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Overview

* Particle physics and frontiers
* Some flavour history

Flavour as a predictor

Belle

Complementarity with LHCb
* Belle Il

Highlights of the instrumentation and first
results

Some physics highlights
* Conclusion
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Probably a Y(4S) event
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Probably a Y(4S) event
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The standard model
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Problems

* Empirical

Neutrinos are massive

Dark matter
Dark energy!!!!
Matter rather than antimatter
Gravity

* Aesthetic
Why three of everything?
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Why eighteen parameters?
Many with a distinct hierarchy?

Why do we need to know them to 18 decimal places?
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ATLAS SUSY Searches* - 95% CL Lower Limits

ATLAS Preliminary

December 2017 \s=7,8,13TeV
Model &mTY Jets ET™ [Lam™] Mass limit Vs=7,8Tev [VF=13TeV Reference
i, g}aqﬁ ] 2-6jets  Yes  36.1 m(¥7)<200 GeV, m(1* gen. g)=m(2" gen. q) 1712.02332
ad. 544;?? (compressed) mono-jet  1-3jets  Yes  36.1 m(g)-m(¥)<5 GeV 1711.03301
‘E 22 %) 0 26jets  Yes 361 miE})<200 GeV 1712.02332
8, Boqat| —qqWi] 0 2-6jels  Yes 361 miE)<200 GeV, m(F*)=0.5(m(F])+m(z) 1712.02332
8 gz, goraa(cOF: ee, gt 2jets  Yes 147 m7})<300 GeV, 1611.05791
D e gttt 3eu 4jets - 364 miZ)=0Gev 1708.03731
% 8, E—qqWZI) 0 71ljels  Yes 361 miF]) <400 GeV 1708.02794
=] GMSB (£ NLSP) 1-274+0-1¢ 02jets  Yes 3.2 1607.05979
E GGM (bino NLSP) 2y - Yes 36.1 er(NLSP)<0.1 mm ATLAS-CONF-2017-080
GGM (higgsino-bino NLSP) kd 2jets  Yes  36.1 m{E)=1700 GeV, cr{NLSP)<0.1 mm, u>0| ATLAS-CONF-2017-080
Gravitino LSP 0 monc-jet  Yes 203 | F'2scale 865 GeV miG)>1.8 x 107 eV, m(z)=mig)=1.5TeV 1502.01518
§ B 2z, zobbt] 0 3b Yes  36.1 m(P)<600 GeV 1711.01901
T £ ot 01 e 36 Yes 861 miE)<200GeV 1741.01901
Biby, by —ht] 0 2b Yes  36.1 miF))<420 GeV 1708.09266
by, by—iFT 2eu(88)  1h  Yes 361 miE})<200 GeV, m(F: )= m{E}}+100 GeV 1706.03731
§ iy, [—biT 0-2e,pu 126 Yes 471133 m{F) = 2miF}), m{E))=55GeV 1209.2102, ATLAS-CONF-2016-077 2
i1, = WhT) or i) 0-2e,u 0-2jets/1-2b Yes 20.3/36.1 miF})=1GeV 1506.08616, 1709.04183, 1711.11520 ~
{é fify, f—ck) 0 mono-jet  Yes  36.1 miiy)-miE))=5 GeV 1711.03301 (@)
E #7) (natural GMSB) 2eu(Z) 16 Yes 203 mF))>150 GeV 1403 5222 Q
B hb bR +2Z 3eu(Z) 1b Yes  36.1 m{El)=0 GeV 1706.03986 o))
fafy, = +h 1-2epn 4b Yes  36.1 mEl)=0GeV 1706.03986
B plLg, EEE] 2eqn 0 Yes  36.1 miE)=0 ATLAS-CONF-2017-039 o
JFEL E - iven) 2eu 0 Yes  36.1 miEh)=0, m(Z, 7)=0.5(m(¥; }+mi)) ATLAS-CONF-2017-039 ©
T 1R, K —iv(re), Ba—oirei) 2r - Yes 361 mUEN)=0, m(z, 7)=0.5(m(E; Jsm(Ed)) 1708.07875 =
= ‘g BBV ELE(), ET0() 3eu 0 Yes  36. mEE)=m(E2), m(E)=0, m(Z, »)=0.5(m(¥; )+mil)) ATLAS-CONF-2017-039 é
o2 nu-wize 28eyu  O2jets  Yes 361 M} )=miEL), miE?)=0, F decoupled ATLAS-CONF-2017-039
© T WERE] ho b WW/Tt /vy ey 02b Yes 203 mUEE)=m(E3), m(E)=0, F decoupled 1501.07110 g
TR, B s Tt dep 0 Yes 203 mEER)=mF5), miE})=0, m(Z, 7)=0.5(m(E3)+m(¥)) 1405.5086 ~
GGM (wino NLSP) weak prod., £} —yG 1e.+¥ Yes 203 cr<tmm 1507.05493
GGM (bino NLSP) weak prod., {1—yG 27V - Yes  36.1 er<imm ATLAS-CONF-2017-080 ;
Direct ¥1¥] prod., long-lived ¥1 Disapp. trk  1jet  Yes  86.1 miEF)-m(E})~160 MeV, 7(¥;)=0.2 ns 1712.02118 —
Direct ¥1%; prod., long-lived ¥7 dE/dx trk - Yes  18.4 miFE)-miE})~160 MeV, (¥ )<15 ns 1506.05332 ©
i Stable, stopped z R-hadron 0 1-Sjets  Yes 279 mF])=100 GeV, 10 us<r(3)<1000 s 13106584 ;
§ Stable g R-hadron trk - - 3.2 1606.05129 Y
= é Metastable  R-hadron dE/dx trk - - 32 miE)=100 GeV, 7>10 ns 1604.04520 (©)
E 8 Metastable g R-hadron, g—qat] displ. vix - Yes  32.8 T(#)=0.17 ns, m{I}) = 100 GeV 1710.04901 3
GMSB, stable 7, ¥] »#(z, fi}+r(e, 1) 1-2p - - 19.1 10<tang<50 14116795 =
GMSB, -G, long-lived ¥ 2y ) Yes 1r(¥)<3 ns, SPS8 model 14095542 b
38, ¥} —eevieuyiupy displ. eefepfup - - 7 <er(d])< 740 mm, m(z)=1.3 TeV 1504.05162 g
LFV pp—i + X, ir—epfetut et uT - A5,=0.11, di3z1337229=0.07 1607.08079 =
Bilinear RPV CMSSM 2e,u(SS) 03b Yes m(g)=m(g), erpsp<! mm 1404.2500 )
BB WE ) Seev, e, puv dep - Yes mP)>400GeV, 212420 (k = 1,2) ATLAS-CONF-2016-075
=~ JET)?I,ET—»W%,F}-.m,, etv, Jeu+t - Yes miEd)>0.2xm(F), A3 20 14055086
& 3%, E—qats, X — qqq 0 4-5large-Rjets - m(E])=1075 GeV SUSY-2016-22
28, -0}, ¥ - qaq Teu 8-10jets/0-4b - M= 1 TeV, 2,240 1704.08493
8B, g—iit, i —bs leu 8-10jets/0-4 b m(f)= 1 TeV, 13#0 1704.08493
fify, [j—bs 0 2jets+2b 1710.07171
iy, [ —bt 2e,u 2b - BR(f) —be/u)>20% 1710.05544
Other Scalar charm, Z-ct] 0 2¢ Yes m{E?)<200 GeV 1501.01325

