
Introduction
• Acknowledgments

. Giovanni dal Maso, Peter-Raymond Kettle, Andreas Knecht!

. Zachary Hodge

• Setup
. G4BL version 3.06
. GEANT4 version 10.05.p01

both patched to include HIMB pion production model
. PIONEER G4BL respositories of Zachary Hodge (https://gitlab.com/zhodge)

• based on/incorporating material from
. HIMB pion production model (QGSP BIC HIMB HYBRID HP BIAS EMY)

F. Berg, et al., Phys. Rev. Acc. and Beams 19, 024701 (2016)
. ‘CMBL - A High-intensity Muon Beam Line . . . ’, Ph.D thesis, Felix Berg
. ‘Production, . . . of surface muon beams . . . ’, Ph.D thesis, Zachary Hodge

• Goals
. validate pioneer G4BL with Giovanni’s surface muon G4BL
. pioneer G4BL for pions, phase space measurement, . . .
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Beamline positions
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important consideration is that the basic detector geometry/beam combination must fulfill PIONEER

I-III requirements, as the expensive calorimeter cannot be redesigned for each Phase.
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Figure 1: Proposed layout and instrumentation for initial beamtests in the ⇡E5 beamline.

The above studies involve the measurements of the beam profile with position sensitive detectors at

multiple locations, and the ability to distinguish pions, muons and electrons via their energy deposit.

For this purpose we intend to modify a recently developed beam scanner that was used to characterize

primarily muon beams from 10-50 MeV/c momenta.

The position sensitive detectors (SiMon - Silicon PM based beam Monitor) consist of an array of

16 surface mounted SiPM detectors with 3⇥3 mm2 sensitive area as shown in Fig. 1 B, placed either

directly next to each other (periodicity of 4 mm) or with larger gaps in between the channels. Each

SiPM detector has a scintillator pill placed in front of it, which is kept in position by a 3D-printed

frame. The thickness of these scintillators can be varied from 100 µm to several mm, depending on

the beam momentum to be measured.

The signal is transmitted in ⇠ 50 ⌦-impedance channels inside the RF-shielded PCBs, and led

out by micro-coaxial cables and a flexible cable guide to a vacuum feedthrough (Fig. 1 B). The

detector PCB can be moved vertically by a magnetic actuator, (a bellow-free option for a linear

motion feedthrough), and this allows the detector array to be shifted in the orthogonal direction.

By scanning the detector array, one can obtain spatial information of any required resolution along

this axis. Two example beam profile scans are shown in Fig. 1 C, with two low energy muon beam

configurations at ⇡E5 (left) and ⇡E1 (right).

The readout of the SiPMs is carried out using the WaveDream board developed at PSI, where

fast response could be achieved just by requesting the trigger rates. We plan to further develop this
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K. Arndt, H. Augustin, P. Baesso et al. Nuclear Inst. and Methods in Physics Research, A 1014 (2021) 165679

Fig. 3.2. CAD model of the entire ⇡E5 channel & CMBL used as a basis for the g4bl models.

Fig. 3.3. Optical Model of the CMBL from the graphic transport framework program,
showing 1st-order vertical and horizontal beam envelopes along the entire beam line
from Target E to the end of the Mu3e solenoid with some of the beam elements labelled
(note the horizontal scale unit is 2m, whereas the vertical is 6 cm). The dotted line
shows the dispersion trajectory for a 1% higher central momentum.

Michel positrons from beam positrons at the final focus [20]. These
measurements showed that for the 60mm Target E a beam-e+/�+-ratio
= 10.1 was measured, with no Wien-filter in operation, whereas for
a 40mm target the ratio was Ì7. However, with the Wien-filter on,
an unacceptably high number of beam positrons, seen as a vertically
displaced spot, were measured. On investigation it was found that
the off-centre, vertically displaced (by the Wien-filter) beam positrons

Fig. 3.5. Simulated and measured 2-D beam sizes at the Mu3e solenoid injection point,
showing good agreement for a wide range of currents applied to the last quadrupole
QSM41.

entering triplet II are partially swept-back into the acceptance of the
downstream collimator, as demonstrated in Fig. 3.6. The situation was
quickly and temporarily solved by placing a lead e+-stopper between
QSK41/42 reducing the contamination by a factor of 15, with a 10%
loss of muons. The final solution is the modification of the Wien-filter,
which was upgraded in 2019 to have a symmetric electric field with
double the present voltage of 200 kV. While not yet experimentally
confirmed, this is expected to reduce any beam positron contamination
by 3-orders of magnitude.

Finally, using the measured contamination rate, the impact of this
on the experiment’s sensitivity to combinatorial Michel and beam
positron events mimicking a 3-particle signature via Bhabha scattering
was investigated [20] and found that only muon decay-in-flight events

Fig. 3.4. Shows the graphical outputs of the g4bl simulations with some of the beam elements labelled. (Left) – simulation of the full beam line from Target E up to the intermediate
collimator system. (Right) – shows the shorter version of the simulation from Triplet II past the intermediate collimator system to the end of the Mu3e Detector solenoid.

