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Belle || Mission

To search for new phenomena that may solve the missing antimatter puzzle

Builds on 2008 Nobel Prize success, M Kobayashi and T Maskawa , - Belle
experiment credited ~500 publications.
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Belle Il >600 collaborators, 100 institutes




The case for new physics manifesting in Belle Il

Issues (addressable at a Flavour factory) — NP beyond the direct

: reach of the LHC
Baryon asymmetry in cosmology

—> New sources of CPV in quarks and charged leptons

Finite neutrino masses
— Tau LFV.

Quark and Lepton flavour & mass hierarchy
— higher symmetry, massive new particles, extended gauge
sector

19 free parameters
— Extensions of SM relate some, (GUTSs)

+ Puzzling nature of exotic “new” QCD states.

In this talk | will highlight areas where Melbourne
in particular has been contributing.
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Australian Contributions to Belle Il

Hardware Adelaide
_ Melbourne
SVD Construction : Sydney
Test-beams Ll Trlgger ~30 Australian
Monitoring collaborators
DAQ/HLT
Computing Physics
Grid services Coordination Rare B decays
Analysis computing Semileptonic L
, B CP violation
Reconstruction Dark sector
Calibration T flavour
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Searches for New Phenomena

Energy Frontier: Production of new SM NP
particles from collisions at high-Energy

(LHC) o

Limited by Beam energy

Flavour Frontier: virtual production to
probe scales beyond energy frontier.

Often first clues about NP -

o
o
e

e.g. weak force, M Q SM
¢, b, t quarks, Higgs boson. NP
Maximum Energy/Mass Scale reach:
Quark Lepton  Proton CPT, Lorentz

my EWP  Flavour Flavour decay violation
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Searches for New Phenomena

Energy Frontier: Production of new
particles from collisions at high-Energy
(LHC)

Limited by Beam energy

>=

52
2

Flavour Frontier: virtual production to
probe scales beyond energy frontier.

Often first clues about NP

Energy scale

o)
e.g. weak force, v — >
C, b, t uarkS, HI S bOSOn. flavour violation . flavour structure
d 58 Coupllng
Maximum Energy/Mass Scale reach:
Quark Lepton  Proton CPT, Lorentz
my EWP  Flavour Flavour decay violation
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Cabibbo-Kobayashi-Maskawa matrix

Lyw ~ gVijuridr; W~

v 2 V. .
td s I\/Iaskawa & 1(2015) °

2 Gens: CP conserving

3 Gens: CP violating,only source of CPV in SM

4 Gens or More Gauge Bosons @ many more CPV phases.
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CKM Picture over the years

Existence of CPV phase established in 2001 by BaBar & Belle
e Picture still holds 15 years later, constrained with remarkable precision

e But: still leaves room for new physics contributions

sol. w/cos23<0 -
(excl.'atCL >0.95) —
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Overview

Charged

/ Higgs

/\

2. Physics \

CP

3. Startup S Violation

FCNC

D
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Belle Il at the e*e™ intensity frontier

SuperkEXB i< the intensity frontier

- 40x higher instantaneous luminosity than KEKB
10°6 |. - - *
peak luminosity /
; trends at e* &~ colliders
10°°
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37
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e 107
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107 I I I |
1970 1980 1990 2000 2010 2020
year
Lorentz factor beam current  beam-beam parameter
. Compared to KEKB
L=t (1+0y) (Iigiy) (RL) 20 |l tical beam size
— % X smaliler vertical pea Z
2ere o By R,
/ 4

2X current

beam size aspect ratio vertical p function ~ geometric factors 9
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First operation of SuperKEKB (4 GeV e+’s & 7 GeV e-'s)

LER: Beam current 1 Amp, Beam dose 780 Ah, pressure 10 Pa
HER: Beam current 0.87 Amp, Beam dose 660 Ah pressure 10”7 Pa

1000~ "1

800
600}
400

200}

1 Ll | | | 1 I 1 | | | 1 1 I
L | CH2: I gp dt(  719.1Ah)
L | CH4: Ijr dt( 632.3Ah)

Beam current [mA]

lllll

1500
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0'0"p"

3/1/2016

5 Months operation

- —1000

1200

LER (e+)
Beam dose

HER (e-)
Beam dose
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Belle Il Detector [600+ collaborators, 101 institutes, 23 nations]

—

\
\

electrons (7GeV)

positrons (4GeV)

D
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Belle Il Detector [600+ collaborators, 101 institutes, 23 nations]

KL and muon detector

Resistive Plate Counter (barrel outer layers)
Scintillator + WLSF + MPPC (end-caps , inner 2 barrel
, | g

EM Calorimeter NN ///////”// :
Csl(Tl), waveform sampling electr

Pure Csl + waveform sampling (

—

\

electrons (7GeV) ' ntification
/7] zation counter (barrel)
0 *' g Aerogel RICH (forward)

e rate > lower than in Belle
wd

Vertex Detector
2 layers Si Pixels (DEPFET) +
4 layers Si double sided strip DSSD

e

e

positrons (4GeV)

D
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Time-of-Propagation(TOP) Detector

Side view of crystal charged particle

eC cherenkovangle K
crystal / /

backward-going

L

> z-component of unit velocity
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Feb: 1st TOP bar May: fully installed!

