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Die Maschine

e Nano-Beam Schema!

KEKB Achieved SuperKEKB

Energy (GeV) (LER/HER) 3.5/8.0 4.0/7.0
&y 0.129/0.090 0.090/0.088
B, (mm) 5.9/5.9 0.27/0.41
I(A) 1.64/1.19 3.60/2.62
Luminosity (1034cm—2s71) 2.11 80




Der Detektor

VXD: Vertex-Detektor

H SVD: Si-Streifen-Detektor
CDC: Driftkammer

ARICH: Aerogel RICH

TOP: Time of Propagation
Counter

ECL: Elektro-magnetisches
Kalorimeter

KLM: K; - und Myon-Kammern



Die “Intensity-Frontier”

Kopplungen oder Effekte, die im
Standardmodell unterdruckt oder
verboten sind;

Z.B. bei Uberpriifung der KM-Theorie
uber B-Mixing tauchen Faktoren
V.4~ 1% in den Amplituden auf;
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Viel weniger Untergrund, kein Pile-Up

Warum Belle II') — hohere Luminositat handhabbar;

Anfangszustand Y(4S) wohl definiert

Am LHC: — 2 B-Mesonen und sonst nichts

e mehr B-Mesonen, da ¢, 10° X — mehrere n’, K-Mesonen im Endzustand;
grofser; — 30-40% Flavour-Tagging-Effizienz;

e Zerfallslinge der B-Mesonen im — Vollstandigen Ereignisinterpretation
Laborsystem viel grofer; fir Zerfalle mit vs moglich.
KEKB: ~180pm  (By=04) . P
SuperKEKB: ~ 125 um  (fy=0,28) = .+ - - :

| = z ¢ 1

Typisch fiir LHC-Experimente: A bV T4S) 5 ‘Jf'\l\r "

/ B;aq BI(} ........
~10%* pm



Charm Physik
(cc) ahnlich wie Y(45))

Physik bei Belle 11 T verlotsang

(]

e Verzweigungsverhaltnisse;
e Angeregte Zustande;
(]

B-Physik

e (P-Verletzung;
e Seltene Zerfalle (FCNC, leptonische-

Andere Analysen

(auch mit vs), LFV-Zerfalle); e Hadronisierung mit Hilfe von
e Prazisionsmessungen von u/d/s-Paarproduktionsereignissen;
SM-Paramtern (CKM-Matrix, m,...); e Dark-Photon, Weinberg-Winkel;
e Zusammensetzung der B-Zerfalle; °
Py ... 25:“-\“‘.
. A : 3,0 s
v-Physik (o, _,(v7) dhnlich wie Y(4S)) Sap
S [t
e Lepton-Flavourzahl-Verletzung; g b res)
o ... 0 1o} + +-'- 1(35) B-meson events |
Weitere Spektroskopie S W A (749

)
contmuum events (u d S c) |

¢ X: Ya Za Bottomonium, Charmonium; 041 946 10001002 1031 1037 1050 10.58 10.62
W (GeV/cd)




Belle IT Kollaboration

Deutschland mit 2. meisten Mitgliedern hinter Japan;
3 deutsche Institute in den Top 10 grofsten Instituten;

na Sea
Philippines.
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~deutschen Gruppen:
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(sﬁentl@um -mainz.de)
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Universitaten:

Gottingen, GiefRen, Bonn, -
Mainz, Heidelberg,
Miinchen (TUM + LMU); W
KIT, DESY, FZ Jiilich, MPI, [l 7

New
Zealand



Personen mit Leitungsfunktionen in Deutschland

Pixel Detector Coordinators

VXD Commissioning Leader
EvtGen & (Semi-)Leptonic Decays
Time-dependent CPV

Hadronic B decays

Charm Physics

Institutional Board (Deputy Chair)

LMU

KIT

DESY

L. Andricek, C. Kiesling HLL/MPI
C. Marinas Bonn
F. Bernlochner Bonn
L. Li Gioi MPI
P. Goldenzweig KIT
G. Casarosa Mainz

H.-G. Moser MPI






Feb 2016: Flrst Turns at SuperKEKB (4 GeV e+ S and 7 GeV e-'s)
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Messung des Untergrundes mit BEAST (Beam ExorC|sm for A STabIe

experiment) W= T I e

Belle and the BEAST

- Belle Il will eventually roll in on a =
pair of railroad tracks
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Warum
DEPFET Pixel
Detector (PXD)?
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<0,2% X

