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The Unitarity Triangle

g @ @ = All flavor variables constrained in the SM CKM fit are
) in good agreement with experimental observations

* Some variables still to be measured precisely
= therefore a lot of room for surprises !

B U

V| =)\ 1 X2

©

3 - 2 G‘- I T I T | T T I T ‘ T I T T | T I T I | I T T I : I T I T : I T I T : T T I T
\ —AT A 1 / @ S Belle n PI‘OJeCtIOI‘I (Feb 2018)
5 107 e : | -
).~ 0.22: Cabibbo angle = —— SRS
= ~ « Belle(I) Ky IEZZZZZZZZZZZijIZZZZEZZZZZZZZZZZZZZZZZZEZZZZIZZZ;Z-Z}Z?ZTZZEIIZZZZZZZZZZZZZI:f'ZZZZZZZZZZZZ.._
;-‘} __-e-Belle (Il)Btag P,
P merw] 5 o LHCb Hadronic .. . — N )
[ - % s CLT : s ,
T \B S - LHCb Leptonic L | :
10 ........ I
I | fo——e—& S — — A — e — T -
10:— Y £ _ 2017 2018 2019 2020 2021 2022 2023 2024
L ICHEF 16 ?:;f;?ff;;m : Year
_1-5 1 1 1 1 | 1 1 1 1 ] 11 1 1 | 1 1 1 1 | 1 L1 1 I 1 1 1 I_ )
oS00 es 10 s 20 Two notations for the CKM angles: a,B,y or ¢,,9,,0,
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Time dependent measurements

NED _
CON @ Y(4S) is the first resonance just above the BB
z | — production threshold
% sE @ Only BB pairs are produced, and are at rest in the
£ | ot Y (4S) frame
\6‘ Joo Y(45) o+
i continuum backg-r'c;-l:l.;c‘i.- a—
8.44 9.I46 1(53:0010:02 (5’10.‘34 10137 «”10154 10158 10.62 | K+
e"e” Center-of-Mass Energy [GeV] B /
tag
Az Y (4s)
BT = S B
v B {/w & _
. phys 0 T
Resolution on et K

At will be v, anti B |
dominated by e"-*m-- Tﬂ 0w at
Z

the resolution ¢
of the tagging | I
side vertex Quantum entapgled neL_ltral Belle ~ 200 um
B meson pair production Belle Il ~ 130 um
e—|At /750

At probability parametrization P(A¢.q) =

1 [1 +q (,4(; p cos AmgAt + Scp sin Am E;Af)]
4TRO
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D

Sin(2p) : b — ccs <2

Phys. Rev. Lett. 108 171802 (2012)

400 g
. ggg . 250 TABLE II. CP violation parameters for each B — f-p mode
2 50l 5 2004 and from the simultaneous fit for all modes together. The first
E'u; 200 | % 150 ¢ and second errors are statistical and systematic uncertainties,
t 150} £ 100} respectively.
2 100 | 2 :
" s} wosot : R
of o } Decay mode sin2py = —&¢Sy Ay
06t 06 J/ K +0.670 = 0.029 = 0.013  —0.015 = 0.02110-0%
: F s 0.023
2 04 > 04 i Jr J(29)KY  +0.738 = 0.079 + 0.036  +0.104 + 0.05575:547
: o oY | Yer K© +0.640 + 0.117 = 0.040 —0.017 + 0.083+0:046
> > o hT ' J/ KO +0.642 + 0.047 = 0.021 +0.019 + 0.02610017
2 02} 2 02} 4 L ” : ~0—0.041
0a4f 0.4 5|‘ All modes +0.667 = 0.023 = 0.012 +0.006 = 0.016 = 0.012
06 | 06 f
6420246 6420246
At(ps) At(ps) Source Irreducible Error on & Error on A
FIG. 2 (color online). The background-subtracted At distribu- | Vertexing A +0.007 iO-OOT_I
tion (top) for ¢ = +1 (red) and ¢ = —1 (blue) events and At resolution +0.007 +0.001
asymmetry (bottom) for good tag quality (r = 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

o1 4 GeV 3.6 A - Collldm.g bunches o

/__/

- Pl a & Peak luminosity
. “—— New superconducting @ KEKB =

/permanent final focusing 2.11)(1034 Cm—Z S—l
ew beam pipe quads near the IP
Ebe.fim e SUPErKEKB o SuperkEKE =

