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FASER joins the exploration for new physics
FASER

PBC

long-lived particles

by Jamie Boyd (CERN)

PDF version
On March 5th the CERN Research Board approved the ForwArd Search ExpeRiment (FASER),
for installation at the LHC during Long Shutdown 2. FASER is an experiment designed to
broaden the search for new physics at the LHC, by looking for light, weakly- interacting new
particles that could be produced in the LHC collisions in the extreme forward direction.

The idea for such an experiment was proposed by J. L. Feng, I. Galon, F. Kling, and S.
Trojanowski, theorists at the University of Irvine, California in a paper released in the summer of
2017 [1]. In 2018 they started to work with experimentalists, forming a collaboration to realise this
idea in an experiment at the LHC. By the summer 2017 the project had attracted funding from the
Heising-Simons foundation and the Simons foundation, two private foundations from the US,
allowing the experiment to rapidly progress through the review by the LHCC, with a letter of
intent [2] submitted in July 2018, followed by a Technical Proposal [2] submitted in November
2018. Following successful review, and further scrutiny from the LHC Machine Committee and
the LS2 Committee the experiment was formally approved in March 2019.

The basic idea of FASER is based on the fact that a huge number of standard model particles,
such as pions, are produced in the LHC collisions, predominantly very closely aligned around the
colliding beam axis. New physics particles that can be very rarely produced in the decay of such
pions, could then be detected in a very small detector with an active area of only 20cm across,
when placed 500m from the collision point. In fact 2% of “°s produced in the LHC collisions (with
E>10 GeV) are produced in this angular region, which covers only 2 of the solid angle.
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Fig 1: (Top) A schematic of the LHC in the region up to 500m from the ATLAS collision
point (shown at the left hand side). The bottom right panel shows the location where
FASER will be installed aligned with the beam collision axis in the TI12 tunnel.

A particular target is the (dark photoni, which can act as a mediator particle for light dark matter,
and is discussed in more detail in Ref [4]. For a dark photon with a mass of 100 MeV and a
coupling to SM particles of eps=10°, these would only produced once in about 10* “° decays.
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However in Run-3 of the LHC an expected 10715 piOs will be produced in the angular region
corresponding to the FASER detector, meaning ~10° dark photons could be produced pointing
towards FASER. The large energy of these piOs mean that the dark photon is likely to travel long
distances before it decays, and a few 100s of these 100,000 dark photons could decay inside the
FASER detector.

Amazingly, it turns out that there already exists an ideal location for the FASER detector to be
placed, so that it can be aligned directly on the collision axis. This is an unused service tunnel
that joins the LHC 480m from the ATLAS collision point, called TI12. In the past this tunnel was
used to inject leptons from the SPS into the LEP collider, but it is no longer used. Figure 1
shows a sketch of the LHC tunnel for 500m on one side of ATLAS, showing the location where
FASER will be installed in TI112. With just a small amount of digging in this tunnel, a 5.5m-long
detector can be situated on the collision axis, allowing good sensitivity to dark photons and other
light weakly interacting new particles, in unexplored, and theoretically well motivated, regions of
parameter space.

The extremely fast turn around for FASER, from an idea in a paper, to an approved experiment
was made possible by support from the CERN Physics Beyond Colliders study group, which
provided resources for running background simulations, measuring backgrounds, mapping out
the collision axis in TI12, and studying the infrastructure work that needs be done for FASER to
be installed and operated. In addition, the FASER detector will re-use spare modules from the
ATLAS silicon micro-strip tracker (SCT), and from the LHCb electromagnetic calorimeter,
allowing it to skip the design and construction phase for these new detectors, and saving both
time and money.
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Fig 2: A schematic of the FASER detector. Showing the scintillators (grey), magnets (red),
tracking stations (blue), and electromagnetic calorimeter (purple). Particles from the
ATLAS collisions enter from the left hand side. The first magnet represents the decay
volume for the dark photons.

A sketch of the detector is shown in Figure 2. At the entrance there are a number of scintillator
planes, which will be used to ensure charged particles are not entering the detector when
searching for the signal topology. This is followed by a 1.5m-long decay volume, enclosed in a
0.6T dipole magnet. Following this there is a spectrometer to measure the trajectories of charged



particles produced in dark photon decays inside the decay volume. The spectrometer is made up
of two 1m-long dipole magnets (also with 0.6T), with tracking stations, positioned at the start,
middle and end of the spectrometer. Each tracking station is made up of three layers of
double-sided silicon strip SCT modules. At the end of the detector the electromagnetic
calorimeter allows to measure the electromagnetic energy in the event, and to distinguish
between decays to electrons or photons, compared to muons or hadrons. The expected physics
sensitivity of FASER across dark photon parameter space is shown in Figure 3 and the reach
has been estimated in many potential new physics models [4].
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Fig 3: The expected exclusion limit in dark photon parameter space for 10/fb (expected in
2021) and 150/fb (expected during the full LHC Run-3) of data at the LHC. Projected limits
from proposed future experiments are also shown.

There is an ambitious timeline to build, test and install the detector into TI12 before summer
2020, when the LHC machine in that sector will be cooled down. The schedule foresees to have
the individual systems ready by the end of 2019, and then for combined commissioning on the
surface during the first part of 2020. The magnets, which are being built by the CERN magnet
group, are expected to become available in the first quarter of 2020. The Collaboration currently
consists of 38 researches from 16 institutes in 8 countries, and includes CERN fellows, and staff,
working part time on FASER. Given the tight timeline, and small collaboration, it represents a
nice opportunity for young researchers to get involved in construction and commissioning in a
short timescale compared to hardware projects on the big LHC experiments.

As well as searching for weakly interacting light new physics particles FASER may be able to
make neutrino measurements, based on the huge flux of high energy neutrinos that are
produced in the LHC collisions and traverse the detector location. Studies are ongoing to see
what measurements may be possible.

