation on going
o But also plenty of room for improvements
— improved methods
— new modes (some pioneered on Belle data sample)
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equations for the rate of events in bins i and —i of the Dalitz plots

for B  and B’ decays: .
1
o ol S 6 5
X, =rgcos(ogxy), B
4
V. =rgsin(og+y). :
1

m2 [GeV?/c4]
1

[.;(B- = D(— Ko h)K™) oc [Ty + (x2 + 93T+ 2 T Tj(x_cy + v_s.;) |,

[ (B> D(—> KM W )K ) o [T+ (2 + 9T+ 2T T i(x_ci +v_s_)|,

[.;(B" = D(— Kf!ﬁi‘:‘}Kﬂ o :T_,— + (.x’f’: + yf}ﬁ,— + 2T T j(x,cyj— 'y+5+i]:,

Ii(B* — D(— KON H)K™) oc [Ty + (22 + )T + 29T To(xacy — pasy)|.

parameters T_, can be determined by measuring decay rates of flavour-tagged
D’ »KJin'n decays, i.e. where D meson can be identified as D’ or D’

measuring B> DK decay rates in each bin, 2k+3 unknowns =c¢;,, s;, rg, 6z and y
k > 2: greater number of equations than unknowns and y can be determined

preferable to perform dedicated measurements of c, and s,, use them as inputs



Binned Dalitz method result in B» DK 772V %F

[arXiv:1204.6561]

50 y¥i/ndi 3331015
% 120 > e 20F. Prob u.uum?l
@ Lo = oF
> 100 BELLE = 30F
- i 20F
S 80 > 10f
2 60 O
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ﬁ -40F
"8 6 4 2 0 2 4 6 8 Vg6 4 20 2 4 6 8
Bin Bi
s 0.3:—
ook y=(77.3"17s 4.1 +4.3)
0.1 r; =0.145+ 0.030 =+ 0.010 +£0.011
o 5, =(129.9 + 15.0 + 3.8 +4.7)
0.1
i uncertainty in c, s,
0'2;_ from CLEO data size
-0.35 .. (can be reduced using
0.3

future BES-III data)
X



quasi-GIW, quasi-ADS...

certain multi-body decays are almost pure CP-eigenstates:
= quasi-GLW, for example for D2>4x, 2F, -1 =0.737 = 0.028

other like ADS modes: for example DK =x’, coherence factor ~ 1

4 X0309001

3P0 F 350 F
E (a) c
30 [ |16 300
~ 2s0F []26 250 [
=] C - E
$ 200L 30 g 200
= 15(]:_ *BeSt Fit ;;’ 150:_
go  f = F
100 | 100 &
50 | 50 &

U_||||||||||||||||||||||||||||||||||||||||||||||||| O: e been b b b e gy

0 010203040506 0708089 1 0 010203040506070809 1

R R
™o . K3m

yields of double-tagged events where one meson decays into K n*x° (or K3x),
and the other meson decays into CP-odd, CP-even and K=



Ultimate ‘y -from- tree deC avs precision will be reached through

|:|:|3 [deq] Uncertainty

=
[

—i
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many individual measurements
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y measurements from B*-» DK™

o Theoretically pristine B»DK approach
o Access y via interference between B~ » D°’K and B~ » D°K"~
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Combined measurements for y from all methods
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° ° ° 0 -+ —
Charm mixing in D" =2 K ' &
The ratio R(t) of WS D =» D’x" 2 K'n " toRSD = D'n" K n'n’
decay rates can be approximated (assuming |x|, |y|<< 1 and no CPV) by:

DCS to CF ratio miXingrate SRR AR

: 151 [FPCP 2013]

R(t) =R+ VR S | N
( ) DY 7 : :

X = XCOS 6“ + ysin 6;@ Oy .. strong phase difference
y = ycos d.. — xsind,_  btw DCS and CF amplitudes

