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(13 Outline

* Introduction to the PSI High Intensity Proton Accelerator (HIPA) Facility
* Secondary beam lines (PiM1, PIEL, PIES)

* Other “useful tools” (Wien Filters, Beam Scanners, Control System)

* Conclusion
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«(={}» The PSI HIPA Proton Accelerator Facility

Muon & Pion
experimental hall

HIPA (High Intensity Proton Accelerator) PROSCAN (Protontherapy)

CW (50.63 MHz), 590 MeV, up to 2400 pA (1.44 MW) CW, 250 MeV, up to 1000 nA proton beam
to 2 meson production targets (7 sec. beam lines)

: In operation since 2007
and SINQ spallation source

3 Gantries, 1 Eye Cancer Treatment Station, 1 PIF
Macro-Pulses, up to 3% duty-cycle to UCN source

High availability, stable operation.
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o= Facts about HIPA

* In operation since 1974, stepwise upgraded Carbon Target Wheel

Most powerful CW beam worldwide so far
(1.44 MW max, 1.3 MW routine operation)

Low losses, high efficiency accelerator (99.98% extracted beam)
Typical availability: 90%
Charge delivered to meson production targets: ~9 Ah/year

CW beam, 50.63 MHz (spacing between bunches: 19.75 ns)
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m HIPA Secondary Beam Lines

Two meson production targets:
* TM (5 mm), 2 beam lines: PiM1, PIE3
* TE (40 mm), 5 beam lines: PiE1, MuEl, PIE3, MuE4, PIE5
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«(-{j» Overview of Secondary Beam Lines Features

Target

Particle Type

Momentum
Range

Typical
omentum

Max Rate
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o= PIM1Overview

22m long beam line located at TM (22.5° forward angle)
“The” Test Beam line at PSI (but MUSE is coming...)

Momentum range: 10 - 500 MeVI/c

* 60 cm Air gap at intermediate focus allows to place material
for passive separation

Beam mixture of e/p/Tt/p (no “active” particle separator)
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(= PiM1 Parameters

* Achromatic optics (downstream of last dipole)

* Large dispersion at intermediate focus (air gap): 7cm/%

* Momentum acceptance (10): 1.5%

* Max. particle flux: 2x108 part/s @ 350 MeVI/c (positive charge)

* Beam spot size at final focus (1o): 18mm (x), 12mm (y) (>100 MeV/c)
* Momentum dependent beam composition (no particle separator)

Beam envelops

0 cm Ap * 1.00 28-Jan-16 17:02:38

Beam profile at final focus
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(= PiM1 Beam Composition

Beam composition depends upon momentum:
<115 MeV/c: e
115 - 200 MeV/c: elrtlp

Measured Particle Rates (R.A. Schumacher, U. Sennhauser, 1987)

200 ) 280 MeV/C eIT[ 3% L I L L L L L Y L B L LI B %
s & ]
> 280 MeV/c: Tilple e R S
Im . — ] o —_]
Beam line originally built for pion physics (1974) T,a ~E p : - = =
He — - “‘l —
Beam composition vs momentum measured in 1987 = “E ® Yy ) =
for pions and electrons only and for p > 100 MeV/c 1= ; " ’ =
— ® o .
Recently: = oo =
oo C o - =

¢ Growmg interest for low momentum tests (shielding P— p— v e v

material for space missions): 10 — 100 MeV/c p [Me¥V/c]

* Particle physics moved to muon beams (ex: MUSE,
measurement of proton radius)

Measurement of beam composition at lower
momentum and including muons necessary!
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(= Beam Composition: New Measurements (MUSE)

Fraction (%)

TOF measurements in PiM1 performed by MUSE
Collaboration for both negatively and positively charged

beam, between 100 and 220 Mevic
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* Measurement by PSl Irradiation Group to characterize the
PiM1 negatively charged heam between 10 and 230 MeVic
* Very good agreement between MUSE and Irradiation Group
results (negative charge)
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o= PIE1 Overview

High intensity p/z beam line at TE (10° forward angle)
Recently reshuffled (2012)

