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Introduction

Geometry Group Purpose

Precision in the position of experimental elements is a
fundamental requirement of simulation and reconstruction.
Need to match MAUS geometry to surveys
In the past all geometries have been implemented by hand.

Only as good as the information filtered to the programmer
Many hands means less certainty

Implementing system to extract geometry from engineering
drawing

As developed by Matthew Littlefield
Geometry is written to Calibration Data Base.

Currently involves

Stephania Ricciardi Validation
Ryan Bayes Software
Jason Tarrant CAD Generation

Ryan Bayes (University of Glasgow) Geometry Development 24 February, 2014 3 / 14



CAD Geometry and Geometry Description

CAD Description of StepIV MICE Channel
CAD Provided by Jason Tarrant. Rendered to GDML using FastRad
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ONLY WHEN
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C

SHEET

USED ON
HARWELL SCIENCE & INNOVATION CAMPUS, RUTHERFORD APPLETON LABORATORY, CHILTON, OXON, OX11 0QX

MICE INTEGRATION ENGINEERINGMICE TDR126

1 of 1TD-1189-3400

 PROJECTS & MECHANICAL ENGINEERING  GROUP (RAL)

A1 C

STEP IV MAUS (MATL BRKDWN)
MAUS GEOMETRY

NOTES

1/ DIMENSIONS SHOWN FROM:

MAIN MICE DEVICE POSITIONS FROM TD5115259507

CHERENKOV CENTRES FROM EMAIL
From: Lucien Cremaldi [mailto:cremaldi@phy.olemiss.edu] 
Sent: 08 June 2012 20:09
To: Tarrant, Jason (STFC,RAL,TECH)
Cc: Rogers, Chris (STFC,RAL,AST)
Subject: Re: {Disarmed} Re: Position of the Cherenkov for March run

ALL OTHER TBC DIMENSIONS TO BE DETERMINED BY SURVEY

A
A

SECTION A5A
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20451,74 [FLANGE OF DIFFUSER MATES WITH THIS FACE]
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SECTION B5B

C

DETAIL C

RADIATION SHUTTER 527

207
207

527
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26,21

6
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Item
Number

Document Number Project Quantity

1 TD-1189-3401 STEP IV - IRON 1

2 TD-1189-3442 STEP IV - AL.ALLOY 6061 1
3 TD-1189-3405 STEP IV - COPPER & RESIN 1

4 TD-1189-3440 STEP IV - STAINLESS STEEL 304 1

5 TD-1189-3434 STEP IV - G10 1

6 TD-1189-3423 STEP IV DETECTORS - NO MATL 1

7 TD-1189-3432 STEP IV - LEAD (Pb) 1
8 TD-1189-3441 STEP IV - STAINLESS STEEL 316L 1

9 TD-1189-3443 STEP IV - PURE ALUMINIUM 1

10 TD-1189-3465 STEP IV - BRASS CZ121 1

11 TD-1189-3467 STEP IV - AL.ALLOY 2017 1

12 TD-1189-3463 STEP IV - TUFSET (POLYURETHANE) 1
13 TD-1189-3462 STEP IV - TUFNOL 1

14 TD-1189-3461 STEP IV - AL.ALLOY 5083 1

15 TD-1189-3460 STEP IV - STAIN.ST 304L 1

16 TD-1189-3466 STEP IV - POLYCARBONATE 1

17 TD-1189-3473 STEP IV - AL.ALLOY 6082 1
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20767,14 [TBC @ STEP IV]

20914,02 [TBC @ STEP IV]

21521,64 [TBC @ STEP IV]
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SECTION D5D
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1867,31

3027,31

4187,31

5292,31 BASED ON TAPE MEASUREMENTS
FROM QUAD FACE ON 23/04/12 [TBC @ STEP IV]

9499,41

10659,41

11819,41

13154 [TBC @ STEP IV]

19745,74 [MICE DATUM TO STEP VI CENTRE]

582

198,3 AEROGEL 1 CENTRE

329,1 CHERENKOV 1 CENTRE

686,8 AEROGEL 2 CENTRE

802,9 CHERENKOV 2 CENTRE

566 AVERAGE CHERENKOV POSITION

16955,74 [LH2 ABSORBER CENTRE]

14584,99 [TBC @ STEP IV]

19326,49 [TBC @ STEP IV]

1030,25 1030,25

2
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6
1
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DIFFUSER

TRACKER
CENTRE

TRACKER
CENTRE

7
1

Iron = Fe [unknown%] Other[unknown]

Aluminium Alloy 6061 = Al[95.8-98.6%] Mg[0.8-1.2%] Cr[0.4-0.8%] Fe[<=0.7%]
Si[0.4%] Cu[<=0.15-0.4%] Zn [<=0.25%] Mn[<=0.15%] Ti[<=0.15%] Other[<=0.15%]

Copper & Resin = Copper[unknown%] Resin[unknown%]

