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Looking Beyond the Standard Model

Energy frontier

Intensity frontier

Origin of Mass

Origin of Universe

Unification of Forces

New Physics
Beyond the Standard Model

Direct production of new particles Indirect sensitivity through loops

Current experimental situation
* No clear evidence for Beyond Standard Model (BSM) physics at the high energy frontier
 Intensity frontier offers indirect sensitivity to very high scales
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The Next Big Step in Luminosity

Striving for unprecedented data samples: [Ldt = 50ab-"

Collider upgrade KEKB = SuperKEKB

* Increasing peak luminosity by a factor of 40:
Linst = 8x103%cm-2s-1

« Nano beam scheme requires very sophisticated
final focus system QCSL and QCSR:

* beam spot at IP: oxx 6y~ 10um x 50nm

« Machine commissioning proceeds in 3 phases

DESY. Precision Physics at the Intensity Frontier | Carsten Niebuhr | MU | EPP
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The Next Big Step in Luminosity

Collider upgrade KEKB = SuperKEKB

* Increasing peak luminosity by a factor of 40:
Linst = 8x103°cm-2s-1

« Nano beam scheme requires very sophisticated
final focus system QCSL and QCSR:

* beam spot at IP: oxx 6y~ 10um x 50nm

« Machine commissioning proceeds in 3 phases
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Integrated Luminosity

Peak Luminosity

Phase 1

w/o QCS/Belle I

[ab-']

[1035 cm2s-1]

Phase 2 Phase 3
BEAST Il, no VXD Physics run w/ VXD
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- - - - Phase 1 Phase 2 Phase 3
The NQXt Bl Ste In LumanSIt w/o QCS/Belle Il  BEAST II, no VXD Physics run w/ VXD
g P y =z % | "~ LHCLS2 _ 3 1S3
§ 50; = : L7 <
o wb
Collider upgrade KEKB = SuperKEKB 38 b
* Increasing peak luminosity by a factor of 40: % 20~ S
Linst = 8x103%cm-2s-1 = 10 | ,
« Nano beam scheme requires very sophisticated > g_ o Lot e S E——
final focus system QCSL and QCSR: 2% 65__
£¢ 6f
* beam spot at IP: oxx oy~ 10um x 50nm E; 4=
« Machine commissioning proceeds in 3 phases 8= 2 NG | T T T B
2016 2017 2018 2019 2020 2021 2022 2023 2024 2025
Calendar Year
Detector upgrade Belle = Belle Il — e
« Replacement of most sub-detectors to cope PXD

Solenoid KLM

with increased background rates and to
improve performance

EM calorimeter

TOP counter

* Main German deliverable serogel rich
* novel pixel vertex detector PXD (DEPFET) Po

Ge Vv

as part of the new vertex detector VXD

VXD =
* PXD leadership MPP = DESY in July 2017 PXD & 8VD S

e Belle Il
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Belle Il Collaboration e X B

780 members from 106 institutions in 25 countries s i NP , s

“ _ ; 7 ‘-&’.ﬁ:’mj bé?;.‘%im
Four largest countries by members / institutes e "Jf“‘%fi ‘z{l% B
« Japan (149 /13) . o M ‘
. Germany (111/12) Terp———— RLr e 9 F
« US (92 /15) @2&, rl '
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 ltaly (7719) e ' ' oY
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Belle |l Collaboration

Four largest countries by members / institutes
(149 /13)

(111 /12)

(92 /15)

(77 19)

« Japan

« Germany
« US

o ltaly

Key role of DESY within Germany and beyond
« Enabling VXD commissioning and integration
« Test beam facility

« Helmholtz detector lab (dedicated PERSY set-up)

« Acting as computing hub
« Grid & NAF at DESY
« host complete copy of Belle mDSTs
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« 50% of German share as Raw & Regional Data Center
« Migration of Belle Il collaborative tools to DESY in 2016/17
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Belle |l Collaboration

Four largest countries by members / institutes
(149 /13)

(111 /12)

(92 /15)

(77 19)

« Japan

« Germany
« US

o ltaly

Key role of DESY within Germany and beyond
« Enabling VXD commissioning and integration
« Test beam facility