3 operation modes:
High momentum (max 500 MeVic) for Pion Irradiation

Surface muons to PSR facility (90° bending at ASK)
Cloud muons (<120 MeVic) for Test Beams, Particle Physics

Muon Spin Rotator (45° @ 28 MeV/c) or Wien Filter Available

lif——
TIEeq —g

Last Triplet

B . Dolly (uSR)
: raBsd
o Pion Irradiation
- ! = Particle Physics
S 7
| Lo/ ¢

Wien Filter

ASK Dipole
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(= PIE1 Parameters

Achromatic optics upstream of last dipole (ASK) AR AR AR R AR
Momentum <120 MeVI/c: Beam dominated by elp E E
120 - 280 MeV/c Beam dominated by p/n ~ E =
> 280 MeV/c Beam dominated by n/p g e : |
Momentum acceptance (10): 4% E%i = -
Max. particle flux: 4x10° =+ @ 300 MeVic = 2/p = 3% FWHM e
Simulated Beam spot size at final focus (RMS): 7mm (x), 4mm (y) 3% e s %
e N o e e ’ o > thO{OeV/c] o ° i
T b o
/\ W | I ITTRENNTITRE S
nple s

Page 12



PAUL SCHERRER INSTITUT

(= PIE5 Overview

Extraction

y

Dipoles

Fixed Part of the Beam Line

Quadrupole
Split Triplet

Experimental Setup for p3e Test (2015)

LAY

Low momentum (10-120 MeV/c), high intensity p/z
beam line @ TE (175° backward angle)

Momentum setting done by accelerator control room
(affects proton beam)

Wien Fielter (or Muon Spin Rotator) available

Tipically employed by long term PP experiments (MEG, p3e)
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(= PIE5 Parameters

Momentum Range 15 - 120 MeVic
Momentum acceptance (10): 5%

Max. particle flux: 6x10° =* @ 120 MeVic
(decreases if separator or SpinRot are employed)

Beam spot size after triplet I (RMS): 8mm (x), 20mm (y)
High neutron background
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(1= Spin Rotators / Particle Separators

PiE1 and PIE5 equipped with movable Wien Filters employed as:

* Particle separators (i.e. get rid of electron contamination)
* Muon spin rotation (i.e. 28 MeV/c surface muons,)

+300 kV 1.7 m long spinrot / sep inPIE1/PIE5 200 kV Separator in PIE5
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(] Beam Scanners

2 XY and 1 XYZ movable beam scanners available for beam diagnostics

* 2x2 mm? scintillator pill
* Labview based control and readout system

* Determination of beam size and particle rate at final focus

XYZ Beam Scanner in PiM1 XY Beam Scanner in PiE5
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m Beam Line Control System

* User Friendly, stand alone beam line control system (magnet currents and slit apertures)

* Users control the beam lines directly (no need to bother the control room except for PIES
momentum change)

* Beam Optics optimization tool ,Optima“
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“Optima”: beam rates vs magnet current
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Select Ml Unsetect

i
setvale GET (<) | SET(-») | SET factor

Magnet on | o | SE[ZEHDI

Put done (24 devices)

[ Mon Jul 19 10:38:27 CEST 2010,

“Setpoint”

: controls magnets and slits
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Beam Schedule

