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METHODS FOR MEASURING ¢3

+ Best theoretically clean way of measuring ¢s is based on
interference between b — lics and b — ucs tree level amplitudes

- Eg, B — DMKE followed by D — fand B* — D®)kE followed by
D — f, where fis a common final state

+ No penguin contribution =
o theoretically clean

+ The only CP-violating parameter
that can be measured solely in
u tree-level processes

¢ * ¢ precision is limited by small
s branching ratios
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METHODS FOR MEASURING ¢3

GLW Method [8, 9]

+ D meson is reconstructed from CP-even (D¢p+) or CP-odd (D¢p-)
final states

- B can decay weakly to either D° or D°, but when reconstructing a
CP eigenstate, actually selecting superposition (D° & D%)/+/2

I‘(B‘ — Dcpi K_) + I'(B+ — DcpiKJr)
M(B= — DsayK=) + (B — DsayK*)

Reps =2 = 14-rg+2rg cos(dp) cos(b3)

F(B_ — Dcpi K_) — I'(B+ — Dcpi K+)
F(B— — Dcpj: K_) + F(B+ — Dcpj: K+)

Acpt = = +rgsin(dg) sin(¢s)/Rep+



METHODS FOR MEASURING ¢3

ADS Method [2]

« Doubly Cabibbo suppressed (DCS) D decays can also be used to
measure ¢
+ Eg, [KT7~]pK™ can be reached in two ways:

« Cabibbo favored (CF) B~ — D°K~ followed by DCS D° — KTz~
« DCS B~ — DK~ followed by CF D°® — K= # ™"

(B~ — [KT7~]pK™) + (BT — [K=7T]pKT)

Raps = F(B~ — [K-7t]ok~) + T(BY — [K*7~1oK¥) . additional vars rp
= + I + 2rarp COS(d + 0p) COS(¢53) and &
+ Can be obtained
Paps = F(B~ — [KT7~]pk™) — [(Bt — [K~7]pkt) from charm
F(B~ — [KF7~]pK=) + T (Bt — [K=7t]pkt) factories

= 2rglp sin(éB + 5D) Sin(¢3)/RADS



METHODS FOR MEASURING ¢3

GGSZ Method (Dalitz) [7, 4]

» For self-conjugate multi-body D final states, e.g., Kt m~
* The amplitude for BY — DK*, with s+ = m3, ,:
S

~ 3 10°
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Ag+(S4,5-) = Ap + rge/ =T ®)A, <
Ag—(54,5-)=Ap+ rBei(55+¢3)AD % 2 102
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* Ap(S+,s-) is the amplitude of the D 1
decay
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B~ — D°K— ,p° — Kn+x~ (GGSZ)

+ Dominating measurement of ¢; at
B-factories

First model-independent Dalitz analysis
¢y = (77T £ 41+ 43)° [1]

* In recent model-dependent analyses,
model uncertainty 3° — 9°

- Latest model-dependent result (incl. D*K)
¢y = (78.4708 £3.6 £8.9)° [14]
« For future experiments, model uncertainty

is expected to dominate (more statistics
and BES-IlI results will supersede CLEO-c)

|Bin index i|
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Model independent

+ Model uncertainty
replaced by statistical
uncertainty from CLEO-c

+ But ~80% of statistical
precision 5



B~ — D*9K— ,p*° — p°x°, 0°~ (GLW AND ADS)

Full data set: 772M B pairs

+ B-factory exclusive 3 3
measurement (low E 7%/~; CP-) + g g
(S~ =

GLW Q ‘ “

= Com b| ni ng resu ltS for ~0.1-0.05 0 oXSE?ée%S 02 0.25 0.3

D* — Dr¥, Dy yields: s g
Acpy = —0.14+0104+0.01 &8 g
g s
Acp— = +0.22 +0.114 0.01

i@ .2 P e g d o 1Rl R e,

-0.1-0.05 0 OUSEO«I;JI;S 0.2 025 0.3 £1<005 0 DOEE?ée?I;S 02 0.25 03

ADS
Rp-.pro = [1.0755(stat) 795 (syst)] x 1072
Rpk.py = [3.6713(stat) + 0.2(syst)] x 1072

 To be published soon 6



B~ — D°K— ,p° — k*x—=° (ADS)

« Full data set: 772M B pairs

- Caveat: strong phase from the D decay dp can
vary over multi-particle phase space, which
can dilute CP-violation effects

=

o

=]
T

100

Events /0.5

50

+ However, this effect is quite small here N
(coherence factor close to 1[10]) U842 0246810

NB

Rok = (1.98 & 0.62 & 0.24) x 1072
Apk = 0.41 4 0.30 + 0.05

Events / 10 MeV
58 0o @ 6K
T

« First evidence for suppressed B — DK decay; s H' § ]
significance 3.20 [11] .%.1.64.35: R
AE (GeV)




¢3 COMBINATION FOR CHARGED B
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B® — DOK*O k0 — k*x—,D° — k—=+ (ADS)

+ Full data set: 772M B pairs
+ Self-tagging channel because of the K*

Events/(0.01)

decay
+ ADS but with D[K* 7~ ]¢- — slightly . s ;
different Rpy-o definition B0 ey 03

Rpk=o = (4.1735728) x 1072

+ As the Rpk-o value is not significant, an
upper limit was established [12]

: RDK*O < 0.16 (95% CL)

Events / (0.01)




B® — DOK*0 k0 — k*7x—,D° — Kintn— (GGSZ)

« 1st model-independent Dalitz analysis of B® — DOK*° [13]

+ Full data set: 772M B pairs

- Results given in Cartesian coordinates (Gaussian, easy to combine)

1.04-0.0
X_ =+0.415910% + 0.0
0.840.1
y_ =—0.619851 + 0.
Xy = +0.17079% + 0.1

Y+ = 40370355 £ 0.1
rs < 0.87 68% C.L.

