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Pathways to New Physics
Frontiers

High Energy

I
Allows for the direct production of new

particles

I
Energy Scale ⇠ 10 TeV

Precision Physics

I
New "virtual" particles can occur in quantum

loops

I
Can test a higher mass scale of ⇠ 100 TeV

I
There are many tensions in the flavor sector!
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Energy Frontier Luminosity Frontier

Direct and indirect searches are complementary  

and must both be pursued!

‣ New “virtual” particles may occur                   
in quantum loops  

‣ Generic amplitude 

‣ Sensitivity to mass scale O(100TeV)

‣ Direct production of new particles  

‣ New Physics reach limited by beam 
energy 

‣ Energy scale O(10TeV)
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Towards B-Factory
Primary goal of 1st generation B-Factory to examine the principles of CP violation

B-mesons produced in ϒ resonance 
to measure CKM parameters

Quark-flavour mixing explained via weak interaction → “CKM” matrix (1970s)

Just above  
BB threshold 
BR(ϒ→BB) > 96%

Just above  
BB threshold 
BR(ϒ→BB) > 96%

Experimental observations in B-meson physics:  
‣ long B-meson life time (SLAC, 1983)  

‣ B0-B0 mixing (DESY, 1987)

Advancement of e+e- collider and detector technology & performance

PEP II Conceptual Design Report (1993)
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Physics of the B-Factories 
Measure time dependent decay asymmetry of pair produced B’s

Advantages of B-factories

‣ High luminosity

‣ Complete knowledge of the initial state 

‣ No underlying events and low background

‣ Large production of C’s and τ’s → diverse flavour physics

Δz = Δt <β γ> c ~200 µm @ Belleasymmetric 
beam energies

New Physics 
via precision measurements 

& missing E signature
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Achievements of 1st Generation

*LQFS>QFLK

James Kahn The Belle II Experiment 3 / 322016-08-21

Collaboration formed in 2009 following
success of Belle experiment:

Confirmed Kobayashi–Maskawa–mechanism
(Nobel prize 2008).
UT parameters, heavy flavour spectroscopy,
CPV, rare B decays, etc.

New physics searches (Sources of CPV,
(semi–)leptonic decay, LFV, etc.)
Unique advantages of B–factory:

Experimentally clean.
Full event reconstruction/tagging.
Missing particles, inclusive measurements,
unique phase space.
Sensitive to mass ranges above direct
production.

Current standing:
649 Members, 99 institutes, 22 countries
(Aug 2016)
First data: 2018
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2014

B physics
CP violation
rare decays (FCNC, LFV, …)
precision metrology (CKM 
matrix, mb, …)

Charm physics
CP violation
branching ratios
excited states

τ physics
lepton flavour violation
precision measurements 

Spectroscopy
XYZ, bottomium, 
charmonium
QCD at low energies

Other 
hadronisation
dark photon searches
EW precision 
measurements (AFB, …)



Recent Results 
in Flavour Physics
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Flavour Physics
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Experimental Status
Turn of the last decade… 

‣ End of operation for B-Factories 

‣ Start of the LHC(b)

Publications since 2010 

‣ LHCb ~400 

‣ Babar ~160 

‣ Belle ~190

The Helmholtz Alliance meeting                 
this week

I picked a few recent results             
which show hints of anomalies,                            
with some emphasis on B-Factories

B-Physics session  this morning!

New results 
in 2017
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CKM
Great understanding of CKM parameters over the past years 
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CKM
Great understanding of CKM parameters over the past years 
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CKM

Vcb & Vub from semileptonic B decays                                       

B

X

Great understanding of CKM parameters over the past years 

2-3σ tension between  
“inclusive” and “exclusive”

arXiv:1702.01521

new “exclusive” results

‣ “exclusively” in different decays

‣ “inclusively” without explicit 
identification of X                                  
→ possible only at e+e- collider
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Flavour Changing Neutral Current
In the Standard Model,