.
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Particle Identification

(TOP, ARICH, dE/dx[CDC]) (TOP, ARICH, dE/dx[CDC], KLM)
g 03 I I T 13 [ | Muon D efficiency | ... .
% 0_25:_ 2 K/mt separation E - —
B —-@- (1.0 - 2.0 GeV/c") N
L ~ —@- (0.5- 1.0 GeV/c?) ]
B -®- (0.5- 1.5 GeV/c?) i
0.2 -@- (0.5- 2.0 GeV/c?) 3
- (0.5-2.5 GeV/c?) .
C -@- (1.0 - 4.0 GeV/c?) ]
0.15F -
E E u efficiency
0.1_— -] -  fake rate x10 -
0.05~ = B
B ] 0.2 S
- - . [ |
87 0.75 1 - L i : : : : : : :
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Efficiency OO 05 1 15 2 25 3 35 4 45 5
p (GeV/c)

Fake rates > 2x lower than Belle (even better in some p regions)
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Silicon Vertex Detector

Carbon fiber
(CF) cone

c
e
=
[}
©
o
=

Outer CF shell

End rings
Ladders
R PXD " Beam pipe
- (inside SVD - individual sub-detector
| Reconstruction fraction: Ks From B-> JpsiKs |
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IP resolution much better
than Belle & Babar

|
R +  Ow0Tracks with PXD clusters
+  Odo Tracks with PXD clusters
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SVD Layer 3 Construction, All ladders now built

Y\ T !
&}f:h l""a?_{ff'
[LIE UNIVLRSITY O

MELBOURNE

P
e

Construction @ Melbourne April 2016: DESY testbeam
2 full-sized Belle 1l pixel modules
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So when do we start Belle Il ?

BEAST PHASE I:
Feb-June 2016 \? i)
(Belle Il roll-in in March 2017)\@&’/@”

PHASE Il Operation: Starts in ~Jan 2018
[Begin with damping ring commissioning;
First collisions; limited physics without
vertex detectors]

Phase llI: Belle Il Physics Running:
late 2018 [vertex detectors in]

QCSL at the IP, Aug 2016
QCSR will be at KEK, Dec 2016

D
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Latest SuperKEKB Luminosity Profile

PU, j.nuclphysbps 263-264 (2015) 15-23

2 ' Goal of Belle 11/SuperKEKB
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Latest SuperKEKB Luminosity Profile

PU, j.nuclphysbps 263-264 (2015) 15-23
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Doing physics in an e+e- collider

D
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Doing physics in an e+e- collider

D
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Doing physics in an e+e- collider

25

= 2

8o} & Yas)
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Mass (GeV/¢) BB threshold
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Doing physics in an e+e- collider




Doing physics in an e+e- collider




Doing physics in an e+e- collider

/ Signal Semi-Inclusive
hadronic ‘tagging’
side
Background
/
/ —\ > M2__ (GeV?)
e+ 0 e

Signal side

D
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“Missing Energy Decay” in a Belle Il GEANT4 simulation
Signal B> Kvv tag mode: B-> Dm; D Knt

Zoomed view of the vertex

. region in r--phi
View in r-z 8 P .

D
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Overview .

Detector &
Accelerator

FCNC

CP

3. Startup Exotics Violation

D
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Belle Il Flagship: H* Search in B*>tu, pu

b T

Helicity suppressed - very small in SM. \ H W

NP could interfere e.g. charged Higgs. /

2 2
o oy S (1 VT ()
¢87T mp H+
BFsu Type ADD  ALL
| cotB cotfB
I -tanP -tan B
The B meson decay constant Il -tan B cot P

IV cotPB -tanp
|V | : from indep. measurements.
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B->1/e/uv(y) Projections

With the full B factory
statistics only “evidence”.
No single observation from
either Belle or BaBar.

