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Belle Il Experiment

Belle - Belle ll K_and muon detector (KLM):

Resistive Plate Counter (barrel)
Scintillator + WLSF + MPPC (endcaps)
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Particle Identification (PID):
Time-of-Propagation counter (barrel)
Prox. focusing Aerogel RICH (fwd)
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KEKB - SuperKEKB:

Instantaneous Luminosity x40
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Belle Il Hardware



Belle Il Detector: Vertex Detectors (VXD).

PXD and SVD share a common volume

- Consider as one integrated system
Installation

Cooling

Commissioning
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Belle Il Detector: Thermal Mock Up

Full Mock Up SVD

Dummy ladder and end rings

PXD

Torben Ferber (DESY) 5/26



Belle Il Detector: Thermal Mock Up

=l “dry out”

Sensors along the pipe
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Belle Il Detector: Remote Vacuum Connection (RVC)

>Decision to use RVC taken in summer 2014

>Finalizing design of
RVC and Final Focus
Quadrupole end
flange region at DESY

ro—

>RVC to be installed in ==—— "
spring 2017 for —
“Phase 2"
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Belle Il Schedule.

Y
PHale 2015 2016 2017 2018
here! \
TOP_| Belle Il
Installation Preliminary
CDC e
Installation
ARICH e
Installation
Endcaps jmm

Installation

Global cosmics run |
Belle Il in beam position @

Final Focus Quadrupoles ||

Installation

SuperKEKB M
Belle Il Belle Il
without PXD+SVD with PXD+SVD
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Belle Il Testbeam at DESY

> Pilot-run sensors to be tested in DESY test beam end of 2015

> Full VXD system test at DESY with final ASICS
beginning of 2016

Pilot production
run wafers

with PXD sensors

PARTICLE PHYSICS
2014, = -
A PXD/SVD in PCMAG

Integrated Belle Il system test

N TB24 /'] @ DESY (201 4)
,,,,,,,,,,,,,,,,,,,,,,,,,,,,
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Belle Il Software



Belle Il Background

|

: Neutrons (rad. Bhabha)

BEASTII detector instead of VXD in “Phase 2"

Measure beam backgrounds
Calibrate background MC
Need to extrapolate for factor >40 instantaneous lumi increase in phase 3
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Belle Il Background Simulations

Positioning of Diamond sensors
Radiation monitor
Beam abort system

Belle Il Diamond sensors (backward),
2-Photon only, final luminosity

energy deposit E/(GeV/ms)
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Synchrotron Radiation (SR)

Bandwidth limit for PXD: 2%
Non-Synchrotron backgrounds: ~1%

Belle Il PXD (innermost layer), SR only, final luminosity
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Belle Il Software: Alignment and Calibration

>Common calibration framework

= Calibration framework main functionality
Implemented

= VXD and CDC alignment and calibration
as first example

= Will be used for other detector calibration

>Alignment and calibration for VXD and CDC

= VXD: Verified on Monte Carlo and DESY testbeam data
= CDC: Tested on Monte Carlo, cosmic data coming soon
= First checks of CDC drift velocity calibration successful

= Fully working in the common calibration framework
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Belle Il Software: Track Finding

. Belle 11 (CDC)
>We|ghted C@“Ular cosmic run 2015
automaton trackfinder:

= Low momentum range
= Decays In flight

= Comics tracks

> Loop-free directed graph:
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Belle: Search for long lived particles

Example: Dark Photon
+

>Search for long-lived S vooA

Particle A= 'L/t A A
-0.3GeV < m, < 10GeV Nt E
p=2 M AL =2 FYIE,

=lcm < vix < 25cm

>Using unskimmed data
at DESY, almost back-
ground free

>Trigger feedback also o
for Belle Il

9 10

8
M, [GeV/c?]
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Belle: B> K*ll

>Full angular analysis

= LHCDb discrepancy for P, ~3.70

R. Aaij et al., Phys. Rev. Lett. 111 (2013)

>Analysis in internal review

>Box opening and preliminary
results planned for “Lepton Photon 2015”

5 : ‘ + 20 :
oo B LHCb (2011) S E . . .
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Belle: Light quark fragmentation

