
Chapter 2. Higgs Boson

Figure 2.8
Higgs recoil mass distri-
bution in the Higgs-
strahlung process
e+e≠ æ Zh, with
(a) Z æ µ+µ≠ and
(b) Z æ e+e≠

(n“).
The results are shown
for P (e+, e≠

) =

(+30%, ≠80%) beam
polarization.
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of 32 MeV is obtained [74, 75]. The corresponding model independent uncertainty on the Higgs
production cross section is 2.5%. Similar results were obtained from SiD [76]. It should be emphasized
that these measurements only used the information from the leptonic decay products of the Z and
are independent of the Higgs decay mode. As such this analysis technique could be applied even if
the Higgs decayed invisibly and hence allows us to determine the absolute branching ratios including
that of invisible Higgs decays. By combining the branching ratio to ZZ with the production cross
section, which involves the same ghZZ coupling, one can determine the total width and the absolute
scale of partial widths with no need for the theoretical assumptions needed for the LHC case. We will
return to this point later.

It is worth noting that, for the µ+µ≠X channel, the width of the recoil mass peak is dominated
by the beam energy spread. In the above study Gaussian beam energy spreads of 0.28 % and 0.18 %
are assumed for the incoming electron and positron beams respectively. For ILD the detector response
leads to the broadening of the recoil mass peak from 560 MeV to 650 MeV. The contribution from
momentum resolution is therefore estimated to be 330 MeV. Although the e�ect of the detector
resolution is not negligible, the dominant contribution to the observed width arises from the incoming
beam energy spread rather than the detector response. This is no coincidence; the measurement
of mh from the µ+µ≠X recoil mass distribution was one of the benchmarks used to determine the
momentum resolution requirement for a detector at the ILC.

If there are additional Higgs fields with vacuum expectation values that contribute to the mass of
the Z, the corresponding Higgs particles will also appear in reactions e+e≠ æ ZhÕ, and their masses
can be determined in the same way.

We now turn to the determination of the spin and CP properties of the Higgs boson. The h æ ““

decay observed at the LHC rules out the possibility of spin 1 and restricts the charge conjugation C
to be positive. We have already noted that the discrete choice between the CP even and CP odd
charge assignments can be settled by the study of Higgs decay to ZZú to 4 leptons at the LHC.

The ILC o�ers an additional, orthogonal, test of these assignments. The threshold behavior
of the Zh cross section has a characteristic shape for each spin and each possible CP parity. For
spin 0, the cross section rises as — near the threshold for a CP even state and as —3 for a CP odd
state. For spin 2, for the canonical form of the coupling to the energy-momentum tensor, the rise
is also —3. If the spin is higher than 2, the cross section will grow as a higher power of —. With a
three-20 fb≠1-point threshold scan of the e+e≠ æ Zh production cross section we can separate these
possibilities as shown in Fig. 2.9 (left) [77]. The discrimination of more general forms of the coupling
is possible by the use of angular correlations in the boson decay; this is discussed in detail in [78].

At energies well above the Zh threshold, the Zh process will be dominated by longitudinal
Z production as implied by the equivalence theorem. The reaction will then behave like a scalar
pair production, showing the characteristic ≥ sin2 ◊ dependence if the h particle’s spin is zero. The
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FIG. 28: Unitarity triangle fit within the SM extrapo-
lated using expected results at SuperB and future lattice
QCD calculations [3]. Central values of the constraints are
chosen from the present UT fit. The bands show the 95%
probability regions selected by the single constraints.

particular need to be controlled with an unprecedented
accuracy, comparable to the one achieved by the ex-
perimental measurements. For most of the hadronic
parameters, the precision necessary to fulfill such a re-
quirement is at the level of few percent or better.

Lattice QCD is the theoretical tool of choice to com-
pute hadronic quantities. Being only based on first
principles, it does not introduce additional free pa-
rameters besides the fundamental couplings of QCD,
namely the strong coupling constant and the quark
masses. In addition, all systematic uncertainties af-
fecting the results of lattice calculations can be system-
atically reduced in time, with the continuously increas-
ing availability of computing power. The development
of new algorithms and of new theoretical techniques
further speeds up the process of improving precision.

