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The proton accelerator

A. Antognini, Physics of exotic atoms, Proton radius puzzle, ETH 26.04.2013 – p. 12

HIMB project in a nutshell
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Enable ground-breaking muon research 
at PSI for the next 20+ years

• Construction of new target station TgH at 
the place of the existing TgM 

• Construction of two new solenoid-based 
beamlines for μSR and particle physics 
delivering 1010 surface muons per second



• Workshop held in April 2021 with 122 
participants to gather and identify HIMB 
Science Case 
• 116 page long HIMB science case 

document published on 
arXiv:2111.05788v1  
• Comprehensive overview of all the 

identified experiments and measurements 
that benefit from HIMB both in particle 
physics and materials science 

• In short some highlights: 

− Higher-intensity muon rates for particle 
physics and μSR 

− Better quality muon beams with 
muCool 

− Pixel detector based μSR  

− μSR with sub-surface muons

HIMB Science Case Workshop & Document
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In April 2021, scientists active in muon physics met to discuss and work
out the physics case for the new High-Intensity Muon Beams (HIMB) project
at PSI that could deliver of order 1010 s�1 surface muons to experiments.
Ideas and concrete proposals were further substantiated over the following
months and assembled in the present document. The high intensities will
allow for completely new experiments with considerable discovery potential
and unique sensitivities. The physics case is outstanding and extremely rich,
ranging from fundamental particle physics via chemistry to condensed matter
research and applications in energy research and elemental analysis. In all
these fields, HIMB will ensure that the facilities SµS and CHRISP on PSI’s
High Intensity Proton Accelerator complex HIPA remain world-leading, de-
spite the competition of muon facilities elsewhere.
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https://arxiv.org/abs/2111.05788


• Neutrinoless muon decays one of the most sensitive probes for new physics 
• μ+ → e+γ & μ+ → e+e-e+  only possible at DC & intensity-frontier machine such as PSI’s HIPA 

accelerator 
• Any future cLFV search at PSI will need higher beam intensities

Rare muon decay searches
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MEG

Experiments  
performed at PSI

MEGII

Mu3e phase II
Mu3e phase I

>109 μ/s  
needed

in piE5: ~108 μ/s

J-PARC/FNAL: 1010 - 1011 μ/s COMET/Mu2e



• Vertexing for μSR applications: 

− Pixel detector development 
together with particle physics 

− Enables 10-100x faster 
measurements. 

− Unprecedented small samples,  
10-100x smaller (“µ-microscope”). 

− Allows putting samples in extreme 
conditions at unprecedented levels, 
e.g. 10x pressure

Muon spin rotation
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μ+

e+

e+

2

Pixel detectors
• Silicon pixel detectors are used in particle physics for 

reconstruction of trajectories of charged particles 
and of particle decay vertices

• High spatial resolution (<10µm)

Half of the pixel detector of the CMS 
experiment built at PSI in 2017

Mu3e pixel detector 2021



PSI Proton Accelerator HIPA
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Cockroft-Walton

Injector cyclotron

590 MeV cyclotron  
2.4 mA, 1.4 MW 
50 MHz

To spallation source SINQ

Proton therapy

Spallation source for 
ultracold neutrons 
nEDM experiment

Muon target stations TgM & TgE 
7 beam lines for particle  
physics and materials science TgE

TgM



PSI Proton Accelerator HIPA
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Cockroft-Walton

Injector cyclotron

590 MeV cyclotron  
2.4 mA, 1.4 MW 
50 MHz

To spallation source SINQ

Proton therapy

Spallation source for 
ultracold neutrons 
nEDM experiment

Muon target stations TgM & TgE 
7 beam lines for particle  
physics and materials science

HIMB

TATTOOS



• Change current 5 mm TgM for 20 mm TgH (known situation from 60 mm TgE) 