>Measure azimuthal correlations
between two pairs of charged
DIONS IN Opposite hemispheres

>Helicity dependent fragmentation - o
function G is consistent with zero & s

. . . g-ooojj-'__'—_T_{__r___f
>Analysis in internal review

03 04 05 06 0.7 08

\ff_iL/ \/ﬁf/ S HE

o oc 1+ Acos(@1td2) cos(¢y + ¢3) + A2¢08(PR=PR) (o5 2pr — dp) + Acos(ér+oR) cos(pr + O )

ongoing close to ongoing first published
analysis ~ publication analysis in 2011
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Belle - Belle Il: PYTHIA8 tuning

>Tuning of the Belle Il generators using Belle data

= Combine fragmentation and generator expertise at DESY

>Some Belle analyses affected by background
uncertainty from data/MC differences (PYTHIA6)

EvtGen
x10° U. Tamponi, B2TIP15
=] C
2160 = |~ Bellell MC
L 'I'_.__
14 - — Data
12F
F =  Charged
10__ - . .
. — — mutliplicity
8- =
oF - Preliminary
45— -
of = -
ST T T T P T
PYTHIA 8.205 R S S S S T TRV S T e T )

charged candidates multiplicity
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Projected Belle Il Integrated Luminosity
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Belle+Belle Il vs. LHCb

................................................................................................................................................

......................................................................................................

‘Belle (I K. .. ; .............. ............. ¥ ST T

__-e-Belle()Blag . . 2T . g7
-o-- Belle (ll) 100% Y(4S), o o 0 E E

... LHCb Hadronic-- .2 S :!f..;.,!.f.. S RO N -
-m - LHCb Leptonic ¥ - ;

Yield(Year)/Yield(2015)
-
é

: o - :
. B . . 4 .
. . . . had ’ . '
10 L AR 4. L ——
N - N N M P - N . .
. ; . . .
- L] o [] L} [}

1] 1] L] o
R e e e e e -
S S l.’. .................................................................... -

. 1] L] -

ST SR AR IR S L Y PP SR -

: : - = . ;o

. . . L
A R 0 P -

: : . :

: A
e . ............................. Y A p

" .

: P

[ - -

. Py N

" -

P S PO /S -

. “ . !

J y
* [
L4
*
:

SIS G D e S NN NS NS S S

2015 2016 2017 2018 2019 2020 2021 2022 2023 2024

Belle II Belle2-BN21 (2014)

LHCb: 0. Bruening, HL-LHC ECFA Workshop (2014) Year
LHCb-PUB-2014-040 (2014)
EPJ C 73, 2373 (2013)

Torben Ferber (DESY) 22/26



First Physics at Belle Il and B2TIP

> First Physics:

= Under study: Physics in phase Il (2017+, without VXD)

= “Maximize original research in the first year” (2018+)
- ~300fb™ non-Y(4S) data

= Possible caveats: PID calibration, VXD alignment, Backgrounds
= Potential benefits: Looser trigger, varying beam energies

= DESY: Dark Photon, Fragmentation, Low Multiplicity Trigger,
Event generators

>B2TIP (Belle Il Theory Interface Platform):

= Joint theory-experiment effort to study the potential impacts of the
Belle Il program with milestones and golden modes (KEK Green Report)

= DESY: WGS8 (Tau and low multiplicity), Event generators
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Belle II: Dark Photon A - Invisible

>|f A" s not the lightest “Dark Sector” particle:

= Annihilation into dark matter (A' = xx) dominates

>Signal: Single, mono-energetic photon y,.. E,= o

>Belle Il First Physics; R
Ded|Cated “S|ngle pho_ 102 . Hearty,
ton trigger” at E -2 GeV

Belle Il 50 fb™

= Also needed for search of a 10°
weakly interacting particle in
non resonant ee > yxx (via

overall y-rate increase) -Pre[iminary
104 ol ——

500 fb™!

5 ab!