Stainless Steel 304 = Fe[66.34-74%] Cr[18-20%] Ni[8-10.5%] Mn[<2%] Si[<=1%]
P[<=0.045%] C[0.08%] S[0.03%]

G10 = Glass Fibre[unkown%] Epoxy[unknown%]

Lead = Pb [unknown%] Other[unknown]

Stainless Steel 316L = Fe[65%] Cr[17%] Ni[12%] Mn[2%] Mo[2.5%] Si[1%] P[0.045%]
C[0.03%] S[0.03%]

Pure Aluminium = Al[>=99.5%] Fe[<=0.4%] Si[<=0.25%] Mg[<=0.05%] Mn[<=0.05%]
Zn [<=0.05%] Cu[<=0.05%] V[<=0.05%] Ti[<=0.03%] Other[<=0.03%]

Brass CZ121 = Cu[58%Max] Zn[Balance] Pb [3%]

Aluminium Alloy 2017-T4 = Al[91.5-95.5%] Cu[3.5-4.0%] Mg[0.4-0.8%] Mn[0.4-1.0%]
Si[0.2-0.8%] Fe[<=0.7%] Cr[<=0.1%] Zn [<=0.25%] Ti[<=0.15%] Other[0.15%]

Tuffset PU = Polyurethane [100%]

Tufnol = Fine weave cotton[unknown%] Phenolic [unknown%]

Aluminium Alloy 5083 = Al[92.5-95.6%] Mg[4.0-4.9%] Mn[0.4-1%] Si[0.4%] Fe[<=0.4%]
Cr[0.05-0.25%] Zn [<=0.25%] Ti[<=0.15%] Cu[<=0.1%] Other[0.15%]

Stainless Steel 304L = Fe[65-74%] Cr[18-20%] Ni[8-12%] Mn[<2%] Si[0.75%] N[0.1%]
P[0.045%] C[0.03%] S[0.03%]

Polycarbonate = Polycarbonate[100%]

Aluminium Alloy 6082 = Al[95.2-98.3%] Si[0.7-1.3%] Mg[0.6-1.2%] Mn[0.4-1%] Si[0.4%]
Fe[<=0.5%] Cr[<=0.25%] Zn [<=0.2%] Ti[<=0.1%] Cu[<=0.1%] Other[0.15%]
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CAD Geometry and Geometry Description

Survey implementation in CAD Description
Survey information implemented in CAD by Jason Tarrant

Detail of Step I Geometry
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NOTES

1/ DIMENSIONS SHOWN FROM:

MAIN MICE DEVICE POSITIONS FROM TD5115259507

CHERENKOV CENTRES FROM EMAIL
From: Lucien Cremaldi [mailto:cremaldi@phy.olemiss.edu] 
Sent: 08 June 2012 20:09
To: Tarrant, Jason (STFC,RAL,TECH)
Cc: Rogers, Chris (STFC,RAL,AST)
Subject: Re: {Disarmed} Re: Position of the Cherenkov for March run

ALL OTHER TBC DIMENSIONS TO BE DETERMINED BY SURVEY

A
A

SECTION A5A

KL EMR
ToF0 ToF1
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Item
Number

Document Number Project Quantity

1 TD-1189-3702 STEP I - COPPER & RESIN 1

2 TD-1189-3701 STEP I - IRON 1
3 TD-1189-3703 STEP I DETECTORS - NO MATL 1

4 TD-1189-3705 ToF2 SURVEY (14-08-13) 1

5 TD-1189-3707 ToF0 SURVEY (08-01-13) 1

6 TD-1189-3708 CKOV A SURVEY (08-01-13) 1

7 TD-1189-3709 CKOV B SURVEY (08-01-13) 1
8 TD-1189-3710 ToF1 SURVEY (08-01-13) 1

SEE TD5118953705

22514,02 [TBC @ STEP I]

23121,64 [TBC @ STEP I]

D2 QUAD MAGNETS
45556

2
1

1
1
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3027,31

4187,31

SEE TD5118953707

9499,41

10659,41

11819,41

SEE TD5118953710

198,3 AEROGEL 1 CENTRE

329,1 CHERENKOV 1 CENTRE

686,8 AEROGEL 2 CENTRE

802,9 CHERENKOV 2 CENTRE

Iron = Fe [unknown%] Other[unknown]

Copper & Resin = Copper[unknown%] Resin[unknown%]

FOR DISCUSSION ONLY
DRAFT / 10/10/13(b)

QUAD MAGNETS
75859

CKOV B (TD5118953709)

CKOV A (TD5118953708)

ToF2

4
1

5
1

6
1

7
1

8
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3
1

Two different types of
geometry available

Idealized: future geometry;
no survey information
available
Real: geometry from a data
collection run.

Survey information used to
place beam line elements in
CAD drawings.
Positions of survey nests given
by cubes in CAD GDML.
Survey nests currently
available for

TOFs (4 survey nests each)
KL (4 survey nests)
Ckovs (3 survey nests each)
EMR (4 survey nests)

Position of detectors need to
be fit to match nest positions.

