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B-factory Achievements

« Belle (KEKB@KEK) and BaBar (PEPII@SLAC)
 Integrated luminosity: Belle >1 ab-!, BaBar ~550 fb"!
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Search for new physics

» There i1s still space for new physics contributions
* Open questions, €.g.

 New CPV phases?

*  Sources of LFV beyond the SM?

»  Multiple Higgs bosons, dark sectors?

* Discrepancies between experimental results and SM predictions (e.g enhancements in semi-
tauonic decays)?
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SuperKEKB

(ab™)

Integrated luminosity

Peak luminosity x
(cm2s™)
o N £ (=2 [ X=]

-

o
w
(3]

An asymmetric electron-positron collider at KEK, Japan
e'~4GeV e~T7GeV

SuperKEKB Luminosity Project

- N W N
o © © o

Goal of Belle 11/SuperKEKB

'L, > 50 ab"! by 2024 (50 x Belle)

Calendar Year

— 9 months/year
C l i l 20 dayslmlonth
- Commissioning starts
— in early 2016.
- Shutdown L peak — 8 x 103° cm3s! (40 x KEKB)
- for upgrade . .
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Nano-Beam Scheme
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SuperKEKB Master Schedule

.JFY2010 JFY2011 JFY2012 JFY2013 JFY2014 JFY2015 JFY2016 JFY2017
- Now (May, 2016)

operation
|

Phase 2 commissioning:
- Squeezing beta at IP

SuperKEKB construction “Beam oolision tuning.

Dismantle KEKB

Phase 3 commissioning:

- Physics run with

Startup and
full Belle Il with VXD

conditioning
|

Phase 1 commissioning: Phase 1 Phase 2, 3>
-V bbi
o oo SuperKEKB

operation

Phase 1 beam tuning
started on Feb. 2016




Phase 1 Commissioning

e Feb. 1st - Feb. 7th HE R (7GeV) Status:Vacuum Scrubbing

- Tuning of Beam Transport Lines (e-/e+) 5 =
 Feb. 8th - Feb. 21st 8w

- Commissioning of LER (e+ ring) gm' mg |

- Circumference check with wigglers | S i ’
* February 22nd - Mar. 5th : e - "

. . . . 12.00.00 123000 130000 133000
- Commissioning of HER (e- ring) 616.30 mA -0.02 mA/s 558 min 8.6e-08 Pa
- In parallel with LER vacuum scrubbing and ——
possible studies at LER L E R (4GeV) StatusVacuum Scrubbing  Inj. 125 Hz

e Current status:
- Current: HER~0.6A, LER~0.7A
- Vacuum scrubbing
- Optics study
- Background study with BEAST II.

- Expected highest HER and LER current 1A 120000 123000 130000 133000
713.10 mA -0.16 mA/s 62 min 1.1e-06 Pa

Tt My 12 134099 2916 mro|oer |

L m Scrubbing
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dose rate (mRad/sec)

SuperKEKB commissioning detector
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Beam Exorcism for a Stable
ExperimenT II (BEAST II):

— characterize beam backgrounds near the
interaction point (IP)

— Independent detectors to measure beam
backgrounds

40 60 80 100

Beam Gas Background in LER vs time

Beam backgrounds

— Touschek effect (inverse
beam size, current)

— Beam-gas interactions
(current, vacuum level)

— Synchrotron radiation

— Radiative Bhabha
scattering (Lum.)

— 4-fermion final state

QED process (Lum.)