*Only a selection of the available mass limits on new states or

phenomena is shown. Many of the limits are based on Mass scale [TeV]

simplified models, c.f. refs. for the assumptions made.
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ATLAS SUSY Searches* - 95% CL Lower Limits

ATLAS Preliminary
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ATLAS SUSY Searches* - 95% CL Lower Limits
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Accumulated POT

S| WIMP-nucleon cross section [cm ?]

—

10

8

X 102“

ATLAS Preliminary

3 16x1 @21 POT

............................

11111111111111111111111111111111111111

BT Tl alaf | Sl ¥

rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr

2017/18

ZDIGHIT

2015/16

//”D]dflS

STITIPITTEd 1Toaers, C.1. Ters. 107 e d

9/10/18

o
©
=
&
()
(%]
=z
L
2
S
=
Y
(@)
>
=
wn
L.
()
2
o=
D

=
(98]
—







1|

RPV susy




8T/0T/6  Jeulwsas y2IMmiepn Jo Alisianlun

2
=
T
S =
= o




81/01/6

N
=
bl
&
S =
(7L,
= =
=
8. &

JeUIWaS YoImiepn Jo Alisianiun




Problems

* Empirical

Neutrinos are massive

Dark matter

Dark energy!!!!

Matter rather than antimatter
Gravity

* Aesthetic Belle IT

Why three of everything?
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Why eighteen parameters?
Many with a distinct hierarchy?

Why do we need to know them to 18 decimal places?
Unification
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* Particle zoo of mesons and

* Predicted but not seen!