PSI 590 MeV Program 2017

Last update: Feb 8th, 2017, S. Ritt <stefan.ritt@psi.ch> May | June | Jul August | September I October November | December
http://www.psi.ch/Itp/FacilitiesEN/schedule_2017.pdf Week number| 19| 20(21]|22(23|24|25|26|27|28|29(30|31(32|33(34|35[36|37[38(39|40(41|42(43)|44(45|46|47|48|49|50]|51(52
PSP Availability
PiM3  MuSR (GPS&LTF) Amato (coord.)
PiE3  MuSR high field Scheuermann (coord.)
MuE1 MuSR (GPD) Amato (coord.)
MuE4 MuSR (LEM) Prokscha (coord.)
PiE1-1 MusSR (Dolly) Amato (coord.)
Muonium 5203.32730.001  Knecht
PiE1-2 R-16-01.1 muX 5203.32730.001  Knecht
R-16-02.1 HyperMu 5201.32030.006  Antognini =
R-14-02.1 MuCool 5203.32730.001  Antognini 1
25-1S 5203.85763.010 Wauters
Irradiation 5201.32004.802 Hajdas
PiES R-99-05.2 MEG 5201.32030.001  Mori
R-12-03.1 Mu3E 5201.32030.002  Schoening
R-16-02.1 HyperMu 5201.32030.006  Antognini
UCN R-05-03.1 nEDM Kirch
PiM1 R-12-03.1 Mu3E 5203.85763.010  Schoening
R-12-01.2 MUSE 5203.85763.010 Gilman
Praktikum 5203.85763.010 Grab
Praktikum 5203.85763.010  Steinkamp
CMS Diamond Detectors ~ 5203.85763.010  Hits
Irradiation 5203.85763.010 Hajdas
DC cluster counting 5203.85763.010 Renga
Micro Rwell 5203.85763.010  Bencivenni
Irradiation 5203.85763.010 Hajdas
Spin-rotator
=N W P INN~N Rl N
= N N = = N = - N w = N N = = N N o (] w o (<2} w o ~N > = e wv
Start (Monday)| L [ |21 QLD 10 10 1@ Q31218 1 J 2|8 1Q )2 11010 xR Is (T |8 [s|e|els|els
wvi ui g wvi (%) (<) (<) (<) ~N ~N ~N ~ ~N [°J 0o [2J [2J o o) (o) (o) o o o o o - = = = N N NN
S~ SS b B B B B B e el e e B B Bl e e e e B e S~ e el e el el e e
Tl e B B B B B S B B I B I B B B I B B B B I B B I S I B I B B I B
)] )] [o)] [e)] [e)] [e)] [e)] ()] [e)] [e)] )] )] )] [0)] [e)] [e)] [e)] [e)] ()] [e)] )] )] )] )] [e)] [e)] [e)] [e)] ()] (o)) (o)) [e)] (<) 30 (<))
RN~ PN BRI |w
= NN R = N =N w =N~ Blr|IN|[prlo|l|IMN|O|lWIMNMOC|lO|W|O|IN|D P
End (Sunday)| £ |8 (¥ £ |8 (X 10 R I1Q 12 1¥ 1212 1¥ 19 I J ¥ 19 J|& s Is|s|[a|g|Fr|ls|r|rlelelElels
B e B IR IR A I I IOl I I I - - R - I R - R RSl RS RS RS S Rl Rl Rl Bl R R N RS R
[ e I I e I B I I e I I e e I e A I e I B B R I S e S B B B B B e B
[<)} [<)] ()] ()] (<)} (<)} (o)} ()] ()] (<)} [<)] [<)] ()] (<)} (<)} (<)} ()] ()] ()] (<)} (<)} [<)} [o)} (<)} (<)} (<)} (<)} (<)} (<)} ()] ()] (<)} [<)] (<)}

* Instructions for beam request to be found at:

https://www.psi.ch/sbl/call-for-beam-time-requests

* Proposals evaluated in February by external review committee (BVR: BenutzerVersammiung Ring)
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(13 Conclusion

* PSI HIPAis an established and reliable user facility for high intensity particle beams

* Typical beam availability > 90%

* 3 secondary beam lines partially available for tests (20 — 500 MeV/c)

* PiM1 beam-line recently characterized at small and intermediate momentum (10 -230 MeV/c)
* Usual HIPA running period: May through December

* 2018 and 2019: shorter runs from July through December

* Proposals for test at HIPA facility to be submitted through:
https:/lwww.psi.ch/sbl/call-for-beam-time-requests

* Contact Persons: Stefan Ritt (LTP), Davide Reggiani (GFA)

PSI, 16.01.18
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o= The 590 MeV Proton Channel
- SINQ
|Cu-COI|imator| I Lf | Spa”ation
| Source
SINQ
Target E Beam-Dump
40 mm thick
UCN
Beam-Dump
Target M
5 mm thick
UCN
UCN Spallation
Kicker Source
PSI, 15.01.18
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BS 1.4 MW Beam Transport

1.4 MW Beam Envelopes from Cyclotron Extraction to SINQ Target (with Magnet and Collimator Apertures)

y (mm) Black arrows: collimator apertures HH HH |‘|‘| |'|'| H

120 r U |_U
SINQTarget

Il I L 1 69% losses

80 [

40

40 T

80 |

| &x, & emittance in mm-mrad Target M: Target E:

120 1.0% losses 30% losses

X (mm)

25 50
Peak beam current density on target M and E: 200 kW/mm?