Total background 40 times
larger than Belle




Belle II Detector

KL and muon detector:

Resistive Plate Counter (barrel)
Seintillator + WLSF + MPPC (end-caps)

EM Calorimeter: ‘ .
CsI(T1), waveform sam | // |
Pure Csl + waveform s y '

EE

ification

1gation counter (barrel)
o Aerogel RICH (fwd)

~—

electron (7GeV)

-
Beryllium beam pipe .-
2cm diameter

Vertex Detector /
\2 layers DEPFET + 4 /(/6%/

//

positron (4GeV)

Central Drift Chambe
He(50%):C2Hs(50%), Small ce
lever arm, fast electronics




Vertex Detector (PXD+SVD)

PXD: 1-2 layers

SVD: 3-6 layers

2 layers of pixel detectors « 4 layers of strip detectors
Inner most layer very close to IP (r = » Excellent timing resolution (¢ ~ 2-3 ns)
1.4cm) « covers the full Belle II angular acceptance

Excellent spatial granularity (c<15um)

of 170 <0 <1500

+  Ow0 Tracks with PXD clusters
O Tracks with PXD clusters
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Central Drift Chamber (CDC)

° Upgrade D alle Wire configuration ]

— Extended outer radius 3

— Smaller cell size \ l

— More layers for dE/dx measurements |
Belle Il

— Faster readout electronics ;
— 3D trigger information l

e Current status mall el nomal cell
— Ready for installation Ommdsi s temmt o 2 e
10-20 me
Cosmic ray test
Belle Belle II
Radius of inner boundary (mm) 88 168
Radius of outer boundary (mm) 863 1111
Number of layers 50 56
Number of total sense wires 8400 14336
Gas He-C,H,| He-C,H,
Diameter of sense wire (mm) 30 30
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Particle ID (Barrel)

e Time Of Propagation (TOP)

* Cherenkov detector, quartz radiator -
Side view of crystal

» Cherenkov ring imaging with precision hesged paricte K
time measurement _— B rerermanoy /
« Resolution for signal photons < 100ps ¥ - dﬂd‘;
* Installation completed on May 11, 2016! U gk

== F1 = :

6 bar modules arranged in a
“roman arch”
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Particle ID

» Forward endcap: Aerogel RICH:
« K/m separation: 66 at 4 GeV/c

* Successful magnetic field test,
installation in Autumn.

(1% § &7

PID impact on Rare b—d Penguins:
B—pYy, K*Y

t Y
Time in
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_'fy Belle
“Belle 1l
o a a1l
SOOps [ 0.4 02 o 02 04
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X position SR ———" B—K* y greatly suppressed



EM Calorimeter

Cope with higher particle rate

1. Electronics upgrade: waveform sampling & fitting

2. Endcap crystal update: (baseline option) pure Csl (short decay time)+

photopentode
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K; and Muon Systems (KLM)

« Endcaps and two innermost barrel RPC layers of Belle were
replaced with scintillators due to the increased backgrounds.

 Installation completed

e Commissioning in progress with cosmic rays




Trigger and DAQ

» Challenge
— High luminosity, high background
— Low multiplicity signatures challenge trigger
* Trigger
— Hardware based Level 1 (L1) + software based High Level Trigger (HLT)
— Develop trigger menu
* DAQ
— Maximum readout rate ~30 kHz
— Event rate after HLT ~10 kHz
— Parallel processing ~ 3000 cores
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Physics Prospects

B and D decays
— precision measurements of CKM elements
— rare B and D decays

* Beyond the Standard Model

— new Higgs
— dark photons or other dark matter particles
— LFV

e Hadron spectroscopy
— 4-quark states
— bottomonium spectrum
— exotics states

17



Penguin b—s decays

e Precision measurements of sin(2f) is important for

the search of new sources of CPV

* b—s transition via penguin diagram

« sensitive to possible new heavy particle

contributions
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EWP: B=2K® vy

SM: penguin + box digram
Bsm(B = K*wv) = (4.0£0.5)x10-6

Bsm(BY = K*Ovv)= (9.2+1.0)x 106
arXiv: 1409.4557

Belle:

B(B*— K*wv) <5.5x107,
Nsig=13.3+7.4-6.6, 2.0c

B(B? = K*Ovv)<5.5x105

<400

() SM signal

('2350 assumed B"'_) K’ vV v
°\‘!00

250 Ny = 91.5+322
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Belle, PRD 87, 111103(R) (2013)
Belle II:

Nsig~91.5+32.2@50 ab'!
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Semi-leptonic B decays

Semi-tauonic decay modes are highly sensitive to new physics

B — DY tv: WA is ~40 from the SM!

