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The Unitarity Triangle

¢ @ ®
® . 5\ = All flavor variables constrained in the SM CKM fit are
( A L In good agreement with experimental observations
v v 1 o2 | = Some variables still to be measured precisely
= therefore a lot of room for surprises !
ESLINSCEES A
‘u'.;‘ IIIIIIIII|IIIIIIIII|IIII|IIII|IIII|IIIIIIIIIlIIII
).~ 0.22: Cabibbo angle § | Belledl Projection(Feb20t7)
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¥ ‘%g ] E _-e  Belle (Il) Btag
1.0 . Amy& Am, ] ° LHCb Hadronic
. 2
1 >
05 Amd _: 10 e ZI:IIZIIZZI:ZZZIZZI
e oof \ __________________________________________________________________
10 _ " £ _ T @@ @7
r AN, 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024
_1-5 . L1 EIPSI15| L1 1 1 j 111 1 | L1 1 1 | | - I{ald.:tcll_)lu.lgs:ll : Year
-1.0 -0.5 0.0 0.5 10 15 2.0

Blois 2017

Luigi Li Gioi




Time dependent measurements

25
| T(1S) o
9P @ Y(4S) is the first resonance just above the BB
7 | T(25) production threshold
% s [ @ Only BB pairs are produced, and are at rest in the
T | }
T ol L 1s) Y(4S) frame
l i T
OOl S T T(45) ot
e [ - P L P
i continuum background
8.44 9.I46 1(53.Ioo1o.'oz (5’10:34 10137 «”10:54 10158 10.62 |L/ K+
e'e” Center-of-Mass Energy [GeV] B /
tag
Az Y (4s) )
fiF
e

BT — S
i B ¥ : _
phys 0 m
Resolution on et e

At will be v anti B \ <
dominated by e—’JDC, - 4,| y T

B

Az

the resolution

oi;itgg \t/ae?g)r:g Quantum entangled neutral Belle ~ 200 um
B meson pair production Belle Il ~ 130 um
e—|At /g0

At probability parametrization P(At, q) = [1 +q (A(,vp cos AmgAt + Sc p sin Am EgAIL)]

4?’}30
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D

Sin(2p) : b — ccs <2

Phys. Rev. Lett. 108 171802 (2012)

400 F
. ggg . 250 TABLE II. CP violation parameters for each B — fp mode
5 250 5 200 and from the simultaneous fit for all modes together. The first
E'u; 200 E 150 ¢ and second errors are statistical and systematic uncertainties,
£ 150 E 100} respectively.
¢ 100 9 :
W w50 . -~
ok o } Decay mode sin2¢h; = —ff-bf- Lﬂf
06 | 08F 4 J/ K +0.670 = 0.029 = 0.013  —0.015 = 0.02170:9%
2 04 > 04 + Jr H(25)KY  +0.738 = 0.079 = 0.036  +0.104 + 0.05570047
: o oY | Yo K +0.640 + 0.117 + 0.040  —0.017 * 0.083+0-046
5 P E'E oal T i } J/ WK +0.642 = 0.047 = 0.021 +0.019 *= 0.026 0017
04l -0.4 5|‘ All modes +0.667 = 0.023 = 0.012 +0.006 = 0.016 £ 0.012
06} 06}
6420246 64202406
At (ps) At(ps) Source Irreducible Error on & Error on A
FIG. 2 (color online). The background-subtracted Ar distribu- | Vertexing X +0.007 :|:0.007—'|
tion (top) for ¢ = +1 (red) and ¢ = —1 (blue) events and At resolution +0.007 +0.001
asymmetry (bottom) for good tag quality (> 0.5) events for . . ' '
all CP-odd modes combined (left) and the CP-even mode | Tag-side interference X £0.001 £0.008 §
(right). Flavor tagging +0.004 +0.003
@ Vertexing (WithOUt detector Signal fraction +0.004 +0.002
upgrade) Background At PDFs +0.001 < 0.001
@ Tag-side interference Physics parameters +0.001 < 0.001
= More sophisticated treatment will Total +0.012 £0.012