The important issue of whether the precision of lat-
tice QCD calculations will succeed in competing with
the experimental one at the time when a SuperB fac-
tory could be running has been addressed in a ded-
icated study [412] reported in the SuperB CDR [3].
The result of this study was promising: in order to
reach the few percent accuracy required in the deter-
mination of the most relevant hadronic parameters,
supercomputers performing in the 1-10 PFlops range
are required. This computing power is just in the ball
park of what is expected to be available to lattice QCD

collaborations in � 2015, when a SuperB factory could
be running and producing results.

In the study of Ref. [3], the estimate of the preci-
sion expected to be reached by lattice QCD calcula-
tions covered a temporal extension of about 10 years
(2006-2015). Such an estimate is unavoidably a�ected
by some uncertainties. The dominant sources of er-
rors in lattice QCD calculations have systematic ori-
gin, so that the accuracy of the lattice results does not
improve in time by following simple scaling laws (at
variance with the computing power, which increases
instead according to a rather predictable exponential
behavior). Therefore, predictions in this context are
necessarily based also on educated guesses, and their
reliability decreases the more we attempt to go further
in time.

After three years from the presentation of Ref. [3],
we are now in the position of start verifying whether
the improvements predicted for lattice QCD calcu-
lations were accurate. This is already a non-trivial
check. Indeed, while for many years lattice calcula-
tions have been plagued by the use of the quenched
approximation, so that the typical lattice uncertainties
at the time of Ref. [3] were at the level of 10-15%, in the
last few years extensive unquenched lattice QCD simu-
lations have been performed, by various lattice collab-
orations and using di�erent approaches (i.e. di�erent
lattice actions, renormalization techniques, etc.). For
this reason, for several hadronic parameters, the typ-
ical uncertainties are now significantly reduced with
respect to three years ago, by a factor 2 or 3.

A summary of lattice uncertainties and predictions
for the future is presented in Table XX, which is re-
ported from Ref. [3] except for the 5th column, which
is new. A representative set of measurements rele-
vant for flavour physics and corresponding hadronic
parameters is listed in the Table. The correspond-
ing lattice uncertainty, as it was quoted at the end
of 2006, is given in the 3rd column. In the 4th, 6th

and 7th columns, the accuracy predicted for the future
is presented, assuming the availability of a computing
power of about 6 TFlops, 60 TFlops and 1-10 PFlops
respectively. These performances are those expected
for supercomputers typically available to lattice QCD
collaborations in the years 2009, 2011 and 2015 respec-
tively. Thus, the last column of the Table predicts in
particular the accuracy that is expected to be reached
by lattice QCD calculations at the time of the SuperB.
This prediction indicates that, for most of the relevant
quantities, a precision at the level of 1% should be
reached.

In Table XXI we collect a set of current lattice aver-
ages for the same hadronic parameters listed in Ta-
ble XX. Central values and errors are quoted from
Ref. [413] for the kaon observables (fK�

+ (0) and B̂K),
Ref. [414] for the B physics parameters (fB , fBs

�
BBs ,

SuperB Progress Report - The Physics - February 2010

75ab-1 & LQCD

CKM Matrix (extrapolated sensitivity)

Recoil spectrum
σm=32 MeV

(ILC TDR 2013)

ILCLHC



Germany plays major role in Belle II upgrade
§ 10 German institutes represent 2nd largest Belle II group after Japan

§ DEPFET collaboration provides novel pixel vertex detector PXD

§ Technology developed for ILC at Semiconductor Lab (HLL, Munich)

§PXD intimately linked to StripVertexDetector: common VXD project

DESY joined Belle II in 2011
§ DESY´s role as national lab:

§Support German groups in
building, installing and operating
challenging pixel vertex detector

§ Synergies with activities in program 
Matter and Technology
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German Contribution to Belle II
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Vertex Detector�

25!

