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Unitarity Triangle from B Decays

» Sides ~ Amplitudes ~ Branching fractions
@ Angles ~ Phases ~ CPV

Quark interactions described by the CKM unitary matrix Ve

Off-diagonal elements of VIV=| can be represented by triangles in complex plane

Most common triangle from . V.V °, i=u,c,t (be aware that ¢ .= B, ¢,=a, ¢,= v !)

@ All angles can be accessed at B-factories — BaBar (SLAC) and Belle (KEK)

collected together about 1.5 ab' — precise determination of unitarity triangle
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Overview of SuperKEKB

* New generation B-factory, upgrade of KEKB

SuperKEKB
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SuperKEKB is worki

ng!

25 .
. . . . th .
* First collisions in 26™ April 2018 2.0 A
(with commissioning vertex detector)! gup ti
HER 000 [4] 789  [bunches] Luninosity R Bearn—BT;arr;_deﬂecltliims were o:servegi gg%ggigg Enr 10k ::' +-‘ P
Eiﬁmosity ggg E:o]w) 13_7;292 (p[gau}?i(leh zeﬂi @23:20) [106%/cm’fsec) Phase 21.1 collson opics: 2018105722 K * ? “. %
Integ. Lum. O(Fll)  .0(Day) .0(24H) [/pb] S/24/20180:00]ST406 % sk M " {4‘ * w"' \...., et
L . LA S B § U T P e T * . L
L T e 109 Yas) | res)  xes) o yas)
L e | & 044 946 10001002 1034 1037 1054 10.58 10.62
e g | 108 Mass (GeV/c?)
~200 | B .
. 1" GOAL:
= H1ee | E. [ 107
= n =
=t o | L2 50 ab™ by 2025 | at Y(4S)
- L 169
g H150 | = v CM ener
i 17| (50 x KEKB) 9y
H100 | §
: Tl - 10% ' :
C i it IR »
Ho.01 108 g 1035 . : ’
- :e.ees N \E’ 34 ' )
i~ -6.006 gq: a - 1 PR
g :(.) 004 gs = 10 / ;ﬁ D AFNI
F 17|25 = 8 TEVATKO
g :Mez| 73 E 10321 R @ ¥/ BEPC2
3 . 10 ORI " L:,ya- i\
S o S TEAYT ¢ 7" * BEPC
i Eg’ 1030 oo .A....ﬂ.._;-._-_-,o’ Aspps..,.._... S e e
% | £ DCI  eees
70" 3" 6" 9" 12" 15" 18" 21" 102 L. P . . -
5/23/2018
“ 197 1980 1990 2000 2010 2020
Year
Already exceeded L =2 x 10*°cm? s and L_ ~ 500 pb-’ -
B. Oberhof - CKM 2018 4



Belle — Belle Il

* Various upgrades in order to improve performance in new conditions:

» Much higher beam-background environment of SuperKEKB

KL and muon detector
? Red u Ced C M bOOSt Resistive Plate Counter (barrel outer layers)
Scintillator + WLSF + MPPC
> Highlights: T —
EM Calorimeter /
@ Vertex detector: Csl(Tl), waveform sampling electronics
@ 2 layers of pixels . .
° 4 DSSD layers with ~electrons (7 GeV) D cation
] = [ Prox. focusing Aerogel RICH (forward)
extended coverage Vertex Detector F o, :
2 layers S! Pixels (D'EPFET_) + .li ~&
@ P I D: 4 layers Si double sided strip DSSD l
@ new TOP + ARICH (FWD) ; positrons (4 GeV)

Central Drift Chamber
@ Dr|ft Cham ber Smaller cell size, long lever arm

@ smaller cell size, longer lever arm

@ KL & muons:

@ Inner (barrel) and FWD RPCs replaced with scintillators
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Belle || works!

