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A Threefold Approach in the Quest for New Physics
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The Legacy of the B-factories _

* Flavor physics

« CKM matrix elements / Unitarity Triangle

« CPV in B decays
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« B->DO)tv
 Search for LFV in t decays

"for the discovery of the
origin of the broken
symmetry which predicts
the existence of at least
three families of quarks in
nature”.
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Belle IT: an Experiment at the Intensity Frontier

» Searches for effects of new ex)
E‘ar"rlcles in loop diagrams with w @ W
uge data samples. o o
I~ . Y “
* Related observables can i h <:::> i L
deviate from the SM prediction. b ——— « S b———" S

Belle IT will collect 50 ab~*of data, which is x50 of Belle (1 ab~*).
Belle IT is sensitive to new physics up to an energy scale of ~20 TeV.
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SuperKEKB and Belle IT

Mt. Tsukuba (877m)
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SuperKEKB: the Nano Beam Scheme

N

Beam-beam parameter
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Lower emittance beam "%

DR for LER ARy c: beam size

and RF gun | B function
KEKB SuperKEKB _
units
LER HER LER HER

Beam energy Eb 3.5 8 4 7.007 GeV

Beam crossing angle| ¢ 22 83 mrad
B function @ IP Bx /By 1200/5.9 32/0.27 | 25/0.30 | mm X 20

Beam current b 1.64 | 1.19 3.6 2.6 A X2

Luminosity L 2.1 x 103 8 x 103 cm2s X 40




SuperKEKB Commissioning

2016 2017 2018
1/12(3|4|5|6|7 9 (10(11(12 3(4(5(6|7 10(11(12(1(/2|3|4|5|6|7|8|9|10/11/|12
phase 1 phase 2
Beam Studies Belle Il roll in Collisions VXD Installation

* Phase 1 (finished): Beam operation without final focus magnets
and Bel

« Commissioning of beam transportation and vacuum scrubbing
* Only single beam studies were possible

le IT

* Phase 2( 4month): Start data taking with beam collision

« Target Luminosity ~103% cm-2s-twhich is comparable with KEKB
« No final VXD but one ladder/layer with background sensors

* Phase 3 (2019): final detector configuration
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Phase IT Run: the Nano Beam Scheme in Action

First collisions on April 26

B* successfully squeezed down to *=2mm

L= 5.54 x 1033 cm2s
Lspec = 2 x 1037 cm2s

Integrated Luminosity (online): 500 pb

Beam Current [A]

Luminosity [1032]

Spec. L. [%]

HER 277 [A] 789  [bunches]

Phase 2.1.5 (100/4,100/4): 2018/06/12

Luminosity Tuning Phase 2.1.6 (20074,100/4): 2018/06/13

LER 333 [4] 789 [bunches] :
Lumninosity 23.638 (now) 48.275 (peakin 24H @15:28) [10%/cm’fsec] Phase 2.1.7 (200/3,100/3): 201810620
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An Event from Belle IT's First Evening
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Detector Challenges @ Hugh Lummosﬁry

Il 21 EF\e\d 1.50 Dsp\/cr 7.50 50 Do( 1031120 T\me 90922

Trg\D ODel\/er WMugD
wot(ch) 0.0 Etot{gm) 0.0SVD-M QCDC-M 2KLM-M 0 qiD 21 BField 1.50 DspVer 7.
' Ptnt(:h) u.o Em( m) 0.0SVD-M 1CDC-M 2KLM-M ©

MC Cartoon

= Belle @ KEKB L. Belle Il @ SuperKEKB
Higher background:

- radiation damage, occupancy - VTX (also closer to the beam pipe), background in EMC
Higher event rate:

- trigger, DAQ, computing

Lesser boost of the B Mesons

-> need a better vertex resolution

Improvement to low momentum particle reconstruction and ID, and to hermeticity

%ﬂ{fc‘ror had to be upgraded for SuperKEKB conditions to achieve equal or better performance
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Belle IT Detector