Belle Il - 5 o discovery

. 2.0
sy (GeV/c)

o value
s-|‘?II LI | ] ] 1 ] e LI | ] Ilp- 1.“

Belle Ave. Belle Il

0.156

E : + 5ab? 50 ab't

e O.IO; /

@ B>tv 96(1422%) 10% 3%
m Bouv  <1.7 20% 7%

sin 25
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NP Fits with CKMFitter

tanp

D

|

100 T T T 1
L | wahadsd aws las CL > 0.95
_LEP {direct)
m '
60
40
20
0
0 500

LAL Seminar, 2016

B—Xs

1000

MHu+ [GeV]

Phillip URQUIJO

1500 2000

The current combined
B—2>1u limit places a
stronger constraint than
direct searches from LHC
exps. for the next few
years.

Currently inclusive b—>sy
rules out m,, below ~540

GeV/c? range at 95% CL
(independent of tanf
assuming no other NP)




Anomaly in B - D(*) tv

—

C
}D or D*

Yo lownm rlve

2 Aceelerators Find Particles That
May Break Knewn Laws of Physics

Belle, Phys.Rev.D 92, 072014 (2015)

Belle, Phys.Rev.D 94, 072007 (2016)
Belle, arXiv:1612.00529 (to PRL)

OTW SCIENTIFIC : 'IER
AMERICAN" ‘
EEEDD tocafenn et Moz Wen8Pusos fumc Okerdin

e . o et e
By ConMechonts | Septestss 0 3085 Minks wn suph Tensions in Sw: Standad Model
. b b ;—\ 0_5 LI | L | LI | LI | L | LI | LI | L
Combinationis near4 o £ SRR .
= B elle Il Projection . _
oc L Belle Combination ICHEP 2016 Preliminary ]
from SM. 045 o -
- LHCb —
B —— World Combination B
Ap pears to rUIe out Type ” 0.4 . SM prediction::’RD92 054410 (2015), PRD85 094025 (2012) —
2HDM (inconsistently - -
favoured Rp and Rp+) 0.35F E
R(D7) R(D) : > ;
Error stat. | tot. Error stat. | tot. | Q.25 :— = —:
B-Factories 71% | 9.0% B-Factories 13% | 16.2% B 1o contours i
Belle Il 5/ab 21% | 3.2% Belle Il 5/ab 3.8% | 5.6% 02 Coovv v v v v bv v e by v v v bvwv g bvv g v by 0
Belle 11 50/ab 0.7% | 21% Belle Il 50/ab 1.2% | 3.4% 0.25 0.3 0.35 0.4 0.45 0.5 0.55 0.6
R(D)
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Belle, Phys.Rev.D 92, 072014 (2015)
Belle, Phys.Rev.D 94, 072007 (2016)
Belle, arXiv:1612.00529 (to PRL)

Reconstruct one B in Y(4S)—>BB event
Either hadronic or semileptonic decay mode
First application of semileptonic tagging for B >D(*)tv
Look for signal in the recoil, B->D*tv, D* - Dmi, D>many, t=>lvy,

R(D*) = 0.302 + 0.030 + 0.011

— 3 : * B signal ;

~ 10°F &= ZZEE Normalization @

E = D

\O -

8 10%} S

l.',:a —

o [ "l;

10 =

ﬂ i ]

c [ N

g 1 0

W 1.0 . . . , 00 02 04 06 08 10 1.2

Eeq [GeV]
MUNIVEISIWOF
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R(D¥)

y?/ndf =20.3/19,p=37.6%

W
[e]

04

038
036 F

034f

024

vy N FUU PR FUTE DTS P P FUUIN PUT O

R(D¥)

0 0.1 02 03 04 05 06 07 08 09 1

tanp/my,, [GeV ']

'SM pD*

Events /(0.1 GeV/c)
N
(e»)

)
o
T T T T

x2/ndf =20.3/19,p=37.9%

Limits on Type || 2HDM From Belle

0.6

Leptoquark

x2/ndf=35.1/19,p=1.4%

LAL Seminar, 2016
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(b)Type-1I 2HDM with tan 8/m g+ = 0.7
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The |Vuw| puzzle: B > Xy lv

@ Inclusive versus exclusive determinations (form factor - exclusive vs heavy
guark symmetry - inclusive) 3 o anomaly

@ Only Belle Il can resolve this puzzle ~ 2% precision expected.

e Discrepancy could be right handed
currents with coupling Vyp®

S O b0t
'; _ CKM fitter + eB->1 | vrate goes as |Vt + Vip"|?
MILC 2015 + L \/ R[2
—2 5| Aypuv (LHCH) eB->tvrate goes as |Vup - V'
> eB->X, | v rate goes as |Vup'| + | Vub"|?
4 untagged
B —nlu B — Xty
3 Error on IVypl | stat. tot. Error on IVyl | stat. tot.
B-Factories 2.7% | 9.4% B-Factories 4.5% | 6.5%
Belle Il 5/ab 1.0% | 4.2% Belle Il 5/ab 1.1% | 3.4%
2 Belle Il 50/ab 0.3% | 2.2% Belle 1l 50/ab 0.4% 3%
36 38 40 42 44 ;
V.l x 10
cb

