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Abstract

For many decades the CERN North Area facility at the
2 Super Proton Synchrotron (SPS) has delivered secondary
~ beams to various fixed target experiments and test beams.
£ In 2018, two new tertiary extensions of the existing beam
-Elines, designated “H2-VLE” and “H4-VLE”, have been
« constructed and successfully commissioned. These beam
g lines have been designed to provide charged particles of
£ both polarities in the momentum range from 0.3 GeV/c to
§ 12 GeV/c. During the design phase, multiple simulation
- tools and techniques have been employed to optimize the
Ztertiary beam line layout in terms of particle production,
< transverse beam dynamics and particle identification on an
3 event-by-event basis. In this paper, a comparison of the
& simulated performance and the first measurement results
Q obtained during the commissioning phase are presented.
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INTRODUCTION

The CERN North Area facilities provides mixed second-
> ary charged particle beams in the momentum range of
3 0 10 GeV/e up to 400 GeV/e. In 2018, this spectrum has been
S - enlarged by two tertiary very low energy (VLE) beam
£ lines, denoted H2- and H4-VLE, extending the existing H2
O and H4 beam lines (see Fig. 1). These new lines are de-
E signed for providing charged particle beams of both polar-
*::) ities in the range of 0.3 GeV/c to 12 GeV/c. Their concep-
f tual design principles are described in [1] together with an
< 3 illustration of the area is presented. Presently, these tertiary
=> branches are serving two large-size prototype time projec-
i tlon chambers based on Liquid Argon technology, for the
2 future Deep Underground Neutrino Experiment (DUNE)
z[2]. In 2018, both new beam lines have been successfully
& commissioned. In the present work, measurements per-
S formed during the commissioning phases in both beam
Z lines are presented and compared with the lines’ simulated
£ performance, optimized both using beam optics codes [3]
gand fully detailed Monte-Carlo simulations. Furthermore,
= the particle identification potential of these beam lines is
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discussed using the instrumentation recently developed for
this purpose.

DESIGN AND INSTRUMENTATION

The generation of the tertiary particles requires the
transport of a secondary mixed beam, over about 600 m,
via the existing H2 and H4 beam lines to two secondary
targets, located at the beginning of the VLE beam lines.
The intrinsic coupling between the available momenta of
H2 and H4 secondary beams imposed the choice of oppo-
site charges for the two beam lines: for H2 (H4) a nega-
tively (positively) charged beam of 80 GeV/c was setup.
To optimize the flux and composition of the VLE beams,
tungsten was chosen as target material for generating the
tertiary particles for beam momenta up to 3 GeV/c, while
copper was used above 3 GeV/c. The required momentum
selection is performed by bending dipoles combined with
a momentum-defining collimator present in each beam
line. The beam optics of both lines have been extensively
studied in various beam optics codes, e.g. MAD-X/PTC, to
match in detail the experimental conditions. Additionally,
fully detailed Monte-Carlo models in GEANT4 (by using
G4beamline [4], see Fig. 1) and FLUKA [5, 6] have been
developed to include the particle production and the in-
flight decays of particles in the simulations. This enables
the estimation of the expected beam rate and composition,
as well as the backgrounds.

Figure 1: The G4beamline model of the downstream region
of the H2 and H4 beam lines including the VLE extensions.
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For the measurement of the beam intensity, quality and
composition various instruments are used, which also al-
low for an event-by-event particle identification: newly de-
veloped scintillating fibre profile monitors [7] measure the
beam profiles at several locations along the beam lines.
Surrounding a bending dipole they are operated in a spec-
trometer configuration providing additional information
about the momentum of each individual particle. The ex-
perimental trigger is provided by a similar type of fibre
monitors (but this time read-out by two conventional PMTs
instead of SiPMs), of which three are placed in each beam
line. The signals measured by two of these monitors that
are separated by the maximum available distance, are con-
nected to a time-to-digital converter and allow for a time-
of-flight (TOF) measurement for each particle. The particle
identification scheme is completed by two threshold Che-
renkov counters, commonly used in the experimental areas
[8], operated with CO, gas with maximum pressures equal
to 5 and 15 bar, respectively. The two Cherenkov counters,
combined with the time-of-flight measurements, allow ef-
fective particle identification throughout the requested mo-
mentum spectrum of the VLE beam lines.
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COMMISSIONING RESULTS

The beam lines were constructed and installed during 2018,
followed by a combined commissioning before the “Long
Shutdown 2” of CERN. Especially for the H2-VLE beam
line, the available beam time was used parasitically with
the NA61 experiment in H2 and the NP-04 experiment in
H4. The measured performance of the beam lines is sum-
marized in the next subsections.