(all inclusive)
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Hohe Untergrundrate bei
diesem Abstand erfordert
Zwischenspeicherung
und Online-Selektion

@ 1,4 cm

(Abstand vom
Wechselwirkungspunkt)
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s'tauauon | l Verantwortung fur Systeme, die fir PXD
gebraucht werden

BEAST Il System Integration at DESY

PERSY: PERmanently Running System
Integration will start in Dec 2016

CLAWS (MPI)
Scintillator+SiPM

time dependence of BG hits, injection BG

FANGS (BN)
ATLAS FE-I4 Pixels

Spatial dependence of BG hits, injection BG
Energy spectrum of BG hits

CO, VXD-
Kiihlung
erreicht KEK

PLUME (not shown)
MIMOSA-26

Spatial and angular dependence of BG

PXD + SVD
Final sensors/ASICS
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efficiency
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Nicht-PXD Aktivitaten B-Field scan in CDC volume in Jun/Jul

Magnetfeld-Messung
Computing

Web-Umzug
Algorithmen-Entwicklung
Trigger

34 3D-Hall® .

probes
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Running jobs by Site
94 Weeks from Week 51 of 2014 to Week 41 of 2016

T T I T T T T

C

kjobs

Computing " W'

+ = | A gac -
[ =
Mar 2015 Jun 2015 Sep 2015 Dec 2015 Mar 2016 Jun 201 Ty Sep 2016
2 (] Max: 23.5, Min: 0.00, ZEGF1 %?. Current: £.15 \
\
Be"e ” Network WorkShop B LCG.DESY.de 5% M LCG.CESNETcz 27% M LCG.NCHC tw \ 15%
i E DIRAC. PMML. 0.2% [ LCG.CNAFIt 2.3% M DIRAC.RCNFEjp 0.8%
Organlzed by Bruno Hoeft B LCG.KITde 82% M LCG.Frascatiit 2.2% [ LCG.Melbourne.au \
(K|T) E DIRAC . UVic.ca 7.5% M DIRAC.BINF.ru 22% @ CLOUD.CC1 Krako
Bl LCG Pisa.it 7.3% @ LCG.Cosenza.it 21% [O LCG.SIGMNETSsI \
0O LCG MNapoli.it 68% [ LCG.KMIjp 20% H LCG Torino.it
B LCG.KEK2.jp 56% W LCG.CYFRONET.pl 17% W DIRAC.CINVESTAV. 16.008
B LCG MPPMU. de 36% M ARC SIGNETsI 16% M DIRAC. Osaka-CU jp k
B LCG.HEPHYat 35% M LCG.KISTLkr 1.5% ... plus 35 more N



“Collaborative Tools’-Umzug ans DESY

Web Pages

belle2.org

«» Public / internal pages

» Modern design
*» CMS based
» Maintainable from outside

Wiki

X Confluence

* ATLASSIAN tool

+ State-of-the art wiki

+ Connection to jira & stash
* Powerful GUI

+ Many plug-ins available

* Thorough documentation

+ Migration from Twiki

+ By far the most work

+ 4000 pages migrated

+ Mo automatic migration

* Some effort to compare
content

* 4 FTEmonth manual work

* Workflows need adoption

» Archived twiki available

Issue Tracking

¥ JIRA Software

* ATLASSIAN tool
« Connected to confluence

* Migration from redmine
+ ATLASSIAN plug-in

Mailing Lists

™

- sympa
» list@belle2.org

= Migration from sympa
» Cleanup and reordering

Code Repository
Build Services

©Stash ¢:Bamboo
« ATLASSIAN tools

» Connected to confluence

* Migration from SVN to GIT
» Hooks plug-in

XKen

« Virtual machines in Xen
» Buildbot on VMs
* Build slaves for OS'

SCIENTIFIC 348 LiINux

ubuntu®

redhat

Agenda Service

NDI(CO

ated Dagital Confirence

* Indico
+ Commonly used

* Copy from KEK indico
+ Selected categories only

* Mot yet done!

Document
Service

INVENIO)
« Invenio
* Migration from Invenio

+ Copy from KEK Invenio
+ Straight forward

23




Algorithmen- und Software-Entwicklung

~Arbeit von % der Belle [I-Mitglieder an deutschen Instituten

Framework
Modul-, Prozess-Kommunikation, Test- und Validierungs-

KIT, LMU

Framework, Geometrie-, DB-Interface, persistentes Datenformat,

Support ...