» Belle Il has recorded its first collisions on April 26" and has continued taking

data until July 17" with a commissioning vertex detector called BEAST-II in
order to study beam-backgrounds close to the IP (Phase 2)
@ 2 PXD and 4 DSSD ladders where
the highest background is expected
» FANGS - FE-I4 based hybrid pixel
to study Synchrotron Radiation
@ CLAWS - for trickle injection bkg
@ PLUME - double-sided high granularity
MIMOSA pixels
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¢, and ¢, at B-factories

» BB mixing and decay amplitudes interfere — time-dependent CP asymmetry

» The BB are produced in an entangled state, the flavor of the first decaying B (tag)
defines the flavor of the other B (signal) at that time

@ Need to measure At between tag B and signal B, hence a difference in Az

* Y(4S) — BB pairs at rest in the CM frame — asymmetric beam energies
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Systematics on ¢, and @,

e Systematics are mainly limited by: Tag side vertex fit
X 03

Bellell
Smulation

» the resolution of the tagging B vertex fit

300

and hence on At — inner pixel sensors
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high resolution in a noisy environment
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» the proper identification of the flavor of

200

-
(%))
=]

the non-signal B meson: Belle Il uses a

—
[=]
[=]

new inclusive flavor tagger technique

o
o

which results in higher tagging efficiency

=]

Belle I
@ Bias =-0.
@ Resolutio

Belle
@ Bias=0.2
@ Resolutio

0.02 0.03
TagVz - GenTagVz /cm

003 ps
n=0.77 ps

20 ps
n=0.92 ps

T T T T"I TITT ]"T""'T 'T']'T"T TT I TTTT | Tr

~ (o] ~ o] The Belle Il Physics Book:
35.8%,,.,., Vs ~30.0%

Belle | https://arxiv.org/abs/1808.10567
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https://arxiv.org/abs/1808.10567

sin(2¢.) in b — ccs

» Tree dominated modes, golden channel B — J/y K
» Theoretically clean process, S =-¢.sin(2¢,), C~0

* Clean experimental signature: 4 tracks J2L

» Recent theoretical improvements in the calculation

S ~ sin (23)
Worst case scenario, same systematics as Belle

of penguin pollution

Belle (1 ab™1) PRL 108 171802
Sample Quantity | Value | Stat. (x107?%) | Syst. (1) (x107%) | Syst. (2) (x1077)
Red. Non-red. Red. l Non-red.
S 0.67 29 - 13 . -
B=J/¥Ks | 4= ¢ | -0.015 [ o1 ) ; @ ; ;
b oms S +0.667 23 - 12 _ -
A=-C | +0.006 16 - 12 = =
Belle IT (50 ab— 1)
AN A E A
b s S - \2.7 2.6 7 26 [N 3.6
A=—¢ - 1.9 1.4 10.6 1.4 8.7

With expected improvement due to better vertexing
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sin(2¢,) in b — qqgs: B® — ¢K°

» Loop process, same weak phase as b — ccs ¢

» Also sensitive to new physics

At resolution

Channel At resolution (ps) BO
H(KTK™)KY(rtnm™) 0.75 K
¢(K+K~)KY(mO70) 0.77 ‘
q5(7T+7T_7TO)Kg(7T+7T_) 078 2} 80000_—| L B R R LN I N
§ - Belle Il Total fitting function -
8 ?0000:_ BelleI [ S e s E
e : - Smulation < 02993 54 .
Expected sensitivity with 50 ab-! = 60000|- osmze 5
L = = Tail component .
Channel o(S) o(C) 50000 faoges
H(KTK )Kg(ntn™) 0.025 0.017 _ T I _
H(K*+ KK (x°n") 0.042 0030 0% T
Pt YK (mT ) 0.048 0.036
Kg(nTm™) modes 0.019 0.014
K3(rmt7™) + K2 (7" 7~) modes 0.015 0.011

Belle measurement: S(pK =0.9,,,"°
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sin(2¢,) in b — qgs: B® - n'’K°

» Mis-reconstruction leads to signal cross-feed

» Main issue for B® — n'K°, where n' — n m*1-is m°and n° reconstruction

* BY - n'K° could be already systematically limited at L ~ O(10) ab™

At resolution < 04f"
®
Channel True SxF All E $
n’(?]w?ri)h’éi) 1.22 ps 2.87ps 1.45 ps E’ 0_2
7}’(7]3ﬂfrﬂ:)Kfqi) 1.17 ps 2.36 ps 1.50 ps

Belle Il f L=50ab"

1 | 1 I 1

Expected sensitivity with 50 ab™ Or 5 %
Channel o(S) o(C) i n _A_-c | .. .
n’(nwfri)Kg 0.019 0.013 ool e
0 (M3 ™) K3 0.035  0.025 . ‘-m__‘_’. .