Despite the fact that FASER is not up and running yet, there are already ideas for a potential
upgrade, which would see a bigger detector, installed in the same location. Such a detector (with
a transverse radius of 1m compared to 10cm) would have sensitivity to new physics particles



produced in heavy meson decays (such as B-decays), which are produced more spread out
around the beam axis.

However, given the tight timeline the team are currently focussing on getting FASER installed
and working in LS2. They are looking forward to increasing the ability to search for new physics
with the LHC, in a complementary way to the bigger LHC experiments.

Further Reading
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hep-ph:1708.09389

[2] T FASER Collaboration, fiLetter of Intent for FASER: ForwArd Search ExpeRiment at the
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Physics from neutrino near detectors: opening a new window for BSM
searches
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With the advent of a new generation of neutrino experiments which leverage high-intensity
neutrino beams for precision measurements, it is timely to explore the opportunity that these
experiments offer for searches of beyond the standard model (BSM) physics. The realm of BSM
physics has been mostly sought at high-energy regimes at colliders, such as the LHC at CERN.
Therefore, the exploration at neutrino experiments will enable complementary measurements at
the energy regimes that balance that of the LHC. This, furthermore, is totally in concert with
recent ideas for high-intensity beams for fixed target and beam-dump experiments world-wide,
e.g., those at CERN [1].

A key feature of the long and short baseline neutrino facilities that prepare for a new generation
of neutrino physics experiments is the use of advanced detector technologies. Decisive
measurements are expected from the short baseline experiments on the sterile-like neutrino
phenomena at the SBL program at FNAL. These experiments are by definition located close to
the neutrino source, within a few hundred meters, and the driving technology choice is liquid
Argon TPCs. At the same time, long baseline experiments consist of a concise near detector
within a few hundred meters of the neutrino source, followed by a very large far detector, at a
distance of hundreds or even a thousand kilometres away.

Neutrino beams are generated from a very intense high-energy proton drive beam with an
energy typically in the range of 10 to 100 GeV, dumped on a dense target. This produces a
secondary beam consisting mostly of pions and kaons, and these mesons decay to dominantly
yield a muon and a neutrino. The neutrinos will pass through the absorber before continuing their
way to the experiments. The near detectoris main task is to measure the un-oscillated neutrino
flux, used to gauge for the observation of the neutrino interactions at the far detector. The need
for more precise measurements in a near detector that allow controlling the systematic
uncertainties on oscillation measurements has been demonstrated over the last years. As a
result, the planned near detectors have become very sophisticated precision particle detectors,
providing full acceptance and many capabilities than just monitoring the flux or providing the
much needed neutrino-nucleus interaction measurements. This awareness has led recently to a
number of workshops and discussions reported here.

In essence, the neutrino beam facility and near-by detectors can be considered as
(non-optimized) beam dump experiments. Therefore, we have taken a closer look at the potential
they offer in searches for new weakly coupled low mass long-lived particles, such as heavy
neutral leptons (HNLs), low mass dark matter, dark photons and so on. Many of these search
scenarios were recently also the focus of the Physics Beyond Collider study at CERN [1].

One year ago a small kick-off workshop was organized at CERN called fiNear detector physics at
neutrino_experimentsé (18-22 June) [2] with only about 20 key participants, but a clear picture
and strong interest emerged from that meeting. They offer a large discovery potential, explored in
depth, in searches for light exotic mediators, light dark matter, MeV range neutrinos and HNLSs,
the sensitivity to new physics of trident event production, and to non-standard neutrino
interactions, as well as potentially very interesting classical Standard Model type of
measurements. HNLs are a very popular extensions of the Standard Model aiming to explain
baryon asymmetry in the Universe, neutrino masses, and dark matter and it should be noted that
they are one of the main targets of the SHiP proposal at CERN, see [3].

New physics can be probed with near detectors via the following processes (See Fig 1.).
Neutrinos created as described above could mix with new, perhaps right handed heavy
neutrinos, if kinematically allowed. Hence some of these neutrinos may turn into HNLs that can
potentially live long and decay in the near detector. BSM particles like dark photons can be
produced directly in the decays of the produced light mesons and may decay in the near
detector. Other new light particles than could be produced in the beam dump are for example
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light dark matter and milli-charged particles. The latter are foreseen in the case of a dark sector
that has its own QED which kinematically mixes with the Standard Model QED. Such stable light
BSM particles can interact in the near detectors via elastic or inelastic scattering processes with
the target electrons and nucleons.
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Figurel: Schematic view for BSM physics opportunities with neutrino near detectors

New generator tools - such as MadDump- are being developed as well, which should facilitate
experimental groups to perform such studies. In all, this first workshop was just the tip of the
iceberg, showing there was a significant potential for such searches at near detectors in neutrino
beamlines. This led to a larger and more open workshop organized at FNAL called fiPhysics
opportunities in the Near DUNE detector hall (December 3-7)0 [4], gathering about 80
participants. New topics were discussed in detail, such as the exciting sensitivity to light dark
matter in the DUNE near detector, new ideas and sensitivity tests for discovering milli-charged
particles specifically in Liquid Argon TPCs (Fig. 2), sensitivity to scalars with B-L charge that can
lead to several interesting phenomena: new decays, beam-strahlung, dark matter, etc. Moreover,
precision Standard Model measurements in neutrino scattering are part of the rich slew of
physics topics offered by the near detector capabilities, such as measurement of sin2 dW and
electroweak physics, strange sea and charm production, measurement of strange sea
contribution to the nucleon spin &s, and more.
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Figure2: An example of BSM physics reach with different present and future possible
experiments for the search of milli-charge particles related to a dark QED model. The
reach is shown as function of the fractional charge and particle mass. [5]

Finally, the community interested in searching for new physics with present and particularly
future accelerator-based neutrino experiments, gathered together for a 2 day topical working
meeting in Arlington, Texas on iNew Opportunities at the next Generation Neutrino Experimentsd
(April 12-13). The purpose was in particular to prepare a first white paper. About 45 authors have
compiled a paper that will be published on the arXiv in the next weeks.