S

0.5F i -

Exp R y x 2 5 0.08-0.06-0.04-0.02 0 0.02°0.04 0.06
D
10—3 10—3 10—3 RARARERARE AL AR R AL AN
(107) (107) (107) 151 [ winter 2014 ]
Belle 353 +0.13 46+34 +0.09+0.22 5.1 i3 _-
PRL 112 (2014) 111801 ~ 5 ]
BaBar 3.03+ 019 9.7 +54 —022+037 39 -—os. LHCb -
PRL 98 (2007) 211802 - CDF Ny
LHCDb 3.57 £ 0.07 4.8%1.0 +0.055 % 0.049 ? °r BaBar et g
PRL 111 (2013) 251801 ok Belle : 1
CDF 3.51 + 035 4.3+ 4.3 +0.08 +0.18 6.1 0.0870.060.040.02 0 0.02 0.04 0.06
x? (%)

preliminary (2013)



ADS observables

o (R,, R_) instead of (R,,¢, A,,s) whenever available

Effect of D-D mixing on y

o M.Rama, arXiv:1307.4384

o RT=ri+r +2r,r,co8(d,Fy+J5,)
> R =ri+1’+2r,1,C08(8,FYy+d,) — yr,Cc0sd, — yIr,Ccos(d,Fy)+
XIpSind, — Xrgsin(d;Fy)

o tried on the current LHCDb average (DK): ~ 1 degree difference



Kax’, K3x from CLEO-C

yields of double-tagged events where one meson decays into K n"n’ (or K3 =),
and the other meson decays into CP-odd, CP-even and K=

[arXiv:0903.4853, N.Lowrey et al] that we could reproduce earlier

5 (deg.)

(combined with external inputs: x, y, §;...) extending the charm fitter (+ Br's)
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2014 version (currently used in our y combination ):
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Kan’, K3x from CLEO-c [J.Libby et al,arXiv:1401.1904]

yields of double-tagged events where one meson decays into K n*x° (or K3 =),
and the other meson decays into Ko n~

- N | DA
/ }/1 == ngnl}(ﬁi-l—{rﬁuu ]E.H._f —

measure by CLEO-c Qrﬁ L vV KiK_; Ry o |c; cos éﬁ”u + 5; sIn rﬁﬁ”u]) :
K. : fractional yield of D° decays that fall into bin i

o 350F
ﬂ 300
% - 1 0
!l!ml:l Eﬁu-_

200} 2
ot 3 o

100+ Best fit
SOF

|||||||||
q':l 0.10.203040506070809 1
EE? Eﬂ3[

q'.'l 010203040506 070809 1

= will soon include this information
K3 x charm information is limited:

o possible additional inputs from BES III
o B factories/LHCb |S.Harnew and J.Rademacker, arXiv:1309.0134 ]



ADS B»D(K3x)K

\ 4

where ''expectations'' derived from the GGSZ observables, §,, r, and R (for K3 x)

D(K3x)K [PLB 723 (2013) 44]
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[~ | excluded area has CL > 0.95 n
1.0 — ik
350 B 7
300 - . i
& 05 —
250 - e . i
] ™ - 1
5 200 4 5 I m
™ i 0 —
e 0O 0.0 B i
\a = S iz o
o 150 8 L _
< - H
100 = <L -05 m -
. fitter preliminary E B L i
CKM 14 naive statist;cal treatment (flor illustrative lejrpose only) = -1.0 — % p re I Imin ary e
000 e 0.2 el 0.4 = 0.6 == 08 e '1'0 : CKM 14 naive statistical treatment (for illustrative purpose only) :
; i : R j g : I D [ | | (LR [ [ | l [ (BT R | | Y D [ | | LMY SR | | Y IS [ |
K3n 0.00 0.01 0.02 0.03 0.04 0.05 0.06

R, (D(K31)K)

= D(K3x)K LHCD result included in the y combination



ADS B3 D(Kznx’)K

where ''expectations'' derived from the GGSZ observables, 6., r, and R (for Kan’)
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Evidence for the suppressed decay B— — DK, [0 -+ K o~ REC (D(KTCTCO)K)

