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B-Factory results

a rich harvest




Three Decades of B-Factory results: a rich harvest

Goals of (heavy) flavour physics:

» Study the flavour mixing and Charge-Parity violation (CP) in all its aspects

 Look for new physics far beyond the current energy frontier in rare and forbidden
processes

- By these measurements we hope to get insight into the mystery of the observed
flavour structure

Large contributions from B-Factory experiments:

« Symmetric e+te- and hadronic experiments set the path

* Flavour physics at the luminosity frontier shaped to large degree by BaBar and
Belle experiments; most recently huge contributions from LHCDb

* Origin of CP in the SM was topic of Noble prize in 2008

- Laudatio explicitly mentions BaBar and Belle’s contributions
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B-Factory Family Album
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B-Factory Family Album
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B-Factory Family Alboum

Note:

- Also proton-antiproton
collision experiments and
results from ATLAS &
CMS
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Asymmetric B-Factories: BaBar and Belle

Asymmetric B-Factories allowed to directly observe CP in the B-meson
system through the time evolution of B-meson decays:

HER Tune, DCCT, BCM, Decoupling

LER Wiggler, DCCT, BCM m+
5 HER : High Energy Ring
l'l LER : Low Energy Ring
3
8

Vs =10.58 GeV

BY <—> Az ~cfB~vT1p ~ 200 um
—VT(4S)<— e T(4S)/' :

ExA E B-meson lifetime
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The CKM Picture of the Standard Model

The CKM Matrix source of hargel” arity V iolation in SM

- Unitary 3x3 Matrix, parametrizes rotation between mass and weak interaction
eigenstates in Standard Model

d, Vud Vus Vub d
s’ — Vcd Vcs Vcb S
b’ Via Vis Vi

Weak Eigenstates CKM Matrix Mass Eigenstates

- Fully parametrized by four parameters if unitarity holds:
and one complex phase that if non-zero results in

- Can be visualized using triangle equations, e.g.

VC’KMVCT’KM =1 — szkbvud T cﬂ;)Vcd T ‘/t}l;‘/td =0
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Over-constraining the CKM matrix allows for non-trivial test of the SM

BY - D= xT

+ 0 7o+
BY = DepK b— cl iy B — ¢K,

Presence of encoded in apex of triangle in the complex plane
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CKM Picture over the years: from discovery to precision

Existence of C/”V/ phase established in 2001 by BaBar & Belle
- Picture still holds 15 years later, constrained with remarkable precision
- But: still leaves room for new physics contributions
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CKM Picture over the years: from discovery to precision

Existence of C/”V/ phase established in 2001 by BaBar & Belle
- Picture still holds 15 years later, constrained with remarkable precision

- But: still leaves room for new physics contributions
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Recap of the last decade of BaBar & Belle: a rich harvest
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The open gquestions

a review of anomalies
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The open questions: New physics and anomalies

Can roughly be grouped into two categories:

- Fundamental questions that the SM in current form does not provide, e.g.
* Where is Dark Matter?
- What causes the large CPV in the Universe?
- How awesome are gravitational waves?

- Existing anomalies in the Flavour sector, e.g.
» Inclusive and exclusive | Vg, | disagreement
- Enhancements in semi-tauonic decays
- Deviations in penguin decays

 Very rare Bsand B decays — not an anomaly!

Flavour and energy frontier experiments are complementary probes:

: FLAVOR
Evidence for BSM?
yes no
es | complementary information distinguish models
ATLAS & CMS —. a i ' -0 .
no tells us where to look next flavor is the best microscope

Zoltan Ligeti
LHCSki 2016, Apr 14



Flavour Anomalies: v,/ &1V,

Sizeable tension in exclusive and inclusive 1V pl & [Vl

- Both methods considered theoretical and experimental mature

- Individual determinations leave a consistent picture
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Flavour Anomalies: rip) & R(D*) RDY) = 5 oo t50

- Deviations not compatible
with type 1l 2HDM, could be
accommodated by type Il like
scenarios

. . . T
Another anomaly in the flavour sector is between that ratio
of semitauonic and light lepton branching fractions Voo i D,
« Sensitive to for instance to contributions from a charged Higgs Boson 6 g
- In the prediction of this ratio, many of the theory uncertainties cancel
- Excess seen by BaBar, Belle and also LHCb -
W _
/\0.5_'"'|""|""|""_ Vc}b Ve
* - —— BaBar, PRL109,101802(2012) 5 ] e >
a - = Belle, PRD92,072014(2015) Ay =10 -
& 0451 LHCb, PRL115,111803(2015) -
= Belle, arXiv:1603.06711 -
_ - HFAG Average, P(y?) = 67% _
04  — SM prediction —
- - - About 40 disagreement
035~ — :
- - between SM expectation and
03 2 observation

R(D*), PRD85,094025(2012)
[ ] [ ] I [ ] [ ] [ ] I [ ] [ ] [ ] [ ] I

0.2 L s
0.3 0.4 0.5 0.6

0.