: P
y T - -
‘\ | 8 x10%* cm®s™

leplace short dipoles
vith longer ones (LER)

HHHHH
PR oo R

e’e” beams energy

@ KEKB =
8 GeV /3.5 GeV

@ SuperKEKB =

Add / modify RF systems
for higher beam current

Positron source

LB

Redesign the lattices of both rings Damping ring ” — << -
to reduce the emittance — / New positron target / V4 GeV / 4 GeV
M capture section
b- -/ :
; . Low emittance gun
TiN-coated beam pipe SuperKEKB
with antechambers Inject low emittance Nan0beam

electrons

‘NEG Pump]

i Tum

KEKB  5mm _, |
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Superconducting Magnet

with 20 mm quartz bars homogeneous field of 1.5T
MCP-PMT readout

= H
Electromagnetic Calorimeter
» 8000 Csl Crystals, 16 X,

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 4| Aerogel RICH

proportional wire drift chamber ; Proximity focusing RICH with
15000 sense wires in 58 layers T silica aerogel

LIO 2018 Luigi Li Gioi



DEPFET

D

4 é'o‘

Cr
f/,,ep& o
e

arad Belle || Pixel Vertex Detector

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

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 100um from the IP

Silicon Vertex Detector (SVD)

Pixel Detector (PXD)

LIO 2018 Luigi Li Gioi 7



The impact param

The impact parameters: d_and z_

@ defined as the projections of distance from the point of
closest approach to the origin

d,-Resolution o [um]

I\\LI\\ Tl alale LR a4 d
ahmm=

eter

Fit function:

smmm=s 2= 9.0%0.1um

o=\la%+

pBsin(e)*?

Belle SVD2 cosmic (Data) BN715
a=174%£03pum
b= 34.3%0.7 um GeV/c

Belle Il single track events (MC)

b=17510.2um GeV/c

GBeIIe/GBeIIe 1l

Z,-Resolution o [um]

= N
oo R O

A factor 2 improvement with respect to Belle
Luigi Li Gioli

GBeIIe/GBeIIe 1

LIO 2018

"3 4 5 6 7 8

1 I I2 B
pBsin(0)*? [GeV/c]
140 s G E Fit unction: o <\ a2+ b2 _
M ‘ pBsin(e)
1200 B )
o elle SVD2 cosmic (Data) BN715
e : —— a=263+0.4um
100 7: ............................. b=329+08 um GeV/c
= Belle Il single track events (MC)
80: ............................. cemmee 2= 1151—01um
' b= 17.9+0.2um GeV/c
BO - ; ; : S

pBsin(0)°? [GeV/c]



Vertex fit

Kinematic fit: Jp —» u u Tag side vertex fit: Using RAVE Adaptive
= a2 Vertex Fit (AVF) algorithm:
B s Belle Il . : . .
g S . Do_wn-welghts outhgrs dynamically, instead of
e : using hard cutoffs (important for 3+ track
= vertices). CMS NOTE 2008/033.
£ I Belle converted MC X
i @ Resolution = 43 um All tracks apart from
- the ones from Ks
200—
- i >
100— BY - -
= a l Z
—8.03 -0.02 —-0.01 0 0.01 0.02 0.03
VertexZ - GenVertexZ / cm
At resolution
10°
§ 3505— Belle || i j!'?g side vertex fit
S 300 @ Bias =-0/03 ps B
- F 1 ot Belle Il
B ok @ Resolution = 0.77 ps § 300E e c—o.m
= S 250~ @ Resolution =53 um
W 200 Belle gl
C @ Bias =0.20 ps 8 2001 Bell
10t @ Resolution = 0.92 ps - GleBeias e
C L i = ey
9= 150; @ Resolution = 89 um
50?— 100;—
0‘: il o g ol i uualloss T ] 50i
-5 -4 -3 -2 -1 0 1 2 3 4 5 B
At - Gen. At/ ps C [ |
—8.03 -0.02 I I—0.01I — 0 — ‘0.01I . 0.02 0.03

TagVz - GenTagVz /cm
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Flavor tagger

@‘racike.) @LMCl?Ster@ @CLCllllsters)