8

‘PIONEER’

s = 12977.6mm
(from center TgE)

• Zach’s Positions.txt start at posAHSW41 = 0
. ‘long version’ starting from TgE

• Giovanni’s Positions.txt start after SEP41 (‘G4BL Short CMBL2018’)

• Spacing differences not always constant
. Zach’s settings based on ‘design’ (6= reality)
. SML41: asymmetric→ ±200 kV

Element Zach Giovanni Difference

QSK41 15084.5 450 14634.5
SML41 16986.5 2352.2 14634.3

. offset ≈ 14634 mm (varying ‘downstream’)
Urs Langenegger pioneer G4BL (2022/05/05) 2



Particle production
c ≡ 1!

• Particle production
. HIMB model (also tests without HIMB)

physics QGSP BIC HIMB HYBRID HP BIAS EMY splittingFactor=100

. target
polycone TargetCone innerRadius=203.13912,200.89821,243.67818,246.86088

outerRadius=203.13912,206.32182,249.10179,246.86088
z=-20.618932,-17.948325,17.948325,20.618932
initialPhi=0 finalPhi=360 maxStep=100
material=TargetEGraphite color=1,1,1 kill=0

place TargetCone copies=1 x=-194.9 y=0.0 z=112.5 rotation=’Y(180+30)’

. beamline zero defined by initial dipole selecting p
posAHSW41=0

. write pions/muon
place DetEMuPiFromTarget copies=1 x=0.0 y=0.0 z=150.0

→ (propagation of) beam starts at z = 150 cm

• Samples, using param scaleMom (= p/28MeV)
. surface muons with p = 28MeV (comparison with Giovanni’s results)
. pions/muons with p = 75.9MeV (from Zach)

Urs Langenegger pioneer G4BL (2022/05/05) 3



Particle transport
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CALOCNTR

(Zach’s)
mu+/pi+

mu+

• beam ‘sampling’ (so far)
. virtualdetectors

virtualdetector CALOENTR radius=200 length=1 material=Vacuum
virtualdetector ATAR width=20 height=20 length=1 material=Vacuum

. profile.txt
profile zloop=$posQSF41,$posATAR,10 particle=mu+

(also for pi+)
. positions

place CALOENTR z=$posCALOENTR
place CALOCNTR z=$posATAR
param posQSF41 1533.05
param posCALOENTR 17199.
param posATAR 18000.
param posCALO 18000.

• scaleMom
. Zach’s default setting scaleMom = 2.3491 (→p = 65MeV)?
. surface muons with scaleMom = 1

• so far no ‘air’ in Zach’s beamline
Urs Langenegger pioneer G4BL (2022/05/05) 4



Giovanni’s two profiles
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before QSK41
(center)

many thanks to Giovanni!

• beam
. latest profile
. ‘short’ beamline
. center positions
. with measured

beam profile
(2021)

• TRANSPORT beam envelope
. covers entire beamline

Urs Langenegger pioneer G4BL (2022/05/05) 5



Overlays beam positions/envelopes
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• Surface muons
. scaleMom = 1

for production
and transport

. QSK focus
horiz. - vert. - horiz.

• Issues(?)
. sign error (triplet II)?

. QSK ∼ QSB
(in principle)

. beam offset? (target?)
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Parameter comparison (I)
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• BeamTeam (google) notebook mirrors Giovanni’s parameters in
. Settings/CMBL2021 05
. TBC?! (different in Settings/CMBL2021 05 optimized)

• currents and settings
Name Giovanni Zach (m0003)
QSK41current 24.074974186601978 18.91
QSK41set -0.60187435 0.598725
QSK42current -41.088738057802146 -41.79
QSK42set 1.0272185 -0.931514
QSK43current 26.709925230374527 38.33
QSK43set -0.66774813 0.613911
SML41cur -12.412704330959823 -19
SML41set 0.0017422204 -0.0026667991

place QSK rename=QSK41 current=$scaleMom*$QSK41set z=$posQSK41
. QSK4?current is not used

• Indeed, looks like a sign flip
. reason unclear (to me)
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Giovanni/PIONEER (2nd try)
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Momentum
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• Issue (?)
. AHSW selects momentum
. driven by outliers? (profile.txt analysis)
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Miscellaneous
• Discussions with

. Giovanni dal Maso on 2022/05/04, plus emails/code exchange

. Peter-Raymond Kettle on 2022/05/05

• PRK past reference measurements
p [MeV] Rate f [π+/sec @2.2mA] σ(X) [mm] σ(Y ) [mm] f(π+)/f(µ+)/f(e+)

107.8 6.8× 108 11 9 75/20/5
84 4.7× 108 13 13 71/19/9

• Background (PRK)
. SEP41 (+/-200kV) may run into limitations at ‘high’ end of momentum
. had had issues with protons (→ teflon, tape)
. maximize particle separation by optimizing TOF separation (position)

• ‘Inversion’ of (x, y, f) measurement to phasespace
. Peter-Raymond uses transport
. Giovanni uses another setup
. . . .
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