KLong and muon detector:

Resistive Plate Chambers (barrel outer layers)
Scintillator + WLSF + SiPM’s (end-caps , inner 2
barrel layers)

EM Calorimeter:
Csl(TI), waveform sampling (ba

i Particlé |dentification

iTOP detector system (barrel)
electrons (7 GeV : |

— == } T -':Prox. focusing Aerogel RICH (fwd)

p
Beryllium beam pipe
2cm diameter

\\
>
Vertex Detector

2 layers DEPFET + 4 lay
\

positrons (4 GeV)

Central Drift Chamber
He(50%):C2Hs(50%), small cells, long leve
arm, fastelectronics (Core element)
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Vertex Detector

20
[em ]

4 layers DSSD (SVD)
2 layers DEPFET (PXD)

final focus quadrupole
Jintegrated” info VXD

vertex resolution
improved by a factor of 2
(compared to Belle)
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Z,-Resolution o [um]

Fit function: o= a2+ —&
itiu a + ppsIn(O)"
Belle SVD2 cosmic (Data) BN715
a=263=04um
b= 329+ 0.8 um GeV/c
Belle |l single track events (MC)
a= 12121.5um
b= 168 =+ 20 um GeV/c

4 5 6 7 8
ppsin(6)*? [GeV/c]

d,-Resolution o [um]

140
120

100

Fit function: o=

v
i p/;‘sin(oF:

Belle SVD2 cosmic (Data) BN715
a= 17403 um

b= 343 0.7 um GeVic

Belle Il single track events (MC)
a= 96+14um

b= 162+ 1.9 um GeV/c

8
ppsin(6)*? [GeV/c)
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Central Drift Chamber
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g8 Most of the Belle IT detector subsystems are working well
WA |cre are some signals involving charged fracks.

Belle II
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Electromagnetic Calorimeter

amplitude time sampling

< £
-off-tlme,' o m

bkg. ¢ \\‘signal

Preamps
B 1
trigger t trigger t

Waveform sampling to reject out of time hits

=

2 PIN-PDs

= 3
,i!_—-_—,s_ E [
Gore-Tex and - 't
Aluminum-coated »
myler wrapping. b %,
/l R L R
ﬂ e L i 1
= il 0 50 100

E iMeV)
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W Most of the Belle IT detector subsystems are working well.

Some hice examples of signalsinvolving photons.

<O

Belle II
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K. and p Detector

* Barrel:

Belle RPCs reused

Two inner layers replaced by scintillator strips
Scintillator strips with WLS fibers

Hamamatsu SiPM S10362

) BF2

* Endcap:
RPCs replaced with polystyrene scintillators
99% geometrical acceptance. c ~ 1ns

., Tracks reconstructed on both
' RPCsectors

| 0 S

.0_-0—0-
—O__O__O__Q-O-
08 <>.().
1 -0
T ~O-
=06 F P
s -O~
S o
&= 04 F -
b
oz F ™
} ~O~
e A A " A
%0 0.5 ! 1.5 2
P(K,) GeV/e
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Particle Identification @ Belle IT

Endcap PID: Aerogel RICH (ARICH)

Barrel PID: Time of Propagation Counter (TOP)

Focus mirror
MCP-PMT (sphere, r=7000)

— —
Back d . F d
acar Quartz radiator onar _
Focusing mirror

Small expansion block
Hamamatsu MCP-PMT (measure t, x and y)

Incoming track

\

<«—200mm -
pnos

b 1% S
v

Aerogel radiator
n~1.05

Hamamatsu HAPD
+ new ASIC

The paths of Cherenkov photons from a2 GeV pion and kaon interacting in a TOP quartz bar.
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TOP Particle Identification

D" - D’n ;D" > Kr"

N.B. The charge correlation with the slow =
determines which track is the K (or n)