0.25 E
R(D), PRD92,054510(2015)
2
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Flavour Anomalies: b - suu

Penguin decays are very sensitive to new physics
contributions

In b = suu new physics can enter via new mediators
and alter the total rate, but also the angular correlations

- P5’is one particular observable depending on the helicity angle and the
tilting angle of the decay planes, normalized by the fraction of longitudinal
polarized K* mesons

- Ps’ can be predicted reliably as many form factor uncertainties cancel

- ln I T T T T I T T T T I T T T

OB ]
N LHCb -
1+ SM from DHMYV
Rg- ]
O
- } —— ]
; i —+= ——
-1 —
-2 :— P 5 measurements from ATLAS & CMS in work —:
il 1 1 1 1 1 1 1 1 1 1 1 L l 1 1 1
0 5 10 15

q? [GeV?/c4]
« Deviation from SM of the order 3.40
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Flavour Anomalies: b - sup R

D

/o

Stay tuned for Simon Wehle’s talk tonight to see the Belle result
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Flavour Anomalies: b - suu

- Similar deviations should be visible in other b — suu transitions

B CSR Lattice —e-Data w1 .CSR Lattice —e-Data

N% B+eK+M+M——§ ‘% BY— KOty — LE « I | | 'Lﬁcibé
< LHCb 4 © LHCb 4 8 7F ;
b S 1 % 1 5 6;—_}7 -
= + = E .
N s T R
a F A T G i~y -
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q2 [Gev2/c4] qz [G6V2/6‘4] q° [GeV/c?]

Interesting deviation in ratio of muon and electron modes:
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%M LI R BRI L B
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. {.. . BR(B — K e e )
0.5F LHCb [PRL113 (2014) 151601 ]—_
I BaBar [PRD 86 (2012) 032012]
- Belle [PRL 103 (2009) 171801] -
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Not really an anomaly, but another recent flavour result

No anomaly, but beautiful channel to look for new
physics B, = uu & B = uu
* Precise SM prediction, sensitivity through loop induced decay to NP

« Measurements by LHCb, CMS and ATLAS

« Testimony how well hadron machines can use their large b samples

o|_| 8 T T T T T T T | T T T T T T T | T I T T | T | | T | T | T
o i ATLAS Preliminary
L 6 . \s=7 TeV, 4.9 fo''
K -8 8 gl L \s=8TeV, 20 fo' -
>~ b g Z 3/ CMS&LHCh z
T 4 +. -
= AR TV ’ n
3 " -~ i
@ 2_ ~'~,~ —
- SM i
- —— s" ]

O ...... S e e
ATLAS ‘ \. :
& “Contours for -ZA‘I'n(L)=2.3, 6.2,
—2 — 1 1 1 1 I 1 }! | | I | | 1 1 | | | 1 1 I |11|.8lfrlorr|] thel rr]laxlirrllum lOflL l_
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Anomalies — what is there to learn?

If one carries out many measurements, one of course will every once in a
while measure something that does not fit (cf. look elsewhere effect)

It is interesting though, that some measurements show persistent differences
that either cannot be statistical in nature or show up for several experiments
that use not the same observables to measure things

» Could point to a common systematic error all measurements underestimate (our limited
understanding of QCD could be the culprit) and similar models for backgrounds are used

* Or are we seeing the emergence of the first sign of New Physics?

To discern one from the other we need to keep measuring

* Future results from the LHC and the intensity frontier will either confirm or reject these
anomalies

The Belle Il experiment will play an important role in this
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Belle |l Detector

concept and current status
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Transformation of a B-Factory into a Super B-Factory

To achieve the necessary sensitivity to further push the |ntenS|ty frontier, the instantaneous
luminosity needed to increase from 2.1x 10" cm” s to 8x 10" cm" s

The key to this is a beam-configuration called the nano-beam scheme that squeeze the beam
to have a very small vertical spot size of about 50 nm

Lorentz factor beam current beam beam parameter
LER /HER KEKB SuperKEKB W
o 1 Ii C:I:y RL
Energy [GeV] 3.5/8 40/7.0 ~ 9er +
(&
By" [mm] 5.9/5.9 0.27/0.30 | |
beam size aspect ratio vertical ﬁ function geometrlc factors
Px" [mm] 1200 32/25
£ [A] 1.64/1.19 3.6/2.6 Gty ~ V/ B*/€ «<— emittance
t WITTNR e (without crab)
y 0.129/0.09 |  0.09/0.09 B function T
e [nm] 18 /24 3.2/4.6 D m
# of bunches 1584 2500 ~— . 22mrad 100um-
crossing. angle ;
Luminosity [1034cm-2 s-1] 2.1 80 .

