Multivariate Density Estimators
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Simulated 6D Cooling

» Introduce position-energy correlation (dispersion) upstream of a wedge
absorber

e Result: emittance exchange (longitudinal cooling in exchange for transverse
heating) and/or 6D cooling

Incident Muon Beam

Dipole magnet
Wedge absorber] [~
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Wedge Simulation — 6D

@ €£: 6 mm; p,;: 140 MeV/c; transmission: 96%

* Longitudinal coordinates: At, AE; transverse coordinates: X, p,, y, P,

@ KDE-based density and volume of the 2 percentile contour (~one sigma of the
distribution in 6D)

@ Density T, volume |: unambiguous sign of 6D cooling in the case of full channel
simulation (will add error bars and increase the stat from 20k)

Ad: +19% Av: -23%
1e18 Ad: +1.3% le—18 AV: +3% \VL
Y e || """""""" - 2.8 \\
MICE Preliminary MICE Preliminary
Simulation 2.6 1 Simulation

G4beamline v2.16

01— fun
—— empty

G4beamline v2.16

4 — full
—— empty

6D Density [m?(GeV/c)?]™1
(00]
o

6D Volume [m?2(GeV/c)?]
N
N

2.2
7.5
2.0 II
-2 -1 0 1 2 -2 -1 0 1 2
Z [m] Z[m]
04.05.18 T. Mohayai 3




Wedge Simulation — 4D

@ £: 6 mm; p,: 140 MeV/c; transmission: 96%
» Transverse coordinates: X, p,, ¥, Py

@ Measured the KDE-based density and volume of the 9% percentile contour (~one
sigma of the distribution 1n 4D)

@ Density |, volume 1: slight heating in transverse direction in case of full channel
simulation (will add error bars and increase the stat from 20k)
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Wedge Simulation — 2D

@ £: 6 mm; p,: 140 MeV/c; transmission: 96%

® Longitudinal coordinates: At, AE

@ Measured the KDE-based density and volume of the 24t percentile contour (~one
sigma of the distribution 1n 4D)

@ Density T, volume |: unambiguous sign of longitudinal cooling and exchange in the
case of full channel simulation (will add error bars and increase the stat from 20k)
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Simulated Reverse Emittance Exchange

» No dipole magnet immediately upstream of the wedge in MICE —
no/small dispersion

» Without dispersion — reverse emittance exchange (transverse cooling with

longitudinal heating + no 6D cooling)
| | !/

Incident Muon Beam

Dipole magnet
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MC - 6D

@ £ :6 mm; p.- 140 MeV/c
e 6D coordinates: At, AE, x, p, y, P,
s KDE-based density and volume of the 2" percentile contour (~16 of 6D distribution)

@ Density |, Volume 1: 6D heating; expected for a beam with a small dispersion
@ Running with higher stats to fix the fluctuations + error bars to follow
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MC -4D

@ € :6mm;p 140 MeV/c
@ 4D coordinates: x, p_, y, P,
@ KDE-based density and volume of the 9" percentile contour (~16 of 4D distribution)

@ Density 7, Volume |: transverse cooling (will add error bars and increase the stat)
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MC -2D

@ £:6mm;p : 140 MeV/c

@ 2D coordinates: At, AE

» KDE-based density and volume of the 24" percentile contour (~16 of 2D distribution)

» Density |, Volume 1: reverse emittance exchange (will add error bars and
increase the stat)
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Re-weighting Required for 6D Cooling without dispersion

» No dipole magnet immediately upstream of the wedge in MICE —
introduce position-energy correlation (dispersion) via beam distribution
re-weighting for full 6D cooling

Incident Muon Beam

Dipole magnet

Wedge absorber
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How to re-weight kernel style

X Disclaimer: a toy example, for
(Ti) illustration purposes only
g ? ?
|Re§-weighted | ; g
L% —— p—— A TSRO SUUURPRRR R ]
] SO SR—. . et B\ h...].]
o XSl e N
STt &
& e i| INN. DURUNII SN, TSI DU WSS S |:I?Xz|2)
n
y 0 IR SN W CEUUN M, N T S -
p— z

Arbitrary Coordinates [a.u.]

» Re-weight distribution 2 to match 1 using
kernels

» Check the agreement between re-
weighted and 1 using a figure of merit

Arbitrary Coordinates [a.u.]




Figure of Merit for the Re-weighting Performance

@ Use the D-value of the Kolmogorov-Smirnov test to check for the agreement
between re-weighted and target
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Update on KDE Re-weighting — Normalized Weights

@ Original distribution: MICE muon coordinates. Target distribution: Gaussian distribution —

normalized weights to the ratio of sample size to sum of all weights
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Update on KDE Re-weighting — Normalized Weights

@ QOriginal distribution: MICE muon coordinates. Target distribution: distribution with dispersion-
normalized weights to the ratio of sample size to sum of all weights
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Dispersion, Density, Emittance Post Re-weighting

@ Original distribution: distribution with no dispersion. Target distribution: distribution with

dispersion, Weighted: re-weighted using normalized weights
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Conclusion, Next Steps

» Status of wedge simulation:
*Well-understood in G4beamline
»Higher stat run under way
#Stat. Uncertainty to be added
» Status of the re-weighter routine:
»Fixed the under-estimation at the core via a proper weight normalization
»Next step: increase the stats
* Application to MC underway
» Status of MAUS wedge simulation:

»On MC production page, indicates that it 1s still “running”
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KDE Simulation with MAUS MC Production
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