Design of a segmented high purity germanium detector for
muonic X-ray spectroscopy and imaging at a pulsed muon source
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Background & Introduction Simulation results and analysis
The muon is a lepton with a mass of 105.7 MeV/c? and charge of +1. As a elementary particle, muons has been Maxwell, Geant4, and Garfield++, and Matlab are used for simulation of 10° u with E, of 4MeV towards Al target .
widely studied In various areas since its discovery, such as particle physics, material science, and nuclear physics. 1500 | | | | | | | | |

Muons are a fascinating probe to study material properties because muonic atoms can easily be formed by stopping B wholo specturm of 10000 muonic atoms

negative muons inside a material after a substantially determined transport distance at a specific energy. The muon -Spectrum at 10mm thickness detector with a thin shell
IS subsequently captured by the nucleus and orbits the nucleus at very small distances, followed by emitting ) 1000 F uL,—Al - -
characteristic X-rays during its cascade down to the ground state. Elemental analysis based on muonic X-rays ‘g‘
provides information about bulk material (~10 um to ~1cm scale) composition without causing damage. S uM,—Al uK,—Al
500 .
The muons are mainly produced by = decay, which is derived from cosmic rays and

accelerators. The accelerator muons are classified as surface muons, cloud muons, and PTn>P+p+ T

decay muon. The surface muon iIs produced by the decay of a =* near the target surface and o u 4V,

has only a positive charge because the n is trapped before the decay. The cloud muonis 0 50 100 150 200 250 300 350 400 450 500
se TVt Energy/keV

1 unit of p produces:

generated between the target and the first deflection magnet. The decay muon is produced

by the = meson during flight with both charge. Partial formula for = and p are as follows:

» >3000% secondary particles,
#

) e Linac <n Currently, there are 5 muon > ~400% events deposited in surrounding HPGe detector of 10mm-thickness,
¥ facilities or muon sources in the world: » 40% full energy peak of muonic atom X-rays
-

CMMS, SuS, ISIS, J-PARC, and _ _ _ o L
The detector is set to different distances from the Al target with different count rates and discrimination rates.

After completing a run of simulation to obtain the energy and time information of each electrode strip, an algorithm
technology and industry (MELODY)

j MuSIC. A muon station for science,

o S - IS written to reconstruct the position and energy of the event in the detector. With the increase of energy deposition
,/t N i —— based on China Spallation Neutron o S _ _

Neutron e o points in the detector, the discrimination rate of double-sided cross-strip readout method for events decreases, and

Target Station "‘\ / Source (CSNS) is designed and on _ L _ _ _ _ _
‘ (A y the maximum number of events discriminated is about 13 at a distance of 45cm, that is, 13 times increase of

/- MELODY deployment. The MELODY and CSNS _ _ _ _ o
b | Surface muon effective count rate than single-electrode detectors. So that the muonic atom X-ray detection efficiency of
| EfmF<"]  beam line |1 project are expected to welcome the

i glﬂ — i) MELODY can be improved to the level of other muon devices which has u pulse frequency of about 25Hz.
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Wh | Ch detECtOr 1S needed for muaonic atom X-rays ' discriminated events 94 10.2 11.6 12.2 12.8 13.2 12 11.2
discriminate rates 94% 85% 83% /6% 71% 66% 55% 47%
» different elements & » fine energy resolution to » Semiconductor detector : : —
© simulation events location in detector
different energy levels of muonic atom jl> distinguish peaks jl> especially HPGe *_discriminated events o simulation events location in detector
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b) 0 v A HPGe detector with double-sided cross-strip electrode design is proposed, and is under deployment currently.
Eact F E;E:rZ;{iB;J} Egaf;f:fﬁf v’ It can be operated at high count rate and measure multiple low-energy X-ray events.
v O Electrode fabrication, bounding, and electronic design are the key issues to limit the number of channels.
Detector design: a box-like p-type HPGe detector, with length of 2cm and height of 1cm, 16 strips with width of > Detectors with more strips or pixel-like HPGe are under research, which may further improve the detection efficiency
0.8mm on each side, around protect electrodes on each side, all fabricated with amorphous Ge and Al, and 2 L
diffusion electrode for mechanical fixation and handle. The detector is under deployment.
z Voltage
Z * e References
14000000 1] Y. Bao, et al. (2023). Progress report on Muon Source Project at CSNS. Journal of Physics.
12000000 2] A. Knecht, et al. (2020). Study of nuclear properties with muonic atoms. Eur. Phys. J. Plus.
1000:0000 3] M. Cataldo, et al. (2023). The Implementation of MuDirac in Geant4: A Preliminary Approach to the
200.0008 Improvement of the Simulation of the Muonic Atom Cascade Process. Condens. Matter.
o00.0008 [4] M. Aramini, et al. (2020). Using the Emission of Muonic X-rays as a Spectroscopic Tool for the Investigation
20 of the Local Chemistry of Elements. Nanomaterials.
IE”“”””” 5] Garfield++ website. (n.d.). Retrieved April 9, 2023, https://garfieldpp.web.cern.ch/garfieldpp/.
o 6] J. Allison, et al. (2016). Recent Developments in Geant4. Nucl. Instrum. Meth.

6
7] J. Allison, et al. (2006). Geant4 Developments and Applications. IEEE Trans. Nucl.
8] S. Agostinelli, et al. (2003). Geant4 - A Simulation Toolkit. Nucl. Instrum. Meth.

20 {mm)




	幻灯片 1