Major upgrade of existing accelerator needed
83 mrad
crossing angle

LHCSki 2016, Apr 14



Transformation of a B-Factory into a Super B-Factory

New superconducting final [ s __ |
focusing magnets near the IP _ , N7 T
I

Redesign the lattices of HER & LER \

to squeeze the emittance. Replace
short dipoles with longer ones (LER)

Reinforced RF (radio
frequency) system for
higher beam currents,
improved monitoring &
control system

Low emittance

HI_M#MH positrons to inject
o -

Damping ring

HAHH oy &
Low emittance gun -~
Replaced old beam pipes with TiN Low emittance f
coated beam pipes with electrons to inject Upgrade positron capture section
antechambers

LHCSki 2016, Apr 14



Transformation of a B-Factory into a Super B-Factory

Work on final focus
magnets progressing well _ | '

All magnets
installed v/

RF system for higher
beam currents upgraded

R IR I
gt oo s g
eI IPEEATIEE N arZ

Low emittance gun

Beam pipes Low emlttanpg | |
electrons to inject Upgrade positron capture section
replaced v/

T i new positron dampening

ring is being constructed

LHCSki 2016, Apr 14 The Belle Il Physics Program in light of LHCb



The Belle |l Detector

To cope with the higher luminosity, a new detector is needed
Design concept similar to the B-Factory detectors Belle and BaBar

Needs to cope e.g. with 20 times larger beam backgrounds, many technological challenges

LHCSki 2016, Apr 14 The Belle Il Physics Program in light of LHCb 28



The Belle |l Detector

To cope with the higher luminosity, a new detector is needed
Design concept similar to the B-Factory detectors Belle and BaBar

Electromagnetic Calorimeter: KL and Muon detection system

Thallium activated Caesium lodide RPC based

scintillation crystals

\ Particle identification
Vertex detectors Time-of-propagation counter,

2 layers of Pixel (DEPFET) + 4 Aerogel Cherenkov ring detector
layers of strips (DSSD)

Central drift chamber:

Gas mixture of Helium and Ethan (C,Hy)
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Belle Il / SuperKEKB Luminosity projections

Y 70_ I U U D R R N R R

Q [ [ [ [l [ [ [ I
© - Commissioning is proceeding in

S 60— three phases: first two phases are .

P - the BEAST Il commissioning phases —

) B . _|

Q o0 . 2 —]

= B BEAST II: specialized s _

- - detectors to measure and £ =

3 40— compare the predicted :| 2 H& _

S B beam backgrounds 5 % Z ~

© - =| € HE ]

T 30 °| : B —

. . . o &) o

a - Phase 1: single beams with varying ‘§ 5 B 7

@ — vacuum pressure and beam size 2 % ;Dzs —

N <] S H ]

LS 20 [ Phase 2: provide real-time background ~ S P _

B levels to control room, measure individual & g § B

— beam background composition, o] o g —

10 [ commission background sensors ]

O_ 1 J 4t | T e et L O

OO O - AN MO T O MN~NOVDOOO T AN M- ONOWOGZL OIS N

DO Q00000000 r & rr~r~————++m—7+0odNANNAN A

el elNecNeolNololNolNeoNollelollolNolNeolNeolNolNolNolNeolellolNolNe)

~—~ AN AN AN NN ANAN NN AN ANANANANANANNATANA

Year

LHCSki 2016, Apr 14



Belle Il / SuperKEKB Luminosity projections
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Belle Il Physics

from CPV to dark photons
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Super B-Factory measurement candy bowl

Semi-

We)
multiplicity

signatures




¢ = B = arg[—(VeaViy)/ (ViaVip)]-

>
3

IIIIiIIIIlIIH‘IIIIlIIII|IIII|IIII

Search for new sources of CPV

CKM fit dominated by sin(2p =
2 ¢,) precision

exduded ama has CL= 055

If new sources of CPV is

/B present expect tree-constraints
P T R T B T S Y R TR TR— and loop constraints to not
agree

All constraints
M

-+ 07 § T r -~ 1 "1 1 " 17 ]

£ 8 ' = .

S ey - ¥() \ i = Current precision leaves room
g 05 JrE impressive —z for new CPV phySICS

© 04 g 7 reduction thanks to 3

S T bl . LHCb E

Tg 02 ; —i

- A I =

z v : 5

@) oa UI.E T a0 ulz Y D.IE — ula ' 1.0

Precision measurements of sin(24) will remain an important topic to check
the consistency of the Unitary triangle and for the search of new physics

B — (CE)KO Error on sin(2p) stat. tot.

S
o
“

\ b SVN\:%Z B-Factories 3.5% 3.9%
457< Li Belle Il 5/ab 1.3% 1.8%

o) o]
o o)

36 Belle Il 50/ab 0.4% | 1.2%




One of the most promising ways to search for new sources of CPV is to
compare the mixing-induced CP asymmetries in penguin transitions with

tree-dominated modes

B - n'K"