Adapted from W. Altmannshofer, DPF 2017

Flavour changing “charged” currents arise at tree level;       
rates are suppressed by small CKM elements

Flavour changing “neutral” currents arise at loop level;        
they are suppressed by loop factors and small CKM elements

“Anomalies in B decays could establish a new scale in particle physics”
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b → s Transition, B → K*..
Many experimental measurements show similar deviation

J. Prisciandaro, FPCP 2017
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b → s Transition, B → K*..
Many experimental measurements show similar deviation

J. Prisciandaro, FPCP 2017

T. Blake, EPS 2017

… in particular, angular analysis of B → K*ll decay

θK

θ
ϕ

LHCb, JHEP 02 (2016) 104 
Belle, PRL 118 (2017) 111801
ATLAS-CONF-2017-023 
CMS, arXiv:1710.02846 

“Form-factor free”  
observable

Belle analysis separates 
measurements in lepton flavour 
2.6σ (μμ) and 1.1σ (ee) from SM
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Lepton Flavour Universality
In the Standard Model, charged and neutral current interactions are “universal”              
→ electrons/muons/taus couple to W and Z bosons with equal strengths

where uncertainties cancel out

Test LFU in B meson decays using ratios of BR’s
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Lepton Flavour Universality
In the Standard Model, charged and neutral current interactions are “universal”              
→ electrons/muons/taus couple to W and Z bosons with equal strengths

where uncertainties cancel out

Test LFU in B meson decays using ratios of BR’s

Belle, PRL 103 (2009) 171801 
BaBar, PRD 86 (2012) 032012
LHCb, PRL113 (2014) 151601 
LHCb, JHEP 08 (2017) 055

LHCb results show up to ~2.5σ in low q2 region
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Lepton Flavour Universality
Fit to various experimental LFU measurements involving FCNC b → s transition          
for a possible presence of New Physics

Anomalies seen in R(K) & R(K*)         
and angular measurements         
are compatible

arXiv:1704.05435
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Lepton Flavour Universality

R(D)
0.2 0.3 0.4 0.5 0.6

R
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0.5 BaBar, PRL109,101802(2012)
Belle, PRD92,072014(2015)
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Belle, PRD94,072007(2016)
Belle, PRL118,211801(2017)
LHCb, FPCP2017
Average

SM Predictions

 = 1.0 contours2χ∆

R(D)=0.300(8) HPQCD (2015)
R(D)=0.299(11) FNAL/MILC (2015)
R(D*)=0.252(3) S. Fajfer et al. (2012)

HFLAV

FPCP 2017

) = 71.6%2χP(

σ4

σ2

HFLAV
FPCP 2017

2.3σ / 3.4σ deviation in R(D) / R(D*) 
> 4σ combined
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LFU & FCNC
Two review articles on Nature
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B → “K”νν
b → s transition with neutrinos in final state

‣ missing momentum signature                                             
+ veto on additional tracks                                                 
→ possible only at e+e- collider

‣ sensitivity to New Physics

submitted to PRD
arXiv:1702.03224

Most stringent limit by Belle  
using semileptonic tag  

(2017) 



Status of 
Belle II
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Belle II Experiment
775 members, 106 institutions, 25 countries/regions 

(110 members from 12 German institutions)
775 members, 106 institutions, 25 countries/regions 

(110 members from 12 German institutions)

Mt. Tsukuba

KEK

SuperK
EKB
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From KEKB to SuperKEKB

Energy Frontier
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From KEKB to SuperKEKB
e+ / e− KEKB SuperKEKB

E [GeV] 3.5 / 8.0 4.0 / 7.0

I [A] 1.6 / 1.2 3.6 / 2.6

ξ 0.13 / 0.09 0.09 / 0.09

β*y [mm] 5.9 / 5.9 0.27 / 0.30

β*x [mm] 120 / 120 3.2 / 2.5

angle [mrad] 22 83

L [cm-2s-1] 2.1 x 1034 80 x 1034

beam current

vertical β at IP

x2

x1/20

Lum
inos

ity x
40

Low emittance beams
+

Strong focusing at interaction point 
using very sophisticated  

final focus quadrupole magnets

KEKB 
(w/o crab)

