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Background Information about HEPHY

• HEPHY was founded in 1966 to fully exploit the Austria’s membership to 
CERN (Austria joined CERN in 1959) 

• HEPHY is Austria’s largest research institute focusing on experimental 
particle physics 

• Significant contribution to Austria’s education and outreach in 
experimental particle physics  

• Only one professorship for experimental particle physics in Austria (TU 
Wien - since 2014) which is held by Jochen Schieck, director of HEPHY 

• Close collaboration of HEPHY with TU Wien in education and 
research  
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HEPHY - more Information 

• HEPHY research institute funded by the 
Austrian Academy of Sciences  

• Institute currently split in two locations;  
renovation or new location since several 
years under discussion 

• Currently about 75 people working at the 
institute 

• ~ 25 junior and senior scientists 

•  ~ 20 PhD students 

•  ~ 20 technical personal  

• ~ 10 students and internships

Institut für Hochenergiephysik 
Österreichischen Akademie der Wissenschaften 

Nikolsdorfer Gasse 18 
1050 Wien
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HEPHY - Scientific Program

• Contribution to experimental program in various leading 
international particle physics laboratories 

• CERN - CMS-experiment at the LHC 

• KEK - Belle II-experiment at the SuperKEKB  

• LNGS - CRESST- dark matter experiment 

• Detector development with focus on silicon based 
detectors 

• Theory group working on dark matter, SUSY and QCD
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CMS @ LHC 

• Founding member of the  
CMS collaboration  

• CMS construction: contributions to trigger and tracker   

• Data analysis: SUSY, Higgs and Quarkonia  

• Phase I upgrade: trigger - barrel track finder, global 
muon trigger and global trigger 

• Phase II upgrade: sensor development for outer tracker 
and high granularity calorimeter 
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CMS Trigger 
Phase I upgrade

• HEPHY responsible for global 
Trigger and parts of Muon Trigger 
during construction of LHC 

• Major upgrade during Phase I 
shutdown  

• Hardware change to  
μTCA based system 

• Software based system  
allows more flexibility 

• Constant upgrade of system 

MP7 logic Receivers for 
subsystem inputs

Readout 

Final  
OR
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CMS - Data Analysis

• SUSY, Higgs and Quarkonia HEPHY’s 
CMS research topics 

• Two co-convenors of major CMS 
physics groups (SUSY & exotica)  

• Supersymmetry: 

• Search for gluinos  

• Search for stop - compressed 
mass spectra and di-lepton channel 

• Interpretation for searches using 
simplified models: SModelS
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HEPHY evaluation meeting: CMS analysis

Motivation
• "classical" generic search for strongly produced SUSY  

in events with high #jets, missing ET, one lepton
- HEPHY specialised in single lepton events  

(compromise BR vs. background levels)
- New approach for Run II, sensitivity demonstrated  

with a benchmark model
- results with the full 2016 dataset are submitted to PLB 

•  3 publications and 4 conference notes since 2014
• one PhD thesis being finalised 

Outlook
• no intention to publish with 2017 data
• we are planning for a next version with  

the full Run II dataset
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Supersymmetry (gluinos)

arXiv:1709.09814
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CMS - Data Analysis

• Search and studies of Higgs boson 
decays to two τ-leptons 

• Side product: measurement of 
Z→ττ 

• Measurement of quarkonia 
production and polarisation 

• Tool to study non-  
perturbative QCD 

• Studies of J/Ψ,Ψ’ and Υ(nS) 
published so far
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Figure 1: Mid-rapidity prompt quarkonium cross sections measured in pp collisions at
p

s = 7 TeV by ATLAS (red markers) [3–5] and CMS (blue markers) [6, 7],
as a function of pT/M. The curves represent a single empirical function, with shape parameters determined by a simultaneous fit to all data (of pT/M > 3) and
normalizations specific to each state (left panel) or adjusted to the J/ points (right panel) to directly illustrate the universality of the kinematic dependences.