B — oKV

B — KYKYKY

Error on sin(2p) tot.
B-Factories 9.4%
Belle Il 5/ab 4.2%

Belle 11 50/ab 1.6%

Error on sin(2p) tot.
B-Factories 17.8%
Belle Il 5/ab 7.9%

Belle Il 50/ab 2.7%

Error on sin(2p) tot.
B-Factories 33.9%
Belle Il 5/ab 15.1%

Belle 1l 50/ab 4.9%

Moriond 2014

sin(2B") = sin(20}") HEAS

PRELIMINARY
b—ccs World Ayerage : - 0.68 £ 0.02
g, BaBar : i~ 066+017+007
= Belle : b 0.90 '35
L BaBar ! ' 0.57 +0.08 £ 0.02
= Belle © 0.68+0.07£0.03
» BaBar : = 0.94 ‘02 £ 0.08
* Bele b——e—fl 1 0.30+032:008
% * BaBar : : B 0.55+0.20+0.03
% Belle f—— 0.67+0.31£0.08
" BaBar : el 0.35°92%40.06+0.03
°. Belle : #—9.64 912+ 0.09+0.10
& BaBar * 055%%%0.02
8 Belle 991+ 0.32 £ 0.05
' BaBar : 0.74 012
- Belle : : -l 0.63 313
K, BaBar : : Ho-48+ 0.52 + 0.06 £ 0.10
ke K BaBar #0.20 % 0.52 + 0.07 £ 0.07
2% K, BeBar—t——e— {  :-.072+0.71:008
¢x K, BaBar : : — 097 ‘0%
x* x K. NBaBar ° ———  [0.01£0.31+0.05+0.09
BaBar : : 0.65 +0.12 + 0.03
z Belle - : 0.76 *51s
b—qqs Naive average 4 0.66 £ 0.03 |
-2 -1 0 1 2



Precision measurements of CKM
matrix elements will be a priority

Exclusive measurements will profit
from the large Belle Il data samples

Popular measurement method B°_, semileptonic
: . _—" signal mode
involves fully hadronic Y (45)

reconstruction of secondary B- ~— hadronic
meson in event. BY decay

Very low efficiency due to low
hadronic Branching Fractions (of the
order 0.2-0.3%)

Neutrino of signal decay
the only missing particle!

had. tagged had. tagged untagged
B — D"ty B —nly B —nlyy
Error on Vel | stat. | tot. Erroron [Vl | stat. | tot. Error on [Vl | stat. | tot.
B-Factories 0.6% | 3.6% B-Factories 5.8% | 10.8% B-Factories 2.7% | 9.4%
Belle Il 5/ab 0.2% | 1.8% Belle Il 5/ab 2.2% | 4.7% Belle Il 5/ab 1.0% | 4.2%
Belle Il 50/ab 0.1% | 1.4% Belle Il 50/ab 0.7% | 2.4% Belle Il 50/ab 0.3% | 2.2%
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Precision measurements of CKM
matrix elements will be a priority

Improvements on inclusive
measurements less clear.

IVl systematically and theory limited;
need new approaches.

IVl will gain; but need to improve on
understanding of background and

methodology

B — XAy

Error on [Vl

stat.

tot.

B-Factories

1.5%

1.8%

Belle Il 50/ab

0.5%

1.2%

39

B — X, vy

Y(45)

BO
/ signal mode

~~

EO

semileptonic

hadronic
decay

Neutrino of signal decay
the only missing particle!

Error on [Vl

stat.

tot.

B-Factories 45% | 6.5%
Belle Il 5/ab 1.1% | 3.4%
Belle Il 50/ab 0.4% 3%




Semi-tauonic decay modes are highly H-
sensitive to new physics

Clean measurement is a major Belle |l goal

Can target inclusive and light meson modes;

target higher excited states and carry out

differential measurements

R(X) R(m) R(D™)

R(D)

Error stat. tot.
B-Factories 13% | 16.2%
Belle Il 5/ab 3.8% | 5.6%

Belle 11 50/ab 1.2% | 3.4%
R(D™)

Error stat. tot.
B-Factories 71% | 9.0%
Belle Il 5/ab 21% | 3.2%

Belle 11 50/ab 0.7% | 21%

R(D*)

B(B — DY r1.)

D)) —
R(D™) B(B — D™ L y)

0.5 B ) ) ) ) I ) ) ) ) I ) I ) _
" = BaBar, PRL109,101802(2012) 5 ]
- == Belle, PRD92,072014(2015) Ay =10 1
045 LHCb, PRL115,111803(2015) —
= Belle, arXiv:1603.06711 -
_ - HFAG Average, P(y?) = 67% i
04 N == SM prediction ]
0.35— —
: = E
03= =
0.25 ot
R(D), PRD92,054510(2015)
R(D*), PRD85,094025(2012) Fro iter 2016
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Charged lepton flavour violation:

SM-free signals! u %

LFV signals are expected in many BSM scenarios, such as the MSSM or
as a consequence of Seesaw models

10° | | | 57T
m A Only null observation to date |- ¢
107 1z
Sw
= &
Oa % &

106 .

A
3 a

10 F .A BABAR / Belle i

90% -CL bound

W ou—ey i HE Super-B (50 ab-)
107° ® 1— 3e A‘ .. A MEGA |
A N e .AA A ot MEG
o 2 ::: l;rl ‘ SIND:UM-II. —
1014 | | | MEG I
1940 1960 1980 2000 2020
Year
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. . “R,’ \é
Charged lepton flavour violation: /%
u X

SM-free signals!