be considered
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SuperKEKB

. 4 GeV36A . Collldmg bunches

/,—

Belle Il E i i
<o ‘3 & Peak luminosity

New IR _
New superconducting @ KEKB -

/permanent final focusing 2.11)(1034 Cm-2 S-l

quads near the IP
@ SuperKEKB =
8 x10* cm?s™

—

‘New beam pipe SuperKE KB

& bellows

/—\
__

F. i
leplace short dipoles
vith longer ones (LER)

HHH -
I meciow e

e’e beams energy

@ KEKB =
8 GeV /3.5 GeV

@ SuperKEKB =

Add / modify RF systems
for higher beam current

Positron source

v
\
o

Redesign the lattices of both rings Damping ring ” . ’ < :
to reduce the emittance — / ' New positron target / 7 GeV / 4 GeV
M capture section
TiN-coated beam pipe Low emitiance gun Su perKEKB
with antechambers Inject low emittance Nanobeam

electrons

"NEG Pump]

i Tum

KEKB  5mm / .
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DEPFET

D

a4 Belle Il Pixel Vertex Detector

@ 40 times increase of luminosity — higher background ‘ > Pixel detector needed
@ Lower boost — smaller separation between the B mesons

o,
q"’e ;.
’xe!

&
X<’
10%

Most suited technology : DEPFET

@ |nnermost detector system as close as possible to IP
@ Highly granular pixel sensors provide most accurate 2D position information

@ Reconstruction of primary and secondary vertices of short-lived particles
= Decay of particles is typical in the order of 100pm from the IP

Silicon Vertex Detector (SVD)

Pixel Detector (PXD)

Blois 2017 Luigi Li Gioi 6



Events / ( 0.0006 cm)

Events /(0.1 ps)

Vertex fit

Kinematic fit: Jhip - u u

x10°
600 —

Belle Il
@ Bias =2.0 um
@ Resolution = 25.6 um

500

400
Belle converted MC

@ Bias=0.2um

@ Resolution =43 um

300

200

100

\I\IIIIIIII\I\'III\l\lllllll

1 1 1 1 L 1 L
-0.01 0 0.01 0.02 0.03

VertexZ - GenVertexZ / cm

o

-0.02

At resolution

3

o
o

350

Belle Il
@ Bias =-0/003 ps
@ Resolution =0.77 ps

300

250

Belle
@ Bias =0.20 ps
@ Resolution = 0.92 ps

200

150

100

50

II\I|IIII|I\I\lllII|IIII|II\I|IIII|I

_5 _4 _3 I_2I\II_11IIIO\III1III\2I 3 4 5
At - Gen. At/ ps

Blois 2017

Tag side vertex fit: Using RAVE Adaptive
Vertex Fit (AVF) algorithm:
Down-weights outliers dynamically, instead of

using hard cutoffs (important for 3+ track
vertices). CMS NOTE 2008/033.

X
All tracks apart from
the ones from Ks
IDEEE
BO — -
Z
Tag side vertex fit
x10°
ShE Belle Il
(o] = 0
S F @ Bias =59 um
S 250 @ Resolution = 53 um
e
S et Belle
e @ Bias =29 um
F @ Resolution =89 um
100—
50
—8.;)3 -0.02 I I—0.01I — (KJ — ‘0.|01I . 0.02 0.03

TagVz - GenTagVz /cm
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(I'raciks) (KLMCllI:Lsters) @.CLClusters)

________________________

Flavor tagging

Example Category

Input
Variables

e, K m, A

Ytrack
—>| Track Level

Yeat
—>| Event Level

Ranking and
Selection 1

using Yerack

A
1

'
Yerack of other
Categories

q-T (—| Combiner I‘

Jeand * Yeat

O (Geand - Yeat )w

Categories

Targets

Electron
Intermediate Electron
Muon

Intermediate Muon
KinLepton
Intermediate KinLepton
Kaon

KaonPion

SlowPion

FastPion

MaximumP

FSC

Lambda

1

Total= 13

Blois 2017
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20 Acre = —0.
S gooof CEF T T 0.69%
SHEN
2 400084
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Z 2000
—1 —0.5 0 0.5 1
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1.0——
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05
2025
01
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D

