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Motivation: cLFV =
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» Neutrinoless muon decays one of the most sensitive probes for new physics

> Ut —> ety & ut - eteet only possible at DC & intensity-frontier machine such as PSI’s HIPA
accelerator

» Any future cLFV search at PSI will need higher beam intensities

o
Andreas Knecht 2



PAUL SCHERRER INSTITUT

Muon spin spectroscopy [FE
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N (t)=Bkg+Nyexp(—t/t,)[1+an-P(t)]

N - direction of detector

» Muons probe local, internal magnetic field revealing the magnetic properties of the
sample
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Motivation: muSR =

» Vertexing for muSR applications:
» Pixel detector development together
with particle physics
» Enables 10-100x faster measurements.

» Unprecedented small samples,
10-100x smaller (“u-microscope”).

» Allows putting samples in extreme

conditions at unprecedented levels, e.g. _ o
Cosmic muons
10X pressure

Decay beam @

Bulk uSR ?
» Sub-surface muons at high rate: Surface beam

» They stop in thinner layers and cover a
yet inaccessible depth range of 200 nm -

200 ym.
» Perfectly suited for studies of energy 10°
materials and devices. 10* 10 10° 10* 10°

Energy (MeV)
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HIMB Science Case Workshop & Document  #[—=
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» Construction of new target station TgH at
the place of the existing TgM

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

g > Strong connection to TATTOOS project
(isotope production at HIPA for theranostics)

o~

Enable ground-breaking muon N
research at PSI for the next 20+ years!y
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2lons, surtace and cloud muons =

4 protons

» Pions produced through the interaction of the i

protons with the target v

» " /-

» Low-energy muon beam lines typically tuned to o

surface-u+ at ~ 28 MeV/c cloud muons

. . . +

» Contribution from cloud muons at similar pion decay-in-flight f/sL:rface muons

momentum about 100x smaller ™ stopped pion decay
» Negative muons only available as cloud muons

» 50 MHz beam structure for pions and cloud
muons

» For surface muons: time structure of cyclotron
smeared out by pion lifetime = DC muon
beams
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PSSl Proton Accelerator HIPA RE

L . Spallation source SINQ

e I | 5}\/ -

Injector cyclotron -1

/ 590 MeV cyclotron
—112.4mA, 1.4 MW

50 MHz
- 100 pAtfor  gpallation source for =
|sotope_ - ultracold neutrons
production nEDM experiment
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TATTOOS BE

» Targeted Alpha Tumour Therapy and
Other Oncological SOIUtionS a-Therapy Auger-e" Therapy B-Therapy PET (B*) SPECT (y)

» Spallation on tantalum target; online
Isotope separation; hot cells for e,,i,*:gjh‘>
processing of radioisotopes

N

B3g
GF

» Produce suitable alpha-emitting
radioisotopes for clinical studies of
theranostics

) ¢
» Terbium of particular interest, but other <‘”‘°’3°’

Interesting isotopes also available

» By the way:
HIMB + TATTOOS -> IMPACT
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pE

Target Geometry tfor new Tgh

~ New TgH

|

1011 surface ut/s

<=

100 mm

protons

20 mm effective length
10° rotated slab

Existing TgM

» 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

> Slanted target geometry also implemented and tested for TQgE — 40-50% gain in

surface muon rate
L
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Target design

» Two discs with individual
“leaves” that sit on top of each
other -> well controllable slits

» Proton beam impinges target
from the back

» Protection collimator
upstream

» Fits into existing TgE
exchange flask

PAUL SCHERRER INSTITUT

pE

e
|
1

collimator

view from top

20,1¢

proton beam

Andreas Knecht

11



PAUL SCHERRER INSTITUT

Target design (~=1

» Proton beam impinges on target wheel
below the rotation axis
-> allows “flat” target, gives a bit more
usable space and moves the proton beam :
away from the shaft of the target wheel ===

Proton beam
position

Andreas Knecht 12
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Impact on other tacilities of HIPA ==