Flavour physics - history of discovery

baryons discovered in 1950s and
early 1960s lead to the quark
model

up (u) _ —
down (d) S W

strange (s) — U W + V
* An allowed but rare decay such d
as
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Flavour physics - history of discovery
-~9 Glashow

Phys. Rev. D 2, 1285 (1970)

2 oc Rate~0

m. > my

Such rare virtual processes
tell you about higher

energy particles
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ARGUS: B mixing = heavy top

OBSERVATION OF B°-B" MIXING

ARGUS Collaboration
B?“* Dt- My vy
Z. ot :
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‘/t s ‘/t : reconstructed event consisting of the decay T
d —p ﬁ k p— 0
B° tY At B°  mp>50Gev (2]
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ARGUS: B mixing = heavy top

OBSERVATION OF B°-B" MIXING

ARGUS Collaboration
B?-ﬂ- D u'w

l
Df_—-»]t._f)o
i

D' =Kiny,

- %

V V reconstructed event consisting of imq o -
d —— = > i e b ot
B tY At B my>50Gev
tb td

https://www.nytimes.com/1984/06/25/us/physicists-may-have-tracked-last-quark-to-lair.html
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CKM matrix “ C){cosec sinec}(dj

* Two by two mixing matrix —Singe  CoSE; |\s

proposed Cabibbo
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. V, V. Vv, d
CKM matrix S
(u C t) VCd Vcs VCb S
* Two by two mixing matrix Vo Vs Vi b

proposed Cabibbo

Kobayashi-Maskawa proposed
third generation to explain
observed CP violation by
Cronin and Fitch

Relative magnitude of elements

* 3 x 3 unitary complex matrix

4 parameters
3 mixing angle and
* Intergenerational coupling\
disfavoured Responsible for

CP violation
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Visualising CP violation:
the unitarity triangle

Nl 1-2%12 A | AP (p-in)|
~A 1-2%12| A [[+0(1) B
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B elle Belle Detector

Aerogel Cherenkov cnt.

SC solenoid Py . n=1.015~1.030

1.5T

Operation from 1999 to

CsI(TI) ? . s ,. 3586V et
2010 16X, BlcER o . 7 o™=
T — TOF

e"e” > Y(4S) - BB for s =i ¥ ]
T <N R =)
CKM measurements POV SN R Deits Chumter 5
Asymmetric energy to allow - 5
. _ Si vix. det. 'K detecti I=
time-dependent , Na1$iyr RPC+Fe 8
measurements —_— . S
1200 T T T T T T n resonance : =
Coherent production of BOBY "' | =& —= Ei giii:i 121 =
1000 ~ ~ ~ i | Y(3S): 3 b ! =
Low multiplicity yéfzizzf,:ﬂ_); <
800 AL g
Detectors with good tracking, _ s S

PID and calorimetry

plus hermeticity for full
event reconstruction/tagging

r 513.7 £ 1.8 fb!
On resonance:

Y(4S): 424 fb!, 471 M
Y(3S): 28 fb!, 122 M
Y(2S): 14 fb ' 9 M
Off resonance:

48 fb!

400 -

—
N
(@)}

—/

0 | |
1998/1 2000/1 2002/1 2004/1 2006/1 2008/1 2010/1 2012/1




The Golden Modes —— - >

0 0 .- L
B” —> J/yK; sensitive to BY ¢t + Bo
Vcdvct) — ‘[;'I.r'; _
'Bzarg(_v V* b ‘ S ‘ d
td Vtb I/ #: "/ *
th td o0
E ) c b A € J u', §
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\ L \ £
BD L’TCS B Lic*s ‘2_)
_ S
S5 i S -0 r;u
d d ﬁg‘ d d RS 5
CP violation in the ‘interference of §
mixing and decay amplitudes’ §

| B°(A

- T[B°(At)—> f]-T[B°(At) > f]
Acp (At)_ F[go (At)—> f]+F[BO (At)_> fi|
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INnSM S, =sin24 and C, =0 when no CPV in f




Time-dependent CPV violation

' .CPside
(B to f)
et

In order to see CPV' v (45)-8 meson pair
by interference
between decay and
mixing.

produced from e*e™ collision Tagging power
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~ 30%
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Over constraint
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Tree level only

Loop-level only
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B elle aChievementS From Abi Soffer: HEPMAD

1800
1600
1400
1200

Nobel prize to KM /
Decisive confirmation of CKM picture

|
+ Observation of direct
CP violation in B = n*n

Observation of Observation of

| |
15t dark searches

lllllll

i

Time reversal
asymmetry

Excessin
B— DWWy
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1000 CP violation in Sed- b am/ Evidence for
B-meson system N " # D mixing
800 Evidence for
Observation of B—1tv

600
400
200
0

Integrated Luminosity in fb™

B — KO Evidence for direct

CP violation in B = K*x
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Year 1

~350 papers published after shutdown. 21 in 201¢
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>100 unique CPV results




Belle II: can never have too much
of a good thing (x 50 Belle)

* Butisn’t LHCb doing this already?