Kinematically identified K from a D™ in the

TOP;
Cherenkov x vs t pattern (mapping of the

Cherenkov ring)
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—~ 20 T T T —) T T T — 0 T T T
& | Belle 1l TOP 2018 (Preliminary) & | Belle 11 TOP 2018 (Preliminary) & | Belle Il TOP 2018 (Preliminary)
= | D*kinematically tagged kaon = | D* kinematically tagged kaon ~— | D*kinematically tagged kaon
v p=1.73 GeVlc v p=173GeVic Q p=173GeVlc
E [p=-0a1 E |p-0a1 E |p=-9041°
) Pion PDF ‘= _| Kaon PDF ] Proton PDF
+ % logL (r) =-257.51 4+ llogL(K)=-236.38 + [logL(p)=-263.53 7
I I T
[N “ S
10 E 10 - ] 10— - B
) . - — i — . R —— —
% 16 32 a8 84 D 16 32 a8 B4 D 16 32 a8 B4
Pixel column Pixel column Pixel column
.g 60 T T T
2 5ol Belle ll TOP 2018 (Preliminary) Experiment 3, run 1889, event 72284 - 1.0GeVic ]
* e 20GeVlc
a0F D kinematically tagged kaon e 3.0GeVic ]
30T Prism side Mirror side ® 4.0GeV/c
20r . slotID=15 .
10 p=173GeVlc _
fip = 94.1°
or e =-50.0° N
—10r x=15.5cm -
z=-69.1cm
—20F Ogip = 85.6° b
_30F Odip =-21.5°
—100 50 0 50 100 150 200
20 z [cm]
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Belle II
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¢ — K K" inclusive

An example of
TOP particle
identification
with early
calibration
and alignment.

Events/1 MeV Events/1 MeV

Events/1 MeV

200;_ N'lt +’¢ +¢*+’ W’#*’W&a
000 *"“w
8(!)_ -
5°°- -
400F- 3
- JLdl=90pb" 3
200 _ Belle Il TOP 2018 (Preliminary) _
O~
MKK (GeVv)
sw;_'l""l +* TTT T T "‘I_—
o b Mt
H H+ /
o ++++++w”* N
By b
200 ]
100 J"d“go"b" 3
Belle 11 TOP 2018 (Preliminary) ]
e
Mk (GeV)
#
305— + + E
so'- My
J W’M ++++ +++++#
sof- del 90 pb* E
E Belle 11 TOP 2018 (Preliminary)
c-u ' TR AN |

I BN IPEP I IPE AT ETATAT AT Wi
1 101 102 103 104 105 106

My (GeV)

No kaons identified

One kaon identified in
the TOP.

Both kaons identified
in the TOP.
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Rediscovery of Tk (preliminary)
D> o E 100F- _+_ JLdt 366 pb™' ]
with > K+ K- 2 sof +
2 4 + +++++ ++ No PID
T
S>j 40
20 -
:l PRI S A RN R TAT R AN ST NN A YRR AN B A
Poa" 195 196 197 198 199 2
M[ (GeV/c
S0F + Bello 12018
. r (preliminary) -
% e + J.Ldt=366pb"_:
[o)) C 3
= 30F 3 . e
- *_ '+ +_ ] Two identified
2 F .
£ 20f + 4 charged kaons
S +TT
of + ) H
. '+‘+'I 4+ | '+' 4 *F
TR T N AN N R T R—

MI(K*K )] (GeV/c?)
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Trigger

Hackwa Barrat —_—
| Bellell KM
KLM ‘|- : I$upor conducting coll ” KLM
(R RAL oL asc e T E CL A2 >0 (WL
, S e N
f T ]l]\ = 5(S = sV%aw 570 /m;ﬂ-;) —= : 7 : 7 p/_s:“
| | s sE% : 2 HRr=———— IR EEAR——

Belle IT Level 1 trigger (CDC + ECL +TOP +KLM)
beam bunch crossing 254 MHz (max.)

hominal beam background rate ~10 MHz HLT: software trigger on a dedicated farm
HLT output rate 6 KHz (1.8 GB/s)

nominal L1 trigger rate ~20 KHz
L1 max. latency 5 ps

L1 z-vertex trigger
L1 Global Reconstruction Logic
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Events/6 MeV '
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The signal peaks are charm in
continuum not from B's