The next-generation neutrino experiments definitely offer new opportunities, and a systematics
mapping of the sensitivities for searches for new physics scenarios is a next goal. Obviously, the
presently designed near detectors have not been optimized for such a program but are driven by
the requirements of the core neutrino oscillation program. Modest detector additions, e.g., adding
precision timing detectors, could strongly enhance the capabilities. Compared to the beam facility
proposed for CERN in the North Hall, eg for the DUNE detector we expect to get more protons
on target (1-2E21 POT/year) but the beam energy is considerably lower and the position of the
detector is more than 500 meters from the dump. Hence eg for HNL searches the near detector
will focus more towards smaller masses, up to 2 GeV or so. There will be certainly an interesting
complementarity among the different search experiments in the low mass region, all expected to
start around 2027!

Further reading

[1] arXiv:1901.09966

[2] https://indico.cern.ch/event/721473/

[3] EP newsletter: https://ep-news.web.cern.ch/content/hunting-right-handed-neutrinos-new-g...
[4] https://indico.fnal.gov/event/18430/

[5] arXiv:1806.03310

The GEMs of CMS
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by Archana Sharma (Project Manager CMS Muon GEM Upgrade, CERN)
PDF version

To prepare for the higher collision energy and luminosity of the subsequent running period of the
LHC significant improvements are ongoing in the CMS detector. One of the planned upgrades is
the installation of large-area GEM detectors in the forward muon region. Following an extensive
R&D program since 2009, Triple GEM (Gas Electron CMS GEM Upgrade Multiplier) chambers
have been developed as the optimal solution for three detector stations of the CMS Endcap.
GEM technology has been successfully used in the past years in high-energy experiments
including STAR, TOTEM and LHCb. The CMS GEM Upgrade project represents the next major
step in the evolution GEM detector systems, both in terms of detector size and quantity, from a
small number of medium-sized detectors to a large number of large-sized detectors. The
sensitive area covered by GEMs in these three upgrades would be ~ 350m?, totaling around 720
detector modules and about 1000m? of GEM foils.

The GEM detector can operate in the high-rate environments of Run 3 and HL-LHC and provide
precise tracking thereby improving muon momentum resolution. This is done by exploiting the
measurement of the bending angle of muons that emerge at an angle of around 10A relative to
the beam axis. The adopted triple-GEM technology consists of a stack of three GEM foils
interspersed at a distance of few mm enveloped in an argon carbon dioxide gas mixture
delimited by drift and readout electrodes. The GEM foils are made of a metal-clad polymer with a
thickness of 50 em, chemically etched with millions of holes, typically 50 to 100 per mm.
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Figure 1. (a): Scanning Electron Microscope (SEM) picture of a GEM foil (left). and
schematic view of the electric field lines (b): Principle of operation of a generic triple-GEM
chamber and definition of drift, transfer, and signal induction gaps. Stack of three foils
arranged in tandem for sharing maximum operational gain within the drift and readout
electrodes separated by mechanical frames.

When muons pass through a GEM detector, gas molecules within the detector are ionized and
release electrons. These electrons drift towards the holes where they experience the very
intense electric field inside the holes thereby acquiring enough kinetic energy to produce
secondary ionization in the gas. This produces an electron avalanche process, which induces an
electrical signal of the readout strips as shown in Figure 1. With three foils in tandem the
multiplication process is shared, thereby improving stability against any possible discharges in
the detector.

To meet the requirements of the CMS experiment, an early Phase 2 upgrade with 144 one-meter
GEM detectors have been produced and are scheduled to be installed in the CMS endcap during
2019-20. Given the large number of detectors and the complexity of this technology, a very
comprehensive and stringent quality control process has been established to ensure good
performance and timely production of all the components.
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A 5-year R&D programme resulted in five generations of prototype detectors that were built and
tested between 2010-2014. Thanks to the knowhow and technical experience accumulated, the
R&D programmes demonstrated that large-area GEM foils can be reliably manufactured and that
using these foils for building triple-GEM detectors can satisfy the required performance. For
CMS, an innovative technique of stretching foils to build detectors without glue was elaborated
and validated over several versions of prototypes. The details of these approaches is
documented in a technical design report submitted and subsequently approved by CMS and
LHCC : CERN-LHCC-2015-012.
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Figure 2. Top: Main steps of the GE1/1 chamber construction after several iterations
2010-2015. Bottom Left: Final chambers after closing. Middle: 10 chambers ready to go for
installation for Slice Test in CMS (2015-2017). Right: Cosmic tests before final installation.

Once the procedures of construction, assembly and validation tests with rigorous quality control
procedures had been established several production sites from all over the world participated in
the production. Extensive training workshops were held at CERN in the CMS GEM laboratory to
train all the teams at the respective production and satellite sites. Apart from CERN the
production sites include Gent in Belgium with Aachen in Germany, INFN Bari and LNF Frascati in
Italy, Florida Institute of Technology in the USA, Bhabha Atomic Research Centre (BARC),
Panjab and Delhi Universities, and Saha Institute of Nuclear Physics in India, and National
Centre for Physics in Pakistan. The flow of detector components from and to the production sites
was streamlined and well documented in a Database. Once the detectors were complete at the
sites, they were sent to CERN for final certification. In a period of about two years 144 chambers
were completed and are all at CERN presently undergoing the last stages of the quality control
chain. An interesting observation is that the uniformity of all these detectors has been measured
to within 15% as specified and expected at the technical design. Kudos to the meticulous work of
all the production site managers and their teams.
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Fig.3 : Left: LHC Event display with the Slice test GEM detectors. Middle: Production sites
validated from all over the world. Bottom: 144 chambers ready for final validation with
cosmic tests before installation in CMS.