6,5 (nb) ~150,000 ~1 S
[Ldt (fb~1) by ~2024 ~25 ~50,000 ?
Background level Very high Low %
Typical efficiency Low High é
7%, K reconstruction Inefficient Efficient %:
Initial state Not well known Well known g
Decay-time resolution Excellent Very good E
Collision spot size Large Tiny
Heavy bottom hadrons B., B, b-baryons Partly B ( 31 J
T physics capability Limited Excellent

B-flavor tagging efficiency 3.5-6% 36%




Moore’s” Law of Luminosity

- 1036 =
o SuperKEKB /" (Belle I)
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The path to higher luminosity

Beam-beam parameter é oc
Lorentz Beam L:urrnm /
factor &

h Ves : uE :ﬂl Lumi. reduction factor
L= I+ — E (crossing angle)&

2"—” 'j. ~_ Tune shift reduction factor »
(hour glass effect) S
Classical alecté \ Yok 2
radius Y (short bunchy) o
Beam size ratio@IP Vertical beta function@IP
1 ~ 2 % (flat beam)

Brute force: Increase beam currents by a factor of 5-10 ! Increase the
beam-beam parameter by a factor of a few (crab cavities).
Too hard, too expensive (power, melt beam pipes)
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The path to higher luminosity

Beam-beam parameter 5 o« |-
Lorentz Beam current /
factor &
“"" " ﬁr’!
V.. o, “...‘ Lumi. reduction factor
L=l — | | =& (crossing angle)&
zﬁj} . ”.u ~_ Tune shift reduction factor -
7 7 (hour glass effect) S
Classical electfon Yok 8
radius / HL (short bunch) o
Beam size ratio@IP Vertical beta function@IP

1 ~ 2 % (flat beam)

(1) Smaller g," (20 x)

(2) Increase beam currents (~2-3x)
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ourglass condition:
SuperKEKB =

py™>~L=0./¢
83 mrad

(wio crab)
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SUPERKEKB

Belle Il Two separate focusing
| Newin duads/each 2 beams
closer to IP;
Superconducting /
permanent magnets

LERe-2.1A >

New beam pipg
& bellows

s

9/10/18

More RF/modify RF
systems.

"\ Damping ring
‘ 7 Wt ol

W
—

Replace long dipoles with
shorter ones in HER

URElL Rl U
# H Low emittance gun

Redesign the HER arcs to
reduce the emittance
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Low emittance positrons

New positron target /
capture section
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Schedule and status

Year 2016 2017 2018 2019
JapanFY | 2016 | 2017 [ 2018 | 2019
I Summer ’ Summer I Summer , Summer
shutdown shutdown shutdown shutdown
/, - -~
( Belle II \"
Phase 1 S Phase § 2 Phase 3
R R oo r— I
Main Ring (MR) ALER‘e.-) VXD
i WY : circulating . :
commissioning MR commissioning for phase 2 HER(e ) installation
CRasacng During phase 3, Belle Il
Damping Ring (DR) Installation and commissioning DR commissioning activity of 9 month/year
— ‘ have been assumed/

s First collisions, 26 April, 2018 I

—

. ' Phase 2 goals:
T s APUARNS | ~ 50, ~Ta w * Progress toward high lumimosity
| e gl | * Progress toward stable operation

Achievements:

« L =55x%x1033cm 371

» (Collected ~0.5 fb~1 for
commissioning & calibration

9/10/18
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Ohnishi-san eeFACT, HKUST

Super KEKB performance

Belle case 1999 data z vertex dlstrlbutmn

E EBelle H 2018 I;prcllrmnar',-'l
= 3000 Median=-0.015cm *“+
E 2500 | Osp=0.055cm : l; -
» 2000 | b 3 e
a + o+ 4 Runs 1860-2047 S
S 1500 | C - <
b L}
1000 F - .
- 20000 - 10000 0 10000 20000 | . " ] c
, 500 L. , £
-1.0cm Z(jm) 1.0 cm Jide=2app~t . 8
0 L e L o L ~
-0.4 -0.2 0.0 0.2 0.4 §
o =4.5mm 2o lem] 5
o =550 pm S
measurement at Belle Il 2
o

ml-lourglass condition:

[y >~L=0/¢

~1 tym




Ohnishi-san eeFACT, HKUST

Super KEKB performance

T P B T vnartaw Aietrilaitias
03/19/2018 09:00 - 07/17/2018 DQ:IIUST‘_H__, High current trial

Max 800 mA

(HER)

|

- 10-5

=

foo
; -10°

= 10‘?