Clearly
illustrates the
capabilities of
Belle IT and the
potential for
charm physics
and the building
blocks of B

Am (GeV)

mesons.
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. 0 0
Belle IT CP Eigenstate: D" — K 7w

N LI L L L B L B L B B B L N RAERBRLERS LLLEE LLERDLARES LELES LLLLE LELEN
(%5 g;: D — D’(KZn9) m* :§ (%5 o5 D™ - D'(Kg?) v ]
18F- Belle II . 2 - Bellell

§_ 16F- 2018 Preliminary 3 5 2018 Preliminary
S M ILm—2ﬂ)51€ S of ILm—Q&)U1:
2 1p RS 2 wp R
S 10F = 2 - .
. + 3 . 103+ + + + =
ST TONNS B SR
af- = 5 .
PN CO: LR T S LIRSS
P1470.1420.1240.1460.148 0.15 0.1520.1540.1560.158 0.16 9777975 18 18 19 195 2 205 21

AM M,

FIG. 36: AM (left) and Mp (right ) signal-enhanced projections in 250 pb~! prod4 data sample
for D — K2nY final state.

Also illustrates some of the important capabilities of Belle TI.
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$ Event Topology tells us we are seeing Bs gg

Be/leﬂ : :||l||||||||I|||l||||||||||||||||||||||||||||I:
%6000_— -
S F data
=S MC total §
250001 MC BB — >
WL MC qq ]
N MC 1z
4000 -
- Belle Il 2018
3000r- Preliminary ]
—— | P .
2000 JL dt =15 pb” - B pairs pI"OdUCZd at
] rest in the CM with
1000 E ho extra particles |
00702708 04 05 08 07 08 08 1
Spherical R, Jet-like

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

> TT T T[T T T T[T I T T[T T T T[T T T T[T T TIT[TTTT[TTT1g 4 FT T T T[T T I T [T I T T[T I T[T I T T[T T[T ITT[TTTIT[TTT
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S B%>D (Kxm)it < Bsiy(e’e’, pop) K"
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20 B >Jiy(e’s’, p°p) K

Belle Il 2018 30

Preliminary

JL dt = 250 pb’

Belle ll 2018

Preliminary

JL dt = 250 pb’

AE = EE? o Egcmn

20

10

lIIllIIIlllllllllllllllllll

EbC - V'.‘ (E})eam:‘2 + (pB 2

—(2).2 -0.15 01 005 O 005 0.1 0.15 0.2 g.2 521 522 523 524 525 526 527 528 5.29
AE (GeV) Mp, (GeV)
VOLUME 50, NUMBER 12 PHYSICAL REVIEW LETTERS 21 MARCH 1983
. - -1
History Observation of Exclusive Decay Modes of b-Flavored Mesons  4().7 pb
1983: B-meson decays to final states consisting of a D” or D** and one or two charged pions

have been observed, The charged-B mass is 5270.8+ 2.3+ 2.0 MeV and the neutral- B mass
is 5274.2+1.94+ 2.0 MeV.
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Summary

* Belle IT will explore New Physics on the Luminosity or
Intensity Frontier. This is different and. .
complementary éro the LHC high pt experiments, which
operate on the Energy Frontier.

* There is competition and complementarity with LHCb

« We are ready to start a long physics run in the Super

Factory mode. This requires high-efficiency data-
‘rc%dn y Beﬁe IT andqexf,ensiv% running_byy Super
KEK-B, soon to be the world's highesT lumihosiTy

accelerator.
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The Geography of the International Belle Il collaboration