Ten chambers were assembled in the final configuration and installed in CMS during a year end
technical top in 2016, as a fidemonstrator slice testd. The exercise served extremely useful in
terms of all the feedback that has been injected towards the final installation and commissioning.
An event display is shown in Fig. 3. In the CMS GEM lab attention is fully focused on the final
integration of the electronics and validation of the performance of the detectors. The technical
coordination team is working towards the installation of the first station GE11 imminently. iWe
need to install the chambers, but also the associated infrastructure, such as the gas, electricity
and cooling distribution systems,0 explains Michele Bianco. iWe also plan to install the
infrastructure required for the 288 future chambers that will be installed during the 2021-2022
technical stop. Then, during Long Shutdown 3 (between 2024 and 2026), 216 more modules will
be added.o A first full prototype with four working modules has been, tested and trial installed in

Fig. 4: Left: Preparation towards the second station of GEMs in CMS- single module.
Middle: A complete GE21 Detector. Right: Installation exercise for GE21.

The installation of GE1/1 is an important milestone for the full CMS collaboration since it
represents the first full Phase Il Upgrade detector, with a completely new detector
technology for CMS0, says Anna Colaleo, CMS Muon System Manager. Thanks to the vibrant
and committed global collaborative R&D effort of the nearly 40 Institutions, the first leg of this
upgrade namely GE11 is currently on schedule and will be installed and commissioned in LS2
and pave the way for the next two stations.



HIE-ISOLDE: a unique window into the nucleus
by Karl Johnston (CERN)

PDF version
With the recent completion of the second phase of HIE-ISOLDE, CERNis ISOLDE facility has a

machine capable of answering long-unanswered questions about the nature of the nucleus. The
installation of 4 cryomodules in 2018 allowed for the acceleration of radioactive isotopes up to
7.4 MeV/u for Alg = 4.5. This new accelerator, in combination with ISOLDE{s expertise for
producing radioisotopes, allows for the re-acceleration of the widest variety of radioactive
isotopes worldwide.

The ISOLDE community is now beginning to take advantage of these new opportunities offered
at HIE-ISOLDE to peer into the nucleus with a fresh eye. The first two papers from HIE-ISOLDE
experiments have recently been published and highlight its potential in two different experiments,
both employing the Miniball gamma detector array which can be seen in figure 1.

Figure 1: The Miniball array, used for all the measurements described in this article.

The first results arose from 1S551, which reported on the Coulomb excitation of the very
neutron-rich *Sn, an isotope with 50 protons and 82 neutrons [1]. This nucleus has been long
identified as a doubly-magic nucleus, but never directly proved to be so. Of the 3200 known
nuclei, only 10 possess the properties of being doubly magic: displaying increased stability
compared to their neighbouring isotopes due to the perfect filling of proton and neutron shells
within the nucleus (similar to the electrons filling atomic shells, making the noble gasses the most
stable and least reactive of all elements). The importance of studying **Sn extends beyond
nuclear structure: it is also at a critical path in the r-process, which governs the astrophysical
process for the production of elements heavier than iron in the universe. The production path
around =2Sn is not fully understood; the precise study of this nucleus is therefore also crucial for
nuclear astrophysics. The recent results have shown beyond any doubt that it is indeed
doubly-magic.

The experiment employed a novel production technique for the radioactive isotope, using a
molecular form of Sn T in the form of *»Sn*S. This allowed the experiment to obtain a purer beam
of2Sn, because the unwanted isobaric **Cs does not form such molecules, and therefore is not
present after the mass separation of a mass 166 beam. The molecule was subsequently broken
up in the low energy part of the HIE-ISOLDE accelerator before the 132Sn beam was
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re-accelerated to an energy of 5.45MeV/u and directed onto a **Pb target in the vacuum
chamber inside the Miniball arry. This reaction excited the nucleons in the 132Sn nuclei to
higher-energy states. These collective excitations, which have low chances of occurring,
decayed with emission of gamma-ray photons, which MINIBALL detected. By analysing the
number of gamma-ray photons detected, the authors measured the strengths of these excitations
with an order of magnitude higher precision that before, thanks to the reaction being more
probably at these higher beam energies. From these transition strengths, they found more
pronounced excitations in *2Sn compared to those of its nuclear neighbours. This was as
predicted by theory and is a crucial feature of doubly magic nuclei. It thus confirms the doubly

magic nature of *2Sn. An example spectrum is shown in figure two, where the key gamma rays
are indicated.
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The second paper reports on the Coulomb excitation of even Rn isotopes and is from experiment
IS552. Nuclei are known to take on many forms and their shape is dependent on the underlying
nuclear structure. E.g. doubly-magic nuclei like **Sn are spherical, but others cn be prolate
(rugby-ball-like) shaped or oblate (pancake-like) deformed. An additional category are nuclei
which lack the reflection symmetry of the rugby-ball-like or pancake-like nuclei; these nuclei can
take an octupole (pear-like) shape. Nuclei with such an asymmetric static pear-like shape have
attracted considerable interest for their role in the search for permanent electric dipole moments
(EDMs), as such a moment is expected to be amplified in octupole deformed nuclei. Ra and Rn
nuclei have been identified as suitable candidates in the search for EDMs and, when the isotope
possesses a static octupole shape, the nuclear Schiff moment due to a non-zero EDM, could be
enhanced by a factor of 100-1000. The identification of pear-shaped nuclei is already a
specialism of ISOLDE: the observation by Gaffney et al [2] of static octupole deformation in the
isotopes of 2“Ra and »Ra was a milestone measurement a few years ago. Now, a new paper

builds on this work, and reports on the first spectroscopy of the excited states of even Rn
isotopes: 2*Rn and #Rn [3].
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Figure 3: (a) Gamma spectrum from the even Rn isotopes measured at HIE-ISOLDE. (b)
Cartoon of phonon coupling in octupole deformed nuclei and the difference in aligned
spin for negative- and positive-parity states in 2¢2Rn. The dashed line at ix=0 is the
expected value for isotopes possessing static-octupole deformation, indicating that the
investigated Rn nuclei do not possess this property.

