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Subject: Summary of OSQAR First Achievements and Main Requests for 2008

Abstract - In the first paragraph, OSQAR foremost achievements are summarised together
with a brief reminder of its scientific context. In the second paragraph, activities planned for
2008 are briefly reviewed including the expected scientific results. The third paragraph is
devoted to the requests addressed to CERN as the host laboratory and as a collaboration
member of the OSQAR photon regeneration experiment.

1. Summary of OSQAR First Achievements

Recent intensive theoretical®?:34267:8:9.10.1L12 anq experimental ™41 studies shed light on

possible new physics beyond the standard model, which can be probed with sub-eV energy
experiments. They were mainly triggered by the observation of the PVLAS collaboration™’,
eventually disclaimed™*®, of a rotation of polarization for light propagating in the vacuum
permeated by a transverse magnetic field. The OSQAR project®® proposed to investigate such
possibilities at CERN by re-using superconducting dipole prototypes and related infrastructure
developed for the LHC. The state-of-the-art superconducting magnets will be combined to
innovative optical techniques to provide unique opportunities in the emerging field of laser-based
particle physics.

1.1. OSQAR Photon Regeneration Experiment

As a short reminder, the OSQAR photon regeneration experiment is based on the
following underlying mechanism. When submitted to a transverse magnetic field, properly
polarized photons can couple to weakly interacting scalar or pseudo-scalar particles like axions to
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undergo quantum oscillations® in a similar way to neutrinos. If an optical barrier is introduced in
the light path, only photons converted into scalars or pseudo-scalars will not be absorbed and can
be regenerated on the other side of the barrier, allowing their detection as “a shining light through
a wall”?. For this and as a first step, a LHC superconducting dipole providing a field up to 9.5 T
over 14.3 m was equipped with an optical barrier at centre. As a new way to amplify the photon-
axion conversions, the magnet aperture was filled with nitrogen gas at a pressure allowing
resonant conversions compatible with the PVLAS results. At one magnet end, an 18 W Ar+ laser
was installed and aligned with a CCD LNy-cooled detector sitting on the opposite end. As a result,
no regenerated photon was detected. New bounds for mass and coupling constant for purely
laboratory experiments aiming to detect any hypothetical scalars and pseudo-scalars which can
couple to photons are obtained at 95% confidence level (Fig.1). These results were presented
during the 3 Joint ILIAS-CERN-DESY Axion-WIMPs training-workshop, which was held at the
University of Patras in Greece on 19-25 June 2007% and submitted recently for publication®. It
should be emphasized that OSQAR was the only collaboration that presented during this
workshop and before the PVLAS retraction*® null results from a photon regeneration experiment
sensitive to both scalar and pseudo-scalar particles i.e. with light polarization perpendicular and
parallel to the magnetic field respectively.

The photon regeneration experiment was also performed within vacuum and preliminary
analysis confirms, only partially at present, the null results obtained within gas (Fig.1). Problems
mostly related to the cryogenics operation of the SM18 test hall, which will be briefly reviewed in
a dedicated paragraph, prevented the accomplishment of this study in summer 2007. Additional
experimental runs planned for the end of 2007 could allow further increase of the present
exclusion region in the axion mass versus di-photon coupling constant parameters space.
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Fig. 1. OSQAR photon regeneration results in gas, in vacuum and expected for 2008 with 2 LHC dipoles.
The PVLAS ““island” is unambiguously located inside the exclusion region obtained with the OSQAR photon
regeneration experiment using N, gas as an amplifier medium. The present reference results from the BFRT
collaboration® is also shown as a baseline. From a preliminary analysis, rather conservative, results
obtained in vacuum are comparable with the BFRT ones and a deeper analysis is on-going.



1.2. OSQAR “n-1” Experiment

Concerning the part of OSQAR related to the measurements of the Vacuum
Magnetic Birefringence (VMB) and dichroism, M. Kral from the Czech Technical
University of Prague has succefully defended his Ph-D® the September 18". The
feasibility study of the VMB measurements and the prototyping phase are both
conclusive. The next phase is the realization of the mirror supports with the tuning
mechanism and this will be pursued by Czech and French teams of the collaboration.

2. Planned Activities for 2008
2.1. OSQAR Photon Regeneration Experiment

Two main activities are intended to be conducted at CERN in 2008 for the OSQAR photon
regeneration experiment.

The first one will focus on the preparation, installation and running of the experiment
with a first upgrade configuration based on the simultaneous use of 2 LHC dipoles. Physics runs
in 2007 for low mass axion and Axion Like Particle (ALP) searches were conducted using a single
LHC dipole. A significant improvement of the sensitivity of the experiment, i.e. by a factor of 2°,
can be obtained by doubling the light pass in the magnetic field®. This will allow to explore in
2008 a virgin territory in the Axion and ALP parameter space of purely laboratory experiments.
To further increase the experiment sensitivity, the time integration of the photon counting will be
increased and dedicated shielding on the top of the CCD detector will be installed to reduce the
number of spurious signals coming from cosmic rays. Results from preliminary calculations are
shown in Fig.1. None of the other photon regeneration experiments running around the
world®***1° js competitive with OSQAR for axion mass below ~10eV. The results of the
feasibility study assess the possibility of using two LHC dipoles and related infrastructures for a
twice longer photon regeneration experiment. This will be briefly presented in the next paragraph
together with our main requests.

