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Motivation

MICE beamline simulations have been done using two
codes:

e PSI GraphicTURTLE andTRANSPORT (18t 2"dand
34 order matrix ray tracing and beam propagation)
— Fast (min/Mpion), well-known

« Tom RobertsG4beamline (Geant4 basec

— New, has comprehensive scattering and trajectioygips, but
slow (hours/Mpion)

For the same lattice, the output beam from Turtlg4
order was found to have emittance ofrt/mim rad,
while that from G4beamline (G4BL) was 14 ./mm
rad . Also differences in profiles:
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Common 30 mrad beam after B2
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—a—TTL NoDeclIP + Qd Sli xrms(from 16599) —=— TTL NoDeclP + Qd Sli yrms (from 16599) ¢ G4BL NoDec xms G4BL NoDec yrms ‘
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Common 10 mrad beam after B2
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Stopping down the be
removes differencgs

+ G4BL NoDec xrms

G4BL NoDec yrms —s—TTL NoDeclP + Qd Sli xrms (from 16599) —=— TTL NoDeclIP + Qd Sli yrms (from 16599) ‘
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Common 30 mrad beam after B2 (rev. pol.)
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(not the point...

‘ + G4BL NoDec xrms p_rev G4BL NoDec yrms p_rev —=— TTL NoDec QdSli prev xrms (from 16599)

—=—TTL NoDec QdSli prevyrms (from 16599) ‘
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Turtle only in 24 order (rev. pol.)
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28] removes differencgs

¢ G4BL NoDec xrms p_rev G4BL NoDec yrms p_rev —a—TTL NoDe QS pr 1st&2nd xrms (fr 16599) —=— TTL NoDe QS pr 1st&2nd yrms (fr 16599)‘

e Y :
Brunel MICE Beamline Optics group Slide 6 vi@
UNIVERSITY Dec. 2007 k <

WEST LONMDOM ) @ .



Single particle tracks - quadrupoles

Have sent groups of single particles through alsing
MICE quad (Q4) with correct aperture, field strangt
muon momentum etc.

But: no fringe fields, and no air.

Tested a series of input cases starting 2m bdferguad,
and looked at transverse momentum after the

For “focussing”, the muon trajectories are confin@the
focussing X) plane, and the values xfafter the quad
are compared with a reference

For “defocussing” the inbound muons start from the
corresponding locations along thaxis, and their
eventual’ is compared with a referengé
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Code comparison - guadrupoles

Have compared Turtleunning in 2'and in 3 order
mode with Microsoft Excel implementations of thé 1
order equations (e.g. Carey or Banford book) anthef
39 order equations, both SmitA'as printed (incorrect)
and the corrected versions

1. Turtle: TurtleNT.exe computational part for TefEramework, v.
2.45 compiled by U. Rohrer (PSI),-Mar-200¢

2. D.L. Smith: “Focusing Properties of Electric dvdgnetic
Quadrupole LensesNIM 79 pp.144-164 (1970)

3. G.E. Lee-Whiting: “Third-order aberrations ofnagnetic
guadrupole lensNIM 83 pp.232-244 (1970);
G.E. Lee-Whiting: “Comparison of calculated thircder
aberrations of a magnetic quadrupole IeldBY 99 pp.609-610
(1972)
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Input Cases

In the following slides, the geometry for each case
llustrated by the trajectories in just the focagsplane
(from 39 order Turtle), followed by a graph showing
the differences i’ (ory’ for defocussing) using the
Excel Ftorder model as the reference (an arbitrary
choice)

It will be seen that cases B and H have been chaiseimn
that the initial values ofor x’ (ory ory’) are zero,
which drastically simplifies the'8order calculations,
allowing Excel’s results to be confirmed by hand.
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Case B - Collimated axial beam
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Case B - Difference in final x' as we go off axis
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—e— Excel 3rd vs Excel 1st Order Focusing
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Case H - Converging group, O to 432 mrad

Case H - fan-in
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Converging groupx’ 0 to 432 mrad

Difference in final X' as we increase x' at entry
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Case | - Off axis beam»xin is 400 mrad
Case | - off-axis beam
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Conclusions

The two Forder models give near-identical
results; confirms storder Turtle is
arithmetically correct.

The contributions of the®Border terms are on
the scale of about ~ 1%.

The Smith "-order formulae as printed gi
results that differ both from those from the
“corrected” (Lee-Whiting) versionandfrom
the 39-order Turtle implemetation.

The “corrected” 8-order and Turtle S8-order
resultsalsodo not agree! Not clear why.
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