Rn beams were produced by irradiating a ThC target coupled to a cold plasma ion source. The
ions were reaccelerated to 5.08MeV/u and directed towards a target of *»*Sn. The re-acceleration
T and indeed production T of such heavy ions is unique to ISOLDE worldwide and is among the
many aspects where ISOLDE continues to lead the field for radioactive ion beam facilities. A
typical spectrum is shown in figure 3 showing the rich gamma spectrum under consideration.
Unlike other isotopes T such as #*Ra, which display static octupole deformation [2] T the Rn
isotopes do not display this property. Thus, these isotopes are less sensitive for searches for an
EDM, contrary to earlier claims.

HIE-ISOLDE has already shown with these first two results the impact which this new accelerator
will have, not only in nuclear physics, but beyond. A rich bounty of results is expected from other
experiments which have had the opportunity to run before LS2 including the ISOLDE solenoidal
spectrometer and the versatile scattering chamber. The first experiments undertaking transfer
studies at the high energies offered by HIE-ISOLDE are still being analysed and the user
community is eagerly awaiting the restart of the machine after LS2 when it can be exploited to its
full potential.
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DT group: A year in review

by Panos Charitos

PDEF version

In the beginning of June, the EP-DT group has published its Annual Report summarizing its
yearly activities and offering an overview of major achievements and future collaborative
plans.

The Detector Technologies (DT) group comprises expertise in many key domains for
advanced detector systems and engages in several detector projects both for LHC and
non-LHC experiments. Moreover, it operates services for detector operation and
infrastructures for research & development open to all CERN users around the world. The
DT group is also involved in R&D for future experiments.

Burkhard Schmidt, DT group leader, notes: fiThe 2018 annual report reflects the high
motivation of the group. The work is carried out in close collaboration with teams from CERN
experiments who value DTis contributions. In the same spirit, we are eagerly looking forward
to a strong participation in the strategic R&D for future experimental efforts.o

One of the core activities of the group has been the participation to the upgrades of ALICE
and LHCb sub-detector systems scheduled for LS2. For ALICE, the upgrade programme
includes a new beampipe with a smaller diameter, a new Inner Tracking System (ITS), a
vertex tracker for forward muons (MFT), the upgrade of the Time Projection Chamber (TPC)
with GEM detectors, the upgrade of the forward trigger detectors and the upgrade of the
online and offline system. DT is involved in the upgrade of the new ITS. For LHCDb, the
upgrade includes a new VELO detector and the installation of a Scintillating Fiber tracker
replacing the current Outer Tracker (based on gas straw tubes) and Inner Tracker (Silicon
micro-strips). Finally, DT contributes to these upgrades and the ones for the LHCb upstream
tracker, RICH detector and muon system.


https://ep-news.web.cern.ch/printpdf/837
https://ep-news.web.cern.ch/printpdf/837

In 2018, the DT group continued playing an important role in the ATLAS Phase Il Upgrade.
The DT efforts focus on the mechanical integration of the Outer Layers for the new Pixel
Detector. For the CMS Trackeris Phase Il upgrade, as well scheduled for installation during
LHC LS3 in 2025, the DT group collaborates with the CMS team in the development and
construction of the Outer Tracker as well as in the CMS High Granularity Calorimeter
(HGCAL). Group members are also actively involved in the operation and upgrade of
non-LHC experiments including CLOUD and NA62, and provide technical support to
ISOLDE.

In 2018, the group was heavily involved in the preparation of a new strategic R&D
programme on experimental technologies, launched by the CERN EP department. The
programme builds on CERNis current expertise and covers the domains of detectors,
electronics and software together with intimately connected systems such as mechanics,
cooling and experimental magnets. These efforts are also reflected in the groupis
contribution to design plans for post-LHC colliders.

Finally, 2018 show a number of facilities offering sophisticated equipment for the
development of new detector technologies. The CERN Gamma Irradiation Facility (GIF++)
offers a unique place for detector R&D tests where a strong gamma source and a muon
particle beam are simultaneously available. Moreover the proton irradiation facility (IRRAD)
at the PS East Area concluded successfully the first run of this facility which is operational
since the LS1 with more than 2500 samples irradiated. During 2018, the proposal for the
extension of the GIF++ and the IRRAD technical areas was accepted. The year 2019 will be
dedicated to the thorough maintenance and upgrade of the various irradiation systems.
IRRAD is also part of the AIDA-2020 Transnational Access (TA) to irradiation facilities
program that provides funding for external users to perform their irradiation tests at CERN
and as of today 18 projects and 76 users have been given access to test their components
under conditions that are as close as possible to real applications.

In 2018, new equipment was also installed in a number of other labs among which Thin-Film
Lab, the Bond Lab, the Solid State Detector Lab and the Quality Assurance and Reliability
Lab. A milestone for the DT group was also the installation of the Micropattern Technologies
workshop in the new building 107. This development will allow to continue with the mass
production of Micro Pattern Gas Detectors (GEM and MircoMegas) under much improved
conditions and according to the high standards requested by the experiments.

The 2018 Annual Report can be found HERE.


https://cds.cern.ch/record/2677325/files/AnnualReport2018_final.pdf

Exploring dark sector with NA64: First results from the combined
analysis of 2016-2018 runs

NA64
by Sergei Gninenko (Russian Academy of Sciences ), Paolo Crivelli (ETH Zurich)

PDF version
37Zk\arl _hk Jzkd Fzmrk bS—R izkm\erlh Zg AIngmhze Aqi~khFAgnZe “hze hk i Zknb\en
iarIb\Ik Zk~ ~gkbg™ bg Zg bgm k™ mbg™ InZ> AL $A i~ na Inkhg™ ZInkhiarlb\ze ~ob] g\
_hk Jzkd FZm~kh ehmme” b1 Inbge dghpg Z[hnn na” hkb™bg Zg] Jrgz-F\l h_nabl In[InZg\™ h_
hnk S5gbo”kI™

