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e Conditions for Direct C PV

e Km-puzzle:

- Test-of-sum rule for B — K.
- Extension to B — K*m and B — K*)p systems.
- Comparison with (N)NLO calculations.

e Triple product asymmetries in B — V'V decays.
e Large local C'P asymmetries in 3-body final states.
e DCPV in B, decays.

e Expectations from Belle II, both with increased data and
detector improvements will be discussed throughout.
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@ Direct CPV is observed by comparing the decay rate of particles (P — f)
and anti-particles I'(P — f), where f and f are C P-conjugate final states.

@ Stated simply, if
I(P— f)#T(P— f) = CP Violation in decay

We can express this as an asymmetry:

Acp = T(P—f)-T'(P—f)

T D(P—=f)+T(P—f)
_ [AP-A? 2|as|az| sin(¢1—¢2) sin(61—02)
[A]2+|A? la1]®+|az|*+|a1||az| cos(d1—¢2) cos(61—b2)

e To observe C P-violating effects by comparing I'(P — f) and
(P — f) we need:

© A minimum of 2 amplitudes contributing to a given decay process.
© Both C P-violating and non-C P-violating phases.

P. Goldenzweig Direct CPV in B Decays 8.11.2016
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Figure 17.4.4. The dominant Tree-level (a) and Penguin-loop
(b) Feynman diagrams in the two-body decays B — K= and
B — 7 (Lin, 2008).
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arlsruhe Institute of Technolog:

Measurements of DCPV in BT — K70 found
to be different than the same quantity in
BY — K7, contrary to the naive expectation
from the presence of electroweak penguin
diagrams.
AK+7r0 - AKﬂr =
0.112 £ 0.027 £ 0.007 (40)

The difference could be due to:

- Neglected diagrams contributing to BT
decays (theoretical uncertainty is still large).
- Some unknown NP effect that violates
isospin.
In combination with other K measurements and with the
larger Belle I dataset, strong interaction effects can be
controlled and the validitiy of the SM can be tested in a

model-independent way.



http://journals.aps.org/prd/pdf/10.1103/PhysRevD.87.031103
http://journals.aps.org/prd/abstract/10.1103/PhysRevD.84.092007
http://journals.aps.org/prd/pdf/10.1103/PhysRevD.78.012004
http://journals.aps.org/prl/abstract/10.1103/PhysRevLett.96.251803
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Additional diagrams *
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Belle T

Dominant

T W,

Additional diagrams

Sub-dominant

Tree C = color suppressed

Penguin Pgw = electroweak penguin
P& = color suppressed electroweak penguin

A = annihilation

P. Goldenzweig Direct CPV in B Decays 8.11.2016 5/35



New Physics here?
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@ Enhancement of C is required

C>T

= breakdown of theory understanding

@ Enhancement of Pepw

= would indicate new physics

denzweig

Many theory papers trying to explain the data...

arlsruhe Institute of Technolog:

Contrlbnﬂngdhgrans
BY =K'~ T+P+PCy
Bt K'? T+P+C+Ppy +PCy +A

] fg=uc 1)

C.-W.Chaing, et al., PRD 70, 034020

Y.-Y.Charng, et al., PRD 71, 014036

W.-S.Hou, etal., PRL 95, 141601
S.Baek,etal.,  PRD 71, 057502
S.Baek,etal,  PLB 653,249

H.n.Lietal, PRD 72, 114005
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B — K Test of sum rule

Belle T

arlsruhe Institute of Technolog;
Test-of-sum (isospin) rule for NP nearly free of theoretical uncertainties, where the SM can be tested by
measuring all observables:

B(KO970)
= 2AKO0x0 BRFr=)

_ B(KO%=t) Tgo B(kKTx9% Tpo
Trn = Agta— Y AROt BRFrm) Tor KO B(RTFr—) Tt

I, = —0.270 +0.132 + 0.060 (1.90)

Isospin sum rule can be presented as a band in the A 0.0 vs. Ao+ plane.

ox0 om0
A& Aon

0 )
~ o (AR Lo (AR
0.10, ¢ * 0.10 ¢
S $
b B
005 0.05
mepsured F) mepsured
e Bs 0
~0.05 005 040 4045 020 025 030 pkoa+ g 005 005 0197015 020 025 030 KO+
Eu

Current data Belle I £ =50ab !