D
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The |Vuw| puzzle: B > Xy lv

@ Inclusive versus exclusive determinations (form factor - exclusive vs heavy
guark symmetry - inclusive) 3 o anomaly

@ Only Belle Il can resolve this puzzle ~ 2% precision expected.

e Discrepancy could be right handed
currents with coupling Vyp®

eB->m | v rate goes as |Vup' + Vub?|?

vV, inclusive

e B>t vrate goes as |Vupt- V'] 2
eB—>Xy | v rate goes as |Vupt| + | Vun® |2

untagged
B -l B — X, vy
Error on IVl | stat. tot. Error on IVl | stat. tot.
B-Factories 2.7% | 9.4% B-Factories 45% | 6.5%
Belle Il 5/ab 1.0% | 4.2% Belle 1l 5/ab 1.1% | 3.4%
Belle Il 50/ab 0.3% | 2.2% Belle 11 50/ab 0.4% | 3%

Current sensitivity: hatched
5/ab or 10/fb: cross-hatched
50/ab or 22/tb: dotted

D
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Overview .

Detector &
Accelerator

CP

3. Startup Exotics Violation

D
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Flavour changing neutral currents

FCNC or penguin decays are very sensitive to new particles and interactions.

Br(B—XsY)=
Massive, beyond SM, particles may (3.01 0.10(stat) + 0.18(syst) + 0.08(model))x10™*
contribute to B decay processes in loop A
diagrams. b—>s & b—>d can be probed 1-6§ f
Bs mixing g 1: : : E
b->sg(e.g. TDCPVin B > D Ks, etc.) - 0‘; E
b > sy (e.g. decay rate, TDCPV) goec | | E
b->sl*l (e.g. F-B asymmetry test of 32 E
chirality) damall e g -
“0.2f | -+ =
b%SV\_/ oabl b
1.5 2 2.5 3 3.5 4

Reco E (GeV)
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Ars(B—> K*I*I7)(g?)

The SM forward-backward Forward ,  Backward
asymmetry in b—> s I* |- arises o

from the jnterference betweeny 74 /24
and Z° contributions. [ M "k

er(B — I\ [+[ ) = —( 1 og(l} lRl (( Y Pl + —( F")J
l
Ali, Mannel, Morozumi, PLB273, 505 (1991)

- +
[+ / ,l
// '
\\ - wist Y Swe
b [ "3 b c'\r ;'J
& f h) t
LNl g

aN)
<)
&S
&S

e

Multiple heavy particles of the SM (W, Z, top) enter in this decay.

L B




LHCb & Belle results on B> K* p*u= (g?)

Belle arXiv:1604.04042

Re (ALAL* — AR AR®)

A1+ 1A82) (A1 AR2 + AT+ AT)

Arp(B = K'*07) = ~Cé() [R"«:e.m + i‘F‘ A
/
= ! ' l 15 ,
< 09 — Belle preliminary
I . ol 7
’ 05
| A

.
H+  This Analysis
LHCb 2013
LHCb 2015
s SM from DHMV

LHCb | osr _I-ﬁ —L --L== I

| B SM from ABSZ ~10} I 1
05 -
L l L L l L L L L l L L L
0 5 10 15 -15 . .
, 0 5 10 15
2 < ¥
q [GCV /e ] q2 (Gev2/c4)

“The P5' measurements are only compatible with the

20

B — X, 00 C7/Cy ratio

SM prediction at a level of 3.70.....A mild tension can

also be seen in the A, distribution, where the

measurements are systematically <=1o0 below the SM

Error tot.
B-Factories 19%
Belle 1l 5/ab 9%
Belle 11 50/ab 6%

prediction in the region 1.1<g%< 6.0 GeV?”
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Lepton Flavour Universality Violation

——LHCb —=BaBar —Belle T sb  _t Dee Lk LHCb ]
v A L A L B T i % ET B B (K X)ete” ]
Q: [ _ S o250 Combinatorial i
- LHCb - 8 f ]
- - T 20f —
1.5F I — @t ]
B ] © 15F =
- - '9 L i
- — '8 A ]
N - g 10F : P B
s © B el R
: SM - 5S¢ - - N
i i 4800 5000 5200 5400
0.5F — m(K*w ete’) MeVic?]
3 _ +0.090 +0.036 -
o . l | e Belle Il much more
0 5 10 15 20 powerful on e modes.
2
q* [GeV-/c]
m! 1 ''''' LA A AL A S L L B & 1 ''''' LA L A A L A L L A L m§ 1_] LY XX 7 T ' L8| 1
© Belle Il Prospects x Belle Il Prospects w Belle Il Prospects a
107 LHCD = : 107 : 107F 3
— Belle — Belle - — Belle
Belle |1 1 - Belle Il 3 - ~ Belle Il
Belle Il low q2 Belle Il low q2 Belle Il low g2
— Belle Il high q2 — Belle Il high q2 I — Belle Il high q2 1
1 £ AR R NP 107 s RS B ol PRI P
2000 2005 2010 2015 2020 2025 2000 2005 2010 2015 2020 2025 103000 2005 2010 2015 2020 2025
year year

year
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Lepton Flavour Universality Violation