4a™ b ghb\zgn ~_hknl hg [hna Jok™\n Zg] bg]ok™\n 1°zk\a™l zn ma” , (# Zg] hmak
1°10\2n"] ~qi~koFAgnl Zkhng] na phke] azl kne™] hnn FZgr $— Fh]”ell [nn aZo™ ghn
r’n ri*e]~] ngZF [ nhnl $— 1b gZelt 0°kazi Ik na™ F2Zbg Jb_b\nenr nazn abg] kI ikh k11
d M ibg™ ma® Frivkr Zkhng] $—A4bl nazn tn \Zg hger [* Inn]b~] nakhn™a tnl ~kZobnZmhgZe
bgnkZ\nbhg pbna hk]bgzkr FZm ki 4a~k™ hk™ na” b]~Z h_ bgnkh]n\g™ Z g*"p pZr h_
bgmkZ\nbhg [“np”g Jzkd Zg] oblb[er FZm ki bg Z]Jtmbhg nh “kZotmrk hi~gl Z kZna’k
~g\bombg ™ iZna_hk Aqiehkznbhgt

3no”kzZe mahk mb\zZe Fh] el Fhmhozn ma™ ~gnrglbhg h_na” 3— [r bgnkh]n\bg™ ma \hg\"in
h_ Jzkd 1™"\nhkl \hglblmbg™ h_Z 1”"n h_ izknb\e* Zg] el pab\a bl 1bFbezk nh nazn h_na”
3= [nn nkzgl_ hkF ng]~k g*p ~Zn™ " Ir&Fki™ Zg] Th ghn bgn*kZ\n pbna na” 3—£ )g
ZgzZeh™r pina 1%$h_hk pab\a na® FZIeM iahnhg FAbZn na™ _hk\* [“np~g \azk™~]
i Zkn\el ma”k™ \hne] [~ Z 1Zkd 1%$ pina Z 1hE\Zee] JZkd iahnhg nazZn FAJ0ZnM Z_hk\»
[“np~g 1Zkd §Zkm\e*lE 3n\a Z ]Zkd iahnhg b1 18 \hne] azo™ Z FZII F,. @1 "6 Zg] n
\hne¢] \hnie® nh ma® 3— makhn a ma™ dbg™mb\ Fbghg™ pbma ma™ hkJbgzkr iahnhg
i ZkZF i kbs~] [rna™ Fogbg™ Ink~g na

)g na” ikMAg\A heb>an JZkd FZmnk i Zkno\erIk pina FZ1A E F,Ana” JZkd 1ahnhg \hne]
ik ThFogzgmer JAN\Zr bgoblb[er bgnh mahl” §Zkm\erlE —h] el bgnkh]n\bg™ In\a bgoblb[er 12
IMNZrl h_~k g™p bgnkb™nbg™ Th11b[bebmb™I mh ~qiezbg abgnl hg ZInkhiarIb\ze 16™gZel h_]zkd
FZm ke 4ar ZHInFA na” Agblng\™ h_ Z ]1Zkd iahnhg pbra Z FZ11 bg na” In[E* "6 k”“bhg
Zg] Z \hniebg™ Ink~g manh hk]bgzkr iahnhgl bgna®kzg™~h_  @u «EGast

4abl ZlInFimhg azl Fhmozn] Z pb]” kzg™ h_b]~ZIl Zg] ikhihlzZel nazn pk™ pb]~er
ToN\nlI~] Inkbg™ ma”® Oarlb\l "*Arhg] #hei]~kl ZggnZe phkdlahi Zn #%2 .t Okhihlzel
bg\en]” b]~Z1 _hk Jzkd _hk\*l Zg] hma~k whknzel [“mp”g na” oblb[e™ Zg] 1zkd 1”™M\nhkl
pat\a b an [* ikh[*] Znehp ~g”k"rh ab>at ik \olbhg ~qi ko F gnl Zn #%2 - 11 303t

/g” h_na”™ g~k F gnl nazn ZmkzZ\nN] ghm\~Z[e™ Zm~gmbhg Jnkbg™ ma™ O**# F g™ pZl
- yyin pzl JMM°g”] _hk Z [khzZ] 17°Zk\a _hk Jzkd I”"\nhk iarIb\l [r ehhdbg™ _hk Follbg”
~g~KC T Aorgnl nlbg™ man Z\ho [AZF InFi ZiikhZ\at . 1yy pZl Ziikho”] bg GGy Zg]
ml kb FZkr “hze pZl nh 17°ZK\a_hk bgoblb[e* JM\Zr1 h_]zkd iahnhgli\ho”khg™ Z ezk™~ 1 Zkn
h_ma™ iZkZF 7k 1iZ\™ _hk Aqichkbg™ na™ h[1°ko”] Fnhg “EG ZghFZert


https://ep-news.web.cern.ch/tags/na64
https://ep-news.web.cern.ch/printpdf/850
https://ep-news.web.cern.ch/printpdf/850

4an™ [ZIN\ b]~Z bl ma™ _heehpbg™h b Jzkd iahnhgl PR Agbln mar \Zg [* ikh]n\~] obZ na”
dbg™mo\ Fbgbg™ pima [k FlInkZaeng™ iahnhgl makhn™a ma™ k"Z\mhg e Nez Il o
ab atrg™kr feMakhgl INZmkbg™ h gn\e™ p:R khF Zg Z\mo™ nzk™ ik 4anl phe [
_heehp”] b FFAJbzZner [r ma™ J™M\Zr h_ 1t .. bgnh Jzkd FZm~k izknb\er . E4an |
phne] i7g”nkzn™ Z akF b\ ] ™\nhk eh\zn] ThpgInk”ZF na™ nzk™~n pbmahnn bgn*kZ\nbg ™
Zg] phne] \Zkkr ZpZr Z kZ\mhg h_na™ [*ZF ~g™k™rt 4a™k™ hk™ h[17kobg™ Zg ~q\ 1 h_
no~gnl pina ezk™~ Follbg™ g™k r Z[ho™ 1FZee [Z\d khng]l phne] Ib”gZe ma”™ ikMNMg\»
h_Jzkd iahnhgli —hk~ho”kk th ~glnk™ nazn Zgr ~g\*I bl In” nh na™ Gad =26 ~e™Makhgl
na™ ~"Fm~] Irg\akhnkhg kZ]bzmhg kh® man [AZF bl nI”] nh nZ™ ~Z\a ~™\nkhg
bgJbob]nzeer Zg] [~rhg] Zgr Thn[nt