SuperKEKB

Vertical beam size ~50nm @ collision

~50nm

“Nano beam” (SuperB)
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SuperKEKB
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SuperKEKB

Replace dipoles  
& redesign lattices 
for low emittance

e+ damping ring

Reinforce RF 
for higher  

beam currents

Powerful final focus 
quadrupoles

New e- gun

New e+ source

e-cloud mitigation

Antechamber + TiN
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Interaction Region

e+e-

2015/02/23 SuperKEKB Review 2015 4 

Production status of magnets  

83 mrad

Helium Vessel

IP

QCS-L Cryostat QCS-R Cryostat
Helium Vessel

Helium Vessel

Helium Vessel

Leak field 

cancel coils
(b3,b4,b5,b6)

QC1RE
4 correctors
(a1,b1,a2,a3) b3 corrector

ESR1 Solenoid
ESR2

ESR3

QC2RE

4 correctors
(a1,b1,a2,a3)

QC2RP
4 correctors
(a1,b1,a2,a3)

b3 corrector

QC1LP
4 correctors
(a1,b1,a2,b4)

QC1LE

4 correctors
(a1,b1,a2,b4)

QC2LE
4 correctors
(a1,b1,a2,b4)

QC2LP
4 correctors
(a1,b1,a2,b4)

ESL solenoid

QC1RP
5 correctors
(a1,b1,a2,a3,b4)

Leak field 

cancel coils
(b3,b4,b5,b6)

LER
HER

In total 55 independent SC magnets in two cryostats55 Superconducting magnets
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SuperKEKB Commissioning

SuperKEKB commissioning during first 2 phases of operation
Phase 1: single circulating beams, no collisions (without QCS)
Phase 2: colliding beams at nominal CM energy (with QCS)

Belle II detector installed between Phase 1 & 2,                                                         
     except the vertex detector only for Phase 3 physics run



                                                                                         , for which we need…
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Beam Background
x40 luminosity means much higher background

Additional shields to protect  
outer sub-detectors in backward/forward regions

Tungsten shields inside QCS 
and near vertex detector

→ solid protection



Two photon  
Very low momentum  

e+e- pair

Background sources (cntd.)
~2. Luminosity dependent~

Radiative Bhabha
– Rate҃Luminosity (KEKBx40)
– EM shower from spent e+/e-:

hit position is very far (~10m) from IP, 
– Neutrons from emitted γ (hitting downstream magnet)

Need to increase neutron shields in the tunnel

2-photon process
– Generated e+e- pair might hit PXD
– Confirms to be OK, according to KoralW

simulation and KEKB machine study

14

“0.2%(<<2%) occupancy on PXD”

Hiroyuki Nakayama (KEK) TIPP2011 (June. 11th, 2011)

Background sources 

~1. Scattered beam particles~ 

8

Touschek scattering
– Intra-bunch scattering, Rate҃(beam size)-1,(E

beam
)-3

– Most dangerous  background at SuperKEKB,

since beam size is  x20 smaller (“Nano-beam scheme”)

Beam-gas scattering
– Scattering by remaining gas, Rate ҃IxP

– Vacuum level at SuperKEKB will be similar to KEKB,

so less dangerous compared to Touschek scattering

– Vacuum level in IR region could be worse than KEKB, but particles scattered in 

IR region will be lost far downstream IP and will not be dangerous for the 

detector

Hiroyuki Nakayama (KEK) TIPP2011 (June. 11th, 2011)

Touschek  
intra-bunch scattering 
rate ∝ beam size-1, E-3 

x20 higher
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Beam-gas  
scattering by remaining gas 

rate ∝ I x P 
up to x100

Radiative Bhabha  
EM shower + neutron 
rate ∝ Luminosity

Background sources (cntd.)
~2. Luminosity dependent~

Radiative Bhabha
– Rate҃Luminosity (KEKBx40)
– EM shower from spent e+/e-:

hit position is very far (~10m) from IP, 
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“0.2%(<<2%) occupancy on PXD”

Hiroyuki Nakayama (KEK) TIPP2011 (June. 11th, 2011)

Background sources (cntd.)