HOME

NEWS TECHNOLOGY

e Bralaree | Jligmins

SPACE PHYSICS HEALTH EARTH HUMANS UFE TORPICS EVENTS JOBS

FEATUREZ 27 Apri 2016

That's odd: Unruly penguins hint
where all the antlmatter went
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Candidates / (30 MeV/c?)
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— Model B B (K X)ee
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el b b b bvana b

5200 5400
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Belle Il much more
powerful on e modes.
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Beyond SM in the Lepton Sector

No right-handed neutrinos in the SM,

implies they are massless. & e
’ el —
Neutrino oscillations show they have .
. . > L MR

small but finite masses. e\ 2 -

Where are the R-handed : X xR

Neutrinos? et
Mechanism beyond SM is needed. ' >

Seesaw mechanisms are candidates

Seesaw (tree level)
mY; = viy; ve/M M = 10%* GeV (for y.=0(1))

Quantum Effects (Radiative Seesaw) N-thorder of perturbation
mY; = [1/(167%)]N C; v2/M M=1 TeV
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Beyond SM in the Lepton Sector

No right-handed neutrinos in the SM,
implies they are massless.

Neutrino oscillations show they have
small but finite masses.

Where are the R-handed
Neutrinos?

Mechanism beyond SM is needed.

Seesaw mechanisms are candidates

Seesaw (tree level)
mY; = viy; ve/M M = 10%* GeV (for y.=0(1))

Quantum Effects (Radiative Seesaw) N-thorder of perturbation
= [1/(16m?)]N Cij vZ/M M=1 TeV
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Nature of NP in T LFV
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Nature of NP in T LFV

If we find a signature, we can determine its nature.

C(S)
£ —_ L:SM + T

0(5)

T3y T—opuy Topurtr 17— uKK

04 _ _

Og%y v - - _
Op v v v v
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T - | y with Beam background

F [ ] signate

L Background: mu nu nu [ [ ]signat:py
0.2— [ Background: pinu Background: 1 v v

C Background: e nu nu [ | Background: x v

- [ Background: mu mu [ | Background: i u ()

0.18m [ Background: bhabha 1 0_1 | [ |Background:ee (r)
[ Background: uubar [ ] Background: uT@
0.16 ] Background: ddbar
: [ Background: ccbar
[ ] Background: ssbar
0.14 [] Background: charged
1| [ ] Background: mixed
[ Background: taupair misc

[ Background: d @
[ Background: ¢ ©
[ ] Background: s §
[ Background: B' B'
[ Background: B° B’
[~ Background: generic t* v

1072

o 3 4 0O 01 02 03 04 05 06 07 08 09 1
pu (GeV/C) Cosesignal thrust, z-axis
5 04 Clen o .
8 Sk © Despite beam background,
w [ Background: bhabha
T cackeround:saber
e | zero background for
| s Background: charged . - - - .
B Background: mixed
HI Background: taupair misc . (=] — |:| () o . .
3 - DT = T - |y is achievable.
i = O JL JLd s = -
i e D g5 = -
B = T = Kol e S = S Y
-02f = R I = TR =R =T =
. . % L
B . n.:' o :u. . o Oe =] o o
[ oeed % fo ta o Be.s e
= et e ° o ° B °
_04f—= o= = = e . .
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Overview .

Detector &
Accelerator

3. Startup
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Time-dependent CP violation

“A Double-Slit experiment” with particles and antiparticles

QM interference between two diagrams

box diagram + tree diagram

th
KS

tree diagram

Jhy
K

AV

Error on sin(2p)

tot.
fromB — Jp Ks |

Measures the phase of V_, or equivalentl
pnase td q Y LHCb 22/fb 0.014

the phase of B, —anti B, mixing. Belle Il 50/ab 0.007
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Belle Il Analysis

e Tree e Gluonic Penguin
(NP sensitive) e K-shorts in most

5 signatures: VXD

. - c W 8
T = Larger acceptance
ww_ - u,C, s
g (+30%) for it from Ks
S s
‘ = . -

d B>J/PKs Bep B At
0r HMm  um  ps
. IL//VVK+ Bellell 22 52  0.71
tag
Y (4s) . Belle 63 89 0.9z
- i
€ ’\’%’% e’ Jhb N+
BpEVKO -
e S
, anti B |\ <
- OCC = +
e’J 5 4»| ,U, T
I A Z I
Coherent B meson Belle ~ 200 um
pair production Belle Il ~ 130 um
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Gluonic penguins, Scp

B = K at 50/ab with ~2010 WA values

b—>c

MC J/LIJKO

- This-would-establish the
existence of a NP phase in b—s
penguins.