— Most demanding measurement is K7 final state. With Belle II, the uncertainty on
A(B — KO%70) from time-dep. analyses is expected to reach ~ 4% => sufficient for NP studies.

8.11.2016 7135
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Prospects at Belle 11 *
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Belle T

More data:

Extrapolate Belle measurements to 5 and 50 ab—?!

@ Systematic uncertainties scale primarily with integrated luminosity, with the
exception of Acp measurements of channels with K 9:
= asymmetry of K%/ K° interactions in material (0;yeq ~ 0.2%)

@ Ideally separate the reducible and irreducible systematic errors (unchanged
throughout data accumulation) when extrapolating.

- Few modes are systematically limited, so treat all syst. errors as redcible.
- Apply scaling to all stat. and syst. errors to Belle results via:

_ 2 2 LBeite 2
O Belle 1I — \/(Ustat + O—syst)ﬁBe”eU + Oired

P. Goldenzweig Direct CPV in B Decays 8.11.2016 8/35


http://journals.aps.org/prd/abstract/10.1103/PhysRevD.84.111501
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Detector Improvements
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arlsruhe Institute of Technolog:

How will Belle II help to improve our measurements?

Cs|(Tl) EM calorimeter: . 74 m RPC i & K, counter:
waveform sampling i - scintillator + Si-PM
electronics, pure Csl for end-caps

for end-caps

- Increase hermiticity.
. 0 P o
- Increase K g efficiency.

- Improve IP and
secondary vertex \

resolution. 4 layers DS Si Vertex
Detector —

2 layers PXD (DEPFET),
4 layers DSSD

50m

- Improve K/m
separation.

- Improve 7° efficiency.
ime-of-Flight, Aerogel

- Add PID in endcaps. Cherenkov Counter —
Central Drift Chamber: Time-of-Propagation counter
- Add o ID in endcaps. smaller cell size, Y (barrel),
long lever arm prox. focusing Aerogel RICH
(forward) 7

Direct CPV in B D
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K /7 Separation
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arlsruhe Institute of Technolog:

Two RICH systems covering full momentum range

- Barrel: Time of Propagation (TOP) counter (16 modules) TOP+ARICH+DEDX logL-logL >0

,
1 ;
- Forward Endcap: Aerogel Ring Imaging Cherenkov detector o
06 o
(ARICH) 04
02 0.6
o
02 0.4
TOP+ARICH+DEDX logL,-logL >0 04
06 2
.I : e, i o8 '
. ....wmwwmww ﬁ o R,

cos®

<
o
T

0 4

efficiency
s
%

0'7 ! P (GeV/e)
efficiency for kaons
06 ¢ B kaons TOP+ARICH+DEDX  logL-logL, >0
; . +DE y
05 E B pions L

L
0 05 1 15 2 25 3 35 4 45 5 02

S e s
SR NN
T
L
cos®
s 5 s s s
L 28 s 32582 <

p (GeV/e) 04

Belle PID (%) Belle IT PID (%) Tooes 1ous 2 25 3 a5 4 45 s

Ave. K efficiency 88 94 efciency for pions P (GeVic)
7 fake rate 9 4

= Average K efficiency / m fake rate improved: Fake rate decreases by

= 2.5 for the same e.
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70 Reconstruction

arlsruhe Institute of Technolog, Belle I

Re-usage of Belle’s CsI(TI) crystal calorimeter, but with new electronics with 2MHz wave form sampling
to compensate for the larger beam-related backgrounds and the long decay time of CsI(TI) signals.
= Resolution much better at Belle I

time sampling

oE
.25

™ % F Belle Il ' Simuidtion '(Prelilminéry) !
T "
0.2f*
0.15[
tngger t r - ]
- 0.1 -
2x improved r ]
=} oat20x bkg, =
1 ' l 005 - ® o -
| ; . L L o ST, -
os| 0 ]

j [
0 02040608 1 1.2 1.4 16 1.8 2 22 24
E (y) GeV

0§ w15 20 1§
barrel bacground (rel. usits)