~3. Synchrotron radiation~

Synchrotron radiation
– Rate ҃ E2B2: mainly from HER

– Photons are emitted inside upstream final focusing magnet 

!hit IP beam pipe (Be) and penetrate ! reach PXD/SVD

Back-scattering synchrotron radiation
– At Belle, e+/e- are strongly bent by downstream magnet and emit SR.  

These photons hit downstream beam pipe and scattered back to detector. 

– At Belle-II, such strong bend does not exist.  We don’t have to worry 

about this background.

Hiroyuki Nakayama (KEK) TIPP2011 (June. 11th, 2011) 17

Synchrotron radiation 
created by QCS magnets 
& scattered by beam pipe  

rate ∝ E2B2

Injection background 
can be x1000  

at every injection @50Hz
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Beam Background

→ and good understanding

                                                                                         , for which we need…x40 luminosity means much higher backgroundBeam background studied with dedicated detectors                                                        
during SuperKEKB commissioning phases                                               
→ Beam Exorcisms for A Stable experimenT
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Tsukuba Experimental Hall @ KEK

Beam Background

e+

e−

News from B-Factories @ DESY Seminar
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Tsukuba Experimental Hall @ KEK

Beam Background

e+

e−

I = beam current 
P = pressure 
Ze = effective atomic # 
σy = vertical beam sizePreliminary

Colors: beam sizes
Shapes: currents

BGO measurements 
agree well with model

Extensive studies on various measurements  
    → 100-page paper on the way

News from B-Factories @ DESY Seminar
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Belle II Detector

News from B-Factories @ DESY Seminar

Challenges at x40 instantaneous luminosity 
‣   higher occupancy, fake hits, noise 

‣   radiation damage 
‣   higher trigger &  

DAQ rate

Improve performance  
vertex resolution 

particle identification

Minimum  requirement 
to sustain Belle I 
performance



Belle II Detector

3028/11/2017

e− 

(7 GeV)

e+ 

(4 GeV)

17º

150º

News from B-Factories @ DESY Seminar

Vertex Detectors
Central  
Drift 

Chamber
Barrel and Forward 
Particle ID Detector

EM Calorimeter

solenoid  
@ 1.5T

KL-Muon 
Detector
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Beam pipe integrated to Vertex Detector 

Limited space around interaction region

Very complex, remote actuated vacuum coupling joint                  
between beam pipe and rest of the accelerator                                    

→ Remote Vacuum Connection

Machine-Detector Interface

Test stand @ DESY

News from B-Factories @ DESY Seminar

Desig
ned & built

by DE
SY group

Installed @ KEK
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Vertex Detector

Si Vertex detector components     

‣ 2 pixel layers (PXD) close to beam pipe  @ r = 1.4 cm, 2.2 cm 

‣ 4 strip layers (SVD) up to r =  140 mm

PXD

SVD layers

beam pipe

Tracking and vertexing at B-factory 
‣ Low momentum particles (average p ~ 500 MeV) 

‣ Displaced decay vertices
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Vertex Detector

Si Vertex detector components     

‣ 2 pixel layers (PXD) close to beam pipe  @ r = 1.4 cm, 2.2 cm 

‣ 4 strip layers (SVD) up to r =  140 mm

PXD

SVD layers

beam pipe

Tracking and vertexing at B-factory 
‣ Low momentum particles (average p ~ 500 MeV) 

‣ Displaced decay vertices

Belle II PXD + SVD (MC) 
Belle II SVD only (MC) 
Belle SVD2 (Cosmic)

 z impact parameter resolution

~20μm @ 2 GeV

17/03/15 Belle II - physics meeting 3

SVD-layers shift yields better reconstruction?