£ 6 4 2 0 2 4 6

At(ps)

8

|O'
30.5
@D 04

0.3}
0.2

0.1

0.02

0.01F

0.005
1 10

Integrated Luminosity [ab™|

Belle Il will lead on all TCPV in B decays
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Radiative Penguins, Scp

SM favored

W YL
helicity flip

Right-handed current is a bp ____
signature of NP e \SL
S=-2(m /m )sin(2d,)=(-2.3%1.6)% 7)) -

b /SH
W%YR

SM EW purely L-handed.

WA Experiment ~ 22% precision

7. W | : f | T l T OD(NGT Y) = * U.US (DUdD )

SM disfavored,
enhanced with RH current

b A\
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IG@V

= R R L
x o > [ S PR J 0.2
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v 08 ST il :
- 05 Al L
04 S EETRN N R I
03 *ii U, N O SO | S 0.1 0.1
02— =rT71 - o [
il i z 0
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: i M8 e - &
O | Sy 8 5 [ e—
e s g.:aene I iy 2
[y Jrﬁptovele L ::j.:::;:::.. I [
L :\IWXII’I& LI Y 01 b 0.1
T i . - -
SM(K V) mSUGRA
R Bdle.!l Pro;ecmn i
0‘02 FEPE | i AdAl Al 0.2 y a2 a0 I 0.2
1 -[) 0 1 2

Intagrated Lurminosty [an ]

gluino mass (TeV/cZ)

(tanp=30)
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Sr
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Tree Direct CPV, @3

L e L L B L
3 , il
= — M3 Babar = (70 + 18)°
0.5 5 Sin2 —
1 e O3 Belle = (73 *13.45)°
04 —3 —
e “E ) M3 LHCb = (75 £ 9)°
03 — 2 ]
= o, =
02 — —
01 - > \=
= b, 1 v
00 C (').2 T ——, S [ R DR < Error on Y tot.
-0.4 -0.2 0.0 0.2 0.4 0.6 0.8 1.0
P LHCb 22/fb 2°
2 UL I ILRLELE BN UL I LI IR I I
= B S o\ \ Belle Il _Projection (May 2015)
g 12 : : : : ! ! ‘ ‘ o
= Belle Il 50/ab 1.5
2
2 10
S
ke
&° 8

Belle Il will lead on @4
and @, angles & on
UT sides

-B- LHCb
- —@- Belle (Il) 70% data Y(4S) —
-8~ Belle (Il) all data Y(4S)

N PR FEETE FEETE PR P FEET PR TS PR P
2015 2016 2017 2018 2019 2020 2021 2022 2023 2024

Year

lllllllllllllllll

4 CEnamare
%7 MELBOURNE




NP in Bg mixing: Fit results

2013 LHCb Upg.+ Belle Il
p-valucilo N S I I I Pf-valueﬂ)
Mixing o m | - Mo
B\ (ra i ra\( 1BaD) e 1l
Idt( |Bg(t)) ) = (M7= 5r)( |Bq(1)) ) . e 1H..
Parameterise NP, 1 1k,
M12 — MiS2M X (]_ + h@ZZO-) E Zj E 0.1

95% CL, NP<(many x SM) = NP=(0.05 x SM)

By Stage |,
I (€7 G N (<71 (4.5 TeV>2 20

L2 GRAZ A2 A A~ 20 TeV (tree)
o = arg(Ci A7) A~ 2 TeV (loop)

Stage Il: similar sensitivity to gluino masses explored at LHC 14TeV
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Overview .