Figure 2: Mid-rapidity �c2/�c1 and �b2/�b1 prompt yield ratios, as well as
the fraction of the prompt J/ yield coming from �c decays, measured in pp
collisions by ATLAS [5] and CMS [9, 10], as a function of pT/M. The ar-
row indicates 5/3, the value predicted by heavy-quark spin-symmetry for the
�c2/�c1 and �b2/�b1 ratios in the hypothesis of pure colour-octet production.

sal production” scenario is a surprising experimental observa-
tion: in principle, conservation rules should make partonic pro-
duction cross sections di↵erent for states of di↵erent quantum
numbers. In the next section we discuss how the current models
of quarkonium production relate to this observation.

3. The not-so-simple theory patterns

Current studies of quarkonium production phenomenology
are based on NRQCD [1], a non-relativistic e↵ective field the-
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Figure 3: Polar anisotropy parameter �# measured by CMS in pp collisions atp
s = 7 TeV, for prompt J/ ,  (2S) and ⌥(1S) dilepton decays [16, 17]. For

improved clarity, values corresponding to two or three rapidity bins were av-
eraged, assuming uncorrelated systematic uncertainties, and the very uncertain
⌥(2S) and ⌥(3S) data are not shown.

ory whose pillar is the hypothesis of factorization of the long-
and short-distance parts of the production process. Under this
hypothesis, the inclusive prompt production cross section of a
quarkonium state H, after a collision of initial systems A and B,
can be written as a linear combination of SDCs (S) to produce
heavy quark-antiquark pairs (QQ) of di↵erent colours (singlet
or octet) and spin-angular momentum configurations:

�(A + B! H + X) =
X

S ,L,C

S(A + B! QQ[2S+1LC
J ] + X)

⇥L(QQ[2S+1LC
J ]! H) .

(1)

The coe�cientsL are the so-called long-distance matrix ele-
ments (LDMEs), representing the probabilities that the di↵erent
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PLB 779 (2018) 283

Phys.Lett. B773 (2017) 476-486 

H→ττ



CMS - Phase II upgrade - Detector Development 
Outer Tracker and HGC

• HEPHY’s focus on development of silicon sensors 
for CMS outer tracker and HGC 

• Close collaboration with Austrian industry (Infineon) 

• First production of 8’’ sensors  
→impact on HGC design 

• Qualification of Infineon as partner currently in 
important phase 

• HGC and outer tracker co-convenor for sensors 
from HEPHY 

• Significant contributions to tracker and HGC TDR
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CMS - Phase II upgrade - Detector Development 
Outer Tracker and HGC

• Detailed sensor tests including irradiation 
and test beams 

• Outstanding issue to solve before qualification 
for production: early break down of IV-curves   

• Next generation of silicon detectors 

• Increased need for silicon detectors → 
industrial production desirable 

• HV/HR-CMOS sensor as  
HEP silicon detector 

• Large area active sensors with integrated 
electronics   

• HEPHY develops HV/HR-CMOS  
within RD50 collaboration 

IV-curves of sensor  
from Infineon

HV/HR CMOS 
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Belle II - Construction of SVD

• HEPHY designed silicon vertex detector 
(SVD) and manages SVD detector group 

• Construction of layer 5 at HEPHY 

• HEPHY also responsible for readout system

Ladders

End rings

Carbon fiber  
(CF) cone End flange

PXD  
(independent sub-detector inside SVD)

Outer CF shell

Beam pipe
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Belle I & II - Data Analysis

• Focus on determination of 
CKM matrix elements |Vcb| 
with Belle data using inclusive 
and exclusive measurements 

• Preparation for data analysis 
with Belle II data ongoing 

• Determination of |Vcb|  

• Search for light dark 
 matter 
→missing energy 
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- Simple extension of the standard model, new coupling to heavy leptons.