Sweden
Finland Russia
Y,
Canad.
Q .
v Belav
Kazakh: Q
li
Romania Mongoli
Q zbekistan <y qyzsten Q
Greece  Tyrke y Turkmenistan d S
chi out o
Iraq fghanistan Q
Pakistan
Nepal
’ L o > 9 Q
e India Q ik Q Q Mexi
(Burm!
’ Cha Yo Q [Leiland Gustemala
VVVVVVVV hilippines icaragus
: South S Ethiop Q VVVVV
Somalia Malaysia J°A
Kenya
Belle Il now has
Tanzania Pagnﬁ)?lﬁew
uinea
P
g Zambia ~ eru
rown to
Be
bia Zimbabwe NT
Botswana Madagascar =
Australia
Chile
: ' : Q
" .
9 25 countries
Vi

Thisis rather unique in Japan and Asia. The only comparable
example is the T2K experiment at JPARC, which is also an international
collaboration

Youth and potential: There are ~267 graduate students in the collaboration
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Machine Parameters

2017 /September/1

E
|
Number of bunches
Bunch Current
Circumference
€x/ &y
Coupling
Bx* /By*
Crossing angle
Kp
0%
Ve
(0)

Vs

Vx/[Vy
Uo
Txy/Ts

EX/EY

Luminosity

LER HER unit
4.000 7.007 GeV
3.6 ( 2.6 ) A
2,500
1.44 1.04 mA
3,016.315 m
3.2(1.9)/8.64(2.8) 4.6(4.4)/12.9(1.5) nm/pm ():zero current
0.27 0.28 includes beam-beam
<:32/0.2Z> C 25/0.30 ) mm
83 mrad
3.20x10* 4.55x104
7.92(7.53)x10* 6.37(6.30)x104 0:zero current
9.4 15.0 MV
6(4.7) 5(4.9) mm (:zero current
-0.0245 -0.0280
44.53/46.57 45.53/43.57
1.76 2.43 MeV
45.7/22.8 58.0/29.0 msec
0.0028/0.0881 0.0012/0.0807
C 8x103% ) cm-2s-1

KEKB
achieved

LER1.8 A
HER 1.4 A

B, ~6mm

2.1x10%
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Welcome to the world of large crossing angle nano-beams !

FIG. 1: Schematic view of Belle-I beam crossing at the interaction region. The spread of
/e B
2 vertex distribution can be estimated as o, = —T(fz
T

100

where for Belle-I optics the horizontal

emittance €; = 20 x 1075 mm, B} = 1200 mm, and the crossing angle ¢, = 11 mrad leading to

expected 0, =1 cm.

As expected, the effective
bunch length is reduced from
~10 mm (KEKB) to 0.5 mm
(SuperKEKB)

We measure this in two track
events in Belle Il data.

——

Entries / [0.01 cm]

05

00

SuperKEKB

200

FIG. 2: Schematic view of Belle-II beam crossing at the interaction region. The spread of the

2 vertex distribution can be estimated as o, =

VeBz

T

where for Belle-II optics in phase 2 the

horizontal emittance €z = 4 x 107% mm, 8% = 200 mm, and the crossing angle ¢, = 41 mrad
leading to expected o> = 0.049 cm.
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500 |

T - 1 T T T ]
Belle I 2018 (preliminary)
- Median=—0.015cm % E
i . ]
- 0g3=0.055cm . " ]
A ]
i oo ]
* 1+ Runs 1869-2047 ]
[ 2 s ]
a2 . ' E
[ . ]
- [Ldt=24pb=t S E
L L T | ,H'B! L L
—-0.4 -0.2 0.0 0.2 0.4
zo [em]
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How do we measure the vertical height of nanobeams ?
Ans: Width of Luminosity scans with diamond detectors

3.5

€
=
o 3

2.5

2
Beam blowup

1.5

b ¢

SuperKEKB/Belle Il 2018 (preliminary)

1

0.5

|
05/03 05/10 05/17 05/24 05/31 06/07 06/14 06/21

Date
At Phase 2 peak luminosity of 5 x 1033/cm?/sec, the vertical spotis ~700nm high.

Thereis still beam-beam blowup at high currents. At low currents, the vertical spot
sizeis 330 nm high (the final goalis O(50nm) with full capability of the QCS

system).

