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Introduction Abstract Advantages compared to a conventional target such as the PSI

thick Target station E are:

Muons are an excellent tool for probing both the fundamental Muons are a prime tool for both, particle and condensed matter physics. High intensit
P ; P 2 A 0 / « 70% of protons are stopped compared to 12% at Target E

and applied aspects of the structure and properties of matter. muon beams enable unique research and play an increasingly prominent role at the _ .

The search for “New Phvsics” bevond the Standard Model “High Intensity Frontier”. However, in order to undertake these “Next Generation” ‘ Can.exploﬂ a larger energy-range of the st-production cross-
, , y y R experiments in both fields, new concepts are needed to deliver muon intensities far in sections (up to 150 MeV, compared to ~45 MeV at Target E)

(SM) is of fundamental importance as it ultimately leads to a excess of the current world frontier limits produced at PSI. The HiMB feasibility study » Larger s-production volume (up to 50% of proton range)

more unified understanding of the nature of our “universe”. will explore such a possibility for PSI. .
Particularly suited to this search are precision-type experi-
ments at the high-intensity frontier, an important comple-
mentary approach to similar strivings in the high-energy sector
at the world’s leading collider facilities.

Pion range is limiting, not the width of the A-resonance
 Higher average Z cross-sections (Pb,Zr, Al compared to C)

Table 1:Current and “in-planning” muon beam facilities/experiments. * Can exploit a larger surface muon acceptance volume

Laboratory/ Energy/ Present Surface Future estimated . .
Materials science with its novel techniques such as muon spin Beam Line Power Rate Mz i Rate h Target Simulations
resonance (MuSR), is also able to address fundamental pet(er (590 MeV. 1.3, £C) 5 | | | |
questions concerning the magnetic nature of complex novel Twe ssomew, 1uwoo 107 (14) or et ony) Initial ‘muon- source Intensity calculations have since been
materials by utilizing the properties of the muon such as its Py 5 Gev, 1w Patoed) confirmed by realistic 3D Monte-Carlo simulations of the SINQ
magnetic moment and 100% spin polarization. Cwseome Y 15107 o) 2013 target region using the code MCNPX (also used for tge design
. . . . . - SE U-Line “ -9 +) 2013 n

Currently, PSI leads the world at the intensity frontier, with its GONET (0 Gev, Sau Pui 1077 () 20102020 of the SINQ target). The simulation involved 4-10° protons
high-intensity proton accelerator complex HIPA, producing a e e R generated from a realistic 2-D Gaussian profile interacting in a
nominal DC beam power of more than 1.3 MW (cf. Fig. 1), in- e aey, 25w pused 5.10% () 201972020 complete model description of the SINQ target (cf. Fig 5). Three

. . ] ’ " Project X Mu2e (3GeV, 750kW Pulsed) 2-10"% (u-) >2022 dﬁ t h . d | dt t ' d t
turn leading to the most intense low-energy muon beams in the —— P WWEREANE [AEtEs 1olleks UiES Bt e geiieliclis [Pl Aol
world, with fluxes in excess of 108 muons/sec. However, large 20 - - and stopping, followed by surface muon production. The
efforts are underway worldwide to improve intensities beyond KEK (JP) (500 MeV, 2.5 kW Pulsed) statistical Uncertainty of the number of muons prOdUCGd with the

- Dai Omega “ . ' . ' ' '
the present state of the art in order to open up new research v P —— corrgct energies, heading downwards.wﬂhm t.he beam pipe a?d
options. - RIKEN-RAL 1.5 passing a plane 25 cm below the window, is better than 2%,
RCNP Osaka Univ. (JF) (400 MeV; 400W DC) while the model estimates agree to within 35% for .
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Although still in its infancy and subject to a 2-year feasibility study,

FUT bk just started, one such new concept [9] which holds the potential to
LP-SPL 3 maintain PSI's muon beams at the intensity frontier, as well as the
5 : possibility to provide a multi-port high-intensity muon facility, should
the concept prove feasible, is the use of the SINQ spallation neutron
source (cf. Fig. 3) target window as a source of low-energy surface
muons (P < 29.79 MeV/c, T< 4.12 MeV, kinematic limit).
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Fig.5: PSI. MCNPX Monte-Carlo model of SINQ Target region
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Fig.1: The Intensity Frontier- current & future accelerator facilities
around the world. The diagonal lines represent beam power
contours of 0.1, 1 & 10 MW.

Normalizing the number of muons with energies < 4.12 MeV to a
proton beam intensity at the SINQ target of 2.1 mA (3mA at Target E)
and allowing for the 35% variation, a maximum muon rate of:

R,(<4.12 MeV) =1-10" p*s' at 2.1 mA | on SINQ
passing surface 25 cm below target heading downwards

Motivation

can be expected.

On the particle physics side a new generation of charged o L
Limiting the source results to a realistic momentum-byte of 10%

lepton-flavour violating experiments (cLFV) is in planning

worldwide: MEG2 [1] and Mu3e [2] at PSI ( cf. Fig. 2), COMET = R . : \ FWHM, surface muon rates below the SINQ target of order 101 S‘1. at

& PRISM/PRIME at J-PARC [3] in Japan and Mu2e and o || = TERAD | = e N a modest proton currept of I, =2.4 mA on TgE (1.7 mA SINQ), which

Project X Mu2e at Fermilab [4] in the US. Furthermore, LFV Fig.3: PSI SINQ Spallation Neutron Source. has already been achieved, could bg expected,lgs shown in Table 2.

has been endorsed as a key area of investigation by the As an example, an 80% muon survival probability can be expected
Like-signed charge muons, from stopped pion decay in the target for a beam line length of 40 m.

national road-maps on particle physics of the major nations , N ne ,
involved [4-8], that of the USA, Europe (including Switzerland) window, would be guided in a downward direction, opposite to the —— - b ; ——

’ ’ " " " 1A " " entral Momentum omentum-byte stimate uon Rate
and Japan. However, the sensitivities aimed for by these incoming protons by a solenoidal guiding field. A focussing [Mevic] 6] FWHM (Below SING Targe
experiments requires new concepts to achieve stopped muon solenoid would allow the upward protons to be defocussed on the  Taple 2: expected [Hz] lp= 2.4 mA Tg E
beams with orders of magnitude more intensity than currently
available at PSl. Mu3e and other muon experiments will
ultimately require muon rates exceeding 10°s".

target window, as is currently the case, while still allowing the TN o 28 (Surface muons) Full (7£1)10"
muons of much lower momentum to be transmitted in the opposite ~ SINQ
direction. Muon extraction is currently foreseen in the fringing field

at the top of the large dipole magnet AHO shown in Fig.4. 26 (sub-surface muons) 10 (321)-10"

28 (Surface muons) 10 (311)-1010

Schematic TES Channel & MEG Beam Transport System

Nidizi:sadaeazeay AR Challenges
Floorlevel
| There remain many challenging aspects of the project to be studied,
solehoid! - 777777777 notably: muon extraction & transmission optics; maintaining
R machine & SINQ safety requirements & diagnostic elements;
Fqcuss!ng radiation hardened magnets in a limited space; and finally
solenoid maintaining the current proton “footprint” on the SINQ target.
Fan-coupling Dipol/Quad.
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