LFV signals are expected in many BSM scenarios, such as the MSSM or
as a consequence of Seesaw models

Belle Il will be able to improve current limits by a factor of 100 for — 3/ and
a factor of >10 for 7—/vy

90% C.L. upper limits for LFV t decays
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Electroweak penguin production very sensitive to New Physics

- Radiative penguins offer interesting probe for |C, | .

* Acp measurements of B =Xy y and B =2 Xy,s ¥ bvs
t _

* Leptonic penguins access |C, 1, |Cyl and ICy |

I
. . . 0
- Can measure full repertoire of kinematic, angular and e Z%<
CP observables H

_|_

- Belle Il can access inclusive and exclusive decays

- Way to deal with QCD independent; valuable cross check
when anomalies show up (cf. slide 19)

* Measured B = X, Il Arg sensitive to |C,1, |Cyl ratio

untagged had. tagged
B — X B — X B — X 00 C7/Cy ratio
Error stat. tot. Error stat. tot. Error tot.
B-Factories 4.2% | 12.3% B-Factories 13.4%| 16.8% B-Factories 19%
Belle 1l 5/ab 1.5% | 6.6% Belle Il 5/ab 4.8% | 7.5% Belle 1l 5/ab 9%
Belle Il 50/ab 0.5% | 5.4% Belle 1l 50/ab 1.5% | 5.1% Belle 11 50/ab 6%
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Electroweak penguin production very sensitive to New Physics

EWP

- Belle Il will be able to probe modes with neutrinos
and 7 leptons b

—»—Y - - - 7———3
- B = K(*) vv theoretically very clean, no long distance ¢

effects from resonances (JAy, etc.) as for B = K(*) Il

1%
had. tagged had. tagged
: 0 — 0 * 0. —
B s 77  SM~2x107 : B — Kquvv sm~22x10s B® — K™ v sm~95x106
Error 90% CL Error stat. Error stat.
B-Factories <41 x103 B-Factories 590% B-Factories 112%
Belle Il 5/ab <0.8x103 Belle Il 5/ab 220% Belle Il 5/ab 42%
Belle Il 50/ab <0.3x103 Belle Il 50/ab 94% Belle Il 50/ab 22%
B. - 77  SM~9x107 . BT 3 KTy sMm~a7x106 BT — K*Tui SM~102x10%
S "
Error stat. Error stat.
Error 90% CL :
' B-Factories 130% B-Factories 120%
B-Factories <13 x 103 "
: Belle Il 5/ab 49% Belle Il 5/ab 45%
Belle Il 5/ab <2x103 "
Belle Il 50/ab 22% Belle Il 50/ab 22%
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Charm physics experienced a large boost in interest from
the theory side as well from experimental efforts.

Charm will be one of the important subjects to be studied
by Belle Il

Leptonic charm decays are sensitive to NP
contributions

Measurement of D" mixing and CPV parameter
measurement

u dshb ¢
Charm mixing frequency extremely low, challenging
high-statistics measurement

Yo p Ar SM~<x10*

Error tot. (in 103 Error tot. (in 104
B-Factories 2.4 B-Factories 22
Belle Il 5/ab 1.1 Belle Il 5/ab 10
Belle Il 50/ab 0.5 Belle Il 50/ab 3
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Belle Il can probe ‘dark forces’ with dedicated Triggers et — Wy 70/
. . . 1 X
L.OV\.’ : ‘dark forces’: involving dark-matter particles that serve __ _, A’
mulidjplicliyy as ‘portals' between the SM and a dark-matter sector ) ¢ .
sugnatures dark photon mass couplina strenath f/X
1 2
Leg = Lom — ZF,QVF’“” + mTAALA’“ — %F,QVFW h ——VWWWWW\ 7Y
Motivated by rise in cosmic-ray positron fraction f/x
(which does not necessarily have to be due to New Physics) p ——L - _<
myp —
Also models with dark Higgs bosons that could be Yo fIx

produced in Y(nS) decays.

Belle Il will probe a unique piece of phase space, and even a
small data sample will have a sizeable impact on todays limits

(Prompt) dilepton final state invisible final state
1072 - :
BaBar -
10 \ m ' il i Belle 11 50 fb™ _
| 500 fi5" ' E
1074 =l \ . | , | 1l

10 1 10
m,. (GeV) m, (GeV)



Belle 1l & LHCDb

On complementarity and overlap
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Super B-Factory measurement candy bowl
after LHCb had a treat

Semi-
leptoni
We)
multiplicity
signatures
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Belle Il & LHCb: on complementarity and overlap

Rivalry and competition are a good thing:

- All B-factory results profited from scrutiny of the other team

* In the past schedules lined up nicely — with LHCb and Belle Il things seem to lie a bit differently

- LHCb is a running experiment, exceeding initial expectations

« Belle Il will record first collisions next year but won’t start prior the end of 2018 with its physics

run

- The provocative question one could ask is ‘Will there be anything interesting left to measure?’

- There are overlaps between the physics
programs, but also enough unique strengths

- Large Baryonic samples and decays into
visible particles play into LHCb’s corner

- Missing particles, inclusive
measurements, low multiplicity final states
with little constraints are Belle [I’s forte

* For some channels there will be a head-
and-neck run — which is great!