4a™ m\aghjn” h_h[1"kobg™ Follbg™ ~g”k™r bg ma™ ikhIn\nl h_ab™atrg”k™ r bgn~kzZ\nbhgl
\nkk~gmer [?bg™ “qiehk™] [r - 'yy hg Zg "e™\nkhg [*"ZF pZl inn _hkpzk] Jnkbg™ ma”
Oarli\l "~rhg] #heet]~kl do\dEh_ phkdlahi bg GOay: 4anl Ziikhz\a \hFieMF gnl
\eZIIN\Ze [*ZF InFi1 ~qi~ke® Agnl Zg] tkhob]™M Fn\a [*m~k 1°glimbotmr _hk Z 1a7\b b\
1ZkZF Mk 1iZ\E g nat \ZIN h_ [AZF InFi ~qi~kiF gnlh na” ikh]n\nl h_]zkd iahnhg
IMNZrl b iAE hnak JZkd 1°\nhk §Zkno\e* I8 \hne] i~g”nkzn™ na” InFi Zg] azo™ h[17koZ [er
bgm*kZ\mbhgl bg Z Zk ]~k

10-2 T e =
E?a?,Eadgt_;-[
11 \'" ll "II
GsGavored 'I
10-3 F_*_;: s
s
&
104
" NAG4
10-3
10-3 10-2 10-1 1 10
1 0 00y . 000

ECQNA %S =A; HEKERBPTKBOMNIAPDA ?KI>EJA@ %»Y%AcYH»YA N

1yy [*Zg hi”kzZmhg bg *ner Guay _hk Z i7keh] h_nph pMdl Zg] \h-FieM™] ol 1arib\l
ikh kZFF" phna Z IhgEp~d kng bg GUGEE 4a™ *ner k™ Inenl p~k” in[ebla™] bg Oarlt 270t



,/\mE bGUUAR Zg] ~g\en]” oZen™l h_ma” ]Zkd iahnhg b1 § \hnieg™ nazn phne] FZd™ ]zkd
iahnhgl k*ezmo™ hk ~qiezbgbg™ ma™ Fnhg “EO Zgh®FZert 7ate™ ghn kned)g™ hnn ma”
~gblnrg\™ h_ Jzkd iahnhglh ma™1~ kMnenl 12ko” ZI Zg bFihknZgn ]~ FhglnkzZmhg h_nan
AZIb[betmr h_ ma”™ - lyy ZiikhZ\a Zg] “ho™ "nb]Zg\* _hk ma® nkma”k ni kZ]”N h_man
T n™\nhke 30" gb b\Zgrer Fhk” JZnZ Z\\nFnezn\] bg GUGAEGUGA pina bFikhon] ZiiZkzinl
Zeehp”™] nh 17°Zk\a _hk 11 ZI Z ®7]bzZnhk h_ Jzkd FZm*k 1kh]n\mhg bg bgoblb[e® ]™M\Zr
Fh]~ Zg] hnak bgoblb[e® JN\Zrl h_ JZkdEl™\nhk §Zkm\e*E 4a~ \hF[bg"] - 1yy [hng]l
_khF Guaytaaaa kngl hg na” o £ 11 Fhghg™ Zk” lahpg bg &bF Gl pate™ g™p erfiml hg na”
1ZkZF "k 9 Zk™ lahpg bg &b0°t OF 4abl ozkbZ [e™ \azkZ\n"*kbs™I ma™ \kh 11 1"\mthg _hk na” $—
Efeé 3— Zgghabezmhg Zg] bl \hgo~gh*gn _hk \hFizkilhg h_ k*nenl kh® hna’k
~qi~kirFAgnlh Zelh lahpg bg &7t OF 4a” [e2\d \nko”l \Ze\nezi™] _hk na™ I\Zezkl —ZchkZgZ
Zg] OI1™n]hESkZ\ $— k™eb\ Z[ng]Zg\™ kr ik A gnl ma™ 9 iZkZF k 112\ pab\a bl Zg
Aqieh\imnzk™~n_hk - 1yyt

107

CHGR09 99 93

10-3 101 1671 1
0 0 M (00

ECQNA %S =A; ?KJOPN=EJPO KJ 0Q>< A BNKI PDA ?KI>E

/79" \Zg 1" nazn . 1yy ikhob]~ ma” [“n Inkbg™~gn \hglnkZbgnl hg [hna ozkbz [e"I4
Zg] 94 hkma 17zg] $— FZHM bg na” In[E" 16 kA b 4anlh ]~ FhglnkzZmg™ na” ihp”k
h_ma” Z\mo™ ["ZF InFi ZiikhzZ\a hk na™ Jzkd FZm"k 1"°Zk\a \hFi1Zk"] nh na”™ \eZ1160\Z¢
["ZF InFi ~gi~kF gn In\a ZI ,3_$l %G0Al Zg] —bgh'*hh % 4a” nkna™k “hZeh_ . 1yy
bl mh Z\\nFnezn™ ni nh eau= e \nkhgl hg nzk™n p%/4R8 Z n"k ,30 bg hk]"*k mh ikh[~ na”
k" FZbghg™ $— i ZkZF Mk 1iZ\N lahpg bg &bt OF

