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()= The use of a beam of negative muons: MIXE

negative muon: Muon Induced X-ray Emission (MIXE):
» drived by proton accelerator » probes for elemental composition
» easily captured » non-destructive
» heavy mass: » bulk matter & depth-resolve (Bragg profiles)
m, = 105.7 MeV /c » light elemental sensitivity
my ~ 207m, ~ gmy, > simultaneous multielement
- » isotopic analysis
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==
MIXE @PSI : MIXE @other facitities
> nE1, GIANT,
» some samples: -
cultural heritage, battery, meteorites... MuSIC ! 1!

» countious beam
» Negative muons only available as “cloud” muons
» A plan for a permanent user station

¢ Narrow momentum distribution
* Variable momentum

Protons
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[={J=» Current status of pE1

* Long Decay channel:
— wider momentum range
~ 125 MeV/c
— Higher flux
> 107 p-/s
* Extraction part:
— 2 bending magnets and 13 quadrupoles
— Allow for optimizing for good beam
properties

* GPD (General Purpose Decay Channel

Instrument),
| — Enough space for a new bunch
: — limited impact on the old application
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Current status of uE1
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[={J=» Current status of pE1

. TRANSPORT calculation of beam envelope for GPD setting :
R T «  Aplp = 3%, 1st order calculation

 starting from the extraction of decay channel
Beam Properties at slit FS81 and GPD: beam size/ achromatic
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(={J» The parameters of elements in the simulation

TRANSPORT the envelope of beam

TURTLE . the multi-particle transmission.
To check the parameters of magnets in the input file:

Measurement )
_ The same current setting
Calculation
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TRANSPORT
TURTLE

To check the parameters of magnets in the input file:

(={J» The parameters of elements in the simulation

the envelope of beam

the multi-particle transmission.
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* muon beam spot and horizontal and vertical distributions at 50 MeV/c
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* December 2021, by Lars Gerchow & Sayani Biswas
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(={J» The parameters of elements in the simulation

TRANSPORT the envelope of beam

TURTLE the multi-particle transmission.

To check the parameters of magnets in the input file:

Measurement :
_ The same current setting — sucqessfgl alignment and
Calculation calibration of elements

/ —— calculation —— calculation \

» the fringe field of quadrupoles - measurement —— measurement
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==

The parameters of elements in the simulation

A comparison of beam envelops and beam spots with different definitions of magnets for the GPD setting

muel extraction,x=0.5cm,y=1.5cm,xr=10mr, yr=10mr,100MeVc,QuadsWithFringeF, GPD

Zmin= 0.00 m Zmax= 20.00 m Xmax= 20.0 cm Ymax= 20.0 cw Ap

*1.00

Tue Apr

— original magnets

— corrected magnets

N

4 4
5 5

T

IEIEE T

9 9
3 3

o

15

Slem] *s— % 0 4+
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2nd order calculation,
Ap/p=3%
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(={J=» The parameters of elements in the simulation

The fitted TRANSPORT beam optics and TURTLE simulation for the GPD (2@ order calculation, Ap/p=3%)

muel extraction, x=0.5cm,y=1.5cm,xr=10mr, yr=10mr,100MeVc,QuadsWithFringeF, GPD
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()= Beam envelope calculation of pE1 with new layout

Po/e of
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==

Beam envelope calculation of uE1 with new layout

The fitted TRANSPORT beam optics and TURTLE simulation for the original GPD side with a rotated bending magnet

(2" order calculation, Ap/p=3%)
muel extraction,x=0.5cm,y=1.5cm,xr=10mr, yr=10mr,100MeVc,QuadsWithFringeF, GPD
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()= Beam envelope calculation of pE1 with new layout

For MIXE (rotated ASK82): Calculations of beam envelopes, 2" order calculation, Ap/p=3%

muel extraction,x=0.5cm,y=1.5cm,xr=10mr, yr=10mr, 100MeVc,QuadsWithFringeF,MIXE total Opening Of Slit ~25 Cm
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()= Beam envelope calculation of pE1 with new layout

For MIXE (rotated ASK82): Calculations of beam envelopes, 2" order calculation, Ap/p=0, 1. 2. 3%

muel extraction,x=0.5cm,y=1.5cm,xr=10mr, yr=10mr,100MeVc,QuadsWithFringeF, GPD

Zmin= 0.00 m Zmax= 20.00 m Xmax= 20.0 cm Ymax= 20.0 cm Ap * 1.00 Fri May
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()= Beam envelope calculation of pE1 with new layout

For MIXE (rotated ASK82): Calculations of beam distribution on slit and end separately, 2" order calculation

Half opening of slit Ax=12 cm Half opening of slit Ax=4 cm Half opening of slit Ax=0.5 cm
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For MIXE (rotated ASK82):

Beam envelope calculation of uE1 with new layout

AX - half jaw opening dp/p — momentum distribution at sample area ( FWHM)
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()= Beam envelope calculation of pE1 with new layout

For MIXE (rotated ASK82): the_new branch of uE1 as a prc_)r_nising route _for meeting the r(_aqui_rements of MIXE,
which sets the stage for a significant expansion of muon applications at PSI

muel extraction,x=0.5cm,y=1.5cm,xr=10mr, yr=10mr,100MeVc,QuadsWithFringeF, MIXE

Main characteristics of MIXE settings
Zmin= 0.00 m Zmax= 20.00 m Xmax= 20.0 cm Ymax= 20.0 cm Ap * 1.00 Fri May 1 . .
20— — - according to calculation:

« Additional 2 quadrupoles are needed

:|_||_||_||_| L Uit bud g Ui «  (QSK87/88/89 are almost operated

symmetrically to QSK85/86/QSE81

*  OnFS81, the momentum dispersion

| can be maximized
M/\/\/ . «  for MIXE operation, the dp/p reaches

lower than 1% if slits have the half
opening of smaller than 20 mm

« Beamspot~15cmx1.5cm
(FWHM)

Enininln e T M « Scaling the magnetic 3D bulk
L ] ) N system to the desired —» elemental
B EEEEE R momenta analysis

20 [ S0 1
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(-{J» Muon beam line simulation for negative muons

Thanks For Listening
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Horizontal Phase Space @y decay channel exit

(={}=» Backup
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M. Sakurai et al, 2023.
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Backup
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Backup
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(={J=» The parameters of elements in the simulation

« The fitted TRANSPORT beam optics and TURTLE simulation for the GPD (2" order calculation, Ap/p=3%)
» Comparison of TRANSPORT and TURTLE of phase space ellipses at the sample position. (Ap/p=0%)

muel extraction, x=0.5cm,y=1.5cm,xr=10mr, yr=10mr,100MeVc,QuadsWithFringeF, GPD

20 Zmin= 0.00 m Zmax= 20.00 m )O(ma:: ;20.0 cmu ijax: 20.0 cm Ap * 1.00 Sun Aug
16 i 12 304 11 5 6 9 2 2 o1
LU0 W U oo g o
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4 — fitted setting
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