LHCSki 2016, Apr 14

Integrated Luminosity

102 Estimates

Belle Il Projection (July 2015) for 2024

LHCb [fb ] data sets

-1
o Belle (Db ] LHCb 22/ib
LS3
0 LHC LS2 Run 3 Belle Il 50/ab
LHC Run 2
Not at all LG-[CE,

Comyeu’u’on is
1
2015 2016 2017 2018 2019 2020 2021 202: most we[come!

vear Best, Belle 11



Nature Physics 10 (2015) 1038

S I8000f—————————————y @ W V|
§ 150005_ =§;;n$2§:$1£ LHCb = 80 LHCb simulation 7.:.;.,‘—5 A = 0.083 £ 0.004 £ 0.004 ,
s — ngul{; % Zg v both solutions . ; b
12000 - v 4 B . : T _
Semi- O B £ gop - onesolution . V| = (3.27 £ 0.15 4 0.16 4 0.06) x 1073,
g oo0p T £ 40 v
H@‘QU@WI 1@ é 6000 ‘;“E 30 B E
’ ER: EREY . 3 Error on |Vub| tot.
O : & 10 - —
oo 4000 5000 0 o v15 50 LHCDb 22/fb 3.6%
Corrected pu~ mass [MeV/c?] ¢2 [GeV¥c4]
Signal(!) Belle 11 50/ab 2.2%
2024 data sets
x10_3 Using 11.4M RS, 43k WS
S T L /4 s
55 - LHCb E
5 :_ I ]
N N ]
& N .
w3 450 e Data E
=z f ] Error on AAcp tot.
4 g —— Unconstrained fit 3
: ---- No-mixing fit 3 LHCb 22/fb 0.03%
3SF- bl e Belle Il 50/ab 0.03%
Confirms charmmixing A
3 N S T S N N S T N SN T NS R
2 4 6 8 10 12
t/t

New, full 3 fb-1result:

AAce = =0.10 + 0.08, = 0.03,,, %



1-CL

0.8

0.6

04

0.2

LHCb 1

Preliminary _|

B* decays

Bs
decays

O 50 100 150
+7 [°]
Ycombined = 71 -8 deg !
CKM fit: 68 + 2 deg
——] HCb —®=BaBar —=Belle
NN I AL B I
E LHCDb E
1'5__ " __
\: i
S SM -
i ! i
0.5 LHCb [PRL113 (2014) 151601 ] ]
I BaBar [PRD 86 (2012) 032012]
i Belle [PRL 103 (2009)171801]:
L PR I TR T TN TR NN TR TN TR SH NN TR T SR S N
% 5 10 15 20
g* [GeV?/c4]
BR(B" = K"'u'u")
RK —-_

~ BR(B' — K'e¢*e)

Errorony tot.
LHCb 22/fb 2°
Belle Il 50/ab 1.5°
Error on sin(2p) ot
ot.
from B = J/y Ks
LHCb 22/fb 0.014
Belle Il 50/ab 0.007
low | high
Rk @ | @
LHCb 22/fb 4.4% | -
Belle 11 50/ab 3% | 3%
low | high
Ry ® | @
Belle 11 50/ab 4% | 4%
low | high
RXS q2 q2
Belle 11 50/ab 5% | 5%




And there are the untouched pieces...

Low
multiplicity
signatures




And there are the untouched pieces...

Low
multiplicity
signatures

/

Wait! arXiv:1603.08926v1 [hep-ph]




(Prompt) dilepton final state

LHCb pu prompt

BaBar
KLOE
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Summary

| hope this got you a tad excited about Belle |l and its physics potential

Things will become increasingly interesting at the intensity frontier with
the LHCDb upgrade and the turn-on of Belle Il at the end of 2018

- Belle Il and LHCb have competing topics, but also unique focal points and strengths

The sensitivity gain of the era of the Super B-Factories will keep things
interesting
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Stay tuned and keep snhacking!

LHCSki 2016, Apr 14
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TABLE VIII: Systematic errors in % for B(B° — 7 ¢Tv)
from the four-mode fit for bins in ¢® and the total ¢® range.
The total errors are derived from the individual contributions

B-Factories and LHCb Vsl Systematics

taking into account the complete covariance matrix.

B — wly

q° range (GeV?)