4a™ 1”°Zk\a _hk JZkd iahnhgl bl hg™ h_ Fzgr ZiikhZ\a”l _hknkrbg™ nh J2m™\n ] Zkd FZmk
4h]Zr p” azo™ Z kZib]er “khpbg™ ozkvnr h_ Fh]”el In™"~lmbg™ g*p iZkmb\eMl pZder
\hni¢™] nh erinhg Zg]@hk jnzkdl Iheobg™ na™ $— Zg] hnak ikh[erFl bg i Zkmb\e® iarlb\l:
)g hk]”k nh Ink~g~ma’rg ~qi~kiF gn hi”kzmg™ bg In\a ngninze linnZmhgh p~ nahn™an h_
lyy ZL b Z gp nri™ h_ ~Aqi~kb® A gn Z[e” nh ikhob ]~ Z gnb\d kT ihgl” bg mMmbg ™ mar I~
Fh]”elt

&hk gz FieMh bg Guay ma™ Aqi~kiFAgn h +kZlsgZahkdZr ~n Zet bg 14/ —+) azl k*ihkn]
h[17kozmhg h_Z yta * ~gq\*I1 h_~o”gnl bg na” bgozkbzgn FZI1 Jolnkb[nmhgl h_ "™ e i Zokl



tkhn\"] bg ma” ="~y ~gm™] Inzn gn\e~zk nkZglbmbhgl mh bml “khng] Inzm™ Z\\h-Fizgh"] [r Zg
~Follbhg h_ Zg ~eeobZ bgikgZe 1Zbk \k~Zmbhgt In azl [*g lahpg nazn nabl Zgh¥zer \Zg [*
bgnkik ] 21 Zg ~Follbhg h_Z g"p “Zn~” [hlhg P8R _heehp™] [r bl ikhFin J"\Zr8 /e
Zg] ikhob]” Z izkm\e™ sarlo\l ~gqiezgzZmhgl h_ ma™ Zgh®Zer mazn bl \hglbln*gn pbna Zee
Agblmbg ™ \hglnkzognl [ZI™] hg ma” ZIInFinbhg nazn bnl \hniebg ™ nh ~eM\nkhgl bl bg ma™ kzg™" h_
adausE  E Giydat«zg] FZI Fsd ayiA =76t 4a” Fh]2el ik~ ]o\n k~ezmo’er eZk™~ \azk™ ]
erinhg \hnieg 1 ~ @iEQ0d nazn \Zg Zelh k*lheo™ na™ Fnhg “EQ ZghFZert

)g QUUAEGA Z .~k Z ]M™\nhk k™\hg b nkzmbthg - 1yy azZl Z iarlbi\l kngl nh h[nzbg JZnZ _hk
1°Zk\abg™ hk ma® 8 zg] 1t A~ IMNZrl pbna GOUEGpU "6 ~™nkhgl Zn na™ (y ehg” bg
#%2 .11 .hkna Yk~Zt 4a” ik~ ebFogzkr \nF[bg” ] k™ Inenl ~gq\en]~] na” 1b™gh b\Zgn iZkn h_na” 8
[hlhg iZkZF Mk 1iZ\M Zk~ lahpg bg &0°F U Zg] 303# k"\hFF~g]~] na® \hgmgnZmhg h_ 1t
Zg] 8 1”°zk\a”l pina JZnz _kh+F na™ Gudd kngt

Ighnak ~qZFien bl kNezi™] nh na” Fnhg P EGR.ZghFZerl pai\a bl ng]”k Fhk” Z\\nkzm®
Innr [r na™ \nkk*gner kngghg™ ~qi~kiF gn %AGA Zn & . 1, Zabe” na™ 11 AqieZgZnbhg h_
na™ Fnhg “EG Zgh®Zer azl [Mg kne*] hnn [r - 1yy Zg] “'Z'"zkh nak™ bl Inbee hg?
kA FZbghg™ bgn k™A mg ™ AqiezgzZibhg ikhot]~] [rma” , U ,, Fh] e

10°2

Ty -I T I,/'
__IS_EE)E 2013 s
N r
~ S
N o
/“\_HADES™J
Y s |
/" PRENBX
- .\'\.._ ! .///“ LB '| |
& \ /""T’/ \ | /BaBar
&> //,z‘(_.. | SEED' V 3
// I;,I. L]
R # g
e P
“r,,'wt/., /
b \///"
i//

- NA64 |

E141 ;

10-2 10-1
i 0 Ol . [T

Figure 3. Na64 preliminary combined results from the 2017-2018 runs on the search for
the 16.7 X boson from the 8Be anomaly and AE -> e+eT decays of dark photons.
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The discovery of the Higgs boson has ushered in a new era of exploration at the Large Hadron
Collider (LHC). Persistent tensions in the Standard Model (SM) of particle physics compel us to
seek out physics beyond the SM (BSM) at the TeV scale, and the Higgs boson provides us with
a potential portal to new physics. A number of BSM models have been proposed as a solution to
these existing tensions. For example, new, massive particles may couple to the SM Higgs boson,
producing exotic decays of the SM Higgs boson or enhancements to the production of the SM
Higgs boson.

Since the Higgs boson discovery, there has been a significant campaign by the ATLAS and CMS
collaborations to measure all aspects of the newly discovered particle. The mass of the Higgs
boson was not predicted by the SM, but it has been measured by the ATLAS and CMS
collaborations to be 125 N 0.21 (stat) N 0.11 (syst) GeV. Given its mass, all production cross
sections, couplings to other SM patrticles, and decay rates of the Higgs boson are predicted by
the SM. In addition, the SM Higgs boson is expected to be a scalar particle (spin-0 and even
parity) with no electric charge, arising from a single Higgs doublet. Nearly all measurements thus
far have confirmed that the particle is indeed the Higgs boson predicted by the SM. Figure 1
shows the measurements of the Higgs boson production and decay rates in a variety of channels
from the ATLAS detector, which have mostly been measured to be SM-Higgs-boson-like.
Nonetheless, as can be seen in Figure 2, the latest constraints on the decay of the Higgs boson
to invisible particles, in addition to other measurements, still leave room for significant BSM
effects.