A prototype ladder using the first 
6-inch DSSD from Hamamatsu has 
been assembled and tested.�

Beam Pipe   r = 10mm 
DEPFET 

 Layer 1  r = 14mm 
 Layer 2  r = 22mm 

DSSD 
 Layer 3  r =  38mm  
 Layer 4  r =  80mm 
 Layer 5  r = 115mm 
 Layer 6  r = 140mm�

Mechanical mockup of pixel detector�

Prototype DEPFET pixel sensor and readout�

DEPFET: 
http://aldebaran.hll.mpg.de/twiki/bin/view/DEPFET/WebHome�

PXD

SVD

2.2. The DEPFET Principle 19

The position of the potential minimum zmin for electrons is given by:

zmin =
d

2
+

⇤0⇤r

⇥d
(Vd � Vu). (2.5)

Thus, as long as the bulk is fully depleted, the depth of the potential minimum is defined
by choosing the potentials Vu and Vd.

2.2.2 Detector Principle

amplifierFET gate

p+source n+clear p+drain

clear gate

depleted
n-Si bulk

p+back contact

deep n-doping
’internal gate’

deep p-well

(a) Cross section of a linear DEPFET
pixel.

Source

Drain

Gate

Clear-Gate

Clear

--

(b) Equivalent circuit of a DEPFET
pixel.

Fig. 2.7: Signal electrons are collected in a potential minimum underneath the external
gate and modulate the transistor current. The accumulated charge is being removed from
the internal gate via the clear structure.

A cross-section of a DEPFET pixel is shown in fig. 2.7. It is based on high resistivity
n-type silicon substrate with an unstructured p+ backside implantation. On the other side
a p-channel FET is integrated in each pixel. An n+ bulk contact is located outside the
sensitive volume (not shown in fig. 2.7). By sidewards depletion a potential minimum for
electrons is created in a typical depth of⇥ 1 µm beneath the front side. Electron-hole pairs
generated by impinging particles are separated in the electrical field. While the holes drift
to the backside contact, the electrons are accumulated in the potential minimum. The
lateral separation of the pixels is obtained by a supplementary, structured n+-implantation
(deep n), which in addition intensifies the potential minimum and shifts it further to the
surface. This deep n implantation is located right underneath the conducting channel of
the transistor and can be considered as an internal gate of the FET. Due to the capacitive
coupling of the internal gate to the transistor channel, the transistor’s conductance is
controlled by the internal gate’s potential, which in turn depends directly on the amount
of collected charge carriers. Therefore, the change in transistor current �ID is a direct
measure of the change in charge �Q in the internal gate. The ratio of transistor current

⇥

PXD Mechanics Mechanical Mockup Service Space Mockup MPI Contributions

Mechanical Mockup

MPI is producing a mechanical Mockup verify mechanical design and spacial
requirements

� including all components (e.g. carbon tubes)
� using latest beampipe mockup we received from KEK
� all parts with correct dimensions, not necessary �nal materials
� not functional for thermal or electrical studies

Karl-Heinz Ackermann, Christian Kiesling, Martin Ritter Status of PXD Mockup at MPI

10 cm

Strip Vertex Detector
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Exploiting Specific DESY Expertise

Extensive experience in integration 
& operation of complex detector 
systems
Examples for DESY responsibilities

§ VXD heat management

§ Build realistic thermal mock-up 
including evaporative CO2 cooling

§ Intricate installation of VXD into Belle II

§ Hardly feasible without novel hydraulic 
remote vacuum connection system 
developed at DESY

§ Requires very close collaboration at 
machine-detector interface with 
SuperKEKB vacuum & magnet groups
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Exploiting Specific DESY Expertise

Extensive experience in integration 
& operation of complex detector 
systems
Examples for DESY responsibilities

§ VXD heat management

§ Build realistic thermal mock-up 
including evaporative CO2 cooling

§ Intricate installation of VXD into Belle II

§ Hardly feasible without novel hydraulic 
remote vacuum connection system 
developed at DESY

§ Requires very close collaboration at 
machine-detector interface with 
SuperKEKB vacuum & magnet groups
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RVC mockup @ DESY
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Utilising Helmholtz Infrastructure

4

GBL - Construction (II)

‣ Prediction uint at measurement m from interpolation 
of adjacent scatterers (! residuals rm=m-#m/#u·uint)
‣ Triplets of consecutive scatterers define kinks k