- Complements LHC searches.

- Invisible decay channel to be explored for the first time: phase II physics.

- Only one low mass search performed so far in the muonic channel: 
https://arxiv.org/pdf/1606.03501.pdf

- Branching ratio to invisible final states possibly enhanced by low mass 
dark matter if kinematically allowed, for example sterile neutrino
https://journals.aps.org/prd/pdf/10.1103/PhysRevD.89.113004
 

M
Z´
 is reconstructed as the missing 

mass recoiling against the 2-µ 
system. For correctly reconstructed 
events the distribution of the mass 
recoiling against the 2-µ system 
show a peak around M

Z´
.
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CRESST - search for Dark Matter 

• New group at HEPHY since 2014  
→extension of HEPHY’s research  
profile towards non-accelerator physics 

• Joined research group between HEPHY and TU Wien 

• Member of the CRESST  
collaboration  
→leading sensitivity in low 
mass region 

• HEPHY responsible for  
electronics, simulation and data  
analysis 

light  
detector

transition edge  
sensor

target crystal 
(CaWO4)

scintillating 
housing
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CRESST -II 
ETh=307 eV and 52 kg∙d  

(Eur.Phys.J. C76 (2016) no.1, 25 )

TAUP 2017 (preliminary) 
ETh=100 eV and 2.39 kg∙d 



Dark Matter & Neutrino studies 

• Several R&D projects for future dark 
matter experiments 

• COSINUS: dark matter searches with 
cryogenic operation of NaI crystals 

• RNDR-DEPFET: search for MeV dark 
matter with dark matter-electron 
scattering 

• ν-cleus: studies of coherent neutrino 
scattering  
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FIG. 6. MC simulation of the expected background from
a contamination of the inner surface of the inner veto with
a surface �-emitter (210Pb). The histograms shows the en-
ergy deposits in the target for two cases: an inactive inner
veto (black) and an active coincidence rejection (red) with
a threshold of 30 eV. A background reduction of O(102) is
feasible at low energies

(MC) study performed with the Geant4 code in version
10.2p1 and using the Livermore low-energy electromag-
netic models [26, 27]. Exemplary for a surface contami-
nation we simulated the �-decay of 210Pb by placing the
lead ions at rest on the inner surface of the inner veto, fac-
ing one target calorimeter made of Al2O3. The source ac-
tivity is assumed to be O(1 kg�1keV�1d�1), the maximal
external �-activity observed with TUM40, a module op-
erated in CRESST-II phase 2 [28]. The black histogram
in Fig. 6 shows the background spectrum seen by the tar-
get with inactive inner veto, the red histogram shows the
spectrum of the remaining background in case of an ac-
tive coincidence rejection with a threshold of 30 eV (see
red star in Fig. 2). Clearly a reduction of more than
two orders of magnitude is feasible. Compared to the ex-
pected external radiation (see below) this is a negligible
value. A more detailed MC study is in preparation and
intended for future publication.

F. Outer-veto detector

Given the smallness of the calorimeter array and the
inner veto system, these components can be embedded
in a large cryogenic outer veto. We consider cylindrical
crystals with a diameter and height of O(10 cm) which
are segmented into two (or more) parts with a central
cavity to host the inner detector parts (see Fig. 7). Each
crystal of the outer veto is instrumented with a TES. It is
foreseen to use materials that are known for their excel-
lent phonon properties, such as e.g. Ge and CaWO4, and
that have been demonstrated as cryogenic detectors with
masses of O(100 g-1 kg). Thresholds between 300 eV and
1 keV are reached with such devices, in agreement with

FIG. 7. Technical drawing of the fiducial volume detector.
Two calorimeter arrays are installed inside the CaWO4 outer
veto with diameter of 10 cm. The veto is made of two parts
with a height of 5 cm each which are equipped with TESs and
operated as cryogenic detectors.