102 10" 10
m,. (GeV)
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Belle II: High precision two track physics

= Measurement of the SM p-parameter
(0,,(A)=01%), trigger and tracking -

Improvements based on Belle

J. Erler, S. Su (Prog.Part. NuclPhyS 71 (2013)) TF Spint4

>50ab” at any energy (50x Belle): = o

. A (90/ cL)

experience and data at DESY

>5ab™ at any energy (5-10x Belle):

= Search for a Dark Photon A= l*l" and A=>T1T'1T

= Measure cross section o_(0 =0.5% for g-2

ee 91'[1'[)

>0.3ab” scan at Y(3S) (unique data):

s)

= Measure 0, neol

Ll T lepton univ, a

B2TIP WGS8 Golden mode Torben Ferber (DESY)
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>Strong computing contribution and usage of the
NAF2.0 at DESY

> First DESY-Belle analyses approach publication stage

> Belle Il starts physics data taking 2018

> DESY contributions to Belle Il:

= Hardware: Thermal Mockup, RVC, CO, cooling, B-field measurements

= Software: Event Generators (convenor), Alignment and
Calibration (convenor), Trackfinding, Background studies

>DESY impact on Belle Il physics program:

= “Tau and low multiplicity” convenor, “First Physics” authors

Torben Ferber (DESY) 26/26



Backup

Belle Il simiil:
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Belle Il vs. LHCb: Competition
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Belle Il vs. LHCb: Competition

e The b and ¢ quark production cross sections scale linearly with /s.
e Run-2 will operate at 13 TeV.
e Run-2 will be 50% less efficient than Run-1 for modes found by hadronic triggers.

e During long-shutdown-2 LHCDb will upgrade its trigger system, removing the hardware
trigger. This will increase the hadronic trigger efficiency by a factor of two with respect
to Run-1. Muon trigger efficiencies will remain at their current levels.

e The LHC will shutdown again in 2023 for 2.5 years.

LS2 startingin 2018 (July) => 18 months + 3 months BC = ::Zi: w
LS3 LHC: starting in 2023 => 30 months + 3 months BC Beam commissioning
Injectors: in 2024 => 13 months + 3 months BC i Technical stap
[ a5 [ 26 [ 2007 [ 2018 [ 2018 [ 2000 | 2021

lat oz [a3[a4 a1 [az [a3[as |ar faz fa3[as |1 [oz [a3 [as[at a2 {3 fas [ar faz fa3 as [a1 [0 (03 {as

LHC
Injectars

02 [ 023 | 28 | 2025 026 | 2007 | 2028
[a1]az a3 [as a1 [az Tas aa [ai faz (a3 [as a1 Jazr Jo3 aa |1 [az [asa Tas a1 faz (a3 [aa [ai [z Jas Tas

e LS 3 | Run 4

. 3
Injectars .

[ 202 [ 2030 2031 2032 2033 2034 2035
la1]oz a3 a4 a1 Jaz [3 a4 [ai faz a3 [as [a1 oz Jo3 [as [a1 oz [e3]ad [ai oz (a3 [oa [a1 a2 (a3 [as

He LS4 I Run 5 155 I
Injectors

{Extended) Year End Technical Stop: (E)YETS
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Belle Il Schedule

2015 2017
‘ ! Power restrictior ower restrictio Power restriction ower restrictio
|10w in summer in summer in summer in summer
[ Original Schedule ]
| | I | | [
\
SuperKEKB Construction QCS, Belle Il install VXD install VXD de-install
phase 1 phase 2 phase 3 Shutdown  phase 3
— ; toadd TOP, b= == = =
Start-up wg gﬁi | 3? Se?li | partial TOP, w/ VXD re-Install VXD\W/ full Belle 11
(partial TOP, no VXD) /
' N
1
1
| JFY2015 budget ]
| | I | | [
s | h
SuperKEKB Construction phase 1 phase 2. \, phase 3
Start-up woacs  QCS, Belle Il install  wacs VXD install Wi full Belle Il
wio Belle I w/ Belle Il (no VXD)
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Executive Board
Chair : H. Aihara

aihara@phys.s.u-tokyo.ac.jp

D.M.Asner, T.Aziz, A.Bozek, P.Chang,
F.Forti, T.lijima, P.Krizan, S.Lange,
P.Podesta, M.Roney, C.Schwanda,
M.Sevior, E.Won, C.Z.Yuan, K.Akai