SINQ

TgM/TgH

» 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 61% compared to 65% with TgM
» Beam shape at TgE and SINQ preserved

Andreas Knecht 13
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Split Capture Solenoids for Muon Collection  #{+=

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

» Central field of solenoids upt0 0.45 T

Andreas Knecht 14
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Capture solenoids =

» Current design of capture solenoid with iron return yoke
» Modelled after existing radiation-hard jUE4 solenoids

» The two capture solenoids will create a non-negligible
field at the target

0.0 F ' T T ' 1 T T ' ' 1 T ' T ' | ' ' ! ! ]
Target : 7~ :
position\ -

-0.1

-0.2

BZ(anaz)

-0.3

0.0 0.5 1.0 1.5 2.0 UE4 solenoids
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Correcting for proton beam deviations “{~=

Different fringing fields

= Next, we fix the position of the new steerer and modify the fringing field strength. The objective is to
demonstrate that we can always achieve the beam matching condition and take a safety margin.

Traj 1 Traj 2 x Traj 3 B fringine field 1 B fringine field 3 ——
Bfieldl —— B field2 —— B field3 —— B fi iﬂéiﬁﬁ figl s ringing fie

25 | . ‘ ' 1.4
. E 12 |
20 | . . _

Case 1 1.42 kG -2.21 kG | il

15 t

Field at presel

g 0.8 |
Case2 2.84kG  -4.42kG g < 06|
= 00
> 1V
_H T 0.4
Case3 4.27kG  -6.63kG 0 = 02
I |
Kicker strength requirements 0 50 100 150 200 250 300 350 400 450 300 320 340 360 380 400 420
Path length [cm] Path length [cm]
Changing the field strength of the solenoid shall not be allowed without changing the kicker field strength. 9
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Concept for new target station TgH ===

» Concept similar to existing TgE
— allows to profit from existing tools
and experience

» Separate exchange flask for capture
solenoids

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

Andreas Knecht
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TgH vacuum
chamber

Profile monitor
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Collimators

Profile monitor
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Solenoid Beamline =

TgE

‘ 1.2x10" u*s  gource 1.3x 10" /s o TgH

7.2x10° ut/s
\.; C ~ 60/0

3.4 x 1010 u+/s

Capture C ~ 26%

Existing UE4 |
beamline |

'based
'beamline

Gain due to high capture
and transmission efficiency

;4

|

i
|

N

r : 5x 108 ut/s 1.3 x 1010 py+/s
a T ~ 7% Transmission T ~40%
Total ~ 0.4% Total ~ 10%
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Deamline layouts BE

MMMMMMMMM

== Beamline muH2 ->
particle physics

Beamline muH3 -\\>\
muSR |

> New TgH at the same location as current TgM
» 90 degree angle of muon beamlines with first bend in the upstream direction
» Technical layout, currently optimising positions of individual magnetic elements

Andreas Knecht 19



Particles/s/[MeV/c]

» Of course we are not only producing surface muons
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pPE

» We will have good transport efficiency up to 40 MeV/c (given by capture solenoid)
» Plan is to design dipoles up to 80 MeV/c

Andreas Knecht
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Simulation of beamlines BE

muH2 g4bl model

= ey v

- o

.
\a’,’

muH3 g4bl model

Simulation tools: g4bl, TRANSPORT, TURTLE, COSY INFINITY
Optimization tools: grid searches, hyperparameter searches

Andreas Knecht 21
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Status muH?Z =

We have in excess of 1019 mu+/s at the final focus without the separator

Working on getting the beam nicely through the separator, probably need two short
separators in series for good transmission and sufficient separation power

Capture . Capture
Solenoid Solenoid
MuH2 MuH3

Transport
Solenoid
BL1

3 ¥

" Rectangular
Dipole
ASH1

Transport
Solenoid
BL2

~ Pumping

Station
Transport

Solenoid
BL3

" Rectangular
Dipole
ASH2
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Oeparator =