the prediction of the performance model for calorimeters
in section II B (Fig. 2). CaWO4 is the preferred mate-
rial: it has the heavy element W which provides a high
cross-section for gamma radiation and the relatively light
element O for an e�cient moderation of neutrons. The
simulations below are therefore performed using CaWO4.
However, when scaling up the number of detectors (see
section IIG) larger diameters of CaWO4 crystals are nec-
essary which currently are not available. In this case, Ge
crystals are a promising alternative, since those are read-
ily produced in large diameters (up to 300mm), with high
radiopurity.
Also the rejection power of the outer veto was esti-

mated with a MC study. Here a CaWO4 target was
placed inside the nested shields of inner and outer veto.
As typical background we investigate gamma rays follow-
ing the remaining spectrum at the Dortmund Low Back-
ground facility [29], a low-background site at the surface
which will be discussed in section III. FIG. 8 shows as
black histogram the background spectrum observed by
an unshielded target, in blue the remaining background
in case of a passive outer veto, and in red the remaining
background in case of an active outer veto with a thresh-
old of 1 keV. Even with only a passive veto a background
supression of more than 3 orders of magnitude at low en-
ergies is feasible. Activating the outer veto increase the
supression to more than 4 orders of magnitude. Impor-
tantly, the expected gamma-induced electron-recoil spec-
trum remains flat down to energy threshold (see inset of
Fig. 8).
For a first estimate of muon-induced neutron back-

grounds, a basic MC simulation was performed. Using



Theory Activities at HEPHY

• Quantum Chromodynamics (QCD) 

• Analysis and description of 
bound states using non-
perturbative approaches  

• Beyond the standard model / 
Supersymmetry 

• Phenomenological exploration  
of supersymmetric SM
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sum rule calculation of  
decay constants of D*

H→cc - flavour violation in MSSM



Theory Activities at HEPHY

• Dark matter   

• Research group on dark matter  
established in summer 2014 third-
party funded “New frontiers group” 

• Dark matter studies using direct 
detection, indirect detection and dark 
matter production  
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HEPHY Evaluation 2017

Theory DM

Highlights
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Phys.Rev.Lett. 118 (2017) 031803 

photon emission in elastic  
dark matter nucleus scattering

dark photon as  
dark matter candidate

theoretical  
explanation  
of 750 GeV  

di-photon excess

JHEP 1605 (2016) 154

Phys.Lett. B747 331-338



other HEPHY Activities

• Operation of GRID infrastructure 
→covered by D. Liko’s presentation 

• Outreach activities  
→covered by B. DeMonte’s / Marko Dragicevic’s 
presentation 

• Algorithm and software development  
with focus on tracking  
→department closed by the end of 2017 due to 
retirement



Conference and Workshops organised by HEPHY

• Organisation of international conferences and workshops 

• CKM 2014 with about 200 participants

• EPS-HEP 2015 with more then 700 participants - largest international 
particle physics conference of the year with large media coverage

• VCI 2016 with about 300 participants - part of a conference series and 
every third year in Vienna 

• LHCSki2016, ALPS2017 and ALPS2018: new conference series initiated 
by HEPHY for “post-Moriond" discussions - well received by the community 

• CTD 2016 - Connecting the Dots - workshop on tracking and pattern 
recognition February 2016.

• ISQTDAQ 2018 - international school of trigger & data acquisition - 
together with CERN, February 2018  

• Organisation of several internal collaboration meetings (SUSY-CMS) 
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ISOTDAQ2018
9TH EDITION

INTERNATIONAL SCHOOL OF
TRIGGER & DATA ACQUISITION

14–22 FEBRUARY 2018
VIENNA, AUSTRIA

/// TOPICS
// TRIGGER
/ NIM ELECTRONICS
/ FRONT-END ELECTRONICS
/ INTELLIGENT TRIGGERING: ASSOCIATIVE MEMORIES
/ FPGA PROGRAMMING