""""'"""""""'i Example Category é\lOUOOO- —.— Both
- = | _——— 0 I
- — 800001 4§
., | Ranking and 1 0
R T — B
o Ko, A o = 60000 ||
* &5 |
Yeat ot: other L‘C_ﬁ 40000 |'I
Categories 5 |11 Ll ",."'-'1,- -
Geand - Yent -Jé 200007 ! h'--!.-l----|_._::‘:-q.| ." - i TR -lI“‘.'-...-...="I
q-r (—| Combiner I _ / = I - .h_—-——‘__._,.r
or (QCand " ycat)w Z | | e ll-""---..--. o s
0 - = o
Categories Targets for B" Underlying decay modes —L0 —0.5 (q- ?“%FBDT 0.5 1.0
Electron e — o
B — D*" p, ¢ _ 0
Intermediate Electron et L, ! Belle Il MC = 37.16 + 0.03 %
Muon o DY 7t L0
Intermediate Muon w L X K-
Kinetic Lepton [~
Intermediate Kinetic Lepton " BY Dt 1 (K SﬁU.?B
Baon . n K y, N
Kaon-Pion K=, nt 05
Slow Pion T ]‘
Maximum P* [, B — A7 X- O
Fast-Slow-Correlated (FSC) =, 7" R < 0.25
Fast Hadron T, K~ |_>
— 0.1
Lambda A pT 0
0 0.1 0.25 0.5 0.75 1.0
<T FBDT}
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Belle Data — MC comparison

= 1.25 + Data
S --—- MC ,
\_‘1_00?‘: :ﬂ" @ Belle MC and data
% I e :: @ Belle Il flavor tagging algorithm
b, _!l ﬂ 3 "1
= 0.75 I [ ?I 1
= “7:' U !
- ] l mn
S0.501 L bt
i g Mot
_E : ﬁ"ﬁ' *‘*‘*ﬂ’# \ +¥t#’ Aot | More than 10% efficiency
S 0.254 | increase on the same dataset
& | |
[ : |
0.00 : :
—1 —0.5 0 0.5 1
(q ' T)FBDT FBDT Combiner
o r- Interval g w; £ dw; Eeff,i + 5Eeff’i
Efficiency 0.000 — 0.100 15.49 47.61 4 0.04 0.035 + 0.002
@ Belle Data (assuming linearity) = 33.6 £ 0.5 % 8‘%28 - 8'238 }SS; gi'ggig‘gg g'ggg i g'géé
@ Belle Converted MC = 34.18 + 0.03 % 0.500 — 0.625 10.68 21.87 4 0.06 3.375 4+ 0.110
0.625 — 0.750 11.52 15.68 4+ 0.06 5.416 + 0.169
@ Belle old FT Data = 30.1 + 0.4 % 0.750 — 0.875  9.68  9.39+0.07  6.372+0.219
s Belle Il MC = 37.16 + 0.03 % 0.875—1.000 16.77  2.3240.05  15.226 + 0.382

Total eog = 3., €1 - (1 — 2w;)2 = 33.6 + 0.5
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D

Sin(2p) : expected errors e

WA (2017) 5 ab™! 50 ab~1
Channel o(S) o(A4) o(S) o(A) o(S) oA

J/sz0 0.022 0.021 0.012 0.011 0.0052 0.0090
qﬁKO 0.12 0.14 0.048 0.035 0.020 0.011
n’KO 0.06 0.04 0.032 0.020 0.015 0.008
ng 0.21 0.14 0.08 0.06 0.024 0.020
-E? 0.025 Belle Il  Projection (Feb 2018) @ Sln(Zﬁ) will remain the
g most precise measurement
Cv 0.02 on the Unitarity Triangle
4 parameters
10015 @ |n Belle Il the measurement
- will be dominated by
S 001 systematics

= Effort concentrated in

70% data Y(4S), 6 months, slow ramp-up
—8— 70% data Y(4S), 6 months

LIO 2018

0.005 —e— 70% data Y(4S), full 9 months
70% data Y(4S), full 9 months, improved KS
—4— All data Y(4S), full 9 months, improved KS
LHCb estimate