The second activity planned for 2008 will deal with dedicated R&D to prepare the 2™
upgrade of the OSQAR photon regeneration experiment. The sensitivity of the experiment will be
further improved by increasing the laser optical power. The solution that will be developed
consists in building an extended cavity for the Ar+ laser to cover the whole length of the dipole
with its cryogenics connection box i.e. a total length of 19.6 m. With such a configuration
preliminary results® show that the optical power can be increase by a factor between 10 and 100.
The alignment of the lasing output beam of the extended cavity with the second LHC dipole is
difficult to realize and this work will be conducted for most of its duration with both dipoles at
room temperature.

2.2. OSQAR “n-1" Experiment

Activities related to VMB measurements will be carry on in the Institutes of the OSQAR
collaboration. In particular a Ph-D student supervised by Prof. L. Duvillaret has just started his
work at MINATEC to develop the foreseen optical fine measurement system.

3. Requests for 2008 and Afterwards

3.1. Cryogenics issues at SM18

For the series tests of all LHC superconducting magnets, the 18 kW cryogenic plant foreseen for
the sector 1-2 of the LHC was connected to the circuit of the SM18 test hall to provide the
required cooling capacity. Once series tests were ended, this cryoplant was connected to the LHC
and the old 6 kW one was re-put in operation. As there is no long term experience with this



cryoplant connected to the overall test facility, problems arose mainly due to impurities
contamination. The cold box was stopped several times preventing the cooling of the magnet
dedicated to OSQAR. The installation was completely warmed-up one time for an extended
duration and the problems seem now to have been solved.

With the 6 kW cryoplant, it is possible to furnish the cooling capacity for 3 LHC dipoles
at 1.9 K in stable regime or one LHC dipole at 1.9 K plus one stand for the RF cavities, this later
case needing confirmation. As a consequence, activities in the SM18 hall should be carefully
planed and prioritized to share the cryogenics resources.

As an information which might be addressed to the CERN management, the team of Ales
Srnka, from the Institute of Scientific Instruments of the Academy of Science of the Czech
Republic, recently joined the OSQAR collaboration and is willing to help the cryogenics operation
in SM18 if needed.

3.2. Slot allocation at SM18 and dipoles selection

Two test benches fully equipped with LHC type superconducting dipoles are requested to be
dedicated to the OSQAR project in the SM18 hall. As a result of the feasibility study, the unique
possibility concerns the benches B1 and E1 (Fig.2) for which it was carefully checked that a laser
beam can propagate within the curved apertures of two aligned dipoles. Two of the very first pre-
series magnets with numbers 1001, 1002 or 3001 will be chosen for the running of the OSQAR
photon regeneration experiment in 2008 in agreement with the AT/MCS Group Leader. Note that
all these three dipoles are not qualified to be used in the LHC.

Fig. 2. Layout of the LHC superconducting magnet test plant consisting of 12 test benches grouped in
6 clusters (A to F) in the SM18 hall. The benches B1 and E1 foreseen for OSQAR are labeled.



3.3. OSQAR requests to CERN

Activities related to OSQAR experiments are growing up rapidly and this will continue in 2008
and afterwards. Concerning personnel resources, there are essentially three requests to CERN. The
first two ones concern the host laboratory and the third one the member of the OSQAR
collaboration.

i) In the SM18 test hall, both selected test benches and dipoles are requested to be fully
operational with the required cryogenic cooling capacity and the dedicated personnel resources.
The minimum request for 2008 allowing the targeted results shown in Fig.1 is to have the 2
selected LHC dipoles at 1.9 K for 1 period of 2 weeks and 4 periods of 1 week each. It should
be emphasized that more time would allow further increase of the explored region in the axion and
ALP parameters space as the later grows with the integration time of the photon counting®.

ii) The second important request concerns the conditional engagement of CERN in
the approval of the OSQAR experiments for the coming 4 years period. This is typically the
duration of applications that OSQAR collaboration members are addressing to national
funding agencies.

iii) One FTE with relevant experience in magneto-optics and superconducting
magnets is needed, ideally from the second half of 2008. This person will be dedicated to the
coordination of various OSQAR activities in the SM-18 test hall including preparation, installation
and running of the experiment as well as the R&D phase for the next upgrades. She/he will also
contribute to the preparation of the approval by CERN of the overall OSQAR project, which is on
long term basis, with an ambitious and tough scientific program®. A possibility within the
European FP-7 framework is under consideration and was discussed with the Head of the
PH department.
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