« Helmholtz detector lab (dedicated PERSY set-up)

« Acting as computing hub
« Grid & NAF at DESY
« host complete copy of Belle mD
* 50% of German share as Raw & Regi

« Migration of Belle Il collaborative tools to DES
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DESY Contributions to VXD Integration

B Y ‘ / A / A
»Interaction region is the by far most complicated area of SuperKEKB", Acc Rev Comm in Feb 2015

Mtan, .
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DESY Contributions to VXD Integration

Fulfilling our facilitating role as national lab for particle physics
V" Ry AL/ / Y A
»Interaction region is the by far most complicated area of SuperKEKB", Acc Rev Comm in Feb 2015
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~ { management simulation
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DESY Contributions to VXD Integration

Fulfilling our facilitating role as national lab for particle physics
s oLl [ nA L / / Y 4
»Interaction region is the by far most complicated area of SuperKEKB", Acc Rev Comm in Feb 2015

® Mty

e

| VXD thermal Background 4
~ , management simulation

\l =
o

Belle Il / QCS

‘ SN magnetic field

VXD installation A5 .. measurement
and interface to Y |

machine )g
P

<3
PXD assembly & VXD (BEAST Ii)

commissioning system tests
at DESY with beam
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Machine-Detector Interface

Challenge

« VXD has to be assembled on the
central beam pipe outside Belle Il

Carbon fiber _ Outer CF shell
 Standard methods to connect central (CF) cone =

End flange
beam pipe with machine not viable

End rings

SVDLadders

Beam pipe
8 PXD —

Belle Il vertex detector VXD
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Machine-Detector Interface

Solution proposed by DESY

* Development of a novel, remotely
actuated hydraulic system

* Very close collaboration with vacuum
& magnet groups of SuperKEKB

* Functionality of RVC absolutely
crucial for VXD installation

 Extensive lab tests at DESY over
several years
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Machine-Detector Interface

Challenge

VXD has to be assembled on the
central beam pipe outside Belle |l

 Standard methods to connect central
beam pipe with machine not viable

Solution proposed by DESY

* Development of a novel, remotely
actuated hydraulic system

* Very close collaboration with vacuum
& magnet groups of SuperKEKB

* Functionality of RVC absolutely
crucial for VXD installation

 Extensive lab tests at DESY over
several years

Status
* Installation on QCSL/R in Nov 2017

» First in-situ operation during QCS
insertion for phase 2 in Jan 10-15
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Machine-Detector Interface

DESY development: Remote Vacuum Connection RVC

ol Gat Tz \ WA
Major SuperKEKB / Belle Il milestone:
QCSR insertion & RVC closure on Jan 10

\Q
\ !
\

Challenge

VXD has to be assembled on the
central beam pipe outside Belle |l

 Standard methods to connect central
beam pipe with machine not viable

Solution proposed by DESY

* Development of a novel, remotely
actuated hydraulic system

* Very close collaboration with vacuum
& magnet groups of SuperKEKB

* Functionality of RVC absolutely
crucial for VXD installation

 Extensive lab tests at DESY over
several years

Status
* Installation on QCSL/R in Nov 2017

» First in-situ operation during QCS
insertion for phase 2 in Jan 10-15
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Other DESY Involvements

Optimal exploitation of DESY expertise & infrastructure

FuII -size VXD thermal mock-up (CO2 coollng)

=
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Other DESY Involvements

Optimal exploitation of DESY expertise & infrastructure

DESY. Precision Physics at the Intensity Frontier | Carsten Niebuhr | MU | EPP

B 4 L]

Two B-field measurement
campaigns at KEK

AR,
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Other DESY Involvements

N ooy (WIS
Three major VXD

- combined beam

tests at DESY

e |
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Other DESY Involvements
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Other DESY Involvements

% PXD assembly and commissioning in
- Helmholtz detector lab (HERA Hall West)

M % S : s, B b i
‘ , ' 5 b | (R ™ UV I ANV SR\ ‘ -
sity Frontier | Carsten Niebuhr | MU | EPP Page7
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Analysis of Belle Data

Recent observation of several anomalies in flavour physics
(1%t generation B-factories, LHCD, ...)