Sin(2p) : expected errors e

B’ — Jhp Ks b— ccs

Belle Belle I  leptonic Belle Belle I  leptonic

categories categories

S (50 ab—1) S (50 ab™1)
stat. 0.0035  0.0035 0.0060 stat. 0.0027  0.0027 0.0048
syst. reducible 0.0012  0.0012 0.0012 syst. reducible 0.0026  0.0026 0.0026
syst. irreducible 0.0082  0.0044 0.0040 syst. irreducible  0.0070  0.0036 0.0035
A (50 ab™ 1) A (50 ab™ 1)
stat. 0.0025  0.0025 0.0043 stat. 0.0019  0.0019 0.0033
syst. reducible 0.0007  0.0007 0.0007 syst. reducible 0.0014  0.0014 0.0014
syst. irreducible 7935 TO012 0.011 syst. irreducible  0.0106  0.0087  0.0035

@ Sin(2p) will remain the most precise Three hypotheses

measurement on the Unitarity Triangle @ Belle: same Belle non reducible
parameters _ systematics

@ |n Belle Il the measurement will be @ Belle II; vertex systematic / 2
dominated by systematics @ Leptonic category: only leptonic
+ Effort concentrated in understand categories for the flavor tagging

and reducing them

Blois 2017 Luigi Li Gioi 9



Sin(2p): b - qgs

amme —I—
’1-'. ""'-r.
'- “-‘
+ .
¥ -u.

sin(2B*") = sin

ft
205" EEXE

A)

In principle measures sin2p, but sensitive
to new physics

;F'o Ks;

Belle

Average

PRELIMINARY

b—5ccs__ World Average 5 i 0.68 * 0.02
T e T'BaBar Y T T T T ] T T UBe Y07 £ 007
X Belle ‘ 0.90 7¢13

= Average: : | : 0.74 "piz
=S R - 1= - e = L VA N
X Belle ! : - 0.68 + 0.07 + 0.03
= o Average. : [ 0.63 + 0.08
T TTBaBar v TTTTTTITTT o T OLod I 006
« Belle | —— 0.30 +0.32 + 0.08

o }-\verage. : i : 0.72+0.19

= A & = | - | R i - R VT S DTV E NI
= Belle : ~#—  0.67 +0.31+0.08
B Average ; : - ; 0.57+0.17
= 1 - | R Pt RSy - [ T *§$Z+ODE+UG3"

0.64 'g25+0.09 £ 0,10

+U 18

e T BEBar - 05"*E"§3+Uc52"
X Belle 0.91+0.32+0.05
8 Average : 5 : 0.71 +0.21

""""a-;"BaBai’"".j """"""""""" T —F= 'i""""""'U.‘?d'?ﬂ;*ﬁ

X  Belle : 0.63 TE;IE
~— Average' ! - 0.69 7
Y = - = - | i— """ e —— +O::2+DDE+U10"
py Average : o + 0.48 + 0.53

"'!”’BaBar{— "0'2'3'#'0“52'4'0'0?”5?:55?"
& x_Average. i — 0.20 +0.53

""3'"“"-""BEFZ:':ir"'t"""Jl.""'"' e - N U720 rr<E0.0a™
E o A - i : 0.72+0.71

T X T BEBar T AR kTS *gig"
Z % Average: : a7’

"':'dﬁ"-é-"'BaBar""'. """"""" —— 00-1 TU03TE0 D‘5+UC59"
= o Average' 3 0.01 £0.23

"'ﬁ"Y"'BaBar'"; """"""" T T TUBSE0AZE0O
'«  Bele : ; 0.76 1342
.+, Average: H A 0.68 g
-2 -1 0 1 2
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D
- ¢ Ks: expected sensitivity