Average losses away from targets: 0.6 Wim
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«-{=» Intensity and Width Meas. (PSI Irradiation Group)

* Between 2014 and 2016: measurement
campaign by the PSI Irradiation Group to
characterize the PiM1 negatively charged beam
(no protons) in momentum range 10 — 230 MeV/c

* Beam width and intensity: Beam Scanner
furnished with scintillator pill, remotely controlled
by LabView program

Beam Width vs Beam Momentum at focal point Beam Intensity vs Beam Momentum

6 r ‘ r ‘ T r 108
* o a,

Hﬂy

Intensity [nb part/s/mA]
[
o

—
(=]
o
T

5 L i i i L
"o 50 100 150 200 250 300 350 oS50 10 150 200 250 300 30
p [MeV/c] p [MeV/c]
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(= TOF Measurements (PSI Irradiation Group)

counts/total counts

Particles produced in bunches at the Target Station M every ~20 ns (proton beam RF structure)
Accelerator RF signal available in PiM1

TOF measurement: time difference between signal from plastic scintillator at the end of the
beam line (focus) and closest period of ~20ns modulated accelerator RF-signal (Relative TOF)

Electron-TOF NOT momentum dependent, Muon- and Pion-TOF momentum dependent

Pion/Muon identification through fit of TOF vs 1/ for Muon/Pion hypothesis

10°
Electrons — P 57.50 MeV/c
107! Pions Pions Pions Pions — p 86.25 MeV/c
Py e ,.""\ R — p 115.00 MeV/c
s % L = TR Ty — p 143.75 MeV/c
102 4 | . . “ -- p172.50 MeV/c
. - . -~ p201.25 MeV/c
! - i
\ AN S | T + « p 230.00 MeV/c
10-3 t - . - oy LY b 287.50 MeV/C
h . . (1] - . - \- (I Ia‘ I' . :
In.-lhl-_j *I q .‘.a-—- 1T R #A.g-t j_ .?. > . p345.00 MeV/C
104 l . .
0 Muons 5 15 Muons Muons2() 25

TOF (ns)
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(3 Beam Fractional Composition (PSI Irradiation Group)

Beam fractional composition vs momentum from relative contribution of e, p and 1t from TOF peaks

Electrons dominate between 20 and 150 MeV/c, pions dominate above 220 MeV/c

Pions and muons start from 115 MeV/c

Muons always below 3%, disappear above 220 MeV/c

Comparison with energy loss measurements in thick scintillator (less precise) show good agreement below 180 MeV/c

120 _ T T T
100
R 80
: Electrons TOF
=)
S 60 Pions TOF
4
= Muons TOF
=)
40
o S S S S A N 5 _ S N N .~ G PO Electrons E-loss
20 == == Pjons E-loss
0 — , ! | |
0 50 100 150 200 250

Momentum / MeV/c
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(= Beam Detectors Design (MUSE Collaboration)

MUSE: proton radius determination
through concurrent muon and electron
scattering (LiH Target) needs beam
telescope (timing/tracking)

Beam-Line
Monitor

Scattered

Expected data taking: 2018-2020 e
: Straw-Tube
PiM1 beam line (and HIPA in general) i

does not provide a beam telescope

Beam detectors currently developed by
the MUSE collaboration

Timing detector: SiPM (Silicon
Photomultiplier) thin hodoscopes I/LL

Detectors
|~

Tracking Detector: GEM (Gas Electron
Multiplier) telescope (3 planes)