// DAQ
/ ADC, TDC, DETECTOR READOUT
/ MICRO CONTROLLERS
/ VMEBUS, XTCA, PCI, PCIe
/ DATA NETWORKS
/ EVENT AND BUFFER MANAGEMENT
/ C/C++ PROGRAMMING FOR DAQ

// APPLICATION EXAMPLES
/ GENERAL CONCEPTS OF TDAQ
/ INSIGHT ON LHC TDAQ
/ NON-LHC SYSTEMS

// CERN ORGANIZING COMMITTEE
/ Paolo Durante (CERN)
/ Markus Joos (CERN) 
/ Hannes Sakulin (CERN) 
/ Barthelemy von Haller (CERN) 

// LOCAL ORGANIZING COMMITTEE
/ Bernhard Arnold (HEPHY)
/ Brigitte DeMonte (HEPHY)
/ Markus Friedl (HEPHY)
/ Christian Irmler (HEPHY)
/ Richard Thalmeier (HEPHY)
/ Johannes Wittmann (HEPHY)
/ Claudia Wulz (HEPHY/CERN)

// HOW TO APPLY
REGISTRATION DEADLINE 1 NOVEMBER 2017
EMAIL ISOTDAQ@HEPHY.AT
WEBSITE HTTP://ISOTDAQ.HEPHY.AT
TARGET AUDIENCE STUDENTS OF PHYSICS OR 
ENGINEERING, SCIENTISTS WITH INTEREST IN 
TRIGGER AND DATA ACQUISITION
PLACES ARE LIMITED ACCEPTANCE IS BY A 
SELECTION COMMITTEE

HTTP://ISOTDAQ.HEPHY.AT



Summary

• HEPHY research institute of the Austrian Academy of 
Sciences  

• Experimental program covers research at CMS@LHC, 
Belle@KEK and CRESST@LNGS 

• Detector development for future experiments with focus 
on silicon based techniques 

• Theory studies on QCD, SUSY and dark matter  
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additional information



Organisation

• HEPHY is subdivided 
in research groups and 
cross-departmental 
groups 

• Research groups 
follow independent 
research program 

• Cross-departmental 
groups work closely 
together with research 
groups (project based)

CMS

Theory

Analysis

Tracker

Trigger

Belle II

CRESST

Detector
Development

Dark 
Matter

SUSY

QCD

Research Groups
Cross-Departmental 

Groups

Workshop

Electronics

Computing

Outreach

Administration

Institute of High Energy Physics
Director und Deputy

Group Leader Assembly

Algorithm & 
Software*

*	Group	will	phase	out	End	of	2017
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research performed at CMS Tracker 
and Detector Development closely  

related and will be therefore  
discussed in a common session

outline of this meeting 
retirement of group  
leader R. Frühwirth



Cooperation with Universities 

• Long-standing collaboration of HEPHY with Technische Universität Wien (TU Wien) 

• Jochen Schieck full professor at TU Wien since 2014 (new position) 

• Joined research group on experimental dark matter searches 

• Five senior scientists with venia legendi at TU Wien 

• Lecturer from HEPHY cover significant part of particle physics  
education at TU Wien 

• Starting from Summer 2017 J. Schieck will teach mandatory  
particle physics course for master students 

• Cooperation agreement ÖAW-TU Wien initiated by HEPHY allows junior  
HEPHY scientist without venia legendi to teach at the TU Wien (also with University) 

• One senior scientist with venia legendi at the University of Vienna �22



HEPHY is member of the 2014 FWF funded graduate school “Particles and 
Interactions” (www.dkpi.at) 

Joined initiative of TU Wien, University  
of Vienna,  Stefan Meyer Institute (SMI)  
and HEPHY 

Four scientists of HEPHY are members of the DKPI-faculty  

Renewal of DKPI approved by FWF with four senior scientists from HEPHY  

Cooperation with Universities 
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DKPI summer school 2017