REF LUIGIS TALK FOR KS, QR AND QQ SUP?
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Breakdown of the Systematic Errors in K7
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Systematic errors on B (in %):

@ Most of the multiplicative errors, Source Kinm~ K'a" K'nm™ K'n
such as those due to tracking and ggkmg [f [’ﬁ 3%’ gég
PID are obtained from data R>0.2 0.55 0.59 0.80 1.04
control samples, and scale with MC statistics  0.16 0.18 019 023
luminosity. Nps 137 137 137 137

) 0 40 4.0

@ There is also room for K9 168  1.68
improvement with the error due to ~ Signal PDF 028 043 018 180
79 reconstruction, with more Feed-across vA9 04z 018

. Fit bias 0.45
data,.lmproved detector, and more  pHOTOS 1.20 1.20
sophisticated methods. Charmless B 125 035 097 051

@ For the systematic error on Ac p, fit PDF and detector bias due to tracking
acceptance and PID selection will improve.

@ Improvements to K reconstrction (e: 86.9%— 93.6%), signal & tag-side
vertex resolution, flavour tagging (¢: 29%— 32%).

@ Ongoing studies with deep neural networks for flavor tagging and continuum
suppression are showing great promise.

P. Goldenzweig Direct CPV in B De: 8.11.2016


http://journals.aps.org/prd/pdf/10.1103/PhysRevD.87.031103
http://users.ph.tum.de/ga24wax/2016_W6_slides/TDCPV_radiative.pdf

B — K status

Complete set of measurements from Belle and BaBar.

\

arlsruhe Institute of Technolog
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B(1079)

Mode | BABAR \ Belle | LHCb

Ktn= | 19.14+0.6+0.6 | 20.0+0.3440.60

K+ | 13.6+0.6+0.7 | 12.62 4 0.31 4+ 0.56

KOrt | 23.9+1.1+1.0 | 23.97+0.53+0.71

K070 10.1+0.6+04 | 9.6840.46 4 0.50

Acp

Mode BABAR Belle LHCb
Ktr= | —0.107£0.01673:99% | —0.069 4 0.014 £ 0.007 | —0.080 + 0.007 + 0.003
K+70 | 0.030+0.039 & 0.010 0.043 £ 0.024 + 0.002
KOzt | —0.029 £ 0.039 +0.010 | —0.011 £0.021 & 0.006 | —0.022 + 0.025 = 0.010
K070 —0.13£0.13£0.03 0.14 £ 0.13 4 0.06

8.11.2016
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B — K Projections for Belle II
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@ Perform a 2D scan of A -0 0 vs. [, for different P. Urquijo, BELLE2-NOTE-0021

Belle II scenarios. v \ T

Belle IT
- The only possible correlated errors for the Acp e

measurements are caused by the detector bias, which

is estimated with different methods for each channel. 02
= Assume that the bias errors are not correlated. 0
- Additionaly the systematic uncertainties are -0.2

conservatively provided and they are still smaller than
the statistical errors. -1

Projections for the B — K isospin sum rule parameter, I g -, at the Belle measured central value.

Scenario Ap0,0 Igr
Value  Stat. (Red., Irred.)

Belle 0.14 0.13 (0.06,0.02) —0.27+0.14
Belle + B — K270 at Belle I1 5 ab—! 0.05 (0.02,0.02) —0.27 4 0.07

Belle IT 50 ab—! 0.01 (0.01,0.02) —0.2740.03
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K*m and K p systems

Belle I

arlsruhe Institute of Technolog

Expect analogous sum rules by replacing:

K — K*

_ B(K*%7t) Tgo B(K**Tx°%) 7go B(K*°x0)
IK*ﬂ' = AK*+7r_ +AK*OW+B(K*7+:*)T§+ 72AK*+7I'OB(K*7+:*)T§+ *QAK*OWOW
™= p

_ B(K°pt) Tpo B(Kp%) Tpo B(Kp°)
Tico = At + Aropt Blicrs) oy — 20 Bicrss) Ty ~ 2AK00 Bk o)

K—>K*&m—p

B(K*%pt) Tpo 2 Ay B(K*tp% 7po 240 B(K*0p0%)
40 .