● Since Belle2 has 4 SVD-layers instead of 2 the positions towards the Belle1 layers are further 
away from the beampipe now. This should increase the fraction of Ks decaying inside these 
layers. Hence their daughtertracks travel through them and can be reconstructed using 
trackHits. 

Position of second outermost layer (fraction): 7cm → 11.5cm  (56% → 70%) 

Position of outermost layer (fraction):              8.8cm → 14cm (62% → 74%)

Greater	outer	
radius	enhances	Ks	
acceptance

Seminar,	DESY Phillip	URQUIJO

Silicon	Vertex	Detector

16

Ladders

End rings

Carbon fiber 
(CF) cone End flange

PXD  
(inside SVD à individual sub-detector)

Outer CF shell

Beam pipe

Some of Our Reference Plots

12

σ(d0) β pt Sin3/2 θ / (13.6MeV/c) vs pt

✦ Impact parameters resolutions are as good as 
expected when the PXD hits are correctly assigned 

✦ Transverse momentum resolution still needs some 
work  on the low momentum range

0 0.5 1 1.5 2 2.5 3 3.5 4

-210

Momentum resolution

•reference finder (still with PXD bug )
•MC ideal finder
•realistic finder ( w/o PXD )

Resolution	much	
better	than	
Belle&Babar

Increased acceptance 
with larger radial coverage

Fraction of reconstructed KS from B → J/ψ KS
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PXD Technology

DEPFET sensor                                                   
(DEpleted P- Channel Field Effect Transistor) 

‣ internal amplification 

‣ low power consumption 

‣ low noise → thin detector possible!

Extremely low material budget 

‣ 0.21% X0 in the sensitive area 

‣ frame material reduction by etching  

‣ readout electronics outside                                  
active volume 

pixel size: 50μm x 55-85μm 
                    75μm thin

switcher  
(address control)

First pixel module

 front-end  
✦ digitiser 
✦ data storage          

& compression 
✦ timing & trigger

active area

support frame

(cross section)

Designed & built
by Munich group
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SVD Technology

Testbeam 2016 @ DESY

3
0
0
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SVD Technology

Testbeam 2016 @ DESY

3
0
0
-3

2
0
 µ

m

readout chips 
   (APV25)

flex  
circuit

APV25 readout chip (CMS tracker) 

‣ Fast shaping time, radiation hard, thinned to 100μm 

‣ Heat dissipation up to 700W                                                    
→ CO2 cooling

cooling  
pipes

Double-sided Silicon strip detector 

‣ Low material budget ~ 0.7 X0 per layer 

‣ “Chip-on-sensor” design for central modules                  
→ minimise analog path length to reduce noise
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Central Drift Chamber

Belle
axial 
stereo

Belle II

CDC performance 

‣ momentum measurement                             
σpT/pT = 0.1%·pT ⊕ 0.3%/β (with VXD) 

‣ dE/dx for particle identification (σ = 5%) 

‣ fast electronics (1,2μs → 200ns)

Belle
Belle II

Inner-most “small cell” chamber 
and extended radial coverage

Over 50k wires put in by hand
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Time Of Propagation
Barrel particle identification using propagation time of Cherenkov light 

‣ Separation of pions and Kaons 

‣ Compact detector

micro channel  
PMT

expansion 
prism

quartz 
radiator

focus  
mirror

250 cm

45 cm

2 cm

K or π

K and π has different 
Cherenkov angle θc 

→ different path lengths 
and time of propagation

θc
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Time Of Propagation
Barrel particle identification using propagation time of Cherenkov light 

‣ Separation of pions and Kaons 

‣ Compact detector

micro channel  
PMT

expansion 
prism

quartz 
radiator

focus  
mirror

250 cm

45 cm

2 cm

K or π

K and π has different 
Cherenkov angle θc 

→ different path lengths 
and time of propagation

θc

�
���pion

 
�
���Kaon

Channel Num
ber 

Time [ns]

3 GeV K/π  
at testbeam

~50 ps time resolution
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Aerogel RICH
Ring Imaging Cherenkov detector for forward particle ID