Tracking
Driftkammer-, SVD-Track-Finding, Fitting, Merging,
High-Level-Trigger, Alignment, Kalibration, ...
Analysewerkzeuge

o Vollstandige Ereignisinterpretation
Kontinuumsunterdrickung
Flavour-Tagging
Vertexing

o O O O

Generator Tuning

DESY, KIT,

Mainz

KIT MPI

DESY

' 1100%

24



Belle Physik-Papers von deutschen Instituten seit 2015

- V. Chobanova, J. Dalseno, C. Kiesling, et al., "First Observation of the Decay B® — y(2S) n°",
PRD 93, 031101 (2016).

- P.Vanhoefer, J. Dalseno, C. Kiesling, et al., "Study of B® — p*p" decays and implications for the CKM angle ¢,",
PRD 93, 032010 (2016).

- P.Hamer, A. Frey, et al., "Search for B® — ntv with hadronic tagging at Belle",
PRD 92, 072013 (2015).

- M. Huschle, T. Kuhr, M. Heck, P. Goldenzweig, et al., "Measurement of the branching ratio of B — D™ tv relative to B
— D™ 1v decays with hadronic tagging at Belle”, PRD 92, 072014 (2015).

- A.Heller, P. Goldenzweig, M. Heck, T. Kuhr, A. Zupanc, et al., "Search for B+ — 1" v y decays with hadronic tagging
using the full Belle data sample”, PRD 91, 112009(R) (2015).

- C.Oswald, P. Urquijo, J. Dingfelder, et al., “Semi-inclusive studies of semileptonic Bs decays at Belle”,
PRD 92, 072013 (2015).

- B. Kronenbitter, M. Heck, P. Goldenzweig, T. Kuhr, et al., “Measurement of the branching fraction of B* — t* v decays
with the semileptonic tagging method”, PRD 92, 051102 (2015).

- L. Pesantez, P. Urquijo, ]. Dingfelder, et al., “Measurement of the direct CP asymmetry in B — X, ., y decays with a
lepton tag”, PRL 114, 151601 (2015).

Weitere Analysen bereits submittiert oder kurz vor der Fertigstellung...

MPI
MPI

GO

KIT/
LMU

KIT
BN

KIT

BN
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Motivation fur “Neuro-z-Vertex Trigger® Tum, mp1, KIT aTIV)

[ Z distribution |

s
[ =]
=}
Qo

T T

800}

# of events / 5 mm

600/

4001

200/

0" 80 a0 AT W Re B A
z (cm)

z-vertex distribution in Belle
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Az vs. pr
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Calendar year 2016 2017 2018 2019 ks
Japan FY JFY2016 JFY2017 JFY2018 JFY2019
‘Now Summer shutdown Summer shutdown| Summer shutdown
;Oct 2016 (power saving) (power saving) (power saving)
/Reoptlmlzed f%’c!edu’e Sl w/ full Belle I
phasel ¢ phase 2 phase 3
_ L2 -
MR renovation for phase 2, including
MR startup installation of QCS and Belle II ERstart \/xp installation
e LER start. (e
DR installation & startup DR commissioning

Keme Fokus-Magnete,

Belle Il in “Park-Position”

QCS-L (one of two final
focusmg magnets) installed '
11 t

|

|

Fokus-Magnete,

Belle Il ohne VXD,

EEmit BEAST ||

|

|

Finale Experiment-Konfiguration
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Zusammentassung

Deutsche Gruppen

- bauen den Pixel Detektor und haben zentrale Verantwortung bei
gesamter VXD Integration,

- dominieren die Software-Entwicklung,

- tragen signifikant zum Computing bei,

- analysieren Belle Daten mit praziseren Ergebnissen als je zuvor,

- engagieren sich beim Trigger, was noch von grofser Wichtigkeit sein
kann.

