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From Belle to Belle I
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Belle achieves >500 Physics Journal Publications Expected to gain 50ab-!' sample in next decade
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Flavour Physics @Belle Il

Flavour physics questions to be addressed by Belle I

 Rare B decays

e Multiple Higgs bosons?

e Flavour-changing neutral currents beyond the SM?

e Are there new CP violating phases in the quark sector?

e |epton flavour violation (LFV)?

* Belle Il provides unique sensitivity to study T decays
via missing energy.
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e Precise measurements of CKM matrix elements and their phases.
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non-Flavour Physics @Belle I

e |s there a dark sector of particle physics at the same mass scale as ordinary matter?

Belle Il has unique sensitivity to dark matter via missing energy decays.

* What is the nature of the strong force in binding hadrons?

e States not predicted by the conventional hadron interpretation.
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More info: Yiming Li’s talk “Perspectives on spectroscopy study at Belle IlI”



SuperKEKB

collision point

Positron ring
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Belle Il detector
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Nano-Beam scheme (P. Raimondi, DA®NE):
Squeeze vertical beta function at the IP (3y*) and
minimize longitudinal size of overlap region to
avoid penalty from hourglass effect.
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Half crossing angle: *

overlap region (# bunch length)
Strong focusing of beams down to vertical size of

~ 50nm requires low emittance beams, very
sophisticated final focus quadrupoles (QCS) and
a large crossing angle.
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Belle |l Detector

40x instantaneous luminosity is expected to represent significantly higher background levels
in all Belle Il subdetectors.

~

KL and muon detector (KLM):
Resistive Plate Counter (barrel outer layers)
Scintillator + WLSF + MPPC (end-caps, inner 2 barrel Iayers))

article Identification |

ime-of-Propagation counter (barrel)
Prox.focusing Aerogel RICH (fwd)

—

e

"EM Calorimeter (ECL):
CslI(Tl), waveform sampling (barrel)
Pure Csl, waveform sampling (endcaps)
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3 ’ Beryllium beam pipe:
2cm diameter
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Vertex detector (VXD): - O .

2 layers DEPFET pixels [y, \ e positron (4 GeV)
4 layers Double-sided silicon < ‘ ~—

\
~
Sz

A .

[ Central Drift Chamber (CC
He(50%):C2H6(50%), Small cells, long
lever arm, fast electronics.

.

strip detectors A

Readout (TRG, DAQ):

Max. 30kHz L1 trigger

~100% efficient for hadronic events.
1MB (PXD) + 100kB (others) per event
over 30GB/sec to record

Offline computing:

Distributed over the world via the GRID
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Belle Il VXD

Challenges for vertex reconstruction:

e Higher backgrounds (lumi. increase, nano-beam)
=> higher occupancy

e Boost reduced from By=0.42 to 0.28
=> B-meson flight length of 125 pm

Pixel Detector (PXD)

e 40 DEPFET modules

* Pixel size: 50 x 55-85 pm?

e QOccupancy: 0.4 hits/pm?3/s (3% max)
e Integration time: 20 ps (rolling shutter)
e Thickness: 75 pm, 0.21% X, per layer

Silicon Vertex Detector(SVD)
e 172 double-sided silicon strip detectors (DSSDs);

e Slant shapes in FWD region for the material budget reduction.
o material budget: 0.7% X, per layer

hua.ye@desy.de 7



Belle Il VXD

Challenges for vertex reconstruction:

e Higher backgrounds (lumi. increase, nano-beam)
=> higher occupancy

e Boost reduced from By=0.42 to 0.28
=> B-meson flight length of 125 pm
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SuperKEKB&Belle Il Commissioning (530

BEASTII Phase 1 BEASTII Phase 2 |
w/o QCS/Belle Il Collision + partial Belle Ii Physics run
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BEAST Il Phase |

Integrated Luminosity

Peak Luminosity

BEASTII Phase 1 3He
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BEAST Il Phase |
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PID:ITOP

track
expansion prism / 6, spherical mirror

¥ %\ \//D

/ quartz bar

MCP-PMT

K/ different 6, — different path length — different
time of propagation.