Channel Ereco  Yield  o(5) E: “2_;'1"1"1""1" """""""" I """""""""""" Belle ll P'r'i:';ii;,-'tljtlijh"'(Féh".?tﬁ'?‘;’ """""
T T seomamic: ;E R .................................................................................................................
GKTET)Ks(rtn™) 3% 456 0174 2o .\
H(KTK™)Kg(m'7Y) 25% 153 0295 1 oe2p NN
p(rta 1) Kg(ntr™) 28% 109  0.338 %f 0 N\ S
KS modes combination 0.135 @ U.[}B;— ....................................................................................................................................
KS + K7 modes combination 0.108 n_[}ﬁ;_ ............. L ch .................................................................................................................
= b1 sconario 0.04 - :EE“E“”MSEIME mdammsj ............. ™ ........................................
S(K+K-)Ks(rtn-)  35% 2280 0.078 U_GE E_. laeue[mlmwm m,.dmé.,.,.im.._.._..._? ............... | .............. —
@(K'I'K ) ( 0) 25% 765 0132 2015 2016 2017 ED‘IB 2[}138::]20 2021 2(]'22 2[]23 2'[]'24
o(nta—m )KS(WJFW ) 28% 545 0.151 o
K¢ modes combination 0.060 Belle Il projection
K¢ + K1, modes combination 0.048
Sensitivity study

we estimate the expected yield of qSKE based on
previous BaBar and Belle analyses (but use the
same At resolution we estimate in ¢ — KK~ for
Belle II).

Blois 2017 Luigi Li Gioi 11



0 e .
B N’ Ks: expected sensitivity jem

Table 1.12: At resolution for true, SxF and

% 0.1 Belle Il Projection (Feb 2017)
all selected candidates, for n(27)K2%(7~) and §
n(3m)K2(7*) channels. 5 0.08
X PA o o
Channel True SxF All Y 006
n(2y)K%(7=) 122 ps 287 ps 1.45ps §v
n(3m)Ke(7*) 1.17 ps 2.36 ps 1.50 ps G 0.04

-8 Belle () baseline, 70% data ¥({45)
Belle (Il}) improved Ks. T0%: data Yi{45)

Similar Belle sensitivity given the same 072015 2016 2017 2018 2019 2020 2021 2022 2023 2024
integrated luminosity Year

Table 1.13: Estimated rms from Toy MC studies for CP-violation parameters S and C' for an integrated
luminosity of 1 and 5 ab™! for the different channels.

1ab™! 5 ab!
Channel Strategy S | rms S C rms C S |mmsS| C |rmmsC
n(2y)KS(m*) C 0.71 | 0.07 | -0.11 | 0.06 | 0.71 | 0.04 |-0.11 0.03
n(3m)K2(n™) B 0.74 | 0.17 |-0.131| 0.10 | 0.73 | 0.07 |-0.13 0.04

Blois 2017 Luigi Li Gioi 12



Measurement of o

_ _ _ M. Gronau and D. London, PRL 65 3381 (1990)
Proceeds mainly through b - uud tree diagram,

but penguin contributions introduce additional phases

‘% o P Used decay modes:
W J , o B — IO 7T
bv;‘bu s 2B e
P e B-pn
d _!p_
Extra weak and strong phases + |P/T| modify o by Ao
sin(2a) — sin(2a. ) o =oa + Ao

To relate a. to o Isospin analysis

1 A+ A00 _ A+0
\/5‘4 + A A

1 A+- A00 _ A—0
\/5‘4 + A A

AT = A9 (pure tree)

Blois 2017 Luigi Li Gioi 13



D
B° - n°x° : converted photons

3 T
S B —Pipe Vertex
N 2‘_ . | PxDt reconstruction
i T |-PXD 2
1
i
oF 5
i _é'f
_1:_ ;
= & BOQS‘.
i nl = eTey
) . dal
g 25— x2 / ndf = 0.700
. L1 1 1 | I - | L1 1 1 | I I | L 1 1 1 | L1 1 | = :
§3 5 7 0 1 5 3 S f SCP,@ — Scp i =0.006 +0.013
~ 2oC ' 1?1 | 6 =0.2924 +0.0092
X/ cm ot +
C B
L O 15
» Photon conversion inside the Belle Il T
detector (Beam pipe + PXD) 10
» 3% of B - n° = events -
» ~5 9% including =° Dalitz decay 51
» Reconstruction efficiency will be crucial - 2 L
0! hdbetB? gy e o dhd