Model independent

+ Model uncertainty replaced by
statistical uncertainty from CLEO-c

+ But ~80% of statistical precision
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X+ =1TIs COS(55 + ¢3)
Y+ = rssin(ds £ ¢3)



TIME-DEPENDENT MEASUREMENTS

+ All of the measurements presented so far were time-independent
+ Time-dependent measurements also possible
+ Channels like:

- B - DMWr [3]

- B® = DWp

+ Mixing induced CPV

+ In order to extract ¢5 from B — SS/SV

B f
decays we must supply r = |Apcs/Ack| ol
externally, usually assuming SU(3) \ %
symmetry
- In B — VV decays one can extract all RO

physics parameters from data

1



B> W
- 3 helicity configurations; A = 3", Ay
- [ = |A]? = interference terms (more info about Ay gets preserved)

- In principle we can extract py = rye/(=2#1=¢:+x) gnd
Px = r)\ef(+2¢1+¢3+5>\)

« However, when ry are small fitting can fail (r = 0 is a pole in
sensitivity of other vars)

+ We use Cartesian coordinates {rx,dx, dw} — {Xx,¥x, Xx, Va

* px = Xa+iyxand py =Xy + ¥

* This introduces 5 new vars; successive step has to be made to
extract the physical parameters



D*p YIELD

« 60k events in the Belle dataset
« r=|Apcs/Acr| is expected to be ~ 1 - 2%; small CPV effect

+ Realistic yield fits

T T
N, = 3810.620 +- 188.706
= 19108.132 +- 225,630

Foyan = 1122 +-0.016

1000 . T . .
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D*p REALISTIC ANGULAR TIME-DEPENDENT FIT

Var Fit o
laj|  0.2861  0.0022
) (@) 05919  0.0130
MC sample generated with: la] 09306 0.0008
N 60k events (GJ_) 3.1159 0.0110
x| 0.0530  0.0222
+ Helicity amplitudes from CLEO [6] Xo 0.0640 0.0137
L _ 0 X1 0.0700  0.0228
n="1% y, 00109 00143
- Random values for strong phases: vo  -0.0131 0.0046
- 6, =—0.393 ) -0.0369  0.0225
. 8 = 0.785 x| 0.0669  0.0240
5 1571 Xo 0.0829  0.0114

X1 0.0530  0.0249

* 2¢1 + 3 = 1.79371 I 0.0123 0.0168
Yo 0.0055  0.0046

Vi 0.0297  0.0235

Realistic Toy Fit
14



D*p EXPECTED UNCERTAINTY

- Based on simpler (generator level)

more optimistic (higher yield) toy MC s
- Robust 2¢; + ¢3 extraction from x, y s
- Adjusted for actual yield, resolution,

. 20

flavor tagging: 15

« o(2¢1 + ¢3) =~ 80°(stat) for Belle 10

© o(2¢1 + ¢3) ~ 11°(stat) for Belle Il at °

50ab~" °

30
+ Without any external input 20 LTS
- We can decrease o, if we take, e.g, ry ™ Soma " yews
from other measurements (D} p) U5ETHe E s S



BELLE Il SENSITIVITY SIMULATION

« Sensitivity simulation study

B — [Ksh™h~]pK (GGSZ)

+ The study was not finalized, not fully
tuned:

+ Continuum suppression
- Particle ID

« Full Belle Il simulation w/ reconstruction

« Statistical uncertainties (for the chosen
channel)

- o(¢3) =9.5° with 10ab™"

- o(¢p3) = 2.9° with 50ab™"

+ Qverall precision improvement as
expected

« Incomplete, conservative estimate

5
3
z
3
g

02

® signal
e generic BB
e udsc

oD — Dm

S 70
‘Amountof Data [a)



¢3 COMBINATION PROJECTION

z 1P prrrrrrrr ERasmREassmEsssnesssnes;
_E ; Belle Il Projection (July 2015) //i
+ Belle Il based on 3 =~ LHCb [fb™ )_//‘ .
B — DUIK() | epeleman] /'/../’“—':
- LHCb based on B — DK, RIS = .
Dr* and DK*? F A 1
Both with i ]
"
*D— KK, D— 7w, D — Kmr .

2015 2016 2017 2018 2019 2020 2021 2022 2023 2024

" D — K7T7T7T Year
* D — Ksmmw g 125 NN Eelle i Projection (uly 2015 E
Both experiments have/will 3 wof .
include more modes o o \\\
Work ongoing to estimate oF \ 1
sensitivity more precisely £ ]
E ~#- LHCb Q\‘ E

. 2|~ -@- Belle (Il) 70% data Y(4S)

LHCb values based on extrapolation [ e Belle (hall data Y(25) ]
05518 616 2017 2018 2ols 2050 2051 2033 2033 2034

from LHCb-PAPER- 2014-041
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NEW PHYSICS

« New Physics (NP) in ¢5 searches: usually compare tree-level with
penguins

+ Recent studies show that NP contributions to tree-level C; and G,
of O(40%) and O(20%) are not excluded

* Rough estimate shows that deviations in ¢; of O(4°) are
consistent with current experimental constraints [5]

+ Motivation for theoretical and experimental study of ¢;



THANK YOU!
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COMBINATION FOR CHARGED B

Belle World
--- Belle GLW+ADS ( --- GLW+ADS
o - --- Belle GGSZ ckme - --- GGSZ
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The world combination doesn’t include LHCb's recent
measurements. LHCb alone now reached v = (72.2%55)°

24



	Appendix