" 2D multiple scattering angles at central scatterers
! Expectation value zero, variance Vk according to central scatterer

" Additional nscat-2 2D residuals rk=k (+k0 if iterating)

13

u s

measurement 1 2 3 nmeas
thin scatterer 1 2 3 4 5 6 nscat-1 nscat

k uint

kink interpolation

General Broken Lines for Alignment w/ MillepedeII

DESY test beam 
§ Major Belle II milestone met in Jan 2014

§ First full VXD system test

Computing
§ Data preservation for Belle

§ Full Belle mDST at DESY

§ GridKa, Tier2 and NAF for Belle II

High-level software support
§ Building on HERA & LHC experience

§ DESY leads tracker alignment effort

§ Underlying software framework 
supported by Terascale Alliance

'5($BO$V0(43*($!"#$

!"#$%&#'()&%*+,&&-./0 9\0

VXD Slice Test in PCMAG

Full Belle Data @ DESY
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KEK

DESY
CNAF
KIT

Cumulative MC 
Jobs per Site

MC Production

keynote:/Users/elsen/Documents/Dokumente/Work/Helmholtz%20Association%20HGF/HGF%20Bericht%202015-19%20-%20PoF%20III/Interne%20Treffen/DESY%2020140128/Belle%20II%20fu%CC%88r%20EE.key?id=BGSlide-1
keynote:/Users/elsen/Documents/Dokumente/Work/Helmholtz%20Association%20HGF/HGF%20Bericht%202015-19%20-%20PoF%20III/Interne%20Treffen/DESY%2020140128/Belle%20II%20fu%CC%88r%20EE.key?id=BGSlide-1
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Examples for Ongoing Belle Physics Analyses
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Forward-backward asymmetry AFB of 
muon pairs

§ Born level: AFB(√s=10.58GeV) ≈ -0.75%

§ Huge statistics of ~7x108 muon pairs 
enables precision tests of SM

§Belle sensitivity:  σstat(AFB)/AFB ≈ 1%

§Expect >50× more data for Belle II 

Rare processes, e.g. Β → K(*)ττ
§ Heavy meson chiral perturbation theory 

predicts ΒR ~ Ο(10-7) 

§ Present upper limit (BaBar) ΒR < 10-3
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AFB = N(cos(✓)�0)�N(cos(✓)<0)

N(cos(✓)�0)+N(cos(✓)<0)

… room for new physics

rare in SM…
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DESY key to development of a superconducting 
linear e+e--collider

§ TESLA collaboration, hosted at DESY, 
develops SRF technology (since the 1990ies); 
TESLA proposal in 2001 (collider & XFEL)

§ European XFEL construction at DESY with 
SRF linac

§ Key contributions to the 2013 GDE Technical 
Design Report (TDR) of an e+e--collider
§Accelerator
§Detector
§Physics case

6

SiD

ILD

ILC

⎫ 
｜ 
⎬TDR editors from DESY
｜ in all areas
⎭  



PAGE 
E.Elsen & C.Niebuhr e+e- Collider

International Linear Collider (ILC)
ILC construction considered in Japan

§ Strong support from industry and government 
for HEP initiative in Japan: Advanced 
Accelerator Association (AAA)

§ European Strategy for Particle Physics 
(2013) welcomes Japanese initiative; awaits 
Japanese proposal

§ US Snowmass process emphasises 
importance of ILC: input for HEPAP P5 panel 
recommendations 

§ Japan Policy Council (politicians and industry), 
recommend (2012) creation of science city 
with ILC at core; ILC site has been selected

§ Science Council of Japan (SCJ) recommends 
physics – ok. Details of high energy option 
open; 2 year evaluation envisaged

§ Prime minister includes ILC in political 
programme

7

ILC site in 
Kitakami 

mountain 
range

L Evans of 
LCC visits 
PM S Abe



Technology
§ European XFEL is a 5% prototype

§ Explicit high-gradient research at DESY

§ Optical inspection

§ Surface treatment

§ Second sound for defect location

§ Centrifugal barrel polishing

§ FLASH operation – 9 mA experiment

ILC Technical Design Report
§ Several key editors from DESY

ILC Management, LCC
§ European director, etc.
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DESY contributes to ILC accelerator