K3 modes 0.009  0.007 " Bdlell ., : J'q;( S(S:(()).Zz)
K? modes 0.025 0.016 ~0.4-Simulation T ( e )
K$ + K9 modes 0.0085 0.0063 B e T I A
Syst. (10°2) 1.8 (1.3) - At (pS)

Syst.Case 1 (Case 2)

Belle measurement: S,

=+0.68 £0.07 £ 0.03
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sin(2¢,): isospin analysis in B — hh

» sin(2¢,) can be extracted from time-dependent analysis of B — 11T, pp, T1p

* Tree and penguin contribution are comparable but additional weak and

strong phases

°» S= Sin(chz, eff)’ Qi =P 6(Ppeng
» Disentangle the tree contribution and extract d¢ by isospin analysis
A = AB™ SRR (h=m,p [ i,j = £,0)
AT /24 A% = AT°
AT /24 A% = AT°
AT =A™

M. Gronau and D. London, PRL 65 3381 (1990)
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sin(2¢,): B — mm

o B, > (—vyy) T (= VYY)

° By = Ty (&' y) T, (= W)

o B, — 1. (mV (> ete)y)m

@ 3% of B — %1% events

@ ~ 5% including 1° Dalitz decay

We need the decay vertex, experimentally:

W (YY)

Photon conversion in the inner detector:

@ Reconstruction efficiency is crucial!

Value Belle @ 0.8 ab~'  Belle2 @ 50 ab™*

B+ — 0’ 504 F021£0.18 2 10.03 £ 0.08
B o_o 110 1.31  40.19 £ 0.18 1] +0.04 + 0.04
B+ o0 58 026038 2 +0.03 + 0.09
C 4+ - —0.33  40.06 + 0.03 [3] +0.01 £ 0.03

5 5 - —0.64  +0.08 £ 0.03 (3] +0.01 £ 0.01

C o o ~0.14  40.36 + 0.12 1] +0.03 £ 0.01
Sﬂoﬂ_o — — +0.29 4+ 0.03

Belle Il expectation: A@, ~ 2° B. Oberhof - CKM 2018

Up to date S_,  has never been measured — eightfold ambiguity on @,

Belle
Belle Il

Bdllell
Smulation

04
0.2
O ) | L | i
0 30 60 90 120 150 180
o, ()
1_ Sn"n"
- 0.83
- 0'8:' -- 0.40
0.6 - -0.61
i - |
0.4
021 pgle
b Smulation:
0 30 60 90 120 150 180
0, ()
[1]: arXiv:1705.02083
[2]: PRD 87(3) 031103
[3]: PRD 88(9) 092003 i



sin(2¢,): B — pp

Belle Belle Il
Value  Belle @ 0.8 ab~_ ' Belle2 @ 50 ab_ "
ot 0.988  £0.012 + 0.023 1] +0.002 £ 0.003
fL,pOpO 0.21 +0.20 + 0.15 [2] +0.03 + 0.02
- [10°°] 28.3 +1.5+ 1.5 1 +0.19+04
B o o 10°) 1.02 +0.30 & 0.15 [2] +0.04 + 0.02
C o+, - 0.00 +0.10 £ 0.06 [1] +0.01 4 0.01
S+, - ~0.13 +0.15 + 0.05 [1] +0.02 £ 0.01
Value  Belle @ 0.08 ab~ " Belle2 @ 50 ab_
Tyt 0.95 +0.11 + 0.02 [3] +0.004 + 0.003
Bp-|-p0 (107 31.7 +7.14+5.3 3] +0.34+0.5
Value BaBar @ 0.5ab - Belle2 @ 50 ab_
C oo 0.2 +0.8 £ 0.3 [4] +0.08 £ 0.01
S 0.0 0.3 +0.7 £+ 0.2 [4] +0.07 £ 0.01

[1] Phys. Rev. D78, 071104 (2008)

[2] Phys. Rev. Lett., 91, 221801 (2003)

[3] Phys. Rev. D93, 032010 (2016)

[4] Add Phys. Rev. D89, n.11, 119903 (2014)

Belle Il expectation: AP,  ~ 0.7°
Combined: A, ~ 0.6°

—
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— 0.8
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0.4

0.2
0

0.6
0.4
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Measurement of ¢, with B—D° K