IK*p:AK*+p*+AK*Op+B(K*+p ) Tt B(K*Tp—) Tp+ pOB(K*+p )

For each set of decays', perform a 2D scan of Acp (for most limiting final
state) vs. the isospin sum rule parameter.

= Compare with (N)NLO calculations?.

1 N - .
For the PV & VV systems, BaBar 3 and A ¢ p used for projections (Belle results n/a) - see BKUP slides.

2No NNLO calc. for VV system, as longitudinal A~ p fraction n/a for all final states.

Direct CPV in B De
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Theory predictions PLB 750(2015)348-355
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Two-loop current-current operator contribution to the non-leptonic g!;w.m--.»—
QCD penguin amplitude

G. Bell”, M. Beneke . T. Huber®, Xin-Qiang Li®**
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http://www.sciencedirect.com/science/article/pii/S0370269315007121
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arlsruhe Institute of Technolog:

Two-loop current-current operator contribution to the non-leptonic @
QCD penguin amplitude

For table on next slide:
@ The Acp and isospin identity
parameters listed in the Exp. (WA)
column are taken from HFAG 2014

results (arXiv:1412.7515).

@ However, the B2 fit projections were
computed with results from a single
experiment: K Belle; K*m & Kp
BaBar.

@ The results of the GammaCombo fits
are added in the last column. Also
shown are the Ac p input used in the

2D fit (Acp vs I_x).

S o bl ety STl b G . sl @ The results of projecting to 5 and 50
: ab™! are shown in ().

G. Bell”, M. Beneke . T. Huber®, Xin-Qiang Li®**
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http://www.sciencedirect.com/science/article/pii/S0370269315007121

Comparison w/theory (Modifie

Table I)

arlsruhe Institute of Technolog
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NLO

NNLO

NNLO + LD Exp (WA) Exp (GC fit and B2 proj.)
= RO 0.71 T8 134021 0.77 T0- 124023 0.10T9-02 524 —1.7+1.6 Belle input
O eefTHE wenREE SR er
exe s tRER setBERE w8 i
PR B astRSHB afEH aiw s
sy arIATE aa0RIBELA BRI ais,

e sTARTE  omION  ouRBHN i ariumo
x— K*0 1.36 70251060 1.49 70-27+0.69 0.27 T9-05 +3.18 —3.8+4.2 BaBar input
L E I e JE £eY
e IR erfHUNE o tHEIEE e

SR rwELIR enBRRY 2wBRWR  wew

B ETE . i EELC it S

Tpewn —7.18 7138338 —3.45 70874948 —1.02 78194132 —5+ 45 69 + 32(15)(6)
P T T
IS o1 T S N

R easiSIEEAI ot0mEEl ogrimimds .
s IR E. e R OV
srop  HATTRRTEE et wetERRE e

Ixp —8.75 T10244T8 1084 T8 T1L.07 — 2431048+ 460 37137 —aa+a0(25)(11)
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arlsruhe Institute of Technolog:

K*x" BaBar, Belle

0.040 £ 0.021

K=~ BaBar, Belle, CDF, LHCb

K**7" BaBar

—0.06 % 0.24

K**7~ BaBar, Belle

0.23 4 0.06

AAcp(K*m) = Agrgo — Agosn-

017+
K*p" BaBar, Belle

0.363 £ 0.116

Adop(Kp) = Ao — Akey
0.159 £ 0.158

K**p" BaBar

0.31 +£0.13

K**p~ BaBar

0.21 £0.15

Adcp(K*p) = Ao — Aresy

0.1+02

—04 02 0.0 0.2 0.1 0.6 0.8
(A)Acp

Uncertainty much improved in K but still too large in K*m and K™ p
systems to be conclusive.

ldenzweig Direct CPV in B Dy
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@ Decays to spin-1 final states with pairs formed from w, K*, p, and ¢ can be used to determine
the helicity amplitudes of the decay.

@ Channels have low B and high background.

Full angular analysis requires large statistics (e.g., BO — ¢K*0). With
the current datasets most analysis are limited to integrating over the
angle between the decay planes P, and reporting the longitudinal
polarization fraction (f1,)

1- fL)sin2 01 sin? 02 + 4f7, cos? 61 cos? O

Highlights to seach for with more data include:
- Angular analysis of K*p channels.