M. Nayak,'® J. Libhy,'® K. Trabelsi,'? I. Adachi,'* H. Aihara,® D. M. Asner,*? T. Aushev,”™ A. M. Bakich,*?
A. Bala,*® P. Behera,!® K. Belous,'® V. Bhardwaj,* G. Bonvicini,®* A. Bozek 38 M. Bracko, -2 T. E. Browder,!!
D. Cervenkov,® M.-C. Chang.® P. Chang,*™ V. Chekelian,®® A. Chen?* B. G. Cheon,!? R. Chistov,?® L-S. Cho,* DK [ PR'D 881 09 ]' ]' 04 (R) (2 0 ]‘ 3 )]
K. Cho,® V. Chobanova,®® Y. Choi,*® D. Cinabro,%0 1. ]]'1]%(110 28,51 M. Danilov, 2030 ¥ Dolegal ® 7. Dras ﬂ
I)[ 1o o . g g 4 - IS S = T ﬁﬂx:\ = 4% 3 T LTINS S 2 4 - Fit]

We report a study of the suppressed decay B~ — DK, D = Ktr z", where IJ denotes
E either & D" or a " meson. The decay is sensitive to the CP-violating parameter ¢y, Using
P. a data sample of 772 x 10° B pairs collected at the T 15) resonance with the Belle detector,
we measure the ratio of branching fractions of the above suppressed decay to the ﬂ-ncrrﬂ:l decay
B~ = DK~, D — K w"a". Our result is Rpx = [1.98 £ 0.62(stat.) £ 0.24(syst.)] x 10~2, which
P. P4 indicates the fr'-..i evidence of the signal for this suppressed decay with & significance of 3.2 standard
deviations. We measure the direct CF asymmetry between the suppressed B~ and B™ decays to be

R. MY

V. 5 - e
M. S Apx =041 £0.30(stat.) + 0.05(syst.). We also report measurements for the analogous quantities
ALS Ry and Ag, for the decay B— = Dr—, D = K+o o

M

G. \'.m]sr UK. E. Varvall,(® M. N. W; 1r'11c~r""li ] “r"l.'l'l'-'" 36 M.-Z. Wang.®" Y. Watanabe, 2 K. M. Williams,**

=" Belle (and~BaBar).D(Knn")K Tesults included in the y combination
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GGSZ versus GLW+ADS
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[workshop on charm physics at threshold, Beijing, Oct 2011 |
The small g issue (J-Charles)

clearly in the rgz — 0 limit the interference disappears and there is no sensitivity
to the phase y

when the true value of rg is small, then the distribution of ' best fit values for
randomly generated data is biased towards larger values, until the experimental
errors are sufficiently small to exclude the rg ~ O region

on the other hand the error on 7y is roughly proportional to 1/rg, hence for small
rg it is biased towards smaller values

in the language of frequentist statistics it means that the usual Aln £ = 1/2 rule
does not work here, the 68%CL interval extracted from it does not cover the true
value of v at 68% frequency (undercoverage)

to correct for this effect one has to compute the actual distribution of the profile
log-likelihood, and from that distribution deduce a p-value or a CL interval

problem: as soon as the log-likelihood is not distributed as a x?, its distribution a
priori depends on the nuisance parameters, namely rg, dg etc.



Yields for the ADS mode B™ » [K'n |, K™ from 772 million BB events
PRL 106, 231803 (2011)

for NB> 0.9 for |AE| <0.03 GeV
20 ' 7 5
18 Lo 50 | |
E 16 g — Signal
14 | S 40 |
- 12 ~ —_— [Kr|m
2's g BB bkec
E 'E [ ——
g 6 =20 5
w4 10l - q bkgd
2 :
%1 o0 01 02 03 O
AE (GeV)
First evidence obtained
+15.1
26.0_,,, events with a significance of 4.10
R, = (1.63 t?f.ﬁ i?)'.(i;) x 1072 (lnCludlng syst )

_ +0.26 +0.04
Apk =—0.39 2555 Z0.03
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