Detector &
Accelerator

Charged
Higgs

FCNC

CP

3. Startup Violation

D
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5 = T m

No VXD, only the BEAST
silicon detector setup

(for beam background
study)

D

<>  LAL Seminar, 2016

Phase Il: First collision Run, Jan-Jun 2018

Tracking Efficiency

+

0.8
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0.2

+
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i
|
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Phase Ill

Phase Il (noVXD)
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Phillip URQUIJO
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Phase Il Unique data sets

20 P ]

Only ~20-40 fb in Phase II 12 _B§+ E
New trigger menu to 1.4 : *B*;B* :
greatly enhance low - 12 _* B§ E
multiplicity physics 0 _ B, B* E
Unique Ecum, e.g. Y(6S) for o6 f B*glf: | E
bottomonium - strong 04 : z R T SR T RN 3
interaction studies zz*..||| o :
10.6 10.7 10.8 10.9 11.0 11.1 11.2

Vs (GeV)

Experiment|Scans/Off. Res.| 7'(595) T (45) 7 (39) T (29) T(195)
10876 MeV 10580 MeV [10355 MeV (10023 MeV 9460 MeV

fb=! 109 |[fb=! 10 |fb=! 10 |fb=! 108 |fb=! 10°

04 0.1 16 17.1 | 1.2 H 1.2 10 1.2 21

Ry scan [ 433 471 | 30 122 | 14 99 —
121 36 | 711 772 3 12 20 158 6 102

- MELBOURNE




Accelerator Ecy reach

Beam Transport  Final Focus

_. 88 (magnet) Quads
> | S
S 86 3 Ecm=12 GeV \ Beam Transport
B - (magnet) ) .
(@)}
S 84 I < Start with Y(4S) operation at
L : Phase Il
g 8.2
8 of 20 days to collect 10fb-1 @
T : Ecm=11.24 GeV Y(GS)
L 78 -
: ) 5 months total Phase Il
7.6 P~ )
[ Linac operation
7.4 ~_ Y(6S) , . Energy
7P Y(4S) \
68 (1 | 1

L 1 " L 1 1 L 1 A 1 | L
4 405 41 415 42 425 43 435 44
LER Beam Energy (GeV)

Ecm max with constant yB=0.284 is ~ 11.1 GeV
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Exotic 4-quark States

Zp, Wpx — postulated states

Deuteron-like molecule

Belle arXiv:1508.06562

T g*
T, p, W, 0 exchange
Y'(5S)
. B(¥
z
E meson \
h__meen BB Zfz _;zvﬁ_
Tm, o, mp om, Xom, Tp xom, Tp
mesonic ‘
B molecule ? |e.g. deuteron B*B Zy / _l/[/bl *_
p .
© @0\ 00 ! [
@Q () ) Y, hym, myp xom, Tp
tetraquark ? @ Q - //
pentaquark ? BB g
o4l 1
hvbrid ? M, XoT, Tp
I16(JF): (1) 17(01) 1-(1%) 17(2%)
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Zp Y(6S) Scan analysis

Anomalous Y(5S)-> nnY(pS) transitions led to discovery of Zp*(106XX)

Preliminary evidence for Y(6S)—> nrth(nP), via nZy,*(106XX)
Resonance structure of Y(6S) channel not fully studied

Can be probed in phase II!

N

a>(h,(1P)x*n) (pb)

N

o
P

h,(1P) yield, 10° / 40 MeV/c?

1
N

a°(h,(2P)x*n) (pb)

M_. (x), GeV/c?
E,. (GeV) miss(")

> 15+

3" ] (b)

o jl

J10-

o

e I

55

R |

o | .

QJ/ (VL & |_0_:—o—| E
'5; [ I AR

10.7 10.8

M, (), GeV/c®
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Melb MSc Thesis,
eroecor

Belle Il can probe ‘dark forces” with dedicated Triggers

‘dark forces’: involving dark-matter particles that serve as portals from dark

to SM sectors.
dark photon mass coupling strenath

L, my m?ﬁl’ 1o € v
Eeﬂ‘ — ESM - ZF/“/F -+ TA'U“A - §F'uVF

Also probes dark higgs through Y(nS) resonances.

e’ /
w 10 e ﬁ/‘\
e g

BaBar expected (28 fb™)

IIII T T T IIIIII
E787, E949
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Melb MSc Thesis,
eroecor

Belle Il can probe ‘dark forces” with dedicated Triggers

‘dark forces’: involving dark-matter particles that serve as portals from dark

to SM sectors.
dark photon mass coupling strenath

1 / /;w m?ﬁl’ I Al / v
Eeﬂ‘ — ESM - ZF/“/F TA'U“A 2F"’uI/_FV

Also probes dark higgs through Y(nS) resonances.

et /
© 107 e ﬁ/‘\
E Y

2

o xe’a® (1 —m%, /Eéy) /Eéum

IIII T T IIIIIII
E787, E949

BaBar expected (28 fb™)

Belle Il simulation
based extrapolation

\/

® Direct
104 b extrapolation from
1072 107" 1 10 Babar
m, (GeV)
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Trigger & dataset

@® HLT output estimated to be ~¥11 nb =11 kHz at nominal luminosity .

® Largest dataset in particle physics outside of LHC.

N

. 'g:

?

