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Belle Il physics
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Electron-positron collisions at 10 GeV memse] R
"Intensity frontier” y

« CKM matrix elements
* New sources of CP violation
 Lepton flavor violation
e Bottomonium spectroscopy
e Charmonium spectroscopy
* Tetraquarks/pentaquarks
e Dark sector phyS|cs
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* B-meson system crucial in flavor physics
* How can we produce them?

> In hadron collisions (e.g. LHC)

> In electron-positron collisions

e- et _
—_— - Y(4s) — BB
7GeV Y(4s) 4 GeV

* Asymmetric energies boost B mesons ( - measure lifetime)
« Energy scan: other Y states, B, ...

 Also produced: charmonium, charm, T, ...
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B-factories

* LHC: B mesons at >1 MHz
Why do we need a B-factory?

i 4pp coII|S|on
* Hadron colliders: ... -l

many B mesons, but large backgrounds
 Electron-positron colliders:

individual collisions

no underlying event

competitive with <0.1% B mesons

* Belle (1999-2010), BaBar (1999-2008)
* Belle Il will go way beyond that

See dedicated talk by Toru lijima

(Tuesday plenary) 4130



SuperKEKB

»

Higher luminosity than KEKB: KEK
8E35/(cm? s) and 50/ab Tsukuba,
e Japan ‘
Luminosity
) ”
.|

Beam from Injector and storage current
SuperKEKB: 7 GeVe- 2600 mA
4 GeVe+ 3600 mA

PF: 2.5GeVe- 450mA
PF-AR: 6.5GeVe- 50mA

\\9' BT
: e, e High efficiency
e+ generator

-
/ A \ Injector Linac

600 m
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v~ Bellell

SuperKEKB
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2x beam
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. Low emittance
Dampmg RF-gun
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Collision scheme

Nano-beam scheme
m (w/o crab)

22mrad

i, 0 e it

alf crossing
angle: ¢

Hourglass condition: i
1 .
By*>~ L=0 /¢ *%_; .Pm / A
SuperKEKB \ 100pm’ “~
, 5mm > _

~50nm i
_ 7t |4 Oy |16ty | RL
. 4 . el(”crﬁ ﬂ;{ﬂﬂ
N.N_f
-ﬁ L= R
83mrad 4 0., L

Higher luminosity
_arger crossing angle, narrow collision region
_eads to new sources of background (discussed later)
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Belle Il Collaboration

* Grown a lot in the last years
 ~1000 members in 26 countries
* https://www.belle2.org/
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Belle I

* Detector for SuperKEKB

* Major upgrade from Belle

* More precision, 30 kHz trigger rate, larger tracking detector
* New barrel particle 1D

KL and muon detector
Resistive Plate Counter (barrel outer layers)
Scintillator + WLSF + MPPC

.“‘h (end-caps , inner 2 barrel layers)

EM Calorimeter
Csl(T1), waveform sampling electronics

—— = i

Particle Identification
Time-of-Propagation counter (barrel)
Prox. focusing Aerogel RICH (forward)

electrons (7 GeV)

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

wd
=~y

. / 4

Central Drift Chamber

Smaller cell size, long lever arm

positrons (4 GeV)

https://arxiv.org/abs/1011.0352
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https://arxiv.org/abs/1011.0352

Vertexing

* Bottom/charm hadrons short-living
* Need to reconstruct decay vertices
* Boost reduced from Belle

2 layers of pixel detector (PXD)
* 4 layers double-sided strip detector (SVD)

Pixel detector
diameter: 4.5 cm

I\II!III!III!III!III!III[IIIIIIIIIIIIIII!II

o [um _\\\ o PXD4+SVD . Strip detector
[cm][- layers
100 - f—d 4 ; &
B e
50 e e oF 4 T
——130um | 3t -
e MO 39 0 40 0 100 20 30 40
0O 04 08 12 16 2.0 [cm]

ppsin(6) [GeVi/c] 9/30



Tracking

2 layers of pixel detector

* 4 layers of double-sided strip detector

* Drift chamber for main tracking (CDC)
Many hits, long lever arm (1.1 m)

* In 1.5 T magnetic field

20
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L §—i 4 4 4 .
10 — 5 64 a 4 - E 4 : g %‘\\
L — & 3 4 -
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Drift chamber
Upgrade CDC
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Charged particle identification

* Aerogel RICH (ARICH) detector in forward side
* Proximity focusing (2 radiators)
* Directly measure Cherenkov angle

