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B FACTORIES

Belle/KEKB (KEK) and BaBar/PEP-II (SLAC)

Very successful physics programs with a
total recorded sample over 1.5 ab"! (1.25 x

10° BB)

— Experimental confirmation of CKM
mechanism as source of CPV in the SM
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NEW PHYSICS PROSPECTS FOR NEXT GENERATION B-FACTORY

Search for NP in the flavor sector at the intensity LESE AR o
o indirectly reveal NP virtual particles in
fro ntier loops — probe energy above 10 TeV

SM SM

Flavor physics as a probe for beyond the TeV
scale

Signatures of new particles or processes observed
through measurements of suppressed flavor physics
reactions or from deviations from SM predictions

An observed discrepancy can be interpreted in
terms of NP models

Need significantly more data to make this possible

Large dataset makes exciting physics beyond
NP possible

Advantages of e'e’:

Clean environment, known intial state, full
reconstruction of final states containing one or
more v

Ultimate goal of Belle Il: 50 ab"' data sample P w W



WORLD RECORD LUMINOSITY AT SUPERKEKB
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May 23rd: Reached 1033 cm-2s-!

Beam Current [A]

Luminosity [10%2]

Spec. L. [%]
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ACCELERATOR DESIGN: NANO BEAM SCHEME

Invented by Pantaleo Raimondi for SuperB
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LER/HER LER/HER LER/HER | (mrad) | LER/HER
KEKB 3.5/8.0 5.9/5.9 120/120 11 1.6/1.2 2.1 x 103
SuperKEKB 4.0/7.0 0.27/0.30 3.2/2.5 41.5 3.6/2.6 80 x 103




KEKB ->SUPERKEKB: DELIVER INSTANTANEOUS LUMINOSITY X 40

Belle |l

New superconducting final
focusing quads (QCS) near the IP
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SuperKEKB
= 8x10%/cm?/s &=

(~2x KEKB)

N ~7 Target:

Replace short dipoles
with longer ones
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: . ~ capture section

Redesign the lattices of HER & Damping ring (new) .

LER to squeeze the emittance -

TiN- coated beam pipe with antechambers @1.1 Gev

To inject low emittance
for the rest
Ak 5 positrons
[NEG Pump] y ® o

Low emittance gun
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CURRENT STATUS AND SCHEDULE

Phase | (complete)

70¢
Accelerator commissioning F
60—
i : Goal of Belle 11/SuperKEKB
' 50f
Phase 2 (now) 5-;' a0f-
s I
First collisions (20£20 fb™') % 30
Partial detector g 20
Background study 10p-
v v |
Physics possible x1035 g:_
Phase 3 (“Run 17, early 2019) g"' 4
| 28 o
Nominal Belle Il start - - i i i ; ; i i
e 2(617 2018 2019 2020 2021 2022 2023 2024 2025

Ultimate goal: 50 ab"'
Calendar Year



BELLE Il DETECTOR CHALLENGES

Belle
Super

¥
10cm

Higher background — radiation damage, occupancy—> VTX (also closer to
the beampipe), background in EMC

Higher event rate — trigger, DAQ, computing
Low momentum particle reconstruction and |ID, hermeticity

Detector has to be upgraded for SuperKEKB conditions
to achieve equal or better performance than at KEKB



CUT VIEW OF BELLE Il DETECTOR

K. and muon detector:

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

=

EM Calorimeter:

Csl(Tl), waveform sampling
Pure Csl for end-caps \\\\\
A\ . . . "
- % Particle Identification:
) R - Time-of-Propagation counter (barrel)

electron (7GeV) — Tuug LSS Prox. focusing Aerogel RICH (fwd)
"Beryllium beam g S "«

——

pipe sy — . |
_2cm diameter / r, & %
Ve : S/
Vertex Detector: , SRS
2 layers DEPFET +/4 fayers %y\\% |
Central Drift Cha "_' dout (TRG, DAQ): A

OkHz L1 trigger ~100% efficient for
He(50%):C2He(50%), Small cells, B eV ents.

lever arm, fast electronics | = B(PXD)+|00kB(others) per event

. Offline computing:
Distributed over the world via GRID /




BEAM PIPE AND PIXEL DETECTOR

Eery lium beam pipe
r=10cm

ertex Detector
layers DEPFET
=14and 2.2 /

Wi
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SILICON STRIP DETECTOR
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DRIFT CHAMBER

250 mm =—>

— 250 mm =—>

Reduced dead

time because of // i

new electronics

2 s > 200 n////

e N
Central Drift Chamber
He(50%):C2Hs(50%), small cells,

Better momentum
resolution because
of larger outer radius
Improvement of reconstructed
Mass resolution by about 30%
(combined tracking)

long lever arm, fast electronics

oy, /pe = v/ (0.2%pe)? + (0.3%/3)?




BARREL PARTICLE ID

Side view of crystal
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ENDCAP PARTICLE IDENTIFICATION
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EM CALORIMETER

EM Calorimeter:- B
CsI(Tl), waveform sampling (barrel)

Pure CsI (future PR
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K. AND MUON DETECTOR

K, and muon detector:
sistive Plate Counter (barrel)
S;int_il»l?tp.r‘ + WLSF + MPPC (end-caps)
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Optical glue

TiO, reflector

Scintillator: Replacement of
lyst: 9
¥ 1'5%PTP + 0.01%POPOP or : RPCs in endcaps and
o | - ﬂ inner barrel layers with

‘ scintillators to tolerate
L '\.‘\.i high background rates
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FIRST BUMPS
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FIRST PHYSICS HIGHLIGHTS

New physics: Dark photon searches
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FIRST PHYSICS HIGHLIGHTS

New physics: Dark photon searches

Precision CPV, CKM studies

State of the art 2016
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FIRST PHYSICS HIGHLIGHTS

New physics: Dark photon searches

Precision CPV, CKM studies

S 7
Quarkonium-like physics, exotics > Y(4s) X eE ?

o aF \l,
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2F- +
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O g
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Phys.Rev.Lett.102:012001,2009, (Babar)
PRD 82, 091106 (2010). 0810.3829. (Belle)



FIRST PHYSICS HIGHLIGHTS
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New physics: Dark photon searches

Precision CPV, CKM studies

Quarkonium-like physics, excoticss > Y(4s)
02 0 02 04 06 08
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Tau factory

B->D(*) t v precision goes from 16.5 (7.4)% (D/D¥*) to 7.1 (3.9) % with 5ab!
(3(2) % with full dataset)



FIRST PHYSICS HIGHLIGHTS

New physics: Dark photon searches
Precision CPV, CKM studies
Quarkonium-like physics, excoticss > Y (4s)
Tau factory

B->D(*) t v precision goes from 16.5 (7.4)% (D/D*) to 7.1 (3.9) % with 5ab"!
(3(2) % with full dataset)

Detailed writeup in forthcoming B2TIP document (PTEP)

PTEP

The Belle II Physics Book
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