= Observation that there is an enhanced contribution proportional to electromagnetic

penguins, which would be revealed in a polarisation analysis.
- Contribution of electroweak penguins in the hierarchy of the decays to wK*0 and we.

- Triple-product asymmetries, which provide a measure of C P violation that does not require
flavor tagging or a time-dependent analysis.

P. Goldenzweig


http://arxiv.org/abs/hep-ph/0512258
http://journals.aps.org/prd/abstract/10.1103/PhysRevD.84.096013
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B — V'V Exemplary fit B® —

Belle T

Full angular analysis and search for DC' PV in
BY — ¢K*0,

@ At Belle/BaBar full angular analysis limited
to low-background decays such as

BO — K*O. i "‘ . - o L.
¢ 24 hy NI Mﬂ‘ﬂ*ﬁm«* el 2 ot iy s
@ In the final Belle analysis, a 9D extended RN e

unbinned ML fit is used to extract the 26

=@ 100+(C) {
o 3 -
parameters related to polarization and C PV, N 8"
3 S o
@ Figure shows projections onto 6 of the 9 < 5 4
3 &
fitted observables. 5 S I
& ¥
@ All phase ambiguities have been resolved = CURITEI LN 5§ SR KRR I
and all parameters related to C' P violation N een T ey

are consistent with 0. (d)

—1sq g
= Belle II’s large dataset is needed to perform s s
~ 100} &
Sull angular analyses on many other 2 =
5 a
B — V'V channels. & % ;E
= TS =9 s
E 73Wumwmmﬁw*ﬁw g5 9 *h*mﬁﬁwﬁmﬂw* jM iy

-10 = 5 o

7 0
Cly @ (rad)



http://journals.aps.org/prd/abstract/10.1103/PhysRevD.88.072004

B — V'V Results B — ¢K*°

Statistics-limited for most quantities...

arlsruhe Institute of Technolog

TABLE VII. Summary of the results on the B — ¢ K* system. See Table IT and Eq. (32) for
the parameter definition. In this table, we give the fit fraction FF; per partial wave instead of the
branching fraction B;, which is given in Table VIII together with the yields per partial wave.
The first error is statistical and the second is due to systematics.

Parameter Gy J=0 SK*(892)° J =1 GK3(14300° J =2
FF,; 0.273 + 0.024 + 0.021 0.600 = 0.020 = 0.015 0.099+391¢ + 0.018
frr 0.499 + 0.030 = 0.018 09187302 + 0.012
fis 0.238 = 0.026 =+ 0.008 0.056+29% + 0.009
¢y (rad) 2.23+0.10 + 0.02 376 +2.88 + 1.32
¢, (rad) 2.37+0.10 £ 0.04 4457343 + 0.13

8oy (rad) 2.91+0.10 £ 0.08 353+0.11*0.19
Aces 0.093 +0.094 £ 0.017  —0.007 + 0.048 = 0.021  —0.1553132 + 0.033
AL, —0.030 +0.061 = 0.007  —0.016*35% + 0.008
Als; —0.14 = 0.11 £ 0.01 —0.01*3% + 0.09

Agy, (rad) —0.02 = 0.10 £ 0.01 —0.02 + 1.08 = 1.01
Ady, (rad) 0.05 = 0.10 £ 0.02 —0.19 £ 0.42 = 0.11
A8y (rad) 0.08 = 0.10 * 0.01 0.06 + 0.11 * 0.02

= Statistical errors ~ Tax smaller with 50 ab—1 of Belle II data.

Direct CPV in B Dec:
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CPVin B — 3h

Large C' PV effects not associated with resonances = QCD effects to be understood

Belle T

Krnm KKK
40F = EW’ 1]0,5
E E % s00) . 04
35F (a) LHCb (b) LHCb & N
— 30F E 30 i -
T 200k | Ho2
> BEN E Zi00f | gy P Ho.1
8 ot S Ml
= “UE P o [GEVYE]
E H-0.1
o 15f -
10F- = 03
SE | 04
“71 Tirr. 1 i T 1 1 1 L 1 1 ! ! 1 1 L —-0.5
0 5 10 15 20 25 2 4 6 8 10 12 14 16 18 20 22
2, [GeVici] M 1o [GEVIA]
KK
45 0.6 40FF T 0
3sE 3
40 0.4 (b) LHCb W
Y
o _0F EM
o £ 20|
> 30 02 % osE L
e 2 0 E 20 5°
220 %
of SE o2 10
10
10E 0.4
. E .
SE I 5
oEL ! ! ! 0.6 (=1 ! L 1
0 5 10 15 0 10 20 30
7 o [GEVIH] e [GeVct]