Trigger Rates and Momentum Spread

Following the tuning of the upstream beam lines and the
steering of the secondary beams on the VLE targets, the
trigger rate over the full range of momenta and for the two
different targets was measured. The results for both lines
are shown in Fig. 2. The trigger rate in H4-VLE were found
in excellent agreement with the simulations, both using
FLUKA and GEANT4, at a level of about 20 %. For H2-
VLE, the available data are in excellent qualitative agree-
ment with the simulations, however additional data-taking
time is required to ensure a proper calibration of the nor-
malization, which allows for a more quantitative analysis
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Figure 3: Trigger counts for 10° particles impinging on sec-
ondary target for different slit openings of the momentum-
defining collimator and a reference momentum of 7 GeV/c.
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Figure 2: Trigger counts for 10° particles impinging on
secondary target for different tertiary momenta in H2-VLE
(up) and H4-VLE (down). The tungsten target was used for
momenta < 3 GeV/c, which reduces the particle rate, but
simultaneously increases the pion-positron-ratio. Negative
momenta correspond to negatively charged tertiary beam.
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Figure 4: Measured and calculated momentum spread for
different slit openings of the momentum-defining collima-
tor and a reference momentum of 7 GeV/c.
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E in this beam line. The effect of the momentum-defining
E: collimator on the trigger rate (Fig. 3) and momentum
Z spread (Fig. 4) has been also studied. Specifically, a trigger
%rate change of a factor eight in H4-VLE, respectively four
+in H2-VLE, between the extreme settings of the collimator
g slit opening is observed. A similar curve of the trigger rate
2 change could be reproduced after scaling the GEANT4
% simulation to the observed trigger rate with fully-opened
5 collimator. A variation of the beam momentum spread be-
= tween about 4.5 % and 7 % was possible via the collimator
vsht opening as expected by the conducted simulations. This
£ offers the flexibility of having either a more confined beam
§ momentum or an increased beam intensity.

Partlcle Identification and Beam Composition

ution to

The successful commissioning and calibration of the
2 beam instrumentation required for particle identification
f: allowed a rigorous measurement of the beam composition
c dunng the DUNE NP-04 data-taking phase in H4-VLE. To
;:' 1dent1fy and distinguish the individual particle types com-
£ posing the VLE beams, a combination of the time-of-flight
gz and Cherenkov measurements was necessary. For the vari-
£ ous momenta used, a specific setup of the Cherenkov gas
% pressures is necessary. The PID schema used is described
Ein [9]. The result of the combination chosen is shown in
S Fig. 5 for a 1 GeV/c beam. The protons are significantly
S slower than positrons, pions and muons, due to their higher
§ mass. They can thus be distinguished by their time-of-
2 flight. Positrons, pions and muons are almost fully relativ-
% istic at 1 GeV/c and have a similar TOF. For the latter, a
2 threshold Cherenkov counter operated with CO; at 1.2 bar
Z releases a signal, which allows the separation of positrons
a’from pions and muons (here: grouped to “pion-like” parti-
S S cles) due to their similar masses. The small second peak for
Q o the positron-like particles at about 100 ns relates to a sys-
3 ‘& tematic effect leading to a signal delay of about 4-5 ns for
= § some of the events, whose origin is currently under inves-
= tlgatlon These events have been classified as positrons due
- < to their observed signal in the Cherenkov counter tuned for
% that particular purpose.

U

O

g b2 F L B B IR A I
= § 70005 M positron-like =
é - E Il pion-like 3
g 6000 E Il proton-like -
= 5000 =
) E q
E 4000 =
= r ]
3 3000F =
3 - ]
8 2000 =
z = ]
= 1000} =
< C J
g ot 3
E 90 100 110 120 130 140 150 160
= TOF (ns)
£

£SFigure 5: Particle Identification combining time-of-flight
= = measurement and Cherenkov tagging for a 1 GeV/c beam
Zin H4-VLE.