[unw] swmagry

Beam

L 10‘3
Current

- 1 D_-S

Beam Current [A]

- 1“‘6

Max 860 mA
(LER)

=2 o o @

Pl

[eJ] aamssal]

- 1 n‘?

L ln's

-"..;L..ﬂ;:..‘i.m. SR [ - ......I e

e
=
:j.
—
Ll

collision collision
- optics Ioptlcsﬁ;:Smm

Lpeak = 5.55 X 1033

e
(not optimized)

e“amés 5/1 6/1 Luminosity ~ 7/1 ~ 1/4 of KEKB

Improvement

4/1/2018 >

luminosity tuning 1

L [J-c1033 cm’2s"]
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le II Collaboration
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Belle I1

Csl(Tl) EM calorimeter: |, 74 m RPC u & K, counter:

waveform sampling ' scintillator + Si-PM
electronics, pure Csl

>

for end-caps | — er end-c?ps
' S
4 layers DS Si Vertex .
Detector — :
2 layers PXD (DEPFET), 50m
4 |ayers DSSD

University of Warwick Seminar

ime-of-Flight, Aerogel
Cherenkov Counter —
Time-of-Propagation counter
(barrel), .

prox. focusing Aerogel RICH
(forward) 7

Central Drift Chamber:
smaller cell size,
long lever arm

—
S
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Belle Il - TOP

Simulation of a 2 GeV pion and kaon interacting in a quartz bar.

Incoming
frack K or  of same momentum

9/10/18

Prism length -~ o
100 mm R S
@ > Length 2600 mm
R S 2x1250mm+100mm

{’, -~ Thickness 20mm
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Prism width 456 mm
MCPPMT width 444 mm

—
I
[N

—

Pz Desight 31 mim 16 bar modules arranged in
a “roman arch”




Belle Il - TOP

Channel Vs troe jor 3GV (ROnsRaons Wi Deam test sep

At 3 GeV Timing at the ~100 ps level is
‘W 7 needed to separate pion and Kaon

7
e

L

¥ vy K

¥E3 o3 7.7 g o)
s f

299
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Quartz Bar

Timein ot
ns

19,50
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Belle Il - TOP

Channel Vs, trme 1or 3GaV (rons/Raons Wi Deam test selup

At 3 GeV Timing at the ~100 ps level is

22'-

Vns

—

ToP signature of kaon identified kinematically via D™ — DO/TS+; -5 K n

‘M. ™ |

needed to senarate nion and Kaon

+

1s visibly more consistent with being a kaon than a pion or proton

?20"'!"'|"'1
‘o | Bellell TOP 2018 (Preliminary)
E |lp kinematically tagged kaon
F p=173GeVic
| #=94.1°
Pion PDF

15F log L (x) =-257 51

10 2

e —
% 16 32 a8 64
Pixel column

Hit time [ns]

8

Belle Il TOP 2018 (Preliminary)
D~ kinematically tagged kaon
p=1.73GeVic

f#=94.1°

Kaon PDF

log L(K) =-236.38

-t
wn

10f —

64

Pixel column

Hit time [ns]

n
(=}

151 log L (p) =-263.53

10k - - .

Phase Il data
Belle Il TOP 2018 (Preliminary)
D~ kinematically tagged kaon
p=173GeVic
0=94.1°
Proton PDF

A

Pixel column
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Belle II - Silicon Vertex Dectector

1/8 for Phase Il — only one layer of pixels for Phase Il

Layers 1-2: Pixel Detector
Layers 3-4: Strip Detector

Closer to IP
“VXD-only" tracking
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DSSD strip layers




SVD performance

E il =
= 1401 Fit function: a:\llaz +_L 0.975 4 ——
5 " ppsin(e)** 4+
1200 ] +
c - Belle VD2 cosmic (Data) BN715 0,050 -
2 - —s— a= 263+ 04um o *1:
= 100 :: b= 32908 um GeVic % 0.925 o
% 80 - Belle Il single track gvents (MC) L.“g * S
o mmmmm= g= 115 % 0.1um T (.900 " N
o b= 17.9=0.2 um GeV/c z a
N 60 i . 7 _g 0.875 .
b <
40 : - . 0.850 1 £
ook } + 4+ 93.92-VY4S v
L'q 0.825 o O
- L - + + 9339 - Y4S+BKG 3
T T — ' ' ' ' ' ' g
= 24 0.0 0.5 1.0 1.5 2.0 2.5 =
i 2.2 B r— FPETEECEE . ST e e e Transverse momentum / GeV 3]
2 P L. : — z
2 5EFTE 2
AR —— 2
& 0 1 2 3 4 5 6 7 8 <

pBsin®)*?[GeV/e] Stand alone SVD track finding efficiency
good for K; finding (30% over Belle) and