. . . 2 PP ~ 72 .
= Unidentified structure in the 'm}\,+ K — Projection in K K7 decays at < 1.5 GeV /L'4, Only present in the B t mass

projection and gives rise to a large local C' P asymmetry. [*Updated measurement: ]



http://journals.aps.org/prl/abstract/10.1103/PhysRevLett.111.101801
http://journals.aps.org/prl/abstract/10.1103/PhysRevLett.112.011801
http://arxiv.org/abs/arXiv:1408.5373
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CPV in B — 3h: Theory vs. Exp.

arlsruhe Institute of Technolog:

Direct CP violation in 3-body B, , decays

|| Theoy(%) | Expt(%)

A 8.7417 o 5.8+1.4 )
K K K- T4, -3.6:0.8 Inclusive CP

: asymmetries
K-+ o= 2.5+0.9
K* K- &~ -12.3+2.2
K- K+ 0 -9.2+400, 7

K+ - +1.5 . .
SN 55754 — predictions
KKKy 3.5%038 415
Kgm+m® 0.64+007 , \» 7+5+3+4 _
BaBar

(00" 7 T )region 22529, 58.4+8.7 ]
(K" KK )agiont 1777254 ~22.6:2.2 | not updated
(K" 07 )rogion 1414139  67.8:85 yet by LHCb
(K™K~ 1) egion | -18.2%18 -64.8+7.2 |

denzweig Direct CPV in B De
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Enhancements in Mg+ x-

Belle T

arlsruhe Institute of Technolog

=]

@ Enhancement observed by Belle in the My 7 —
invariant mass in B — K+ K~ 70 decays.

(300 MeV/c?)
N a 2]
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@ BaBar observes a large enhancement due to a 0 b) \ ’ E
broad structure at low My ;- invariant mass 300 E
in Bt — K+ K~ 7t decays, which accounts 2002 < ;
for half of the total events. 1005 | * i -

o } ti : bty .
1 2

3 4 5
My (GeV/cz)

= Detailed interpretation requires an amplitude analysis with higher statistics at Belle I1.
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http://journals.aps.org/prd/abstract/10.1103/PhysRevD.87.091101
http://journals.aps.org/prd/abstract/10.1103/PhysRevD.87.091101
http://journals.aps.org/prl/abstract/10.1103/PhysRevLett.99.221801
http://journals.aps.org/prl/abstract/10.1103/PhysRevLett.99.221801

DCPV in By Decays B

arlsruhe Institute of Technolooy ALY
@ First measurment of Acp in B, decays by o LG o
LHCb: 3000| B

BIKK
B-3-body
Comb. bkg

2000

AC'P(B5 — K+7r7) =
0.27 +0.04 4+ 0.01(6.50).
@ Allows for a stringent test of (Ref)

A = Acp(B°5KTn) + Acp(B°5K 7))y
T Acp(Bs—K-7t) Acp(Bs—K+tn—)7s

= —0.02 £ 0.05 = 0.04

No evidence for a deviation from 0 is observed.

Candidates / (10 MeV/c?)

R NI L R
AteTe™, T(5S) decays are well-suited for studying large multiplicity Bs decays due to the
lower particle momenta, the almost 100% trigger ¢, and the excellent 7 /K separation.

First observation of B; — K°K?° by Belle with 121fb~:

Events £ (0.01 GeVic?)
Events /( 0.02 GeV )
Events /(0.8)

N o
AE @)
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http://journals.aps.org/prl/pdf/10.1103/PhysRevLett.110.221601
http://journals.aps.org/prl/abstract/10.1103/PhysRevLett.116.161801

Large C'P asymmetries in K 7 and other
final states with an odd number of kaons,
e.g.,
NI *0
K Ortgn—
= expected to proceed dominantly via
b — s penguin transitions as the b — u
transition is color-suppressed.