Tape (PB) for raw data

total integrated

Copy outside KEK
Original @ KEK

Challenge

challénge | Yeari Yea ri Year?; Year4 Year§ Yearé Year?7
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70¢
> 60F
R Goal of Belle 11/SuperKEKB
;= 50 . Wk in B=>py \
E — E D,, O3< 2° B—>Kvv SM
O @© C
2 7 30F : \
© - Confirm B->D*tv T LFV Discovery
EJD 20 New physics 10 ab?
= 10 Resolve [Vuo B->Kee LFUV
- pluzzle | New Physics
o C 1 1 1 I 1
x103° 8
- C Zn, Wy, discovery
.':%; 6 :— < 1 ab-l B 9 IJ. V
o — C Discovery
.E wv 4 C
S& LF Phase-1
= 5 - -
o = -
© 0 = - — e . A - 1 — 1 .
e 2016 2018 2020 2022 2024

Calendar year
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SuperKEKB has been brought to life - first turns occurred in February.
Current reached 1 Amp!

Phase Il starts January 2018, Phase Ill Late 2018

50 x integrated luminosity @ Belle Il will probe significantly into > 1 TeV
mass scale

Rich physics program at SuperKEKB/Bellell

New sources of CPV, New gauge bosons, Lepton Flavour Violation, Dark
Sectors.

Numerous anomalies to probe with the first 5 ab! (many more than
shown).

The Belle Il physics book to be published in 2017 (ed. PU & E. Kou)
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Golden modes: B physics

SuperKEKB TDR (2014)
Observables Belle Belle 11
(2014) 5ab~! 50 ab!
UT angles sin 23 0.667 £ 0.023 £ 0.012 [64] 0.012 0.008
a [°] 85 £+ 4 (Belle+BaBar) [24] 2 1
v [°] 68 + 14 [13] 6 1.5
Gluonic penguins S(B — ¢K9) 0.907099 [19] 0.053 0.018
S(B — n'K") 0.68 £ 0.07 £ 0.03 [65] 0.028 0.011
S(B — KYK2KY) 0.30 & 0.32 £ 0.08 [17] 0.100 0.033
A(B — K%0) —0.05 £ 0.14 + 0.05 [66] 0.07 0.04
UT sides |Vep| incl. 41.6 - 1073(1 £ 1.8%) [8] 1.2%
|V.p| excl. 37.5-1073(1 £ 3.0%ex. £ 2.7%n.) [10] 1.8% 1.4%
|Vy| incl. 4.47-1073(1 £ 6.0%ex. £2.5%m.) [5]  3.4% 3.0%
|Vio| excl. (had. tag.)  3.52-1073(1 £8.2%) [7] 4.7% 2.4%
Missing F decays B(B — 7v) [1079] 96(1 + 27%) [26] 10% 5%
B(B — pv) [1079] < 1.7 [67] 20% %
R(B — Drv) 0.440(1 £ 16.5%) [29] 5.6% 3.4%
R(B — D*rv)t 0.332(1 4 9.0%) [29] 3.2% 2.1%
B(B — K*tvp) [107%] <40 [30] <15 30%
B(B — K*Tvp) [1079] <55 [30] <21 30%
Rad. & EW penguins B(B — X,v) 3.45-107*(1 £ 4.3% 4+ 11.6%) 7% 6%
Acp(B — Xqv) [1072]  2.24+4.0£0.8 [68] 1 0.5
S(B — K27Y%) —0.10 4 0.31 4 0.07 [20] 0.11 0.035
S(B — py) —0.83 £ 0.65 4 0.18 [21] 0.23 0.07
C7/Cy (B — X 00) ~20% [36] 10% 5%
B(B,; — vy) [1079] < 8.7 [42] 0.3 -
B(Bs — 77) [1073] — <2 [44]t —
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Golden modes: D and Tau physics SuperKEKB TOR (2014)

Observables Belle Belle 11
(2014) 5ab~! 50 ab~!
Charm Rare  B(Ds — uv) 5.31-1073(1 £5.3% £ 3.8%) [46] 2.9%  0.9%
B(Ds — 1v) 5.70-1073(1 £3.7% £ 5.4%) [46] 3.5%  2.3%
B(DY — ~vv) [1079] < 1.5 [49] 30% 25%
Charm CP Acp(D® — KTK™) [1072] —0.32 £ 0.21 £ 0.09 [69] 0.11 0.06
Acp(DY — 797 ) [1072] —0.03 £ 0.64 £ 0.10 [70] 0.29 0.09
Acp(D® — K979 [1072]  —0.21 £ 0.16 & 0.09 [70] 0.08 0.03
Charm Mixing z(D° — ngﬂr—) [1072<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>