2017 2018 2019 2020 2021 2022 2023 2024
Year

Luigi Li Gioli

understand and reducing
them

= A precision of 1% is
expected using the b -
ccs decay modes

12



Sin(2p): b - ggs

in2p") = (2¢1 Y. FLAv

b—ccs  World Ayerage ; B 0.69 + 0.02
' %, BaBar ! 1 -~ 066%0.17£0.07
= Belle g - E— 0.90 555
%Y BaBar i e ' 0.57 +0.08 +0.02
= Belle ! i ' 0.68 + 0.07 +0.03
‘é; BaBar ! i L 0.94 021+ 0.06
X Bele ! s ' 0.30+0.32 +0.08
¥ < BaBar ! . —=—f ! 0.5510.20+0.03
e Belle ! - { 0.67 +0.31 +0.08
& BaBar ! | 035229+ 0.06 +0.03
o Belle i 1 —0.64 *012+0.09 + 0.10
& BaBar : § © 0.55'0%+0.02
8 Belle § —H———0-81 + 0.32 £ 0.05
" BaBar ! g e 0.74 012
-~ Bele ; —_— 0.63 7013
In principle measures sin2p, but sensitive i, K, gagr ; g 48+ 0.52+0.06 +0.10
- f, K aBar ' 20 % 0.52 + 0.07 + 0.07
to new physics 20 8 Kq BaBar—:—-—q £-0.72+0.71 +0.08
¢. n K, BaBar : : , - 0.97 oo
o gé NBaBar : — 0.01:0.31+0.05+0.09
BaBar ! ; : ' 0.65+0.12 +0.03
; Belle . 0.76 212
b—qqs Naive average | o T 0.66 + 0.03
-2 -1 0 1 2
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D
- ¢ Ks: expected sensitivity

Channel Ereco  Yield  o(S) 2 g LT
T - Belle .'I Prolect|on (Feb 2018) -

1 ab~! scenario: g 0.145 . S N LA R — S
O(KTKT)Ks(ntn™)  35% 456 0174 S0, 0\ ___________________________________________________ E
O(KTK )Kg(nz%)  25% 153 0295 § ., N\ LR AU E
p(rtrnn)Kg(ntn™) 28% 109 0.338 = 0,08 N i -
Ks modes combination 0.135 @ 0o NN N S |
Ks + K1, modes combination 0.108 ooas o plRYeS emohesoumiE Sy
5 ab™! scenario: 0.02-+;A%£§$§£§32 ﬁﬂﬁgﬁéﬁﬂi.mmﬁxs ................. T —
H(KTK )Kg(rtn™)  35% 2280 0.078 i DU DTS DU DUUIE DU B

n o 0_0 2017 2018 2019 2020 2021 2022 2023 2024
P(KTK)Kg(m'm") 25% 765  0.132 Vear
dp(ntr ) Kg(ntm—) 28% 545  0.151 Belle Il broject
K ¢ modes combination 0.060 elie 1 projection
K + K7, modes combination 0.048

Sensitivity study

we estimate the expected yield of gbK% based on
previous BaBar and Belle analyses (but use the
same At resolution we estimate in ¢ — KK~ for
Belle II).
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D
B° - 1’ Ks: expected sensitivity

% 0.08 Belle Il Projection (Feb 2018) Similar Belle sensitivity given the same
g oort ' integrated luminosity
& 006 Channel yield o(Sy) o(Ay)
T 005 1 ab™!
e (+)
< 004 ' (N mE) K g 969 0.13  0.08
% 003 W (e E)KEY 215 027 017
70% data Y(4S), 6 months, slow ramp®
0T e e, JomerEE 2025 016
0.01 - f::gazt:;ﬁ(:zjbug months, ifnprzved K, ;r]" (pﬁ}f)K(:I: 2100 0.09 0.05
072017 2018 2019 2020 2021 2022 2023 2024 7 (p’y)Ké 2 320 0.22 0.14
vear K¢ modes 3891 0.065 0.040
0.4F | | | K} modes 1546 0.17  0.11

K2+ K? modes 5437 0.060 0.038
5ab™ !