Large direct C'P asymmetry expected in:
Bt — np*
Bt - nnt
BT — p/nt

= where the b — u and b — s amplitudes
are of similar size to Bt — nK™,
which measured Acp = —0.37 - 0.09.

Direct CPV in B De
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Additional Highlights for Belle & LHCb
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Acp of Most Precisely Measured Modes
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Belle T

Summary

arlsruhe Institute of Technolog:

@ New insight into K7 puzzle with Acp(B — K°7%) reaching 3-4%?
Surprises on the way from K*m and K p? Large errors in (N)NLO computations
and current experimental results make comparison difficult. Large Belle 11
dataset required for enough precision to see differences with theory.

@ Full angular analysis and triple-product-asymmetries will become feasible in
additional B — V'V channels.
More surprises on the way from angular analysis in b — s penguin decays, e.g.,
K*p?

@ Observation of large local A¢ p in additional 3-body decays?
BY - K2KTK~, B® - KT K~n°.. New resonances in M+ i spectrum?

@ Large improvements in PID (K /7 separation), 7 and K, reconstruction
efficiency, tracking, algorithms and more.
Simulation studies showing increased performance as expected.

P. Goldenzweig Direct CPV in B Dex 8.11.2016 271735
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K*7: Status

Belle T

arlsruhe Institute of Technolog

B(10~%)
Mode BABAR Belle ‘ LHCb

K*tn~ 8.240.9 8411709
K*tz% | 824+15+1.1
K%zt | 108+06%}7% | 9.7+£0.675%

—1.4
K*0x° 3.3+0.5+0.4 < 3.5
Acp
Mode BABAR Belle LHCb
K*tr~ | —0.2440.07 +0.02 —0.21 £0.11 £+ 0.07
K*tr —0.06 + 0.24 £ 0.04
K*°xt | 0.032 +£0.0527391% | —0.149 + 0.064 £ 0.022
K*O70 —0.15 £ 0.12 + 0.04

@ Ajg.+ .- measured by both Belle and BaBar with high precision.
@ Most challenging mode K** 7. 3
Aep(K*T(KT7%)7%)) = —0.06 & 0.24 £ 0.04

3
Unpublished BaBar measurement not included [

I Acp (K* T (Kgnt)a0)) = —0.52 4+ 0.14 £ 0.04 £ 0.04

ldenzweig Direct CPV in B Dec:


http://arxiv.org/abs/1501.00705
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K7 Test of sum rule

Belle T

arlsruhe Institute of Technolog

0
o r 7]
@ Calculate I g~ and projections for Belle II using P B-Km ]
L Bellell 5ab™ _|
BaBar’s complete set of measurements. 021 ¢ ]
@ Given that Ay .+ o is not systematically limited, 04l ]
treat all errors as reducible for sensitivity study. [ ]
@ [+, values result of GammaCombo fit. 06~ ]
= Large positive identity parameter I gcx . _08: : ¢ ) ) ]
: 0 05 1 15 2
IK'T[

Projections for the B — K *7 isospin sum rule parameter, I i« -, at the BaBar measured central value.

Scenario Apest 20 Trcon
Value Stat.

BaBar —0.06 0.24 0.69+£0.32

Belle II 5 ab— 1 0.69 £+ 0.15

Belle I 50 ab—! 0.69 £ 0.06

Direct CPV in B De



. Status

B(10°)
Mode BABAR | Belle
Ktp™ | 66+£05+08 151134424

Ktp® | 35640457057 | 3.8940.4770%3
K%t 8.071'3+0.6
K%° | 44407403 6.1+1.0713

arlsruhe Institute of Technolog

Acp
Mode BABAR Belle
K*p~ 0.20 £ 0.09 £ 0.08 0.2215-22+0-90
K*p° 0.44 +0.1079:9% 0.30 + 0.117934
K" —0.12+£0.17 £ 0.02
K°° | 0.05+0.26+0.1040.03 | 0.03523 +0.11 £ 0.10

@ Most limiting mode Ao 0.