@, is the phase betweenb — uandb — ¢

The best methods to measure @, are based on the interference between

b — cus and b — ucs amplitudes with D/D° decaying to same final state

8 b > >
W;/(,R K- '_H_\(
p-b————c ¥ "
u u

DO

U

-

Theoretically very clean, ambiguity on @, is less than 1%

Bl i 0O 2

DO

K-

Experimentally very challenging: CKM and color suppression

Belle Il technique: Dalitz-plot analysis of self-conjugate D decays (GGSZ)

Different strong phases — have to be measured at charm factory (BES)

[ B

m?

f)h

i(8+y)
~ ol o -

\’.\:‘_ﬁ.,_
-
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Measurement of ¢, with B*—>D"K*

First sensitivity study of Belle Il uses GGSZ analysis for B* — (KSTT+1T')D K*

Belle Il sensitivity expectation for — g‘ﬂjgﬁm
B* — (K_1'1m) K*with 50 ab™": A, ~ 3°
S D 3 3° precision at
10— . 50ab-1
Current measurement from B-factories and LHC: -
c o — 7a*15 o D 51 o L W
Belle: ¢, = (78""_,.)° LHCb: @, =(76.8""" ) ‘
D* > D> K n*) n
Belle measurement used other D e );_ SRR
decay modes (ADS, GLW techniques) £ | °© s | = Jromm
<0.155- 4o oo - 3 3
Best estimate for Belle 1| combines 5 I
the different techniques L LI I N lh |
Fundamental assumption: BES Il will [ 7 I%QE I M ——
0.145[= [m] e F -
0 2 l 25t det =5pb" 3
have collected ~10 fb! at the w(3770) [ o [ ] {
L o D Ldt=5pb” - 2 3
L et ot |
Be”e ” SenS|t|V|ty expecta‘“on 1.7 175 1.8 1.85 1.9 195 2 205 2.1 ‘“’é‘ ‘
. h 50 ab'1' A _ 1 60 . My . [GeV/c?] S R N QIM:-.(E:\::?]“
wit CAQ, ~ 1. First Belle Il data ,

B. Oberhof - CKM 2018 16



Current Schedule

"
M year 2016 2017 2018 2019
Japan FY JFY2016 JFY2017 JFY2018 JFY2019
Summeri shutdowr, Summerfshutdowr owerjsaving
(power saving) (power saving) after mid July zcra
/ : (end Feb. —mid JU: 2018) :w..l full Belle Il
I
phase 1 weadey 'phase 2 (MR)i ' phase 3
I
—— ‘

MR startup

DR installation & startup

MR renovation for phase 2, including
installation of QCS and Belle ||

Wi 1
w/ Belle |( (no VXD)

HER start )
LERité;rt VXD installation

- - -

phase 3 operation
9 months / year

I

PR commissionirg
I
I

Up to date Belle Il has recorded ~500 pb-' with partial (Phase 2) detector

Commissioning has ended July 17", we are now moving towards installation

of the vertex detector in fall!

Due to technical difficulties in the assembly, the second layer of the pixel

detector will not be installed until 2020

Physics run with increasing luminosity will start in February 2019 !

B. Oberhof - CKM 2018
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Pictorial Outlook

Before B-factories Eur.Phys.J.C21:225-259,2001 After B-factories
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Conclusions

Belle and BaBar have been very successful in testing the CKM paradigm
Belle Il and SuperKEKB represent a major upgrade B-factory
Huge dataset along with improved detector performance will allow

to test CKM mechanism at 1% level

sin(2¢,): precision better than 1% using ccs modes

sin(2¢,): new inputs for isospin analysis, expected sensitivity 0¢, ~ 1°

¢,. from B — DK decays 0¢, = 1.6° at 50 ab™ First Belle Il data!

= T T

6000 +

i

Expected precision on |V _|

Belle Il 2018 (preliminary)

—|— Data

_[L dt = 250 pb”’ = Fit

from exclusive (inc.) semi-leptonic

Entries/(0.6 MeV/c?)
()]
o
o
o
|

llllllllllll

measurements around 1.3% (3%) 30002

2000

i = (497.159 + 0.013) MeV/c*]
o = (3.462 £ 0.075) MeV/c®

1000—

..the fun has just started!

: J 1 1 1 -l ] 1 1 1 L [ 1 1 1 1 I | | 1 1 "l r
0047 0.48 0.49 0.5 0.51 0.52

_ _ m(x*x) (GeV/c?)
First K, candidates from Belle ||
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Thanks for your
attention!
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