© THPGW064
of
3740

IPAC2019, Melbourne, Australia

JACoW Publishing
doi:10.18429/JACoW-IPAC2019-THPGWO64

100 pr e e
90
80
70
60
50
40
30
205"
10

I R SRR AR RN B U R
0 1 2 3 4 5 6 7

Reference Momentum (GeV/c)

e Data
—— GEANT4
--- FLUKA

" 1" content of beam (%)

Figure 6: Pion and muon content of the beam in H4-VLE
(> 4 GeV/c the positron content is not distinguishable in
the utilized scheme and therefore added). For momenta
<3 GeV/c (= 4 GeV/c) the tungsten (copper) target was
used.

The beam content measurement is compared to simula-
tions in Fig. 6. For momenta p >4 GeV/c also the positron
content was added, since the used identification scheme did
not allow a separation of the three particle species. More
details on this analysis are presented in [9].

SUMMARY

In late 2018, both the H2-VLE and the H4-VLE beam
lines were successfully commissioned. The beam instru-
mentation, which performed within design specifications,
allowed for a successful event-by-event identification of
the different particle species composing the VLE beams. A
combination of time-of-flight as well as tagging by thresh-
old Cherenkov counters for the various momenta was em-
ployed. An excellent agreement of the measured trigger
rates and beam composition with the expected performance
in H4-VLE could be observed both in FLUKA and in
GEANT4, as well as a promising qualitative agreement be-
tween data and Monte Carlo was shown in H2-VLE. A full
study of the H2-VLE performance, with additional data-
taking periods in 2021 after the "Long Shutdown 2" at
CERN is being planned.

ACKNOWLEDGEMENTS

The authors would like to thank L. Gatignon and N. Do-
ble for numerous discussions on the beam line design, as
well as M. Brugger for the overall project support. Further-
more, we are thankful to NA61/SHINE and NP-04 experi-
mental teams, for their flexibility during the beam commis-
sioning. In addition, the authors would like to express their
gratitude for the support of several CERN groups (EN-EA,
EN-HE, TE-MSC, BE-CO and BE-BI) for their dedication.

REFERENCES

[1] N. Charitonidis ef al., “Low energy tertiary beam line design
for the CERN neutrino platform project”, Phys. Rev. Accel.
Beams, vol. 20, no. 11, 2017.

MC4: Hadron Accelerators
A21 Secondary Beams

This is a preprint — the final version is published with IOP



the final version is published with IOP

This is a preprint

10th Int. Particle Accelerator Conf. IPAC2019, Melbourne, Australia JACoW Publishing

ISBN: 978-3-95450-208-0

[2] R. Acciarri et al., “Long-Baseline Neutrino Facility (LBNF)
and Deep Underground Neutrino Experiment (DUNE)”,
FERMILAB-DESIGN-2016-02, 2015.

[3] P. Chatzidaki, “Optics optimization of tertiary particle beam-
lines and efficiency measurement of prototype scintillating fi-
ber detectors”, CERN-THESIS-2018-373,2018.

[4] T.J. Roberts et al., “G4beamline Particle Tracking in Matter-
dominated Beam Lines”, Proceedings of EPAC’08
WEPP120,2018.

[5] T.T. Bohlen et al., “The FLUKA Code: Developments and
Challenges for High Energy and Medical Applications”, Nu-
clear Data Sheets 120,211-214,2014.

[6] A. Ferrari et al., “FLUKA: a multi-particle transport code”,
CERN-2005-10, 2005.

[7] L. Ortega Ruiz, “Accurate Profile Measurement of the low In-
tensity Secondary Beams in the CERN Experimental Areas”,
CERN-THESIS-2018-009, 2018.

[8] N. Charitonidies et al., “Estimation of the R134a Gas Refrac-
tive Index for Use as a Cherenkov Radiator, using a High En-
ergy Charged Particle Beam”, Nucl. Instr. and Methods in
Physics Research B 410, 134-138, 2017.

[9] A. Booth et al., “Particle production, transport and identifica-
tion in the regime of 1 - 7 GeV/c”, submitted to Phys. Rev.
Accel. Beams, 2019.

MC4: Hadron Accelerators
A21 Secondary Beams

doi:10.18429/JACoW-IPAC2019-THPGWOG64

Content from this work may be used under the terms of the CC BY 3.0 licence (© 2019). Any distribution of this work must maintain attribution to the author(s), title of the work, publisher, and DOI

THPGWO064
3741 @

@