Thin Scintillator

Such detectors could become the basis
for a future ,fixed“ beam telescope ~ I i

system available to all users
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SiPM Hodoscope Design (MUSE Collaboration)

SiPM detectors prototypes 100 mm x (5-12) mm x 2
mm (1 and 3 paddles), without and with frames

Schematics of final SiPM detector with 16 Paddles

32 Im Coaxial Cables

LEMO connectors
(Signal Output and HV Input)

16 Paddles per Hodoscope
separated by 12 micron air

10 x BC404 (100mm x 8mm X 2mm)

AND 513360-3075PE

6 x BC404 (100mm x 4mm x 2mm) 52 HAMAMATSU SiPM—s

RiseTine: 07 1 Blse Wil (EWHM) w200 S x 3 o actveasea,pesk eff,a-450mm

‘Wavelenghof Maximun Emisson: 08 m

LightOutput (5 Ambracenc: 65%
Light Atenusion Lengts: 140 an

Detecton spectrum from 3200m 0 900mm
Sizes 435 mom x 3.85mm x 1.45mm

26 x PCB-s

Holding frame,
Covered by Tedlar

Goal: <100 ps resolution for PID with high efficiency

SiPM prototypes designed and built at PSI with
AdvanSiD or Hamamatsu SiPMs

During tests: analog signals amplified by PSI
amplifiers and discriminated by PSI constant fraction
discriminators, then sent to TDCs

Tests in PiM1 Beam started in December 2015

Final hodoscope design: 16 scintillator paddles
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(= SIPM Hodoscope Tests (MUSE Collaboration)

L L L L
104_E —— Data <
= MC p = 155.5 MeV/c 3
N MC:ebeam .
3 I:IMC:ubeam

10 EE EMC:nbeam ?E
7 C 3
I i ]
3 102_5 .
O = \ ‘ ]
“F "1 -
- 1] 3
L, '

1 i

' - LI
50 51 52 53 54 55 56

time-of-flight (ns)
TOF between two hodoscopes 50 cm

apart (arbitrary x-offset)

- 100y T

98- ]
- < L |
€ = 9} ]
L O ]
> S ol o ]
m I O HamZE'SC,;__smm, HV=69V ]
92 O Advansid, 5 mm, HV = 30.5V i
‘ L o Ad‘van;_ld,'_;fzrnm, HV =915V E_
0 25 20 -15 -0 -5 _t'l 5 10 15 20 25 30 90— '5'0'5' & '160‘ = '1'50' 500

e o threshold (mV)
Impact on beam profile (3 x 2mm layers) Efficiency measurement
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(= SIPM Hodoscope Tests (MUSE Collaboration)

* Two different paddle lengths tested (100 and 162 mm) with similar results

* Time resolution: 60 - 80 ps (dependent upon paddle length, width, type and SiPM type)
* Efficiency > 99.5%

* Hamamatsu SiPMs: more radiation resistant (but more expensive as well!)

* Radiation damage decreases with larger distance from beam: longer paddles better suited for
high rates

* Small effect on bheam profile if 2x2mm or 3x2mm layers employed

* Particle type on-line triggering based on SiIPMs + RF signals and FPGA electronics under
study (TOF = SiPM time — Accel. RF Time)
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(= GEM Detectors (MUSE Collaboration)

Goal: tracking a 5 - 10 MHz heam with < 100 pm resolution

GEM (Gas Electron Multiplier): low-mass detectors (~0.5% of a radiation length), minimize multiple
scattering

50 - 100 pm resolution achieved with a two-dimensional strip readout (~400 pm pitch)

MUSE to employ a 3 GEMs telescope already in use at the OLYMPUS experiment (DESY): 10x10
cm?surface, 70% Ar / 30% CO2 gas mixture

Expected rate density for the nominal M1 tune at the final GEM (upstream of focus): ~ 1 MHz/cm?,
single-track probability > 90%

Rearrangement of GEM chambers, electronics and cabling required for PiM1
GEMs read out based on FPGA-controlled front-end electronics (APV-chip)
Read out time to be decreased by factor 10 for PiM1 beam

Electrical noise issues in PiM1 still to be solved
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