Erste Datennahme mit vollstandigem Detektor:  H2 JFY* 2018

* Das japanische Fiskaljahr geht bis Marz 2019. 29
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0.4

0.35

0.3

(.25

0%

= BaBar, IPRL109.101802(2012)

= Belle, PRD92,072014(2015)
LHCb, PRL115,111803(2015)

== Belle, arXiv:1603.06711

== HFAG Average, P(3?) = 67%

[~ == SM prediction =
_ R(D), PRD92,054510(2015) i
B R(D*), PRD85,094025(2012) Li <
= L L L | 1 1 1 . 1 | A . | .=
2 0.3 0.4 0.5 0.6
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From “Physics at Super B Factory”

The Belle II(!) physics motivation book, p. 128 ff

Considering the amount of the expected background in B® — K*Oui (Tab. 5.10), the
expected signal with the SM branching fraction Br(B — K*vi) = 1.3 x 107° [95], and no
improvements in the measurement method and detector performance, the required luminosity
to observe the decay with a 3 o significance is above 100 ab“ll However, the value changes
drastically if beside the above mentioned hadronic tagging also the semileptonic tagging, men-
tioned in Sect. 5.1.3 is used. By examination of the results on the B — 7 decays obtained by
hadronic [87] and semileptonic [96] tagging we estimate the efficiency of the latter to be around
4-5 times better than for the hadronic tagging, at the deterioration of the signal to noise ratio
by a factor of two. Taking into account also the planned upgrade of the detector, specifically the
improved particle identification capabilities and the electromagnetic calorimeter performance,
one can expect the improvement in the reconstruction efficiency for B¢ — K*Ovi by around
70%. By these a 3 o significant signal of B — K*%u can be observed with around 30 ab™1.

32




Fortschritt

7
ohne <

X

=
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4
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£ 10°°

Detektor!

BaBar hadronic

BaBar semileptonic

¥  hadronic tag expected A hadronic tag results
V  expected limits === SM prediction
) A
\ 4
5 A A \ 4
v A
A v 4
A v v
\ 4 v \Y v \Y
\v/ _ .V
s - = v
v ' f :
‘Resultate nach “Box
- - Opening” — CKM 16
! b : ! : I : ! : I : I I
Ktvi Ksvv K*typ KO%p  atup 7, pOv Py

B decay channel




Warum Belle I1?

Am LHC:

e mehr B-Mesonen, da e, viel grofser;

e Zerfallslange der B-Mesonen im
Laborsystem viel grofer;

KEKB: ~180um  (By =0,4)
SuperKEKB: ~ 125 um  (py = 0,28)

Typisch fur LHC-Experimente:

~10%* pm

x106

c (nb)

proton - (anti)proton cross sections

TTT]

tot

T T LA R | T T T

Tevétron LI-?|CI

b

s

r o, (E" > s/20)

: i

- .

= e'e—Y(4S)

3 5
°F 5 k|

g gjm(ET}“‘ﬂ'sf:i) >

EoHiggg{MHﬂ 20 GeV) "y

: 200 GeV”

.. 500 GeV

R

Vs (TeV)

events / cec for 7 = 102 em s’
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Belle Il VXD

Carbon fiber

Outer ;F shell
(CF) cone

End flange

End rings

Beam pipe
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VXD Test at DESY in April 2016: Results

» Rate: up to 3 kHz with full DAQ chain
» 30 times higher than 2014
» “Golden” run #279:

» 1.15 M events with data reduction
» No errors (“large-ROIs” workaround)

» Correlations: _ SN

» Between all sensor layers PXD rows layers 1 vs. layer 2
» Between PXD hits and ROI
coordinates on both layers =

s.m_maxVid|

» Secondary target:
» Multiple ROlIs per 1 layer (~5 %)
» High-quality events:

» 18.9 M events (of total 101.1 M)
» Still required certain workarounds

{debugROls.m_minVid+debugROI:
s 8
= =1
I I

A | 1 1 N
100 200 300 400 500 600 700 800
(PXDRawHits.m_row)

PXD rows vs. ROl coordinates
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Pixel Vertex Detector
for Belle Il @ SuperKEKB

L2 Ha't Ladder

| 250x 768

......... _\ MechaniCS-

| DCC chanels|
192 Gak arnel Cleins

2 layers

Patch Panel
Data

A Patch Panel
Power

CO, Cooling &
RVC (with DESY)

Precise Measurement o
of particle origin

of monolithic sensors (DEPFET technology)

@ R=1.4, 2.2 cm, pixel size 50 x 55(75) pm?

(ATCA/DATCON)

Tum GIE / BN

Trigger/Timing

> MZ /
HD
TUMinf.)

sy S LMY /

TUM(inf.)

38



