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Kaon experiments at CERN

https //arxw org/abs/1703 08501
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* NAG62-> Studies of rare charged kaon
decays to explore the standard model
properties.

« It's currently located in the K12 beam line
in the North Area.

» Successfully managed to measure very
rare decay (happen only ~ one in a trillion
times®*).

POSSIBLE FUTURE PRESPECTIVES:
* Run NAG62 (at higher intensity)

« Adapt NA62 to how new experiments,
see next slide.
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*https://home.cern/news/news/physics/
na62-sees-first-significant-evidence-rare-process 1



Kaon experiments within PBC

https://nome.cern/news/news/accelerators/cern-launches;

The Physics Beyond Colliders
study group was launched in 2016

The aim of the group is to explore
opportunities offered by the CERN
accelerator complex.

Use infrastructure for projects
complementary to high-energy
colliders and other initiatives in the
world.
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physics-beyond-colliders-study-group

PBC-> new projects for Kaon physics
are investigated within our group at
CERN: KLEVER, NA62-Beam-Dump
(NA62-BD), NAG62-Highlintensity.

NA62-Highlntensity-> Run NA62 at
higher intensity.

KLEVER->Adapt the NA62 apparatus
and K12 to neutral kaon experiment

NA62-BD-> Use NA62 for dark matter
search changing K12 configuration.

Several other projects* within our
CERN working group, e.g. NA61++,
NA64++, RF-separated beam.

*https://cds.cern.ch/record/2650989




Physics at Kaon Experiments

NA62(-HighIntensity) and KLEVER:

NA62-BD
-NA62 and KLEVER have as a main goal the
measurement of rare decays like: k - mvv -NA62-BD would not focus exclusively on
kaon processes

-Studies on this decay can also reveal new scenarios
beyond the standard model: -Focus on dark matter searches->
Different from NA62(-HighIntensity) and

KLEVER.
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-Further studies are performed by NAG62 e.g. studies of
other rare decays, searches for forbidden decays and
for new exotic particles.
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https://cds.cern.ch/record/2691873

My work for Kaon experiments

Tasks for my PhD:

Design K12 beam lines in various

configurations.

Simulate and understand muon background.

Understand other backgrounds sources e.qg.
beam interaction with residual gas in

vacuum.

Radiation Studies for these beam lines.

Software used:
« BDSIM, MADX, APPLE.PY for beam
studies (optics).

« FLUKA and BDSIM for beam-matter
interaction->BDSIM proved to be a
great tool for these studies.

New software following the software-
migration process* in the CERN section (A.
Gerbershagen).

Draw K12

beamline for

Use it for
NA62 high
intensity.
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*https://inspirehep.net/files/03c546fc27db1e8f4de9c15
812045db9 4




K12 design for NAG2

Implemented field maps from Opera 2D.
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 Built high-detailed models for all
magnets and components*.
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*To be published




Beam Results from K12-NA62 beam line

 Compared the K12 beam simulations with data from NA62 at the last

tracking detector (GTK3)-> Benchmark of FLUKA and BDSIM.

M Entrics/Histogram Integral

Direction [mrad]

Angular distribution at GTK3, X projection
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parameters at GKT3

Full summary table with beam

POINTS X Y RMSX RMSY
FLUKA ANGLE [mrad] 121 004 0.12 0.11
BDSIM ANGLE [mrad] 121 002 0.11 0.11
DATA ANGLE [mrad] 121 001 0.1 0.09
FLUKA BEAM [cm] 004 -002 L0 0.66
BDSIM BEAM [cm] 003 -002 L0 0.60
DATA BEAM [cm] 000 001 105 0.58
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Muon Results from K12-NA62 beam line

e  Muon run for BDSIM and FLUKA model.

MBPL is a sweeper magnet in the center of
the beamline.

» Useful for NA62 background studies.

Muon Flux after MBPL3, BDSIM Muon Flux after MBPL3, FLUKA
100

100

Y [ecm]
y_pos

80

60

40

20

-50

TTT[TTT TN T[T T[T TTIT[TTT[TT¥[TTTTTT
AR AR R R RN R A LA

-100

L

=]

—_=
=
1=

I PO YN . Run with 541076 protons

N entries 2536 2286 on target.

Xmean [cm] -1.98 -2.64

Y mean [cm] -7.95 -7.17 ) )

Std Dev X [cm] 36.44 37.28 * Preparing high-stats run on
Std Dev Y [cm] 32.55 33.54 condor.
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K12-NA62 model extension and applications

Currently extending the experiment model:

Added shielding blocks around the beam line.

Building the cavern (TCC8-ECN3) and the NA62-
Detector with the help of Florian Stummer
(Master’s Student, EN-EA-LE) in BDSIM.

Shielding block converted from FLUKA
with the BDSIM sub-package pyg4ometry*.

Applications:

Models shared with the NA62
collaboration that are actively
testing against data.

BDSIM-model used for muon
studies for preliminary studies
for other BEAM-DUMP
experiments at CERN.

FLUKA-model used by R2E
colleagues.

*https://accelconf.web.cern.ch/ipac2019/papers/wepts054.pdf




NAG2-Highlntensity and NA62-BD

NA62-High-Intensity:

» Identical configuration to NA62
(Only minor things could change).

* Run with higher intensity-> Higher
protons on target->More events can
be observed.

*  Currently studying the beam
Interaction with residual gas for
background studies.

 Future-> Use model for radiation
studies in FLUKA.

NA62-BD:

The model will require the collimator setting
to a dump.

* NAG62-BD gives the chance to look for new
dark matter particles after the dump.

* Future studies will involve background
understanding and radiation studies.
Studies will be developed with the help
of Florian Stummer.

Started dump studies for BD configuration:
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K12 for KLEVER

« KLEVER would be installed in K12 and measure rare neutral kaon decays.

» Already done target studies for different beam incidence angles on target
and new optics for high intensity configuration (T4-target bypass?).

10 M protons on target for various angles

Kaon Longs produced after target, |angle|<0.4 mrad
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*https://indico.cern.ch/event/966137/attach
ments/2128728/3584425/Moulson_201023.pdf 10




K12-FLUKA for KLEVER

« Took over K12-FLUKA model from Maarten van Dijk*, currently
running the first simulations on cluster.

OUTSIDE

* Involved in the RP-studies process where | provided a part of the
model as an input for RP colleagues.

« Model can be easily adapted to new configurations and used for RP
studies. BDSIM equivalent model is being finalized.

*https://accelconf.web.cern.ch/ipac2019/papers/thpgw061.pdf




Conclusions

« Successfully developed K12 model for NA62. Developed
studies for central beam and muons for the model.
Benchmark with data for BDSIM and FLUKA.

* Model currently being used for studies on NA62-
Highlntensity and NA62-BD

* Developed studies for KLEVER, target and T4-bypass.

* Future-> Radiation studies for NA62-Highlntensity,
NA62-BD and KLEVER.
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Thank you for listening. Questions?
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COMPONENTS for K12-NAG62
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CiRvoid :

QFS magnet in pygdometry. 4-jaw collimator in BDSIM  Collimator 1 in FLUKA

BAC and TCX in BDSIM MTR in shielding, FLUKA
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T4 bypass

* T4 is the target before P42 (therefore also before T10).

* Possibility to bypass the T4 target in order to have a higher intensity
beam. Useful for current KLEVER design and possibly for NA62-H-Intensity

* Required interface from TE for the beam for TT24.

TT24 beamline T4 target P42 beamline T10 target K12 beamline
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