B(B - D™ 1)
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= BaBar, PRL109.101802(2012)

s Belle, PRD92,072014(2015)

LHCbh,PRL115,111803(2015)

Belle, arXiv:1603.06711
w— HFAG Average, P(y) =
we SM prediction

o

R(D), PRDO2DSAS1(2015)
R(D*). PRDS&5 094025(2012)
eb—t— PR
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HFAG

R(D®™) =
( ) B(B — D(*) ¢ 17@)
R(D)
Error stat. tot.
B-Factories 13% | 16.2%
Belle Il 5/ab 3.8% | 5.6%
Belle Il 50/ab 1.2% | 3.4%
R(D")
Error stat. tot.
B-Factories 7.1% | 9.0%
Belle |l 5/ab 2.1% | 3.2%
Belle Il 50/ab 0.7% | 2.1%
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LFV t decays

« Lepton Flavour Violation is highly suppressed in the SM (e.g. Br(t—py) ~10-49),
LFV 1t decays are clean probes for New Physics effects

2 1P 1S° Vo I Ihh Ah
5 . .
g 10 . o - ERNge L - o = - o -
| o ) L ) me. . . - o -
o 10% * e
:l v Y Ve Y v v )
‘.9 10-7 Yy ve v ' . Yy L . v . v v
.(‘g R . y v , v vy Y
E v v v Y - . ry v
T 10t I * CLEO
g 10 . y + BaBar
< . Extrapolations for Belle Il (50 ab™) Belle
5 L. .. LHCb
5O10°F 0 . L. L, - et L e e . o - Bellel
. ° ® e * e o B e & g4 o
0 o 2 o ® ® a . e L o
o
o\° 5 [0 ] I SN T N N |
o 10
o) =5 F :':’:"!lbé_o?_oqoc.oax-x &003 S 001101 kK Y 'r:;l: -¥-f¥o¥<n.=~=-¥-¥~¥-¥ <|<.<'<

P 0a® IO 10 WL pa g’ TOL 00D KR kMR LIRR OGN XX
VX 101V’ o=y LTo's FE BrYy

» Belle II : Sensitivity for LFV decay rates is at least one order higher than Belle
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Dark Sector

« Dark photon A’, motivated be in
MeV-GeV mass

« probe leptonicaly decaying dark
photons through mixing

e probe sub-GeV dark matter in , o~
invisible decays - my —m’, >

-
<My

Radiative decays of Y(2S), Y(3S)
b

A=l A’ —invisible




Summary

« Rich physics at Belle II, e.g. new CPV phases, LFV, dark
sectors, exotic states.

* Many upgrades: accelerator, detector, trigger, and DAQ etc.
* SuperKEKB phase 1 commissioning has started.

» Belle II will start physics data taking in 2017 with part
detectors (no VXD) and with all detectors 1n 2018.
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Backup
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KEKB - SuperKEKB

.—h—s
\
e-2.6 A

Colliding bunches

Belle 11
——

New IR -

&aﬂ

New superconducting /
permanent final focusing
quads near the IP

New beam pipe
& bellows

Replace short dipoles with
longer ones (LER)

I | | | | | | | Add / modify RF systems for
higher beam current
H:]:FH:{:H:H:*:H:’H Low emittance positrons
inject

'1 Positron source
. . D :
RedeSIgn the lattices of HER & LER ampmg ring ’ - New positron target /
to squeeze the emittance u ‘

capture section
TiN-coated beam pipe with Low emittance gun

antechambers Low emittance electrons
inject

To obtain x40 higher luminosity

[SR Channel]
[Beam Charnet)



Belle II Collaboration
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