Institutional Board
Chair : Z.Dolezal

dolezal@ipnp.troja.mff.cuni.cz

Physics
Coordinator
: P.Urquijo

purquijo@unimelb.edu.au

Semileptonic & Missing Energy
: A. Zupanc, G. De Nardo
Radiative & Electroweak Penguin
: A. Ishikawa, J. Yamaoka
T-Dep. CP Violation
: T. Higuchi, L. Li Gioi
Hadromc B Decay & DCPV
:J. Libby, P. Goldenzweig
Quarkomum R. Mizuk, T. Pedlar

Charm : R. Briere, G. Casarosa

Tau & Low Multiplicity
: K. Hayasaka, T. Ferber

Belle Il Organization Details

Belle Il Organization

Spokesperson : Thomas E. Browder

teb@phys.hawaii.edu

Project Manager : Yoshihide Sakai

Technical
Coordinator
: Y.Ushiroda

ushiroda@post.kek_jp

Integration Leaders :

PXD : H.G. Moser
C. Kiesling
SVD : C. Schwanda
(deputy : T. Higuchi)
cDC: S.Uno
TOP : J. Fast
(deputy : T. lijima)
ARICH: S. Nishida

S. Korpar
ECL : A. Kuzmin

EKLM : P. Pakhlov

L J BKLM :L. Piilonen

Yoshihide.Sakai@kek_jp

Software
Coordinator

: T.Kuhr

Thomas.Kuhr@kit.edu

I. Adachi (Outer)
S. Tanaka (Inner)

TRG : Y. lwasaki
DAQ: R.Itoh

IR : L ELETETE]
STR: J. Haba

BKG : S. Vahsen
(deputy : H. Nakayama)
Liaisons :
S. Tanaka (PXD)
T. Tsuboyama (SVD)
1. Adachi (BPID)

I. Nakamura (ECL)
K. Sumisawa (BKLM/EKLM)

Generators : T.Ferber @
Simulation : D. Kim L J
Background : M. Staric
Tracking : M. Heck, E. Paoloni

Alignment : S.Yashchenko @

Database : M Bracko
Wood
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Financial Board
Chair : Y.Sakai

Yoshihide.Sakai@kek.jp
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G. Finocchiaro, P.Krii acasta, M.I.Martinez,
H-G.Moser, CNJeberh s4::\( A.Rekalo,
M.Ronie, C.Schwand. ior, C. P. Shen,
U.Tippawan, T.Tran, N.Wermes, E.Won, M.Zeyrek

Speakers Committee
Chair : A.Schwartz

alan.j.schwartz@uc.edu

T.lijima, I. Peruzzi, Y.Sakai, C.Schwanda

Computing
Coordinator
: T.Hara

takanori_hara@kek_jp

Distributed Computing Architecture
: I. Ueda
Network / Data Management
: M. Schram
Production System : H. Miyake

Monitor : K. Hayasaka
Data Processing :

Training :




Belle Il Organization
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(last update: 01.05.2015)
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Belle Il Accelerator: Nano-beam scheme

beam current

L— Y+ (1+g.*x§ + gL

2er O

e X g,
vertical beta function at IP

KEKB Super-KEKB

E (GeV) 3*, (mm) B*« (cm) [0) I (A) L (cm2s?)
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 1034

SuperKEKB 4070 ¢ 027/030) 32025 | 415 80 x 10%

faCtor 20 Torben Ferber (DESY) faCtor 2_3 33/26




Positions of the diamond sensors
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The Standard Model (Born level): ee - pp

2s do + — + -
?dcos(@*) (e € THH ) - rho parameter

K mixi
]\a(s)|2(1 . COSQ(Q*)Z weak mixing angle

Vo

o’

+ 8 Re [a*(s X(8) Y GveGyu (1l + COSQ(H*)) + 2GaeGap COS(Q*)}]

J
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Backup: Belle Il and LHCb

TABLE XLI: Expected errors on several selected flavour observables with an integrated luminosity of 5 ab~! and 50 ab™! of Belle
IT data. The current results from Belle, or from BaBar where relevant (denoted with a 1) are also given. Items marked with a &
are estimates based on similar measurements. Errors given in % represent relative errors.