0
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Phase 2 Run

Phase 2.1.6 Phase 2.1.7 B* successfully squeezed down to B*=2mm
B * = 200/100mm(LER/HER) | B,*=200/100mm(LER/HER) L =2 x 1031 cm=2s-1
* — spec
By*: 4mm By - 3mm
500
0.7 = -10-5
I S R T S T M i A B | M B I S 400 =
] o | IR S A R AR MU | 1) || | Cf IR 7 [ S/ S | N | | A— 300 § L1076
— 0.4 RERRHR | SRCo SRR | | USSR S ) ME ISRl | R 4 || 6 " ASSIRREG | Af (N RIS & SARN (|| EEREAE | | R E
ﬂ 0.3 gill e i b ek s aian | AV saall | O Rl ol 1 0 ol 5 W et ki« [~ 200 2‘ ,
= | o.2fgr- ‘ 8 Ho
§ 55j1 ..... 1005
) v - -8
S| oo St ot A e e e e 10
- : < |15
E 0. 60— Wb e s R :‘U
! = or10
A o g | aod o
! LUk Peak Luminosity
0.2 ia~] "|'| —'5 54-X1Cﬁ3
[Pl 8] (25 of Jul. 5)
S0F— R . , “o 1o
gg aofp— o MR AL 8 %g
e [
& s 1 SENEEN | @7 9 N - 6 ég‘
: es
e | Lok Tk [ 16
3 1oE—- A u il L | : 8 § | l u| 2 .
¥ .Jl i muld Iu'l '
ohomos

BATRS20T8
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Onwards to Phase 3 and the Physics Run

Belle I SVD +x half-shell, Jan 2018

The VXD will be installed in Phase 3.
Restart Belle II data taking in February 2019.

PXD layer 1 ladders

First PXD half-shell
being tested at DESY
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Endcap particleidentification via Aerogel RICH (ARICH)

| Cherenkov angle distribution | h_theta
1 03 Entries 1.015453e+07
i) f Mean 0.2965
T 350F Std Dev 0.09601

300

250

200

150

100

50

lIIIXIIIlllllll|l[|||||||[l||{l|l¥|

ol L L L L Ly PRI BRI

Ll
0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5
Cherenkov angle [rad]




The B-anti B meson pairs at the Upsilon(4S) are produced in
a coherent, entangled quantum mechanical state.

= B(t, £)B (. £,) > — | B4, 1) B (1, ) >

Need to measure decay times to observe CP violation (particle-
antiparticle asymmetry).

One B decays =2 collapses the flavor wavefunction of the other
anti-B. (Exercise: Also one B must decay before the other can mix)

Asymmetric Collider

B Not to

e (7 GeV) scale
>< e’ (4 GeV)

IIA

“<_B
= xv
~200 um
The beam energies are asymmetric (7 on 4 GeV)
8/7/18 The decay distance is increased by around a factor ~7
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Physics Competition and Complementarity

2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 203+

Run III i Run IV | i Run V

LHCD 40 MHz L=2x10% LHCb L=2x10% LHCb L=1-2x 10**
UPGRADE I Consolidate: Upgr Ib 50fb'1 UPGRADE 11 300fb'1
ATLAS ATLAS HL-LHC ATLAS HL-LHC
Phase I Upgr I =2y10% Phase II UPGRADE I =5x10% L=5x10%
CMS 300 fb! CMS CMS 3000 fb!
Phase I Upgr Phase II UPGRADE
'I3Ie"e 5 ab! L=8x10% 50 ab! LHC schedule: Ergdanick Berdoy 1n.2042.
+ Belle II 2008 | 2019
- L=5x1033 cm=s! achieved! Phase 1

- Physics with VXD in 2019

Outside perspective:

Plenary talk by Niels Tuning, ICHEP 2018 in Seoul, Korea
8/7/18
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Examples of Physics Competition and Complementarity