K π

20 cm

Hybrid Avalanche 
Photo Detector 

(5mm pixelated)

Silica Aerogel 
cut by water-jet

proximity focusing  
to increase photon yield
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Commissioning

Endcap KLM, 2014

Barrel KLM, 2013

TOP,  
Feb-May 
2016

BWD Endcap, 
 Feb 2017

Belle II
roll-in

CDC, Oct 2016

QCS in place, Feb 2017

QCS



39

Belle II Roll-In

News from B-Factories @ DESY Seminar
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Commissioning

Belle II 
roll-in

QCS

Testbeam 
 @DESY 
April 2016

Testbeam@DESY,  
Feb 2017

B-Field measurement 
summer 2016

B-Field measurement w/ QCS

summer 2017

summer 2017

Global cosmic runNOW!

FWD endcap 
Sept 2017



Das Biest ist drin
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Phase 2

News from B-Factories @ DESY Seminar

Tsukuba Experimental Hall @ KEK 
November 18, 2017
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Phase 2

News from B-Factories @ DESY Seminar

Phase II

Beam loss monitor 
(diamond)

Full 2+4 ladders (PXD+SVD) 
for tolerance check

Belle II PXD

ATLAS pixel for  
SR monitoring

Scintillators for  
injection background

Si pixel for  
collimator adjustment
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Phase 2

News from B-Factories @ DESY Seminar

Phase II
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Phase 2

News from B-Factories @ DESY Seminar

Phase II
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Phase 2

News from B-Factories @ DESY Seminar

Phase II ‣ Collisions with final QCS system                  
→ reach 2x peak luminosity of KEKB

‣ Further background studies before 
installation of Vertex Detector

‣ Some bench mark physics studies             
+ searches in Dark Sector

‣ DAQ + software validation
Phase 2 operation 

begins Feb 2018

Goals of Phase II
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Towards Phase 3

Belle II 
roll-in

QCS

NOW!

VXD test installation

VXD 
assembly 

& installation

Physics run with complete detector 
starts early 2019
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Flavour Physics Prospects

Current experimental results limited by statistics
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1/ab (KEKB) → 50/ab (SuperKEKB)                                   
+ LHC experiments continue in parallel

Belle II + LHCb 
at the end  
of operation

arXiv:1709.10308
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The MIAPP B2TiP Workshop will bring together experimentalists and 
theorists to define the physics programme for the first years of data taking 
of the Belle II detector at the upgraded SuperKEKB e+e- accelerator. This 
workshop is an important milestone towards the publication of the Belle 
II Physics Book.

WG 1: Semileptonic & Leptonic B decays
WG 2: Radiative & Electroweak Penguins
WG 3: α = φ2 and β = φ1

WG 4:  γ = φ3

WG 5: Charmless Hadronic B Decay
WG 6: Charm
WG 7: Quarkonium(like)
WG 8: τ, low multiplicity & EW
WG 9: New Physics

MIAPP - B2TiP Workshop                            
15 - 17 November 2016, Garching

Venue
Institute for Advanced Study (IAS)
Lichtenbergstraße 2 a
85748 Garching

Organisers
Christoph Bobeth
Thomas Kuhr

Local organisation
Susann Blauwitz, Ina Haneburger 
Tina Jacobs, Theresa Kämper 
(MIAPP)

www.munich-iapp.de/B2TiP

Belle II - Theory Interface Platform 

‣ Series of workshops from mid 2014 until end of 2016 

‣ Report in final stage → to be on arXiv soon
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Great success of the 1st generation B-Factories                                 
+ Upcoming 2nd generation B-Factory,                               

SuperKEKB with Belle II detector   
(+ LHC experiments and others)

Exciting time in experimental                                                         
Flavour Physics

SuperKEKB and Belle II commissioning continues                                     
→ Phase 2 detector installation completed ~10 days ago

Good prospects lie ahead with the start of Phase 3 physics run         
in the beginning 2019

Goal 50 ab-1
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