DESY. Precision Physics at the Intensity Frontier | Carsten Niebuhr | MU | EPP
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Analysis of Belle Data R 20

B—K®* e - DHMV

1.5 F 4+ LHCb 2013

i 4+ LHCb 2015
1.0 |
Recent observation of several anomalies in flavour physics !
(1%t generation B-factories, LHCD, ...)

* Are these first signs of a violation of lepton flavour
universality (LFU)?

_1.5:1111111111111111111111111111111
0.0 2.5 5.0 7.5 10.0 12.5 15.0 175 20.0

¢ [GeV?/cY]

l+
, 2 _
v z
b
w
q q
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Analysis of Belle Data w20

-+ B—>KM - DHMV
1.5 F 4 Belle (muon mode)
[ 4 Belle (electron mode)
1.0 | H+  LHCb 2015
Recent observation of several anomalies in flavour physics ; ATLAS 2017 & muon
(18t generation B-factories, LHCD, ...) 0.5 % CMS 2017 } mode
e N N

* Are these first signs of a violation of lepton flavour _
universality (LFU)? 0.0 H‘H ¢

Preparing for Belle Il analyses at DESY: studies of rare B- : . : &

Belle: Phys.Rev.Lett. 118 (2017) no.11, 111801

-1.0 |

decays with Belle data [ [
» First lepton-flavour dependent full angular analysis of the Q55— L

FCNC process B—K*£*0~, £ = e 0.0 2.5 5.0 75 100 125 150 175 20.0

’ ’ . ¢* [GeV?/cY]

» Within still large statistical errors find agreement with

anomalies first reported by LHCb -+
* Further LFU-tests coming soon from DESY-group

* Rk =BR(B—K*u*p’) / BR(B—K*e*e) Y. Z -

« search forB— Kttt b W S

W
q q
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Analysis of Belle Data

DHMV
Belle (muon mode)
Belle (electron mode)

_ o _ LHCb 2015
Recent observation of several anomalies in flavour physics } muon

_ _ ATLAS 2017 o>
(1%t generation B-factories, LHCD, ...)

CMS 2017

Belle: Phys.Rev.Lett. 118 (2017) no.11, 111801

* Are these first signs of a violation of lepton flavour
universality (LFU)? i
Ffﬁ% ‘
Preparing for Belle Il analyses at DESY: studies of rare B- © =
decays with Belle data - |
» First lepton-flavour dependent full angular analysis of the Y T ST R
FCNC process B—K* €0~ € = e 0.0 25 5.0 75 100 125 150 175 200

2 2/ 4
 Within still large statistical errors find agreement with q- |GeV©/c’]

anomalies first reported by LHCb

l+
* Further LFU-tests coming soon from DESY-group
* Rk =BR(B—K*u*p’) / BR(B—K*e*e) Y. Z -
« search forB— Kttt b W S
W
q q
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Future Analysis Plans

Search for BSM Physics in several directions

DESY. Precision Physics at the Intensity Frontier | Carsten Niebuhr | MU | EPP

Computing
Infrastructure
Grid & NAF
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Future Analysis Plans

Search for BSM Physics in several directions

DESY. Precision Physics at the Intensity Frontier | Carsten Niebuhr | MU | EPP

DESY-
expertise in:
Tracking & Alighment

Generator tuning
Hadronic tagging
ECL reco.
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Future Analysis Plans

Search for BSM Physics in several directions

FCNC B-decays
(tests of LFU)

DESY-
expertise in:
Tracking & Alignment

Generator tuning
Hadronic tagging
ECL reco.
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Future Analysis Plans

Search for BSM Physics in several directions

Early physics:
Dark sector searches

DESY. Precision Physics at the Intensity Frontier | Carsten Niebuhr | MU | EPP

FCNC B-decays
(tests of LFU)

DESY-
expertise in:
Tracking & Alignment
Generator tuning
Hadronic tagging
ECL reco.