/N

- (outside ring)

K

radiator photon
detector

Fig. 7. The concept of the ARICH.
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Charged particle identification

 Larger drift chamber - tight space for PID - 250mm
* Use Time Of Propagation (TOP) of Cherenkov light
 Total internal reflection

 Particle identification in 2 cm 100 mm

# 2Ccm
| 45k
51mm

Pion hypothesis Kaon hypothesis Proton hypothesis

2600 mm
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Outer detectors

* Electromagnetic calorimeter (ECL) taken from Belle
Scintillators
New readout electronics
For direct photons, 10, e

* 1.5 T superconducting solenoid

e Flux return and detection of K and p (KLM)

. g KL and muon detector
Resistive plate chambers B S
Scintillators Ry i

EM Calorimeter /,;’/// :’

Csl(TI), waveform sampling electronics
|

— - i

Particle Identification
Time-of-Propagation counter (barrel)
Prox. focusing Aerogel RICH (forward)

electrons (7 GeV)

Vertex Detector i
2 layers Si Pixels (DEPFET) + £ \ /-
4 layers Si double sided strip DSSD /

Central Drift Chamber

Smaller cell size, long lever arm

positrons (4 GeV)



Timeline

* Phase 1: Accelerator commissioning
* Roll-in of detector

* Phase 2: Detector commissioning

* Installation of VXD

Phase 3: Physics data-taking

Calendar year 2016 2017 2018 2019

Japan FY JFY2016 JFY2017 JFY2018 JFY2019
Summer shutdown Summer shutdown) Power saving Summer shutdown
|power sruing} (power saving) after mid July 2008 {power saving)

/"

MR startup
I

wio 0CS
fo Belle Il

MR renovation for phase 2, including
installation of QCS and Belle |l

DR installation & startup

—i i l

' Juﬁ, 2018)

—
'phase 2 (MR);

wy Belle I: (no WXD) :
|

I
Ercare VXD installation
|
1 I

Assumes phase 3 operation
9 months/year




Phase 1: accelerator

* Accelerator commissioning (no collisions)
* Beast || measured backgrounds
* Seven detector types:
Injection backgrounds, ionizing radiation, fast/thermal neutrons, ...

positrons electrons

-
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Phase 1

Here: TOP installation




Detector roll-in

1

April 11, 2017
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April 26, 2018
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e

BB event candidate

E=11
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Accelerator tuning
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Particle re-discovery
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Particle re-discovery

Particle identification from tracking dE/dx, ARICH and TOP

Calibration still ongoing
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VXD installation

VXD installed 2018/2019
Only 1 pixel layer completed in time
Second layer to be installed later

1/2 of VXD
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2019

March 24




Phase 3 schedule

* First collisions in March
* April: Soot in accelerator (from unrelated fire), no beam
e Collecting data May-June
* Plan: Running 7-9 months/year with summer shutdowns
second pixel layer, replace aging parts, ...
* Challenge: Accelerator backgrounds
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Accelerator backgrounds

IS KEKB
Collisions are clean, but...

* Intra-beam scattering
(Touschek effect)
scales with 1/emittance

e Beam-gas scattering ~ 83mrad

 Beam/beam interaction

e Synchrotron radiation
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Accelerator backgrounds

* Much higher than in Belle

e Challenge for:
Trigger
Readout
Tracking
CDC HV ~ 83mrad
TOP PMT lifetime

o Mt . Belle @ Belle @ e,
M Itlgathn. SuperKEKB """

hlgher e+ energy R Y T

vacuum scrubbing

collimator tuning




Outlook

* First few fb-1 collected

* ~20 fb-1 enough for competitive results
* Long-term goal: 50 ab-1.

* Mainly Y(4s) but also other energies
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Summary

* B-factories: Tools for flavor/hadron physics, dark sector searches
* Belle II: More data than Belle, improved detector ..o

- More | AT
* Commissioning run in 2018 e "
* Regular data-taking since March 2019 p+ We are her N
* Major challenge: Backgrounds

. il L FEPR i I
Y 1/1/2008 1/1/2021 1/1/2023  1/1/2025 1/1/2027

* ~50 billion BB pairs

* Improved precision
over Belle

* Many new
measurements

Belle I .50

Super
KEKB §
e 4

100 150 200

Stay tuned!
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Comparison: Belle timeline

Hua YE, “Belle & Belle Il Activities”, 2016

(ab") _physics achievements at Belle (gb") _Expected achievements at Belle I
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