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Detector Developments
Detector Selection

a) Single-wire gas tubes, b) Multi-wire gas chamber, ¢) Single-wire drift chamber Requirements to a hodoscope:

v" Muon track angle accuracy: < 1°
\
T j v/ Spatial resolution: <1 mm
s e\e @0 o0 000000
A v' Low(est) Power Consumption
meOl’l
b) — v" Low(est) Costs
GND .
v" Low(est) Weight
e anode (pos high voltage) v" High Robustness / Low Fragileness
. e grounded cathode (zero voltage) v Weatherproof (Rain, Sun, Cold, Hot, etc.)
3 -HV e biased cathode (negative high voltage) v Easy Handling
C) Xmuon = Vdrift * tdrifc = Vdrife * (tmuon—t0) ~~ muon path v" Modular / ngh flexible application
3 1.June 2026 | Firstresults of modular drift chamber design based hodoscopes | André Bieberle | a.bieberle@hzdr.de E‘:?:ESEE‘EN \ H z D R



Detector Developments

Detector Design Hodoscope using

single-ended drift chambers

Hodoscope using

symmetric drift chambers L: '1 < e} #xdirection
5 \ +y direction
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Maximize / Optimize! ‘
+ydirection
Goal: 25 cm ‘ 7
=> 16 pcs/ m?2 x 2 x 4 =128 channels
+1 channel (trigger)
Bieberle, A. et al, Nucl. Inst. Meth. Phys Res A 1087 (2026) 171425
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Detector Developments
Detector Optimization

( COMSOL, GARFIELD++) muon |
|
—_— to
|
Anode
\\ | Xmuon = Vdrift * tdrift = Vdrift * (tmuon_t0)> HV @ ——F- thuon
\
\
K
drifting area . VAN
(linear) e = | 2
)
i «  Ar:C0,=82:18 L \
- « p=10bar ampiiet (e wire |
S . T=293K area /
A~ (non-linear) 7
ionisation electrons drift path x '
Bieberle, A. et al, Nucl. Inst. Meth. Phys Res A 1087 (2026) 171425
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Detector Developments
Detector Manufacturing

300 mm (~ 12 inch, -~ 1 foot)
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Main Properties

Geometric Size:
Active Volume:
High Voltages:
Drift Field:

Drift Length:
Drift Velocity:
Gas Mixture:
Clock frequency:
Resolution:

Signal Rise Time:

Consumption:
Weight:
Stackable:
Efficiency:

304 x 304 x 13 mm3

250 x 250 x 10 mm3 ( 625 min)
+2 kV (anode ), -10 kV ( cathode)
0.4kV/cm

250 mm

1.6 cm/us (15 us @ 250 mm)
Ar:CO, (82:18)

125 MHz (8 ns)

0.16 mm ( Sampling )

analog:100ns (0...2V)
digital: 10ns(0...+2V)

80 mW (HV) + 130 mW ( signal )
0.8 kg ( ... still reducing ... )

Nx 90°

> 95%
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Det eCtO r Dev el O p m e n tS \\\\\ Rao, G. et al., (2025), J. Applied Phys, 138(11).
Detector Evaluation | \  Trigger Detector — Top —
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Tri\gger Detector — Bottom —

\

Testing conditions 200
» Using two trigger detector of
same active area in coincidence mode - Coincidence Rate: 432.88 per min

. Distanc.es t? the drift chamber is 20 mm g Measurement Interval: 8.39 min
* Measuring interval 10k events § Mean Drift Velocity_ 1.73 cm/us
« Resolution: 125 MHz = w : .

16 Bit (2048 mV ) E I etan tDI’If'[E\f/fé_ﬂl_Je. 7'_231%?
« Sampling interval: 25 us (3125 samples) ection ICIenCY' 2

0 5 15 25

Drifting Times [us]
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Detector Developments

Detector Evaluation Il

Testing conditions

» Using two trigger detector of
same active area in coincidence mode

* Distances to the drift chamber is 20 mm
* Measuring interval 10k events

 Resolution: 125 MHz
16 Bit (2048 mV )

« Sampling interval: 25 us (3125 samples)
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DeteCtO I Devel 0 p m entS 2 stacks of 6 drift chambers each

Building a XY-hodoscope + 2 scintillation based trigger detectors
= Muon Hodoscope

Trigger Layer —Top—
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O %1 | Trigger Layer — Top—
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Trigger Layer —Bottom—
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View 90°

Results & Measurements

Investigations on imaging quality
using a scintillation detector of 10 by 50 mm?

1 - Hodoscopes

2 — Trigger Detector

3 - Gas Supply

4 — High Voltage Supply
5-02 Sensor

6 — Data Acquisition Unit

7 — Measuring object Obtained muon tracks from

Upper hodoscope Lower hodoscope
* - L
50 — 50 5
- - -
£ : £ :
E of E oo
> >
B0 i - i i 50
A00F i - i i 100
-100 -50 o 50 100 =100 -50 o 50 100
X/ mm X/ mm
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Results & Measurements

Investigations on a
led sphere, led cube and steel bar

\ y

Wagner, M. et al, (2025). J. Applied Phys., 138(1).
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Results & Measurements
Investigations on a concrete sample s

40 cm
17 cm p Gcm g 17 cm
27 cm | | } 13cm
5le
S £
m ——
0 x y W
8 |_|DJ A A E ~
oZ )
Can Muon Imaging be used for 40.0m
17 cm p 6om 17 cm
- . om I I 1 cm
Structural Health Monitoring of T = Toem
| |
buildings and bridges? S =+
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Results & Measurements
Investigations on a concrete sample

Before flooding with concrete After flooding with concrete
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Results & Measurements
Investigations on a concrete sample

Simulation Measurement
106 muons 7% 104 muons 7x 104 muons

with styrofoam

Wagner, M. et al, (2025). J. Applied Phys., 138(1).

without styrofoam
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Summary / Conclusion

Conclusion

» Successful evaluation of modular drift chamber detector being
suitable as key component in a muon detection measurement
system for modular and flexible application

* Build up first muon hodoscope prototypes
« Successful measurements of simple object

* (Successful) measurements of a realistic object

Prospective

* Further geometry optimization of the drift chamber design

* Applying hodoscope(s) on heavy objects, such as CASTOR
casks, bridges and kilns ....

Trigger Layer — Bottom —
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Thanks for your attention

Contact

Bieberle, Dr. André
a.bieberle@hzdr.de
+49 351 260 2913

Wagner, Dr. Michael
michael.wagner@hzdr.de
+49 351 260 3466
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