Observables Belle or LHCb* Belle 11 LHCb
(2014) 5ab~! 50 ab~! 8 fb~1(2018) 50 fb!
UT angles sin 23 0.667 4 0.023 + 0.012(1.4°) 0.7°  04°  1.6° 0.6°
a°] 85 + 4 (Belle+BaBar) 2 1
v [°] (B — DMK ™) 68 + 14 6 L5 4 1
28.(Bs — J/1$) [rad]  0.07 4 0.09 + 0.01* 0.025 0.009
Gluonic penguins S(B — ¢K") 0.9010-0% 0.053 0.018 0.2 0.04
S(B — /' K°) 0.68 4 0.07 = 0.03 0.028 0.011
S(B — KOKAKY) 0.30 4 0.32 & 0.08 0.100  0.033
B (By — ¢o) [rad] ~0.17 +0.15 4 0.03* 0.12 0.03
BB, — K*OK*0) [rad] — 0.13 0.03
Direct CP in hadronic Decays A(B — K%7) —0.05+0.14 4+ 0.05 0.07  0.04
UT sides |Vep| incl. 41.6 - 1073(1 £ 2.4%) 1.2%
[Veo| excl. 37.5-1073(1 £ 3.0%ex. & 2.7%m.) 1.8%  1.4%
[Vis| incl. 44710731 + 6.0% ey, & 2.5%m.) 3.4%  3.0%
[Vip| excl. (had. tag.) 3.52-1073(1 £ 10.8%) 4.7%  2.4%
Leptonic and Semi-tauonic ~ B(B — 1v) [1079] 96(1 £+ 26%) 10% 5%
B(B — uw) [107°] <17 20% %
R(B — Drv) [Had. tag] 0.440(1 + 16.5%)f 5.6% 3.4%
R(B — D*rv)t [Had. tag] 0.332(1 £ 9.0%)* 3.2%  2.1%
Radiative B(B — Xv) 34510741+ 4.3% +11.6%) 7% 6%
Acp(B — Xeqv) [1072]  2244.0+0.8 1 0.5
S(B — K%1%) —0.10 £ 0.31 £ 0.07 0.11  0.035
28" (B, — ¢) - 0.13 0.03
S(B — py) —0.8340.65+0.18 0.23  0.07
B(Bs — ) [1079] < 8.7 0.3 -
Electroweak penguins B(B — K*Tup) [1079] <40 <15 30%
B(B — K*uw) [107°] <55 <21 30%
C:/Cy (B — X,L0) ~20% 10% 5%
B(Bs — 77) [107%] - <2 -
B(B, — pp) [107°] 9.9% 1 0.5 0.2 36/26




Backup: Belle Il and LHCb

TABLE XLII: Continued from previous page.

Observables Belle Belle 11 LHCbH
(2014) 5 ab™! 50 ab™! 2018 50 bt
Charm Rare  B(D, — uv) 5.31-107%(1 £ 5.3% + 3.8%) 2.9% 0.9%
B(Dy — 1v) 5.70-1073(1 £ 3.7% = 5.4%) 3.5% 2.3%
B(D° — ~+) [1079] <15 30%  25%
Charm CP  Acp(D° — KTK—) [107% —32+£21+9 11 6
Adcp(D’ — KTK™) [1074] 3.4* 05 0.1
Ar [1072] 0.22 0.1  0.03  0.02 0.005
Acp(DY — 7979 [1072 —0.03 £0.64 =0.10 0.29  0.09
Acp(D° — K27%) [1072]  —0.21 £0.16 = 0.09 0.08  0.03
Charm Mixing =(D° — Kr+7~) [1072]  0.56 £0.19 = 397 0.14 0.11
y(D° — Klrt77) 1072 030 £0.15+ o8 0.08  0.05
lq/p|(D° — Kntn—) 0.90 £ (78 + o8 0.10  0.07
o(D° — Kdrtn—) [7] 611+ 6 4
Tau 7 — py [1079] < 45 <147 < 4.7
T — ey [1079] <120 <39 <12
7 — g [1079] < 21.0 <30 <03
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Backup: First physics “Bottomonium below Y(4S)”

my(1.5) Resolve discrepancies on the mass and width, based
on measurements of radiative transitions.

my(29) Independent confirmation of Y(2S) properties, and
tests of hyperfine splitting against theoretical
predictions.