• 20 mm rotated slab target as efficient as 40 mm standard Target E

Target Geometry for new TgH
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Existing TgM
20 mm effective length  
10˚ rotated slab

protons

1011 surface μ+/s

10
0 

m
m

New TgH



First HIMB development at HIPA: Slanted TgE

9

protonsA-A ( 1:2 )

A

A

1

1

2

2

3

3

4

4

5

5

6

6

A A

B B

C C

D D

8°

83,5
40

A-A ( 1 : 2 )

A

A

1

1

2

2

3

3

4

4

5

5

6

6

A A

B B

C C

D D

Menge

Baugruppe

Anlage

A
en

d.

c
b
a

Pos. heit

e
d

A
en

d.

f

Ein- Sachnummer

Zusammenst.Nr.
Stueckl. Nr.
Ersatz fuer
Ersetzt durch

Geprueft
Gezeichnet

Benennung / Merkmale

Blatt Nr.

.

Massst.

INVENTOR 2019

 
 

 
 

 
 
 
 

Archiviert

Titel Zeichnungs-Nr.

N
ic

ht
 ö

ffe
nt

lic
he

s 
D

ok
um

en
t d

es
 P

au
l S

ch
er

re
r I

ns
tit

ut
s,

 C
H

 5
23

2 
V

ill
ig

en
 P

S
I. 

U
nb

ef
ug

te
 N

ut
zu

ng
 u

nd
 R

ep
ro

du
kt

io
n 

is
t u

nt
er

sa
gt

.
N

ot
 fo

r p
ub

lic
 u

se
 d

oc
um

en
t o

f P
au

l S
ch

er
re

r I
ns

tit
ut

, C
H

 5
23

2 
V

ill
ig

en
 P

S
I. 

U
na

ut
ho

riz
ed

 u
se

 a
nd

 re
pr

od
uc

tio
n 

is
 p

ro
hi

bi
te

d.

40

protons

Standard 40 mm TgE Slanted 40 mm TgE

• Goals:
• Change geometry of TgE to increase surface 

muon rates
• Increase safety margin for “missing” TgE with 

proton beam
• First test at the end of 2019; new standard geometry 

since then
• 40-50% gain in surface muon rate in all connected 

beamlines

P.-R. Kettle et al., Performance Summary of the HiMB Slanted Target 
versus the Standard 60 mm Target E, HIMB Technical Note (2020)



Target region The target

TgH: target layout

The proton beam impinges on the back of the target

The proton beam is lower than rotation axis of the target: allows flat target, allows for more
usable space and reduces the heat and radiation load

Fits into existing TgE exchange flask

Giovanni Dal Maso 29/08-02/09/2022 13 / 27

• Target design based on experience from TgM & TgE 

• Same exchange concept as for TgE

New Target H

10



• Two normal-conducting, radiation-hard solenoids 250 mm away from target to 
capture surface muons 

• Central field of solenoids up to 0.45 T 
• Graded-field capture solenoid for improved muon collection: stronger field at 

capture side, weaker at exit

Split Capture Solenoids for Muon Collection
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Magnet Design update

Capture Solenoid

• Thermal model on-going, update:

o Alex provided the new 3D CATIA model to Rebecca with 
cooling system adapted to the new concept;

o Rebecca implemented the new pipes configuration in the 
thermal model (see pic. A).

❖ NEXT: Coupling of Rebecca’s capture solenoid thermal model 
to Remi’s mirror plate cooling model.

❖ Need for integrating the thermal load from target radiation and 
secondary particles (waiting for calulations with this information 
to be ready).

• EM model on-going, update:

o Rebecca provided V7 to Peter-Raymond and waiting for 
feedback on muons capture efficiency.

❖ NEXT: Improve the model based on Peter-Raymond’s
feedback.

A)

Thanks to Rebecca Riccioli for the slides. 