P. Goldenzweig
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F "[)I Test of sum rule

Belle T

arlsruhe Institute of Technolog

@ Calculate I, and projections for Belle II using $s 1
BaBar’s complete set of measurements. < osp- 7

@ Again, stat. limited so treat all syst. errors as [ il
reducible. Un b

@ [k, values result of GammaCombo fit. r ]
= Large negative identity parameter I . 051 ]
Same (different) sign as I (I g% 7). 25 % 15 1 05 0 05 1

Projections for the B — K p isospin sum rule parameter, I, at the BaBar measured central value.

Scenario Ako,0 Ikp
Value  Stat.

BaBar 0.05 0.26 —0.44 +0.49

Belle IT 5 ab— ! —0.44 +0.25

Belle IT 50 ab— ! —0.44+0.11




arlsruhe Institute of Technolog

For B — V'V decays, must separate out the longitudinal and transverse components:

@ NNLO computation not possible for transverse amplitudes: power-suppressed and there

is no QCD factorization theorem for them.

@ For longitudinal component, comparison of NNLO computation to experiment not
possible since Acp not available for individual helicity amplitudes in K *Tp~.

@ NLO computation available for comparison.

B(107°)

Acp

Mode [  BABAR | Belle

Mode BABAR

K*tp~ | 10.34+£234+1.3
K*Tp® | 46+1.04+04
K" | 96+1.7+15
K*%p° 5140.670%

+0.84-0.9
2'170.7 0.5

K*tp~ | 0.21£0.15+0.02
K*Tp® | 0.3140.13£0.03
K" | —0.0140.16 +0.02
K*%p" | —0.06 & 0.09 + 0.02

@ Most limiting mode A g0+

P. Goldenzweig
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Reducible vs. Irreducible errors

Reducible

The systematic uncertainties of the PDF parameters.

Particle identification requirements.

The possible CP violation effect in the accompanying B meson decays.
Vertex resolution.

At resolution function parametrization.

Tag-side interference.

Irreducible

Uncertainties in the interaction-point profile.
Dependence on the vertex selection-criteria.

The effect of detector misalignment.

Possible bias in the AZ determination.

K* 7Ti, 79 detection efficiency.

Uncertainty in branching fraction measurements.

Asymmetry of charged particle detection efficiency (in A measurements).

arlsruhe Institute of Technolog

D

Belle T

Vertex reconstruction uncertainty originating from the SVD mis-alignment (in S measurements)

denzweig



B — VV: f, @Bellell

D

Belle T

arlsruhe Institute of Technolog:

@ Heirarchy of f;, observed with tree-dominated modes (pp) near 1, and penguin-dominated modes

(oK *0) near 0.5.

@ Hierarchy based on the masses of the vector mesons, with larger masses having smaller f7,.

= Results from other channels necessary to understand these patterns.

Mode BABAR Belle Belle IT (0740ta1)
Ref. fb~'  Gupw | 5 ab™t [ 50 ab~t
WK 0.72 £ 0.14 £ 0.02 0.56 £ 0.2970 33 25 657 0.341 | 0.124 | 0.039
wi;(1430)°  0.45 £ 0.12 £ 0.02
K0p0 0.40 £ 0.08 £ 0.11
K**p~ 0.38 4+ 0.13 +0.03
K0 0.494 +0.034 £0.013 | 0499+ 0,030+ 0.018 22 772 0.035 | 0.014 | 0.004
KK 0.807019 + 0.06
GK3(1430)° 090140943 4 0.037
afaf 0.3140.2240.10
Mode BABAR Belle Belle II (ototal)
Ref.  fb ' Gyopar | 5ab™t | 50 ab~!
wK*t 0.414+0.18 £0.05
wK3(1430)T  0.56 £ 0.10 = 0.04
K0 0.78 £0.12 £ 0.03
K*0pt 0.52+£0.10£0.04 | 043+0.117095 23 253 0.121 | 0.027 | 0.009
KK 07510 £0.03
SR+ 0.49 £0.05£0.03 || 0.52£0.08£0.03 22 253 0.085 | 0.019 | 0.006
$I1(1270) 0.46+012+906
¢K3(1430)t  0.801) ?2 i 0.03
wpt 0.90 +0.05 + 0.03