&
&
&
&

0 02 04 06 0.8 1

SCP,:’ B SCP

— AScp (stat) = 0.29
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Isospin analysis

B -

Belle II

1_— .S'T:.:,ﬂﬂJ !
Belle A S ;:
Belle Il 0.8 0.40 ||l "
0.6F [ 061 {i
0.94 [l
I 1
0.4 | 5
........................................................................................................................................... 1N0|: SR i
0.2p A+~ |
i Y
IRy W @ - 0':1 | . | N
30 60 90 120 150 180 0 30 60 90 120 150 180
¢, (°) ¢, (°)
Value 0.8 ab~! 50 ab—!
— AS = 4+0.29 + 0.03
Brin no9 504 40214018 [79] +0.03+£0.08 — -7
Brogo o) 1.31 4+0.1940.18 [78] £0.04 + 0.04
Brigo 1o 5.86 40.264+0.38 [79] +0.03 4 0.09 ;g gthiV:lFZOfS-Ogggf:;
. . S. Rev.,, )
Crin-  —0.33 +0.06+0.03 [80] +0.01 + 0.03 051308 o1z )
Spta- —0.64 +£0.08£0.03 [80] =+£0.01+£0.01 80: Phys. Rev., D88(9),
Cpopo  —0.14 £0.364+0.12 [78] =0.03 £ 0.01 092003 (2013)

Blois 2017

Luigi Li Gioi
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Value 0.8 ab~! 50 ab™!

JL.p+p- 0.988 +0.012 £ 0.023 [74] =£0.002 + 0.003
JL,p0p0 0.21 +0.20 £ 0.15 [81] +0.03 £ 0.02
B+ p- 1o 28.3 +1.5+ 1.5 [74] +0.19+ 0.4
Bpopo 110 1.02 +0.30 £ 0.15 [81] +0.04 £ 0.02
Cotp- 0.00 +0.10 £ 0.06 [74] +0.01 £ 0.01
Sptp- —0.13 +0.15 4+ 0.05 [74] +0.02 £+ 0.01
Value 0.08 ab—! 50 ab™—1

JL.ptpo 0.95 +0.11 + 0.02 [65] =£0.004 £ 0.003
B+ po 1109 31.7 +7.1+ 5.3 [65] +0.3£0.5
Value 0.5 ab™! 50 ab~1

C o po 0.2 +0.8 £ 0.3 |64 +0.08 £ 0.01

—

]
S 0 po 0.3 +0.7 £ 0.2 [64] +0.07 £ 0.01

64: Phys. Rev., D78, 071104 (2008)
65: Phys. Rev. Lett., 91, 221801 (2003)
74: Phys. Rev., D93(3), 032010 (2016)
81: [Addendum: Phys. Rev.D89,n0.11,
119903(2014)] (2012),

Belle Belle Il Belle Il + (St & S, p) 8 90 9 10

Blois 2017 Luigi Li Gioi 16



Measurement of y with B - D° K

y is the phase between b—-uandb-c

i0g iy
Vs -5 _ €€ p—\u) —
57 = D
, Veb BT vaN
— C —
B~ a z D° u at
Interference between these amplitudes with
D°/D° decaying in the same final state
@ From tree level processes
@ Not affected from NP in loops
DD’ - Ks n*
2
F+ oC
The Dalitz model is needed
Blois 2017 Luigi Li Gioi

Strong phase differences can be
measured at a charm factory

3.0 (b)

8

25}

I
(=}
a o N

—_
()]
=N

m?2 (GeVz/c?)
w

-
[=)
n

—_

0.5

1.0 1.5 2.0 2.5
m?2 (GeVe/c?)