0-4 4-8 812 12-16 16-20 >20 0-26.4

Source Relative uncertainty (%)
B(AS — pK* ) 5
Trigger 3.2
Tracking 3.0
AT selection efficiency 3.0
A) — N*u~ 7, shapes 2.3
AY lifetime 1.5
Isolation 1.4
Form factor 1.0
AP kinematics 0.5
¢?> migration 0.4
PID 0.2
Total o

Track efficiency 34 15 23 0.1 1.5 28 1.9
Photon efficiency 0114 1.0 46 28 03 18
Lepton identification 3.8 1.6 1.9 1.8 1.9 3.0 1.8
K, efficiency 1.0 0.1 05 45 04 20 14
K1 shower energy 0.1 01 01 08 09 38 07
K, spectrum 1.6 1.9 22 31 44 23 2.5
B — mlvFF fi 0505 05 06 10 1.0 0.6
B — plvFF A 1.7 1.2 34 20 0.1 16 1.7
B — plvFF Ay 1.308 26 10 01 04 1.1
B — plvFFV 0203 09 07 01 05 05
B(BT — wl™v) 0101 01 02 03 15 0.2
B(BT — nttv) 0101 02 02 02 05 0.2
B(Bt — n't*tv) 0101 01 01 01 03 0.1
B(B — X, (v) 0201 01 01 11 16 04
B — X, /v SF param. 0.4 0.1 0.2 0.2 05 42 0.7
B — D/v FF p3, 0201 05 03 02 07 0.3
B — D*/v FF R, 0.1 04 08 06 03 06 0.5
B — D*/v FF R» 0502 01 02 01 04 0.2
B — D*fv FF p%. 0702 06 08 04 1.1 0.6
B(B — D/{v) 0202 03 04 05 05 0.3
B(B — D*{lv) 04 01 03 03 03 07 0.3
B(B — D" lV)narrow 0.4 0.1 0.1 03 0.1 05 0.2
B(B = D*"fV)proaa 0.1 0.1 0.1 05 0.1 0.2 0.2
Secondary leptons 0502 03 02 02 07 03
Continuum 5310 26 18 31 6.1 20
Bremsstrahlung 0301 01 01 01 04 0.2
Radiative corrections 0.5 0.1 0.1 0.2 0.2 06 0.3
Ngg 1.2 10 1.2 12 1.1 16 1.2
B lifetimes 0303 03 03 03 07 03
f+/ foo 1.0 04 08 08 05 13 038
Total syst. error 8.2 39 6.7 83 6.9 106 5.0




B-Factories R(D) / R(D*) Systematics

Fractional uncertainty (%) Correlation
Source of uncertainty R(D°) R(D*°) R(D") R(D*") R(D) R(D*)| D°/D*° D*/D**  D/D*
Additive uncertainties
PDF's
MC statistics 6.5 2.9 5.7 2.7 44 2.0 —0.70 —0.34 —0.56
B — D™ (1~ /¢7)U FFs 0.3 0.2 0.2 0.1 02 0.2 -0.52 —0.13  —0.35
D** — DX (7% /x%) 0.7 0.5 0.7 0.5 0.7 0.5 0.22 0.40 0.53
B(B — D**{"w,) 1.0 0.4 1.0 0.4 0.8 0.3 —0.63 —0.68 —0.58
B(B — D*17 ;) 1.2 2.0 2.1 1.6 1.8 1.7 1.00 1.00 1.00
D** — DWrr 2.1 2.6 2.1 2.6 2.1 26 0.22 0.40 0.53
Cross-feed constraints
MC statistics 2.6 0.9 2.1 0.9 24 15 0.02 —0.02 —0.16
fpxx 6.2 2.6 5.3 1.8 50 2.0 0.22 0.40 0.53
Feed-up/feed-down 1.9 0.5 1.6 0.2 1.3 04 0.29 0.51 0.47
Isospin constraints — — - - 1.2 0.3 - - —0.60
Fixed backgrounds
MC statistics 4.3 2.3 4.3 1.8 3.1 15 —0.48 —0.05 —0.30
Efficiency corrections 4.8 3.0 4.5 2.3 39 23 —0.53 0.20 —0.28
Multiplicative uncertainties
MC statistics 2.3 1.4 3.0 2.2 1.8 1.2 0.00 0.00 0.00
B — D™ (1~ /¢7)U FFs 1.6 0.4 1.6 0.3 1.6 0.4 0.00 0.00 0.00
Lepton PID 0.6 0.6 0.6 0.5 0.6 0.6 1.00 1.00 1.00
7% /n* from D* — Drx 0.1 0.1 0.0 0.0 0.1 0.1 1.00 1.00 1.00
Detection/Reconstruction 0.7 0.7 0.7 0.7 0.7 0.7 1.00 1.00 1.00
B(t™ — " vevy) 0.2 0.2 0.2 0.2 0.2 0.2 1.00 1.00 1.00
Total syst. uncertainty 12.2 6.7 11.4 6.0 9.6 5.5 —0.21 0.10 0.05
Total stat. uncertainty 19.2 9.8 18.0 11.0 131 7.1 —0.59 —0.23 —0.45
Total uncertainty 22.7 11.9 21.3 12.5 16.2 9.0 —0.48 —0.15 —0.27




LHCb R(D*) Systematics

Table 1: Systematic uncertainties in the extraction of R(D*).