*
Belle afactor two worse than Belle Il slow x from D

[45)




Entries / (0.001 GeV/c®)

Entries/(0.012 GeVic®)

¢—>K+K-

<0 ;: ’v.'ﬁ’»’.ﬁ»*w“ﬁt"w*w
15 Bellell N ﬁ det=~5pb'1 b i AL
:EDIB{F‘rellmmaryJ ] & No TOP
: , E,>0.15GeV | o
1 u __ ¢ __ ILdl=9ODb"
"} —Data i 4 Bele Il TOP 2018 (Prelimiary)
[ i *+ ] T 101 10 103 104 105 106
- ¢ %‘ miK' K) (Gavic?|
05F -r-.-'/ ot o, T P # A —-
. by >
a no—)y'y : 4 4
Da[] i e o 0 . 5 . 0 ., . . 1 g +%‘# **b m#“*”“ +*m+ﬂ
0.08 010 0412 D.14 EI1E~ I'J1E - o KID d
m, (GeV/c?) ne kibea:
S a ILdo=90po by TOP
ao- . § :IJ..I:;au1lrcli.ulu1lzl ' Bale Il TOP 2018 (Preliminary) E
70 Bealle Il ' 101 102 103 104 105 105
2018 preliminary nbkg = 893 + 32 miK* K) (GeVic?)
60 .

A na|g=195=19 ] TTT LN B B L B B B B L B B
sop Jtsazen : +++1 Both K IDe
0 g + # by TOP
30 ul
10 ILdl:SOpb

BT T P
Mie‘e) (GeVic?)

Bele 11 TOP 2016 (Prelimnary)

mK' K) (Gevic®|
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Entries / (0.001 GeV/c®)

Particle reconstruction ¢-k«-

Entries/(0.012 GeVic?)

ac 5 o »wwww
- Belle I oM ' ' 2k
1.5F o } fdet=.-r5pb'1 i
" 2018 (Preliminary) ' & No TOP
f . E=015GaV 0
1.0 o — : — — — —
Nt % 6000 :_| | R T T _: 0
© B Belle Il 2018 (praliminary) _|_ Data 4 o H0s §
' o 5000 —| | Feeas—— )
0.5 - = - J-L dt = 250 pb”’ — Fit ]
N 8 4000 = : g
ool & F 1 s 5
0.08 30001 " il = (497.159 £ 0.013) MeV/c*] d‘; e
oot Ko%—n*n o = (3.462 + 0.075) MeV/c® e K IDe : E
- 6 5% larger | TOP  ; =
N - nary) . S
= than MC 4 ool d S
ol — . miK* K) (GeVic g
0.49 05 0.51 0.52 =
m(z'x) (Gevicdd h K IDe =
g + # by TOP
Hﬁft# #} ﬁ}*’mﬂ#ﬂﬂ*ﬁﬁﬁ #ﬁ#
[ a0 47

Bele 1 TOP 2016 (Prelimnary)

M IR
a3 34 : : . . :
Mie‘e) (GeVic?) MK K) (Gevic™)




Entries/ (5 MeV/ic®)

Entries/ (0.0133 Gawic")

Charm meson reconstruction

2 @
1||r 'I'|

r'11||r1

L L oot L
.|. 0™ — 0K
Belle il 2018 (praliminary)

Jr ILm=¢?2pb'1

.|.

Do K-t

-
+
_+_

8 1.82 1.84 1.86 1.B8 1.8 1.482 1.84
M (K x*) (Gevich)
- LI L N B L B B BN R R B N R A L B L
0E 0 K =
25% Beile I Eﬂlﬂinmlimnami
- f Ldt=472 pi” 3
201 -
18 -\- 1
10~ Do» Ks 0 =
T :
- Tt
q’.? 75 1.8 1.85 1.8 1.85 2 205 21

M (K] (GeVic?)