Y(1°Dy), Y(1°Ds) Precise measurement of multi-photon cascade decays

to separate J = 1, 3 (not seen) states from the J = 2
(seen) state.

Y(1°D,) Inclusive photon spectra of YT(3S) decays.

Ry near Y(35), T(2°D,)-triplet Search for unseen Y(1D) states and the unseen
Y (2°D,) triplet via R, scan methods.

hy, First observation and resonance characterisation.

Inclusive decays (x;, T) Surveys of inclusive hadronic transitions of y; and
T(25, 39).

Dipion transitions Surveys of dipion transitions between Y, states (anal-
ogous to Y).
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Backup: First physics “Bottomonium below Y(4S)”

(8+1) 4. 3 3 3 1m 3 ,
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Backup: First physics “Bottomonium above Y(4S)”

Ry, Inclusive b cross section as a function of Ecyr up to T(6.5)

Zy, from scans Analysis of m + Z, substructure through o(Y + 27) and
o(hy(nP) + 2m) through an Ecniscan

Zy near resonance Analysis of Z;, charged and neutral from Y(6.5)

Tetra quark states Analysis of radiative or 27 transitions from Y(6.5)

Other exotica Searches for exotic states with single 7 transitions from

T(55) and Y(65)
o(B®WB®) and o(B BY)

Wi, X Studies of radiative transitions from T(6S5) to new
bottomonium-like states and y;.

me Accurate determination of m; via bottomonium sum-
rules. Precision tests of discrepancies between pQCD
and e'e” data near the accelerator threshold region.
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Backup: First physics “Bottomonium above Y(4S)”

Voloshin PRD84, 031502 (2011) 12GeV —
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Backup: Trigger Rates

Physics Cross Rate [HZ]
Physics process Cross section [nb] process  section[nb] @ finalL.
Y(4S) > BB 12 Y(4S) - BB 1.2 960
Light quark pairs 28 quark pairs 2.8 2200
Muon pairs g Muon pairs 1] 880
Tau pairs 09 Tau pairs 0.9 720
Bhabha (8,,>17°) " Bhabha 4 350"
Photon pairs (6,,>17°) 2.4 (elab>17o)
Two photon (6,,>17°) ~80 y pairs 24 19"
Total ~130 (6,,,>17°)
Two photon ~80 ~15000
L1rate Physicsrate Event size (8,,,>17°)
Belle 500 Hz 90 Hz 40kB Total ~130 ~20000

Belle Il 30 kHz 3-10 kHz 200kB
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Backup: Alignment@ICHEP2015

eous calibration and alignment

artex detector and central drift chamber
Simulated Track Sample

® @]

Alignment & Calibration Parameters

oo

J;.,qmrad]
. R G

|
L2

U - ] E:l_fd I ‘-.__:i Ocm [ —1 DE_"- - ._-'
E "-_\ = ._._205 i J.r': .‘i Shqn :
E et E _4[]5 ----------- :T.! E . ou"#
Mis-Alignment & Mis-Calibration 2k < 8F ,
E E, = aF N N
=1 7 - L a®
100F T
' s L s L L Comepn s L 0k n n t’?‘:ﬁ L n
: devtrtion remdeoign vaiuo < SCm " - Layer number (atial only - Layer numiber (axial only s Layer number (axal oy
e e e . E Bt Py, 3¢ _0
- ! I o mﬁﬂmdx:;-:mllmu;fmhp@ -1 4F o, o & YN -
- ¥ _2 E - _ 0o oo
R T TR W e, Py 2 ?\q&a"‘% 1 _é o™ .
- N v arans o ol g . ] + T+ + o 0 & + + ¥ * T+
n i Tamsguct K]
S S ey

Visible bias comming from simulations effects
not yet taken into account in the reconstruction
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