@ CLEO result Phys. Rev. D 82, 112006(2010)

@ Improvement expected from BES Il

0.5 3.0

An error of 1.6° is expected

@ Including more D) decay modes

@ |ntegrated luminosity = 50 ab™

@ Assuming BES Il will collect 10 fb™
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Outlook

The B2TIP report: https://confluence.desy.de/display/BlI/B2TiP+WebHome

Before the B-factories After the B-factories
e | el - iﬁ T L | o
sl 0.6 :iE € % —f
. 0.5 }g s w - =
0.6 - oa :_g cmucl-oss E
= =B \ \ =
0.4 03 1:2 -
0.2 & T 0.2 ' 3
0:l..l.t.|.|‘E$|L L i _LIlJ.BJ D.1 g
-1 -08 -06 -04 02 0 02 04 06 08 1 oo B — 3
I:_) -0.4 -0.2 0.0 0.2 0.4 0.6 0.8 1

-l

&E AL Dj

0.5 ]

(2] o
=

= J-'III|IIII|IIII|IIII|IIII|IIII|IIII

0.1 04
0o 0.0
-0.4 -0.2 0.6 0.6 1.0

Blois 2017 Luigi Li Gioi
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Backup slides



with 20 mm quartz bars
MCP-PMT readout

Pixel Vertex Detector

2 layer pixel detector (8MP)
DEPFET technology

Silicon Vertex Detector

4 layer double sided strips

20 — 50ns shaping time
Central Drift Chamber
proportional wire drift chamber
15000 sense wires in 58 layers

Blois 2017

Belle Il

Luigi Li Gioi

Superconducting Magnet
homogeneous field of 1.5T

o e —
Electromagnetic Calorimeter

) 8000 Csl Crystals, 16 X,
PMT/APD readout

& .
L
veE

Aerogel RICH
Proximity focusing RICH with
silica aerogel

20



The impact parameter

The impact parameters: d_and z_

@ defined as the projections of distance from the point of closest approach to the origin
@ good measure of the overall performance of the tracking system
@ used to find the optimal tracker configuration

I
: 0.4 == + 050 Tracks with PXD clusters
.P 040 Tracks with PXD clusters
b O BaBar Oy
0.3 |— ® BaBar 040
o] )
€
c 0.2 | -
el o
@] ]
¢
01— g . —
. 922000
., ...2230000000
= = SN ...+.+......
0 II|III|III|III|III|III|III|III|III|III- r
0 1 2 3

Transverse Momentum (GeV/c)

Almost a factor 2 improvement respect to BaBar
Blois 2017 Luigi Li Gioi 21



Belle Data — MC comparison

s TMVA ~ MC
- FastBDT | — Data | @ Belle MC and data

0.02

@ Belle Il flavor tagging algorithm

0.015—
0.01—

0.005—

0 l | 1 | | [
! -0.5 0 05 1
qr 0.025
0.02F
Efficiency 00151
@ Belle Converted MC = 32 % ooil
@ Belle =29 % B
D.UDS_—
| 1
0 I1 —{]|.5I Iltllll (}|5 .ll'
qr
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D

B - ¢ Ks <D

— K ~ 0
1 KO . . Cleanest mode, all BF (¢ K+K_)D 50%
) 9 s —®™ T  charged particles BF(¢ - n'nn’) ~ 15%
*lp- in final state
> KK BF(K, - m'n) ~ 69%
L. 00y _ 210
o__y 700 Lower statistics BF(K, - ©'n’) ~ 31%
2) o Ks T and harder
|—> K'K (because of °'s)
3) 0 KSD—F T Never tried before
| at BaBar and Belle
1 L
4) 0 KLO Not yet started
| looking at K ”'s
KK

Blois 2017 Luigi Li Gioi 23



A RooPlot of "Res Al"

tag

o - K'K

resolution:
0.752 ps

Blois 2017

%2/ ndf = 9.509
Bias, =-0.04234 + 0.0011 p
Bias, = 0.262 + 0.014 ps
Bias, = -0.09990 *0.0029 p
fo = 0.5576 = 0.0052
fo= 0.0769 +0.0014
Sigmac = 0.3992 + 0.0020 |
Sigman = 2517 + 0.017 p

Sigma_r = 0.9200 = 0.00721

Res At )

Luigi Li Gioi

-
‘‘‘‘‘
-

T

boost-axis

000

30000

20000

10000

[E=]