{}e 1EIJDE_I T T LI +| T |I]+|_F|H_;r‘:r::* T T T 1 I_E
- F +  Bellell 2018 (prefiminary) J
§1mnf + chﬂ:Eﬁﬂpb" =
wn 1200F . =
210005, +.,, t =
é EDD?—”“ T by T ++*""+++++*"*++“""+++++ﬂ:
& 600 E
A00F 3
200k D> K " m" JE

F I N P T

1‘??5 18 185 19 1.95 2

Entries! {5 MeWic™

M(K =*x) (GeVicH)

+

0" — OYKK e
Bleile if 2018 (praiminary)

J'L dt = 472 pb”

Jr

+++ i

e

1.84

1.86

+ oAty

+| I _
1.82 1.84

MK KT (Gewie™)

Many charm decays seen including CP eigenstates used in
CP violation measurements — reasonable agreement with expectations
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Beauty measurements

23

- *
=af & ;
E [t i
15 b ]
g °F H ]
L o ]
T wp ¢ S .
o b o ]
+ | v i : il .."-'" =
] O R v .
B | ks RV PRV Ll P WP

TflS} TFES) 1“(33] T{4S} .

9.-11-'1- Bd6 mm 10,00 1094 1|:|3’F' 1D54 10,58 1062

Mass (CeVic™ }

We are on the Y(4S) resonance and
recording B anti-B pairs with ~99%
efficiency.

« Not so obvious: When we change

accelerator optics, we remain on Y(4S).

BB ; N
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P
A 7
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—
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Entries / (16 MeV)

60

50

40

30

20

10

-%.2 -0.15

B meson reconstruction

_EB

Ll

B> D{Ka K Ko KK K . Ko
B -=D{Kn, K3tk

B5>0 " (Kr, K3, Knn')=*

BY>D (K, K3, Knn')e

B%s0 (Kr Kany®

B> (K et

B> (K )’

ILIIlIllIlIIJIIlI

LT

Belle If 2018 (preliminary
J.L dt=472pb”

IIIIIIIIIIIIIIIIl

005 01 015 0.
AE (GeV)

Entries /

(4 MeV/c?)

—
[ ]
(=)

—
Y
o

Jary
=
L=

60

40

20

Mgc = (ECM

2

J-p.

.2

B> DK Kan Knm KKK 7" K
B*-=D{Kr. K3mx)p*

B->D (K, Kan, Kar' e

B> (K, Kam, Ka® e

BL>D {Kr, Kan)g®

B> DK

B> K )

B=Myie's, ntn) K

Belle Il 2018 (preliminary)

JL dt = 472 pb™

5.21

IlllllllllllIJIIIIIIllllI

522 523 524 525 526 527 528 5.29
M, (GeV/c?)

B—>D®h (h=rx,) and B—J/yK")
Reconstructed > 200 B events
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A FEW PHYSICS PROSPECTS
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L

B-K (892)I'F

* This is a rare flavour changing Lz
neutral current process

* The four-body final state allows
differential distributions to be
probed

9/10/18

Large new physics
contributions possible as they
appear via interference c.f.
forward-backward asymmetries

T
[ Generator Distribution

in ete” ey
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* Also variation with the
invariant mass of the |t~ ®@ 0 ® ®
system - g?
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B—K'(892)I'I nomenclature

1 d*r 9
dl/dg? dcos#; dcosfy do dg?2 327

3
[1(1 — F) sin? By + F; cos® Ok

1
+ 1(1 — F) sin Ak cos 26,

— F; cos® @k cos 26, + S sin® Bk sin® §; cos 2¢
+ S, sin 26 sin 260, cos @ + S5 sin 26 sin f; cos ¢
+ Sg sin® Bk cos B + S; sin 26k sin @ sin ¢

9/10/18

+ Sg sin 26 sin 26, sin @ + Sg sin® Ak sin® A, sin 26

* Goal is to measure this 4D differential distribution and extract
the coefficients from data to compare to the SM predictions
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* Much work on defining observables with minimal theoretical
uncertainties

, S
* Let us focus on Sg which get normalized as R = JF (15 3
L\U- 'L
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to minimize form factor uncertainties




Exp.: R. Aaij et al., JHEP 02 (2016) 104

LH Cb Theory: S. Descotes-Genon et al., JHEP 12 (2014) 125

Angular Asymmetries based on 2398157 B->K*uu events

- 1 T T T | T T T T | T T T T | T T | p—
=< - _
2 - —_
[ LHCD ]
1 I SM from DHMV .
[ ] 5
'+ . 2
ek I _
3 —+—  + —
af — E E
) : z
2k .
1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 | — _g
0 3 10 15 =
& [GeV /e

3.7 o disagreement with Standard Model

[5¢)

Other analyses of the data also show inconsistency i.e. RH currents at large g2
A. Karan et al. arXiv:1603.04355 [hep-ph]




Events / { 0.002 GeVic’)

Full

PRL118, 111801 (2017)

g* [GeV?/c?