E 'rllll]IIIIIIIIIIIIIIIIIII rrri Trirrtr 1 T1] E IIIILIIIIIIIIIIIIII_IIIIIJIIIILIIII Trrrg
§ oo2s N I | Bellell ction Feb201_8)_____‘ E e T | Bellell" ~ Piojection (Feb2018)
g L . I g 01 : i SR (R S N lL ________ {_ ______ _:
=1 =) - i i .
_— - | | 1
;}, 0.02 xg} 012__ N B e e o
> s i L]
= T 01— AN e o —]
1 0015 , e t Y | :
:._ & 008 ———i—— === _#_.___ ..... oo —
& # - T S 3
g 0.01 0.(5_— ................. T ________ :_ ....... —
muv«sa smmm-mpw - r manvus amomn.m . i i .
| —e— 70% data Y(4S), 6 months | i ; i —? — 004 —e— T0% data Y(4S), 6 morths-\— — ——. ; i b —
—o— 0% data Y(4S), ul Gmonths . e LI e L - [ —e— 70% data Y(4S), full © :
0'005-+munvus:u9 mproved K| r T n - 0% data Y(4S), full 9 improve K} - :
[ —a— Al data Y(4S), ful § months, improved K i i i 7] 0.021 - —— All data Y(4S), full © month, impro vi'dx """""" i i e
-.- ua“ I : i { i i -m- u-lcboum I I 1 : .
o' 2017 2018 2019 2020 2021 2022 2023 2024 0" 2017 2018 2019 2020 2021 2022 2023 2024
Year Year
é\ LI I | I LI ] LI LI B I LA I L | T I LI
-g 0.08 T N " Bell '71_""F’iii|_ecuon '''''' IFéB?GTBT_'—:
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3 F 10N | ]
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= C | | ! | .
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gon | " se publicly
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o 70% data Y(4S), 6 months, siow ramp !
0.02| —a— 70% data Y(4S), 6 monthe | ———— - — i LHCb
- —e— T0% data Y(4S), full 8 - —
- —a— T0% data Y(4S), full § months, improved 1 1
0.01 - —a— Al data Y(4S), full @ monthd, improved K prOjeCtIOI‘\S.
-4~ LHC estimate
0 1 I | I Ll 1 - l b l L L1 l 1 L1 l L1 1 l - -

2017 2018 2019 2020 2021 2022 2023 2024
Year

39



8/7/18

How can we establish NP in B2>K* [-]7 ?

D

O

Belle II

Ans: Observe and measure the rate for B — sv\_/
and thus 1solate the Z penguin (Cy) at Belle I/

Answer
from
Buras et
al.

TABLE I: Projections for the statistical uncertainties on the B — K *)ui branching fractions.

Mode B [10'6] Efficiency Npackg. NSig—exp. NBackg.  NSig—exp. Statistical Total
Belle 711 fb~' 711 fb~1 50 ab~! 50 ab~! error Error
[10—9] Belle Belle Belle I BelleII 50 ab™!

Bt — Ktvi 3.98 5.68 21 3.5 2960 245 23% 24%

B? — Kgl/ﬁ 1.85 0.84 4 0.24 560 22 110% 110%

Bt — K*tui 9.91 1.47 7 2.2 985 158 21% 22%

B — K*%w 9.19 1.44 5 2.0 704 143 20% 22%

B — K*vv combined 15% 17%
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What’s Ahead ?

“Missing Energy Decay” in a Belle I GEANT4 MC simulation
Signal: B2Kvv tag mode: B>Dn; D2>Kn

Zoomed view of the vertex
View in r-z region in r--phi

8/7/18
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1.0}

0.0 |

-1.0

-2.0

|

flaviovo.2o.4

Belle (incl.): 1ab™!
Belle II (incl.): 5ab™!

Belle II (incl.): 50ab~!

Belle (excl.): 1ab™!
Belle II (excl.): 5ab~!

Belle II (excl.): 50ab™! |

LHCb: 3fb~!
LHCb: 8fb~!
LHChb: 22.5fb~!