Using “iptube” + K_° flight
direction constraints

A RooPlot of "Res At"

¢ - wrw’

resolution:
0.777 ps

%%/ ndf = 6.718
Bias_ =-0.04053 + 0.0013 p
Bias, = 0.264 + 0.016 ps
Bias, = -0.10039 + 0.0034 p
fo = 0.5550 + 0.0062
fy= 0.0797 +£0.0017
Sigmac = 0.4157 +0.0024|
Sigmao= 2529 +0.019p

SigmaT = 0.9429 + 0.00371

Reas At (ps)

24



At resolution

0 0 0
B sc 7 T g T s
= Vs Ve
< eTe”
—— Entries 6417
o501 ]l —=— Mean -0.05ps
B —=— 5td Dev 1.70 ps
200(
1501
100
50(
OL_.‘.II_Ir?| ) L1l IJIII'III\LII JI].‘t:I-j-:I|-Jé?-+lj¥ll\lﬁli:l

~3 4 5

I
[
-5 4 -3 -2 -1 0 1
At - Gen. At/ ps

At least one track (e™ or ¢7)
has one PXD Hit

Blois 2017

0 0 0
B dal 7 T ss T gal
— €+ ( ’}/
400 = —— Entries 8310
- —— Mean -0.02ps
3501 —— Std Dev 1.41 ps
3001
250
200F-
150
100
50
C 4 T dip:re + +
G#ﬁ'ﬁ;ﬁ_’u‘l'ﬂ- I A EEEEE RN R Pl LE T pe
-5 4 -3 -2 -1 0 1 2 3 4 5

At - Gen. At/ ps

At least one track (e™ or ¢7)
has one PXD Hit
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D

BELLE
Phys. Rev. D 93 032010 (2016)

Flavor integrated

0 i
o 40f :
S : [
2 30 2 201
e s
G : s |
20¢ £ 0L
: m [
: 10} -
Four pion - §
final state - -
8 ¢ z OF |
58 s °F
=t 2 1o
At[ps] £
5 .
B(B® = ptp7) = (28.3 £ 1.5 (stat) & 1.5 (syst)) x 109, . 74 :
Py I —
fr = 0.988 + 0.012 (stat) & 0.023 (syst), 5 o (| 4], Lt
0 L+ ]
Acp = 0.00 4 0.10 (stat) £ 0.06 (syst), sogp TP HFLT
Scp = —0.13 £ 0.15 (stat) + 0.05 (syst). -5 0 5
At [ps]

» Precision improvement with respect to the previously published result is factor 2.
* |ncrease of data, simultaneous extraction of observables and analysis optimization
for high signal yield.
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BaBar + Belle B® - D_, <o

» |Leading order: tree Phys. Rev. Lett. 115, 121604

» Sub-leading order: tree, phase within the SM
» Independent form NP inloops oo

(@)BABAR nr = +1 +B" Tag

» Suitable to measure 3 .} ) -
. . . . . - 130 | Gombined Analysis of B — DERA" qom=41 ]
» Branching fraction is the limiting factor : 2 1) 10 0 @ el i n
e Al
g ol combined]
160 160 & = E
M0} (a) BABAR 140F (b) Belle ]
212} 22} o ]
= = = 0 : : + : + ¥
glﬂﬂr g 100 E q:-n + ]
= = = ® 3 :’.M
% 60 % 60 % 0.4 ]
Lﬁ adr u>J 0 § ‘HF\ i 4 2 ] 2 _I_-I i %ﬁ
20 i +: 20l At (ps)
0 5,‘21 5.L23 5.I25 5,;? ;29 0 5,12] 5.I23 5.I25 -;12? 5.29
My (GeV/c?) My (GeVic?)
At (ps) At (ps)
BO- D(*)° h°, h°=a® n, w —n¢S = 40.66 £ 0.10 (stat.) = 0.06 (syst.),
0 - 0
5_ TdK K', Ks 7" and Ks C = —0.02 £ 0.07 (stat.) & 0.03 (syst.).
lelds =

» 508x31events(BaBar)

. 757+44events(Belle) » First observation of CPV(5.40)