Model uncertainties Absolute size (x1072)
Simulated sample size 2.0
Misidentified i template shape 1.6
B — D** (= /u~)v form factors 0.6
B — D**H,(— uvX')X shape corrections 0.5
B(B — D*77v,)/B(B — D*u"1v,) 0.5
B — D**(— D*nr)uv shape corrections 0.4
Corrections to simulation 0.4
Combinatorial background shape 0.3
B — D**(— D**m)u~ v, form factors 0.3
B — D**(Dy — 7v)X fraction 0.1
Total model uncertainty 2.8
Normalization uncertainties Absolute size (x1072)
Simulated sample size 0.6
Hardware trigger efficiency 0.6
Particle identification efficiencies 0.3
Form-factors 0.2
B(r— — p v,v,) < 0.1
Total normalization uncertainty 0.9

Total systematic uncertainty 3.0




Origin

LHCb and Belle sin(2 =2 ¢1)

O(SJ/¢K‘S)> U(Cj/ng)

TABLE III: Systematic errors in Sy and Ay in each fcp mode
and for the sum of all modes.

Tagging calibration 0.034 0.001
Tagging efficiency difference 0.002 0.002
Decay time resolution 0.001 0.002
Decay time acceptance 0.002 0.006
Background model 0.012 0.009
Fit bias 0.004 0.005
Total 0.036 0.012

Sywry = 0.73 £0.07 (stat) £ 0.04 (syst),
Cryro = 0.03 £0.09 (stat) £ 0.01 (syst),

J/WKs ¥v(29)Ks xaKg J/YKi Al

Vertexing &y +0.008 =£0.031 +£0.025 +0.011 =£0.007

Ay £0.022 £0.026 +£0.021 £0.015 =+0.007
At Sy £0.007 £0.007 £0.005 =£0.007 =£0.007
resolution Ay 4+0.004 40.003 =+0.004 =40.003 =0.001
Tag-side Sy £0.002 40.002 =£0.002 +0.001 =£0.001
interference Ay Tgoo0 oo T.o00  “o.037  +0.008
Flavor Sy £0.003 £0.003 £0.004 £0.003 =£0.004
tagging Ay £0.003 =+0.003 =+0.003 40.003 =0.003
Possible Sy £0.004 4+0.004 =£0.004 +0.004 =£0.004
fit bias Ay £0.005 £0.005 =£0.005 £0.005 =40.005
Signal Sy £0.004 =£0.016 < 0.001 £0.016 =+0.004
fraction Ay £0.002 =£0.006 < 0.001 £0.006 =0.002
Background S¢ < 0.001 =£0.002 +£0.030 £0.002 +0.001
At PDFs Ay <0.001 <0.001 =+0.014 < 0.001 < 0.001
Physics Sy £0.001 £0.001 =£0.001 +0.001 =£0.001
parameters Ay < 0.001 < 0.001 =£0.001 < 0.001 < 0.001
Total Sy £0.013 £0.036 =£0.040 +0.021 =£0.012

Ar Tooss  Toter  Toss  Toloar 0012

Decay mode

sin 2(;51 = —ffo

Ay

J/YKS
¥(28) K
XclK.(S)‘
J/VKL

+0.670 £ 0.029 £ 0.013
40.738 + 0.079 £ 0.036
+0.640 £ 0.117 £ 0.040
+0.642 £ 0.047 £ 0.021

—0.015 + 0.02173:9%%
+0.104 + 0.05579:947
—0.017 4 0.08319:946
+0.019 + 0.02679:917

All modes

+0.667 £ 0.023 £ 0.012 +0.006 = 0.016 £ 0.012




7T7TO —
Akzr = =02040.2740.04
JTJTO —
AKer = 0438 £0.190 +0.011
71'0
ARKR o) = 0.30 £0.20 4 0.02

71'71'77.'0 —
Ama k) = 0.054 £0.091 £ 0.011

71'0 —
AKRKn = —0.030 £ 0.040 % 0.005

71'71'71'0 —
AzzE o = —0.016 £ 0.020 % 0.004

AR’ — 0,010 £ 0.026 =+ 0.005
REES ) = 0.0140 + 0.0047 + 0.0021
REEE . = 0.00235 + 0.00049 + 0.00006

RKKR, = 0.95 +0.22 +0.05
Rrzx, = 0.98 £ 0.11 £ 0.05

Aprog = —0.0008 £ 0.0055 £ 0.0050,

o

LHCb y Systematics for B -> Dh

PID PDFs Sim Aisir Total
JUIO
AiDSO(K) 3.4 39.6 8.7 5.7 41.1
Afig’g(,[) 1.6 7.5 4.5 6.9 11.3
AKKn 5.1 10.2 18.8 2.1 22.1
qGLW(K)
Arrn’ 0.9 7.9 7.3 0.9 10.8
qGLW(K)
AKKn 0.8 2.2 1.2 4.4 5.1
qGLOW(n)
AZé’iw,,) 0.3 0.9 0.7 4.2 4.4
A?MO 0.4 0.9 1.4 4.2 4.6
71'71'0
RfDS(K) 0.3 2.0 0.6 0.1 2.1
JTJZ'O
REDSS”) 0.02 0.05 0.02 0.01 0.06
Rféﬁ’w 23.8 24.9 36.5 7.7 50.8
77,'7757750
R 8.1 20.7 42.5 5.3 48.3
Aprod 0.3 0.3 0.5 5.0 5.0