Semi-leptonic
t-decays (LFV / LNV)

Inclusive
B-decays & global fits
(Vub, mp)



Future Analysis Plans

Search for BSM Physics in several directions

FCNC B-decays
(tests of LFU)

‘ , T of
(o)
F.Tackmann

K.Schmidt- & Lattice gauge
Hobera DESY- group Zeuthen

expertise in: Inclusive

Early physics: Tracking & Alignment :
Dark sector searches ‘ Generator tuning B-deca{:uf; rg:rj‘::))bal fits

Hadronic tagging
Helmholtz YIG ECL reco. Helmholtz W2/W3
Torben Ferber Kerstin Tackmann
March 2018 Start tba

Close collaboration C.Grojean

with theory groups Semi-leptonic
at DESY t-decays (LFV / LNV)

Helmholtz-ERC Award
Ami Rostomyan

DESY. Precision Physics at the Intensity Frontier | Carsten Niebuhr | MU | EPP Page9



Summary and Outlook

» Challenging upgrade projects SuperKEKB and Belle |l are
nearing completion

» Excellent prospects for BSM searches in flavour physics

« DESY is playing a key role in
« VXD commissioning and integration
* Machine-detector interface
» Computing
« Software development and physics analysis

* Activities are an ideal preparation for potential participation
at a future high energy e*e" collider

DESY. Precision Physics at the Intensity Frontier | Carsten Niebuhr | MU | EPP

Prospects for BSM Searches
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LHCDb vs Belle Il

-
o

B, System LHCH
CPV in Jvd, ¢, EeaaN Bs &
CPV in Mixing charged

B — tracks

CKM phase y in B—>DK

CPV in B,

B— X, Il (exclusive)

5 LI:-ICb [fjo“] .
* Belle (1) [ab“]g

Integrated Luminosity

: : : B—>Xy  (exclusive)
Upgrade I(a): 25ns r/o Charm physics
software-only trigger ] Semi-leptonic B decays

Important
cross checks

-y
o

1T - physics: LFV
T T Y 2 T e e e | B— X, Il (inclusive)
B—Xy (inclusive) inclusive &
5 5 5 : 5 5 5 5 B—tv, uv neutrals
1 — f ............. ? .............. i...:::::::::::i::::::::::::::i::::::::::::::;::::::::::::::i:::::::::::::::i::::::::::::::if::::::::::::: B—>K*vv, B— vv o
2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 Table adapted from J.Albrecht, DESY Seminar 25.10.16
Year

* Very healthy competition between LHCb and Belle Il
« Complementary approaches but physics programs have also significant overlap for cross checks in important areas

DESY. Precision Physics at the Intensity Frontier | Carsten Niebuhr | MU | EPP Page 12



SuperKEKB & Belle Il

Commissioning in 3 phases

* Phase 1 [accomplished in 2016]
* wi/o Belle Il, no collisions
* operate MR, vacuum scrubbing
« first background studies

* Phase 2 [imminent Feb-Jul 2018]
* nano-beam scheme operation
« reach 1034cm~s! (KEK design)

 verify background models and
ensure safe conditions for VXD:
BEAST Il

« hope for ~20 fb-" of physics data
* Phase 3 [start beginning 2019]
* physics run with full detector

Schedule driven by the machine

Integrated Luminosity

Peak Luminosity

P

hase 1 Phase 2

w/o QCS/Belle Il BEAST Il, no VXD

[ab~]

[1035 cm-2s-1]

» Detector installations proceed in the shadow

DESY. Precision Physics at the Intensity Frontier | Carsten Niebuhr | MU | EPP

Phase 3

Physics run w/ VXD

60
50
40
30
20

-
=

POF liI milestones

9 months/year

20 days/month

PIR B T T |

PI B T B |

Mo v & o o

=

P
2020 2021

Calendar Year
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L

72022

2023

2024
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SuperKEKB Schedule Details

Calendar year

2016

2017

2018

2019

Japan FY

JFY2016

JFY2017

JFY2018

JFY2019

Summer shutdown
(power saving)

Summer shutdown

(power saving)

Power saving
after mid July 20[L8

Summer shutdown
(power saving)