» Beamline transports any charged
particle of the same momentum

» Typically have muons, pions and
electrons in the beam

» At low energy pions decay along the
path

» Electrons and muons are separated in a
separator with crossed electric and
magnetic fields by balancing gE = g(v X B)
for the muons

Andreas Knecht 23



Status muH3
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pPE

> We have ~1010 mu+/s at the end of the solenoidal channel, a few 10° mu+/s after the
first triplet and ~108 mu+/s at the end of the 38-m long beamline

» Losses when coupling into the triplet and along the long quadrupole based beamline

unavoidable

HiMB Konzept Berg MUH3.3

oooooo

Andreas Knecht

m TgH

m Solenoid (CL=373 mm)

m Solenoid (CL=589 mm)

m Rectangular dipole
Quadrupole (L=500 mm)

m Beam blocker (L=800 mm)

m Pumping port (L=300 mm)

24



Bullding a new target station BE
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» 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
measured in Sv/h

D

Solenoid 2

Solenoid 1

Andreas Knecht
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Shielding o=

» Shielding built up
from individual iron
and concrete blocks

» Very flexible, but of
course very time
consuming to
dismantle and re-
assemble

Andreas Knecht 26



PAUL SCHERRER INSTITUT

New beamlines and area layouts ===~

New access

New helium
liquefier location

[
of
a4

Access
courtyard

M 0 I~.sll M@“ 0

» Together with the implementation of the beamlines will also need to adjust the
experimental areas, access ways, infrastructure etc.

» At the same time will try to clean up legacy walls and structures as much as possible &
allow for a more user-friendly and safer environment

Andreas Knecht 27



PAUL SCHERRER INSTITUT

Andreas Knecht 28



PAUL SCHERRER INSTITUT

—=1]

Organization

Project Management UZH/USZ — Steering Committee
AMacchiolo (UZH)
H Braband (UZH) -
External Technical
GioiavenCs) T Advisory Boards
Project Office UZH — —| Scientific Collaborations & Project Office PSI
Funding Liaisons
K Kirch (PSI)
R.Schibli (PSI)
B.Kilminster (UZH)
P.Kaufmann (USZ)
Technical Design Isotope Production Muon Beam Targets Proton Beam sy Safety
Technology
1 1 1 1 | R
Buil ding Design = Isot%[:lee:ti\sy;;m& 1 nggng'?:s)& — Target Stations —{ Beam Optics & Dynamics = Magnets 1 Radioprotection
= Mass Separator = p-Beamline = Exchange Flask - Splitter = Power Supplies = Disposal
Safety
a RILIS - Be;’g;‘nmm;'s | FEM Calculations - Diagnostics - Vacuum L Work Safety
Regulatory Affairs o Shielded Cells | Spedal Magnets - Sﬁgg‘ﬁ?&‘f& | Electronics & Controls
= lon Optics L Pixel Prototype — I
Il?:glrgdni:n Infrastructure Civil Engineering
I |

Andreas Knecht

Techn. Coord. & Planning

CAD Design

Tedh. Implementation
Target'pBeamine

Tech. Design & Layout
Expermental Areas

Mech. Engineering
&Manufaduring

Alignment

|

Cooling Systems

]

Electrical Installations

Cryogenics

HVAC (Ventilation)

PLC Systems PSYS)

Bldg. Technobgy& Services
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Layout & Engineering

Civil Eng. Coordination
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Timeline & next steps BE

Andreas Knecht 30



IMPACT Conceptual Design Report  “
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» 304 page document detailing all the
concepts

» Forming the basis for the full approval
and funding process

» Available at:
https://www.dora.lib4ri.ch/psi/
iIslandora/object/psi%3A41209

Andreas Knecht
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Conclusions =)

I "vpvr”‘ »

éﬂ‘”“ ' mﬁv“ ﬁm.'fi,ﬂ; ‘:“l

el
» On track for achieving muon rates of 1010 mu-+/s
at PSI, but many challenges ahead

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

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