Quartz bar

Array af
fast PMT’s

e

I * 16 quartz bars: 2x1.25mx 0.45mx 2 cm
+ 32 (segmented anode 4x4) Micro-channel plate PMTs
Hamamatsu SL-10 MCP PMT

Integrated Luminosity
[ab-1]

0. is reconstructed from: hit position (x,y) in the
photo detector plane and time of propagation
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Drift Chamber integration

Integrated Luminosity

Peak Luminosity

[ab-1]

[1035 cm-2s-1]

CDC integrated

0
8
6 into Belle Il
4
2
0

A: Axial layer
U: stereo layer, stereo angle >0
V: stereo layer, stereo angle <0

. Belle Il CDC: 56 layers, 14336 sense wires, Gas: He:CoHe 1:1

2016 2017 2018

201 Smaller azimuthal cell size at same radius compared with the

Belle CDC.
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Final focus magnets
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Belle |l rolled in in April.2017
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PID: ARICH
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BEAST Il Phase Il

BEASTII Phase 2
Outer Belle Il + “BEAST-VXD”

]
Motivation for BEAST Il Phase Il:

e Machine commissioning
e Radiation safe environment for the
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© - 2 PXD and 4 SVD layers in +x sector
8 20 - where the highest backgrounds are
E - expected.
10 - Dedicated radiation monitors :
. * FANGS , FE-l4 based hybrid pixel to
— 0= investigate the Synchrotron Radiation
= - 8 - (SR) background.
8 g 56— * CLAWS, scintillators with SiPM to
é & . measure the time evolution of the
S : 4 injection background.
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BEAST Il Phase |l

Early physics prospects

i : o Efficiency losses for low P; particles,
'7 — * no appreciable losses in photon efficiency.
= o= e Estimate of integrated luminosity (20+20 fb-1)
g — QO » Potential for low-multiplicity / dark channels studies.
TS 30 Dark sector research
et -
o - * Axion-like particles (ALPs) produced in ALP-strahlung, then decays into
g 20 DM or into two photons.
5= : I | -,
= - Expected sensitivity of Belle Il. larxiv: 1709.00009]
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VXD Commissioning

(] NSRS PRSI SVD L3 mount

. :
- 4 complete
1st Phase3 PXD ladder is

successfully assembled
4

2
0

VXD integration and
commissioning

[1035

Peak Lu

L L 111
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Physics data taking

Physics run

9 months/year
20 days/month

Integrated Luminosity

Goal of SuperKEKB/Belle II:
50 ab-by 2025

Peak Luminosity
[1035 cm-2s-1]
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Summary

e Belle Il has a rich physics program.

e SuperKEKB upgrades are on-target, Belle |l
detector construction is on going.

o BEAST2 Phase? will start in Feb.2018, to
further investigate the beam background,
and probably first data for physics studies.

e Physics data taking with full Belle Il detector
will start in the beginning of 2019!

> Belle 11
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Backup
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Early Physics of Bottomonium Spectroscopy ‘

Existing ete- datasets collected near Y resonances.

Experiment|Scans/Off. Res.| T(55) Y(49) T (35) T (25) T(1S5)

10876 MeV|10580 MeV [10355 MeV|10023 MeV {9460 MeV

fh1 th=1 10% |tb=1 10% |tb=! 106 [fb=1 10 |th~1 106

CLEO 17.1 04 01 [16 171 |12 5 [12 10 |12 21
BaBar 54 Ryscan [433 471 )30 122 | 14 99 —

Belle 100 121 36 |711 772 ) 3 12 |25 158 | 6 102

Potential impact above Y(5S) and below Y(4S) with O(10-100) fb-

(2S+1)
Bl P il PSE G N i, i SR RS S e P
A11ooéj SOY(%\ P, P, P, P, D, "D, 'D; D, "2 Base on the 6fb-! Y(6S) data of Belle
o XS S IR Zb is favored by 3.4c and 4.7 for the hb(1P) and hb(2P)
210800— | Large Y(45, 55) data sets achieved. Y (6S)—mmY(nS) decays are not fully studied.
| : Z;(10650) . _ R _
10600 ‘. %! BB Open flavour threshold & S ool Z;10650) o008 | Z; (10650)
g ' xw(.ap) = il i S 4000&— "gmoooé- l
10400— ¥(20) 2 3000 210000
ESNES)w 2000 8000
102001 /|’ x = g 1000F.. |l | | 6000 ¢
: bo Y(1DS)Y(1D)Y(1D)nb(1D) Ul I i + l ;0005- ------------
10000 i 10001 | 1. + ok 0 S
n(29) 5(23) > Radiative transition 2000F) |, ,_L, . P S . ,
9800 | | = Phap) @p)  ----* Hadronic tranition 105 106 107 108 1065 107 10.75 10.8 10.85
| il FRERiE Mris(m). GeVIC™ 5 Xiv: 1508.06562  Mmiss(m). GeVic
9600/ |
. The Y(3S) offers greatest access to lower
940015y 15, £ [Theory bottomonium states
n,(15) - n,(1S,2S), h(1P) and Y(n3D,) Studies
9200 1 l 1 l 1 l 1 I 1 I 1 I 1 I 1 l 1 I 1 l 1 I
+ 47 ot gHE At 44 0 pT 47 ot n? PC « Hadronic/Radiative transitions.
O HilZ2 4l O S Y2 i 2y
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