• Concept similar to existing TgE 

• In order to have capture 
elements for muons as close as 
possible, they are integrated 
into the target vacuum chamber 

• Separate exchange flask for 
capture solenoids

Concept for new target station TgH
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TgH vacuum 
chamber

Collimators

Capture 
solenoid

Capture 
solenoid

Target

Profile monitor Profile monitor



• Full simulation of high-energy proton beam line in BDSIM using either TgM or TgH 
to assess impact on the other HIPA target stations 

• Transmission to SINQ with TgH 67% compared to 69% with TgM 

• Can increase transmission back up to 69% when collimators after TgE are 
optimised 

• Beam shape at TgE and SINQ preserved

Impact on other facilities of HIPA

13

TgM/TgH

TgE

SINQ



• Baseline scenario for target and beamline layouts: 
• New TgH at the same location as current TgM  
• 90 degree angle of muon beamlines with first bend in the upstream direction 

• MUH2 for particle physics using high-transmission solenoid based beamline 
• MUH3 for μSR solenoid based beamline until experimental area; couples into 

existing beamline

MUH2/MUH3 Beamlines

14

TgH

MUH2
MUH3



• Both beamlines fully simulated in G4beamline using realistic field maps 

• Reach ~1010 μ+/s for MUH2 including double separator with acceptable positron 
contamination; layout and performance of capture solenoid critical 

• Reach 2-3x108 μ+/s for MUH3 in the two experimental areas; limited by spin 
rotator and quadrupole part of the beamline

MUH2/MUH3 Beamlines
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Beamlines MUH2

MUH2 - Wien filters doublet + graded field capture solenoids

Currently we are considering two Wien-filters (velocity selectors) to reduce positron
contamination.

An additional feature that we are considering is to power di↵erently the coils of the capture
solenoids: more freedom in tuning the field shape ! increase in capture and transmission (+27%
absolute transmission).

Giovanni Dal Maso 29/08-02/09/2022 22 / 27

Beamlines MUH3

MUH3

solenoid section delivers > 1010 µ+/s @ 2.4mA in the experimental area

quadrupole section to couple into a spin rotator and deliver the beam into two µSR channels

few 108 µ+/s @ 2.4mA are delivered in both channels to compare with 106 � 107 µ+/s
provided by ⇡M1 and ⇡M3

we expect �x ⇠ �y ⇠ 20mm beam spots for both channnels

Giovanni Dal Maso 29/08-02/09/2022 23 / 27



• Challenging environment around TgM 
to change layout 

• Helium liquefier, tertiary cooling loop 
7, lots of pipes, cables and conduits, 
power supply platforms, … 

• And of course in an environment with 
doses up to several Sv/h

Building a new target station

16

Lots of input and work from and 
for all the infrastructure groups!



• Remote dismantling of target shielding block 

• Similar to high-power upgrade of TgE in 1990/91

TgM dismantling

17



Seite 21

6. CAD 3D Model

IMPACT – DAM 02 – 16.05.22

• Full 3D model of WEHA available 

• Complying with modern safety regulations and improving general operations in 
WEHA

3D Model of Full WEHA

18

New location  
helium liquefier

MUH2

MUE4

New (escape) route to WBGA

PIE1

MUH3



• HIMB dates back to 2010 and first ideas by 
P.-R. Kettle. We have come a long way! 

• On track for realising HIMB at PSI and 
delivering 1010 surface muons per second 

• HIMB will enable forefront muon research 
at PSI for the next 20+ years

Conclusions
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Many thanks to everyone from the IMPACT project for 
providing slides and input for this presentation!