W (e T)KSY 4840 0.06  0.04
(0, )K(““) 1070 0.12  0.09
n’(mﬁ HKS 1415 011 0.08
(

'

:I:

Asymmetry
O
n o —
——— J
— A |
L
Pr. L
»
»
»-
-
*
1 | | | | | 1 |

I ;_*_ . 0 (py) K5 10500 0.04  0.03
0.2 ke 0 (o) KO0 1600 0.10  0.07
I .,“:. Iy K (S =0.70) K? modes 19500 0.028 0.021
R K9 modes 7730 0.08 0.0
10 -5 0 5 10 K2+ K9 modes 27200 0.027  0.020

At (ps)
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D

BELLE

BaBar + Belle B° - D_, <o

» Leading order: tree Phys. Rev. Lett. 115, 121604
» Sub-leading order: tree, phase within the SM

» |ndependent form NP in loops AvSeassnasannsan
» Suitable to measure {3 ) 4o —
. . . . .. - 130 | Combined Analysis of B — D2LA" Qm=41 ]
» Branching fraction is the limiting factor F ) 1051 @ el i |
- Al
o - g oif £ ol combined:
E E‘E' 4w E
10} (a) BABAR 1 uob (b)Belle %-Eﬁ:- v ]
L' 3 ; % !
> = 40 = 0 . . . . . .
el g - g -~ |
= = =z ; % HM
% 60 - % 5 2 5 oa ]
& ol & § ol | Tt +
0 | +':I-._ %‘EE . At ips) . -
O TEm 5m sa 5w | s 5m 5% 5w 5 §_EE
My, (GeVic?) M, (GeVic?) & 08
At (ps) At (ps)
BO-D(*)° h°, h°=n’ n, w —1n¢S = 40.66 £ 0.10 (stat.) = 0.06 (syst.),
0, K*K- 0
D">K'K', Ks n” and Ks » C = —0.02 + 0.07 (stat.) £ 0.03 (syst.).
Yields =
» 508x+31events(BaBar) _ _
s 757+44events(Belle) » First observation of CPV(5.40)

» Bellell': 8(3) ~0.015
» |mportanttestforb— ccs
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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

Used decay modes:
@B -nmn
®*B-pp
@ B-pm

Extra weak and strong phases + |P/T| modify o by Aa.:
sin(2a) - sin(2o. ) o =a + Aa

To relate a. to a. Isospin analysis

AT = A9 (pure tree)

LIO 2018 Luigi Li Gioi

17



D
B° - n°%z° : converted photons

3 €T
g i —Pipe Y Vertex
= 2: . |-PXDf o j\ reconstruction
5 T |-PXD 2 J
1-
5
oF B
- e
ol T gal — € eTy
g : +2 1 ndf = 0.593
__SI | | I_|2I | | I_|1I | I|OI L1 | |1I | | Iél | | I3 O‘ 25; l_l,=0_003 i0.012
/ > S0l 1 G = 0.2830 + 0.0089
. . o 15— |
» Photon conversion inside the Belle Il E - -
detector (Beam pipe + PXD) 3 o
0 0_0 ) -
» 3% of B® —» n° n’ events ¢k * [
» ~5 9% including =° Dalitz decay '§ 5 , l .
» Reconstruction efficiency will be crucial o Y R R & ) S
O OFS0%=06 04 02 0 02 04 08 OB
SCP,i ) SCP
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Isospin analysis: B —» nt «

%) 1_— S oo E

Belle ' . — 0.83 :’:

Belle Il - 0.8 - 0.40 ||l "

0.6~ [0 |' i

[ ~-0.94 (ks

0.4} H

........................................................................................................................................... 1N0|: ,:, rrala

0.2 ¢4 I

A I

N , | . | L . | | 0w Lo | S SOV
30 60 90 120 150 180 0 30 60 90 120 150 180

0, ) 0, ()

Value 0.8 ab™ 1 50 ab™!

070} —
Bron o9 504 +0.21+0.18 [79] +0.03+008  ~STT)=%028£0.03

Brogo no®)  1.31 £0.1940.18 [78] 40.04 4+ 0.04

Briqo 106 5.86 4+0.2640.38 [79] +0.03 + 0.09 78: arXiv:1705.02083
. 79: Phys. Rev., D87(3),