8

THE INTERNATIONAL LINEAR COLLIDER
TECHNICAL DESIGN REPORT  |  VOLUME 2: PHYSICS

THE INTERNATIONAL LINEAR COLLIDER
TECHNICAL DESIGN REPORT  |  VOLUME 3.I: ACCELERATOR R&D

THE INTERNATIONAL LINEAR COLLIDER
TECHNICAL DESIGN REPORT  |  VOLUME 3.II: ACCELERATOR BASELINE DESIGN

THE INTERNATIONAL LINEAR COLLIDER
TECHNICAL DESIGN REPORT  |  VOLUME 4: DETECTORS
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DESY contributes to
ILC detector concepts

ILD and SiD detector concepts
§ Calorimeter

§CALICE collaboration to advance 
Particle Flow algorithms

§ TPC

§High-resolution readout

§ Availability of test beams

§ Coordination

§Co-spokespersons in detector concepts

Integration laboratory for ILC detector
§ Engineering expertise and support

§ EDMS support for detector and accelerator
9
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Physics viewed from a different angle with 
precision

e+e-

§ Leptonic initial state; kinematics fully defined

§ Precision detector development (vertex, tracking, calorimetry, …)

Belle II
§ High and complementary sensitivity to new physics in indirect 

signatures (~10 ab-1 in PoF 3 period) 

International Linear Collider
§ Unravel the mechanism of Electroweak Symmetry Breaking with 

precise measurements

§DESY is striving to make the ILC become a reality

10
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Belle II Detector
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Peter Križan, Ljubljana 

electrons))(7GeV))

positrons)(4GeV))

KL and muon detector: 
Resistive Plate Counter (barrel) 
Scintillator + WLSF + MPPC (end-caps) 

Particle Identification  
Time-of-Propagation counter (barrel) 
Prox. focusing Aerogel RICH (fwd) 

Central Drift Chamber 
He(50%):C2H6(50%), small cells, long 
lever arm,  fast electronics 

EM Calorimeter: 
CsI(Tl), waveform sampling (barrel) 
Pure CsI + waveform sampling (end-caps) 

Vertex Detector 
2 layers DEPFET + 4 layers DSSD 

Beryllium beam pipe 
2cm diameter 

Belle II Detector 
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Belle II Collaboration
§ Recently significant influx from 

former SuperB members
§ ~600 members from 96 institutions

§ 23 countries

13
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§ 23 countries
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DEPFET Collaboration
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China Institute for High Energy Physics (CAS), Beijing Zhen'An Liu

Czech Rep Charles-University Prague Zdenek Dolezal

Germany University of Bonn Norbert Wermes
DESY Hamburg Carsten Niebuhr

University of Gießen Sören Lange
University of Göttingen Ariane Frey
University of Hamburg Caren Hagner

University of Heidelberg Peter Fischer
University of Karlsruhe Thomas Müller

Ludwig-Maximilians-University Munich Dorothee Schaile
Max-Planck-Institute for Physics, Munich C.Kiesling / H.G.Moser
HLL Semiconductor Laboratory Munich Jelena Ninkovic

Technical University of Munich Stephan Paul

Poland Institute of Nuclear Physics, Krakow Maria Rozanska

Spain Instituto de Fisica Corpuscular (IFIC), Valencia Carlos Lacasta
University of Barcelona Angel Dieguez

Centro Nacional de Microelectronica, Barcelona Enric Cabruja
Inst. de Fisica d'Altes Energies (IFAE), Barcelona Mokhtar Chmeissani

Inst. de Fisica de Cantabria (IFCA), Santander Ivan Vila Alvarez

PL / TC

 Belle II D SP
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Germany 2nd largest country after Japan
§ Belle II third largest particle physics project in Germany after ATLAS and 

CMS

§ DESY among four largest German groups

§ University of Hamburg (C. Hagner) intends to join in the near future

German Participation in Belle II
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15

15 Bonn
DESY
Gießen
Göttingen
Heidelberg
Karlsruhe
LMU Munich
MPI Munich
HLL Munich
TU Munich

DESY

Collaboration members