-

phase 1

MR startup
]

w/o QCS
w/o Belle Il

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

DR installation & startup

(mid Feb. — mid Jul. 2018)

phase 2 (MR)
]

w/ QCS
w/ Belle Il (no VXD)

HER start . _
LER start VXD installation

DR commissioning

w/ full Belle Il
phase 3
- - - B

phase 3 operation
9 months / year

/

DESY. Precision Physics at the Intensity Frontier | Carsten Niebuhr | MU | EPP
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Belle Il Computing at DESY

Belle Il @ DESY Grid Site

* DESY provides half of the requested German resources

« for 2018+9: (70 kHS06, 2.2 PB) x 0.5

* MoU in preparation for Raw & Regional Data Center

* The National Analysis Facility (NAF) complements the Grid
for interactive data analysis and supports Belle 1| members

0,00% 2,00% 4,00% 6,00% 8,00% 10,00% 12,00% 14,00%

A i i i i i i |
DESY J
KEK

Victoria
KIT
PNNL

Napoli

Pisa

10 largest Belle Il sites by CPUh

KMI relative amount of normalized CPU hours
MPPMU 10 major Belle Il sites (75% of all Belle Il CPUh)
2015 January - 2017 October
CESNET

A

percentage of delivered normalized CPUh [H506/total]
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e

Full suite of collaborative services and tools
was migrated from KEK to DESY in 2016/17:

Content Mgmt:
Wiki:

Issue tracking:
Version control:
Mailing lists:
Document service:
Electronic logbook:
Build System:
Membership Mgmt:
Knowledge database:
Analysis framework:

ZMS
Confluence
JIRA

Stash / GIT
Sympa
Invenio

elLog
Bamboo / Buildbot
B2MMS / IAM
AskBot
Jupyter

Page 15



Belle Il Organization

Key responsibilities in many areas
* Detector

* PXD project

« ECL reconstruction

Outreach Committee
Chair: Toru lijima

Speakers Committee
Chair: Ida Peruzzi

Publications Committee
Chair: Leo Piilonen

Institutional Board
Chair: Hans-Glinther Moser
Institutional representatives

Diversity Committee
Chair: Kay Kinoshita

Management
Spokesperson: Thomas Browder

Executive Board
Chair: Francesco Forti

Financial Board
Chair: Yoshihide Sakai
National representatives

Project Manager: Yutaka Ushiroda
Financial Officer: Yoshihide Sakai

Computing Steering Group

Chair: Fabrizio Bianchi

[

l l

[

« Software

* Documentation, training &
outreach

Detector
Coordinator:

Peter Krizan (acting)
Integration leaders:
Ichiro Adachi (outer)
Shuji Tanaka (inner)

Data Production
Coordinator:

Jake Bennett
Deputy:

Karim Trabelsi

» Generators
« PYTHIAS tuning
* Alignment & calibration
» Clustering & neutrals
* Physics
* Tau & low multiplicity
+ Combined particles

» Analysis software &
tool validation

VXD
PXD L. Andricek,
| S. Tanaka (li), B. Schwenker (sw)
SVD C. Schwanda, G. Rizzo,
T. Tsuboyama (li), G. Casarosa (sw)

L

Skim manager
R. Cheaib

TOP T. lijima, G. Varner (dep),
K. Inami (li), M. Staric (sw)

—| ARICH S. Nishida, S. Korpar, L. Santelj (sw)

— ﬁ iﬂ, I. Nakamura (li)

% 2 2
BT. Ferber (sw)mK. Miyabashi (sw)
A EEEES

EKLM P. Pakhlov, K. Sumisawa (li),
K. Chilikin (sw)

BKLM L. Piilonen,
K. Sumisawa (li), L. Piilonen (Sw),
Y. Guan (sw, dep)

CDC S. Uno. E. Nakano (sw)

TRG Y. Iwasaki, H. Nakazawa (sw)

DAQ R. Itoh, R. Itoh (sw)

IR H. Nakayama, H. Nakayama (sw)

Liaison (1i)

STR I. Adachi

Software liaison (sw)

L LT 1 1

BKG/BEAST S. Vahsen, H. Nakayama (dep)
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