Crin-  —0.33 +0.06+0.03 [80] =0.01 =+ 0.03 031103 (2013)
Sat - —0.64 +0.08+=0.03 [80] =+0.01+0.01 80: Phys. Rev., D88(9),
Crogo —0.14 +0.36 £0.12 [78] +0.03 =+ 0.01 092003 (2013)
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Value 0.8 ab—1 50 ab—!
frLpt o 0.988 40.0124 0.023 [74] =£0.002 £ 0.003
fL.pop0 0.21 +0.20 & 0.15 [81] +0.03 + 0.02
By p- no¢)  28.3 +1.5+ 1.5 [74] +0.19 + 0.4
Bpopo 10 1.02 +0.30 & 0.15 [81] +0.04 + 0.02
C 0.00 +0.10 & 0.06 [74] +0.01 + 0.01
Syt p- —0.13 +0.15 & 0.05 [74] +0.02 £+ 0.01
Value 0.08 ab~! 50 ab—!
FLptpo 0.95 +0.11 £ 0.02 [65] 40.004 & 0.003
Byt noe) 317 +7.1+ 5.3 [65] +0.3+0.5
Value 0.5 ab™! 50 ab—!
Cyo o 0.2 +0.8 £ 0.3 [64] +0.08 £+ 0.01
S 0 o 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) 85 20 95 1UU¢2 ©)
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Measurement of y with B - D° K

y is the phase between b-uandb-c

. _ Strong phase differences can be
V¥ s e’ e @ measured at a charm factory
us -~ K= b TLAIjO 3.0 .
V. U _ . G i (b)
b chb B Vi 5 o :
—y e _ .
B~ & 5 P u al* ' °
U U N
acg 2.0 5
. . >
Interference between these amplitudes with 3 . 4
D°%/D° decaying in the same final state ! 3
1.0 2
@ From tree level processes , 1
@ Not affected from NP in loops 0Sf —
05 10 15 20 25 30 °
= - I AT SN USRI I R 274
£ \ Bellell Projection (Feb 2018) mZ (Geverc)
5 s VNS @ CLEO result Phys. Rev. D 82, 112006(2010)
S e NN\ R E @ Improvement expected from BES Il
g L ON E
S S
5 :_ .............. _'______._____‘ ................................................................ _: .
4 E An error of 1.6° is expected
S NG E @ Including more D® decay modes
3 - 70% data Y(4S) 6 months slow ramp- up 3 . .
ol e ToedaaYiSiemomhs e @ Integrated luminosity = 50 ab™
~ —e— 70% data Y(4S), full9months : ; : - - . .
= 70% data Y(4S), full 9 months, |mprovedK = | Assum|ng BES “I W|II CO”eCt 10 fb'l
1: s Al dataY(4S) full 9 le"IthS rmproved K .................. .................. ..............
E -- LHCI‘.b eshmateI ‘ I ‘ I I
0 2017 2018 2019 2020 2021 2022 2023 2024

Year
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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_y,
@ 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 ) :
S?(BU/IWO ~ _2_3 sin 2(;51 — _(2.3 + 1.6)% P. Ball, G. W. Jones, and R. Zwicky,
STy my Phys. Rev., D75, 054004 (2007)

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

LIO 2018 Luigi Li Gioi
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B° - Ksa’y
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LIO 2018

Contours give -2A(In L) = Ax® =1, co rresponding to 39.3% CL for 2 dof
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Contours give -2A(In L) = Ap® =1, corresponding to 39.3% CL for 2 dof

Very important decay mode for Belle Il
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B - Ksat 'y &

Signal definition BaBar: PRD 93 (2016) 052013
Belle: PRL 101 (2008) 251601
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Outlook

The Belle Il Physics Book: https://confluence.desy.de/display/BlI/B2TiP+WebHome

Before the B-factories After the B-factories
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Backup slides



B - &t m: Isospin Triangle

Parametrization by M. Pivk and F. R. Le Diberder Eur.Phys.J. C39 (2005) 397-409

Tm(A) Im(A)

Without S(1t°mt°) With S(1t°m°)
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B - p p:lIsospin Triangle

Im(A)

LIO 2018
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Sin(2p) : expected errors e

B — J/p 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™1h)
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 70055 To0ls 0.011 syst. irreducible  0.0106  0.0087 0.0035

@ Sin(2p) will remain the most precise
measurement on the Unitarity Triangle
parameters

@ |n Belle Il the measurement will be
dominated by systematics

-~ Effort concentrated in understand
and reducing them

Three hypotheses

@ Belle: same Belle non reducible
systematics

@ Belle II: vertex systematic / 2

@ Leptonic category: only leptonic
categories for the flavor tagging
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