Backup slides
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• 304 page document detailing all 
the concepts 

• Forming the basis for the full 
approval and funding process 

• Since January 2022 available at: 
https://www.dora.lib4ri.ch/psi/
islandora/object/psi%3A41209

IMPACT Conceptual Design Report
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IMPACT  
Conceptual Design Report

PSI Bericht Nr. 22-01 
January 2022

ISSN 1019-0643

https://www.dora.lib4ri.ch/psi/islandora/object/psi%3A41209
https://www.dora.lib4ri.ch/psi/islandora/object/psi%3A41209


• Implemented our own pion 
production cross sections into 
Geant4/G4beamline based on 
measured data and two available 
parametrizations 

• Valid for all pion energies, proton 
energies < 1000 MeV, all angles 
and all materials 

• Implemented “splitting” of pion 
production and muon decay to 
speed up simulation

Simulation
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Reliable results at  
the 10% level

R. L. Burman and E. S. Smith, Los Alamos Tech. Report LA-11502-MS (1989) 
R. Frosch, J. Löffler, and C. WIgger, PSI Tech. Report TM-11-92-01 (1992) 
F. Berg et al., Phys. Rev. Accel. Beams 19, 024701 (2016) 
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At entrance to capture solenoid

• We are not only producing surface muons 

• Will have good capture and transport efficiency up to 40 MeV/c (given by capture 
solenoid) 

• Plan is to design dipoles up to 80 MeV/c

Particle production at TgH

23



• 2 x 12 separate radiation-hard coils 
(mineral-insulated) 

• Iron housing 

• Aperture: 500 mm 

• Length: 2 x 750 mm 

• Central field: 0.34 T / 0.27 T 

• Roughly 20 kW each

muE4 Solenoids
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this feature has not been implemented and the quadrupoles are
operated symmetrically.

The bending magnets have deflection angles a of 40! (ASR61)
and 34! (ASR62-63). In order to increase momentum dispersion
at ASR62 and therefore to obtain the possibility to adjust the
width of the beam momentum distribution, the first bending
magnet has a trapezoidal shaped magnet pole with a pole face
rotation of 33! which leads to defocusing in the horizontal plane.
The two other bending magnets have ‘‘standard’’ rectangular
magnet poles resulting in pole face rotations of a=2. The beam line
has a ‘‘buckled-U’’ shape and is nearly symmetric between ASR61
and ASR63, with ASR62 being the point of symmetry. For
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Fig. 1. Beam elements of the new mE4 beam line.

Fig. 2. The two solenoids WSX61,62 before completion of the iron housing. See
text for details.

Fig. 3. The assembled solenoid WSX61,62 with vacuum chamber and iron
housing.

T. Prokscha et al. / Nuclear Instruments and Methods in Physics Research A 595 (2008) 317–331320

this feature has not been implemented and the quadrupoles are
operated symmetrically.

The bending magnets have deflection angles a of 40! (ASR61)
and 34! (ASR62-63). In order to increase momentum dispersion
at ASR62 and therefore to obtain the possibility to adjust the
width of the beam momentum distribution, the first bending
magnet has a trapezoidal shaped magnet pole with a pole face
rotation of 33! which leads to defocusing in the horizontal plane.
The two other bending magnets have ‘‘standard’’ rectangular
magnet poles resulting in pole face rotations of a=2. The beam line
has a ‘‘buckled-U’’ shape and is nearly symmetric between ASR61
and ASR63, with ASR62 being the point of symmetry. For

ARTICLE IN PRESS

FS 61(H+V)

ASR 62

KV 61

FS 62(H)

KV 62

VSD 61

WSX62,WSX61

ASR 61

ASR 63

Q
SM

 604−606

FS 63 (H+V)

QSM 601−603

QSM 607−609

VSD 63QSM 610−612
SEP 61

VSD 62

LEM Experiment

pr
ot

on
 b

ea
m

Ta
rg

et
 E

200 cm

Fig. 1. Beam elements of the new mE4 beam line.

Fig. 2. The two solenoids WSX61,62 before completion of the iron housing. See
text for details.

Fig. 3. The assembled solenoid WSX61,62 with vacuum chamber and iron
housing.

T. Prokscha et al. / Nuclear Instruments and Methods in Physics Research A 595 (2008) 317–331320

Design of a solenoid with similar 
characteristics existing  
Not all solenoids will need to be 
radiation-hard