v L
B° — Kk*(892)% e~ E" - B0 k*(892)°%u T
BT — K*(892)TeTe~ ® [ BT K*(892) u u—
127 = 15 signal candidates = 80F 485+ 17 signal candidates Sma”er Samp|e
sk L than LHCb, but e
o
= B et
; J .
R 7 _ Tests of LUV more
ﬁé_!-rJ_-[-. MEET= o5 2= AP Iy 1 = ﬁé_l_--l-1+1 M T +.+ 4 +r In a moment
SE DU T T T L ETT NI TR T T
55— s s e e
M, (GeVic) M, (GeVic)
[ T T . T T T T 7' : T T T T T T T T T 15 [ 7. T T T T 7-7 7-‘ T T T T T T
[ Belle preliminary ? E::;zma | Belle preliminary =1 DHMV
- i LMCb 2015 10 o AlModes
[ ! ] EoT W Electron Modes
For T HH  This Measurement W Muon Modes
‘.'+1- + | 7] 0.5 ‘+ ]
Lt 4:__ by 4 ] +
— _ S - ¥ 4%
O = - 1 R o0 ; -
—F 4 | —— 1 [ . ~ |__L._| e
- B 1 EEEE%EEE% ] -0s | : ) - N— 3
+ —— Ll -
] — | ] ol — S
5 10 15 20 i 5 o 1. 20
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Lepton Universality Violation

(LUV)

Ry =

-a-LHCh -m-BaBar - Belle

EEF(B—*H#"'LI'} dqz

f dF{B—}HE"’E jdq

2-3 standard deviations
for H=K and K*

négi_-1--|rr--|r'111 2.ﬂ_.. T T T

[ 15| ]

: : . E

: 1.0 . ovmareren RURETN SR .

B 0.5F ® LHCh -

I B BaBar -

L 1 ] ] 1 ] - L-Hr‘h o

% 5 0 15 20 Y R s
g2 [GeV?/ 4] 0 5 10 15 20

Rk is ~2.60 from the SM

Rk- ~2.10 (low bin), 2.50 (central bin) ¢

2 [GeV? /el
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Belle II predictions

::;:-. | I I I I LI I I I I | ! | I I | | I | | I I | I | I I | I I I _l
-E 016 - Beﬂe I/ Prﬂjectlc::n a[Feb 2{]18} o
S 014 N il - :
> - - S
® 0.12— . =
3 0.1._— i N g
& - L . <
© 0.08F % E
V — a " " ] S
o2 - IP5 N =
vV 0.06 NPee — 5
= - | ' ' ' b A - &
X 0.04 70% data ‘r’{dS} 6 mﬂnths Slnw ramp up..... | 2
- ~ - 70% data Y(48), full 9 months -
0.02 T e e
- - ®- LHCb estimate ; ; ; ; ; ~
[ I T N N I N N A IO N I | L 1 1 1 | L1 1 1 | L 1 1 1 | L 1 1 1 | | I_ { 57 J
0 201? 2018 2019 2020 2021 2022 2023 2024

Year




Semi-tauonic decays

* Tree level in the SM but allows lepton universality tests

ut ot
w+ NV b
B
C
D:\k

* Measure ratios to reduce theoretical and experimental
uncertainties

F(JE — D1v) R( D:a:) _ F(f — Dflf)

['(B—=Dlv) ['(B—D (v)

* Babar reported an anomalous result PRL 109, 101802 (2012)
much activity since

R(D) =

University of Warwick Seminar 9/10/18

—
192
(00]

—/



Belle results

* Tag signal by fully reconstructing
or identifying a semileptonic (SL)
decay of the other B

* Then use residual energy in ECL,
missing mass, multivariates
and/or lepton momentum to
separate signal

* Example: Phys. Rev. D 94, 072007
(2016) — SL tag
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Phys. Rev. Lett. 115, 111803 (2015) (&%

* LHCb also in the game using their vertexing prowess
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Belle II predictions

* More modes for tagging Full Event Interpretation

hadronic B /R tag
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Belle Il predictions

projection for 50 ab™"

Belle || Projection
—— Belle Combination : BY/B" tag
—— Babar

LHCh
—— World Combination

SM prediction: PROS2 054410 (2015), PRDES 094025 (2012)
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Many other measurements
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* Other rare decays
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+ charm, XYZ spectroscopy, dark photon




Conclusion

* Particle physics is tackling its problems on three
complementary frontiers

Energy
Cosmic
Intensity

* Flavour physics has played a significant role in the
development of the Standard Model

* Belle Il is a project that will continue flavour
physics at the intensity frontier until the middle
of the next decade along with LHCb

First collisions this year much more to come..
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