-2.0

0.5

1.0

NP in b=>s I*I-

Prepared by D.
Straub et al. for
the Belle Il
Physics Book
(edited by P.
Urquijo and E.
Kou)

Belle Il can do
both inclusive
and exclusive.
Equally strong
capabilities for
electrons and

muons.
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Results from Global Fits to Data (CKMFitter Group)

Great progress on s or y (first from B Similar results from UTFIT
factories and now in the last four — pvalue
years from LHCb).These measure **I"Charles et al, Phys. Rev. 7™ 1 M o
the phase of V,,, . [D89 (2014) 033016 T s
- 1 Hoz
e U] NP 2o 1 Hos
- 6 B 1 Phase [ @ B '
10 - % Amy& Am; - 15F S i —
sin2o, 5 ] © 3 |Hos
05 Am, - 10 - . 0.3
- SK - - .
= 00 ~¢ --------------------------- 3 os - - 02
L Yy - Extrapolation to 50 ab! 1 Mo
.0.5:_ |Vub|“, Y _E 0.0: I T - 0.0
0.0 0.1 0.2 0.3 0.4 0.5
L ! 4 0.0 0.1 0.2 - 0.3 0.4 0.5
dad rezm K h,
i S"Wl‘ E 1 ‘ | ‘°*;*~;"°L>'°~95’: NP/SM amplitude ratio
10 05 0.0 0.5 1.0 15 2.0
P But a 10-20% NP amplitudein By
Looks good mixing is perfectly compatible
. (except for an issue with |V, |) |with all current data.




8/7/18

More examples of Physics Competition and Complementarity

IV(ub)| Exclusive [%)] Uncertainty

| I -y | JU I I
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FIG. 6: Projected precision for various measurements of semileptonic B decays.

Uses
publicly
available
LHCb

projections.
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Example of the decay

topolo
% h P° IS’ V° M Ihh Ah Pology
8 10-5 | a® m "ENgg ..l a] - .
© wb ) - . C I | .. ;l
L 1 " L u
> S = — o /
z 10 i ‘ | /
S L. e v e T signal side /
9 10- ! v . "'! "v 'y LA - vy v R /I '.“‘/
£ MIPREEY M PR T vt NEFEOEN T > “ ‘\/ /) -
= | o’ i ‘ = CLEO [~
g 10° v BaBar T 4°
y . Belle
> . o . LHCb
_ 10-9 —® * L e oo ° o .. e ® ® ° * Bellell N
O e® o ..". e * ........ « ° . e ® g4 o e -/ e
0\010-101II1IIIIIIIIIITIIIIIIIIIlIIlIIlIIIIIIIIIIIIIIIIIII ,---V\_'~
8 %»%%-CW%ZQP.PQ%O')"!E&@&SS 0@:101=Exx\==¥f¥ Te'ev '\ <lk<le -
o2 g0 1010109:‘01 o= ‘o4 101'0'0':.':;'1'0 kk Ekxxxf"xm?:-o:.c:.“kiﬁ! . - \
01010101m1¢1¢101=: BE\A tag Slde ! '.‘\
Note vertical log-scale (50 ab-*assumed . f—= \
T —> e \"e? V: e'

for Belle Il; 3 fb! result for LHCb

Belle Il will push many limits below 107 ;
LHCb, CMS and ATLAS have very limited capabilities.

LHC high pt: The modes =2y and t 2 h+ h-
s provide important constraints on H> ut
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FIG. 5: Projected precision for various measurements of direct CP violation.
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“Tsukuba, we have a Problem”

(apologies to Tom Hanks, Apollo

13)

WMAP | = 28 — (6.21 4 0.16) x 10-1°

data

>

T~ :

KM Theoretical
prediction

n M J

b CP .

- X g 1020
Ty 1=

a A
The CP Violation predicted by Kobayashi
and Maskawa 1s too small by ~10 orders
of magnitude 1n the Standard Model.

What does this
mean ?

o W
Physics

N J
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