» Belle I : 5(3) ~0.015
* |mportanttestforb— ccs
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Phys. Rev. D 94 052004 (2016)

cos 2B withB® - D__ h° (S

D° multi-body decay: D° — Ks 1 & model independent
cos 2 And sin 2f3 can be extracted independently PLB 6241 (2005)

— 1.5
‘:ge 3: I CLEOPRD 82,/112006 (2010)
(7] : ﬁ
225 o
m r = -
Q; F sk | |Ap] ‘.AD| cos Adp dm?Z dm?
D’HW 2: r C D;
< 8 P — ——
T 1.5} o | " VEK_,
1_ o5} J | Ap| |,_A_D| sin Adp dmidm%
i ok D;
0.5} 2 ‘| Si = VKK
05 1 15 2 25 3 e o
mE{KO]I*) {Gev%’c‘) L *  Modsl Expeciation
s =2 I I |
=1.0 0.5 a 0.5 1.0 1.5
C,
I Ki—K_; VEE_, | 1 o
P; (At, 1) = hae” 7B |1+ gp——— cos (AmpALl) +2qp&p0 (—1)" X——"sin (AmpAt) (S; cos 2, + C; sin2¢,)
Kf-f—K_,' .ﬁj‘f—f\_!‘

sin2¢; = 0.43 4+ 0.27(stat) £ 0.08(syst),
cos 2¢; = 1.06 £ 0.33(stat) )% (syst),
@, = 11.7° £ 7.8°(stat) £ 2.1°(syst).
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Photon polarization

Radiative B decays, with b - s y transitions, dominated by loop (penguin) diagrams
New physics could enter at same order (1-loop) as Standard Model

Standard Model makes definite prediction of photon helicity
(D. Atwood et al., Phys. Rev. Lea. 79, 185 (1997)).
e B° - X vy,

s B - Xy,

If a helicity flip occurs, the photon will also flip its helicity, producing B® — X_vy,
@ Rate ~ m/m_ at the leading contribution (P. Ball and R. Zwicky, Phys. Lea. B 642, 478 (2006))
@ Corrections can increase this value

No common final state for B® and B°
@ Suppression of asymmetry S due to interference between B° mixing and decay diagrams

(TD CP asymmetry)

M

SM = _¢in 2¢, 2 4+ O(ay)] + SM#79

my

C < 0.01 (direct CP violation) (Greub at al., Nucl. Phys B 434, 39 (1995))

@ TD CP asymmetry measurements give an indirect measurement of photon polarization

Blois 2017 Luigi Li Gioi
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B° - Ksn®y : TD analysis \zim

Phys. Rev. D 74, 111104(R) (2006)

80

B vertex reconstruction 20

T g 7 o0

i it Y 10 0 50

8 QJ

‘ \ v 5 5 40

C C 30

T ‘KS/-‘; g E 5 20

10

Y B \ - —
. . . 75 5 25 0 25 5 75
At (ps) At (ps)
[
0 0.75}
Sngﬂny = —0.10 = 0.31(stat) = 0.07(syst), a osf
| £0.25F
A Kozt = —0.20 = 0.20(stat) = 0.06(syst), 2 of
> £-0.25}
No significant CP asymmetry § -0.5F
>-0.75[
Sk, = —0.327035 + 0.05 C
75 5 25 0 25 5 75
Ao, = —0.20 £0.24 £ 0.05 At (ps)

Blois 2017 Luigi Li Gioi 30



-0.8

0.8

B° - Ksa’y

Moriond 2016
PRELIMINARY

K*vYScp v8 Cp
| ! IBa].’»-:-]

/ . Belle

2 Average

_ .

N

-0.4 0 0.4

Contours give -2A(In L) = Ax” = 1, corresponding to 39.2% CL for 2 dof

Very important decay mode for Belle Il

Blois 2017
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Moriond 2016
PRELIMINARY

-USX 1

N BaBat\
¢ Belle
2 Average

0.8 -0.4

Contours give -2A(In L) = Ax” = 1, corresponding to 39.2% CL for 2 dof
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