Ryan Bayes (University of Glasgow) Geometry Development 24 February, 2014 5 / 14



CAD Geometry and Geometry Description

GDML Description of Detectors
GDML descriptions of all detectors (except EMR) now written and in CDB
TOFs and KL Trackers and Absorbers

Cherenkov detector files also written but not shown.
EMR still needs attention (it may be treated differently anyway).
All files are under review.

Revisions already made in Tracker and TOF1.
All descriptions are self-contained,

Can be used with GEANT4 or ROOT GDML parser.
Files written to reproduce legacy geometry files after translation.
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Geometry in Software

Software Workflow Updated

File Preparation Workfow

CAD for Step IV

FastRad

GDML Files Upload GDML to CDB

Maus_Information (xml) file

Survey Nest Positions

User Workflow

Download GDML from CDB

Survey Fit

GDML files

GDML to MAUSModules MAUS Modules

Translation file legacy geometry

G4 SimulationReconstruction
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Geometry in Software

Detector Survey Fitting Method

Given:
A set of survey points ~qi
A locations of survey nests in detector coordinate system ~pi

Fit location of ~p to ~qi with a position offset ~k and rotation ~θ.
Mathematically this is the system of equations:

~q′
i = M~pi + ~k

where M is the matrix defined by the product of rotation matrices

M =

0@1 0 0
0 cos θx − sin θx

0 sin θx cos θx

1A×

0@ cos θy 0 sin θy

0 1 0
− sin θy 0 cos θy

1A×

0@cos θz − sin θz 0
sin θz cos θz 0

0 0 1

1A
~k is the position of the detector centre.
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Geometry in Software

Survey Implementation

Detector groups must provide positions of survey nests in detector
system.

Information written to information file contained in CDB file.
Further corrections can be implemented as needed

<Detector_Information>
<TOF>

<TOF0 gdml_posref="posRef_1">
<Survey Point_Number="0" err="5." gdml_name="Step_9"

gdml_posref="posRef_10" units="mm" x="269.46" y="225.205" z="27.403"/>
<Survey Point_Number="1" err="5." gdml_name="Step_10"

gdml_posref="posRef_11" units="mm" x="265.76" y="-225.97" z="25.024"/>
<Survey Point_Number="2" err="5." gdml_name="Step_11"

gdml_posref="posRef_12" units="mm" x="-269.46" y="-225.206" z="24.832"/>
<Survey Point_Number="3" err="5." gdml_name="Step_12"

gdml_posref="posRef_13" units="mm" x="-268.45" y="226.175" z="22.596"/>
</TOF0>

</TOF>
</Detector_Information>

Fits completed during geometry download.
Option available to reprocess geometry.

Results written to GDML files before translation.
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Geometry in Software

Geometry In MAUS

Step I and preliminary Step IV geometries available.
Right now implemented for simulation using MICE Modules.
Potential to parse GDML directly for reconstruction.
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Geometry in Software

Geometry Validation
From notes by Stefania Ricciardi (abridged)

Need to check software integrity prior to release:
Test geometry download; application to simulation.
Test timing of simulation (reconstruction).
Test geometry survey implementation (does fit work?).
Gross validation of results:

Energy Loss profile, energy deposition
Magnetic field
Emittance
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Geometry in Software

Geometry Release Procedure
A new geometry will be released when there is a new survey performed in the hall.
The procedure is as follows:

Process Responsible
1 New geometry is released as a set of gdml files - email

sent to Stefania Ricciardi (SR) and Ryan Bayes (RB)
Jason Tarrant

2 New geometry is uploaded to configuration database RB (or SR)
3 Geometry test period is announced RB (or SR)
4 Geometry testing System experts
5 Geometry released RB (or SR)
6 Update geometry for visualisation tool

The Detector Geometry Contacts:

System Responsible
Beamline Adam Dobbs
TOF Durga Rajaram
EMR Ruslan Asfandiyarov
Ckov Lucien Cremaldi
Tracker Chris Heidt
KL Mariyan Bogomilov
Cooling Channel Analysis Group c/o Victoria Blackmore

see http:
//micewww.pp.
rl.ac.uk/
projects/maus/
wiki/Geometry_
release_
procedure
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Current Status and Outlook

Remaining Issues

Ckov survey fits behave strangely
Rotations of up to 40◦ about x-axis.
Positions in z and y removed from
theoretical position by O(20) cm
Ckov fit disengaged until cause found.

Ckov detector seems to impinge on TOF0.
Simulation loading time still O(20) minutes.

Investigating use of GEANT4 persistency
libraries for this purpose.
Observation: Geometry loaded with G4
GDML parser loads in a fraction of the time.

Need to simulate blades of diffuser.
Work yet done on this.
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Current Status and Outlook

Current Status of Geometry Implementation

CAD for StepI, StepIV, StepV, and StepVI geometries exist.
StepI (real) and StepIV (ideal) geometries accessible from CDB.
Geometry in CDB now includes TOFs, Ckov, KL, Trackers, and
Absorbers.

Interface written to reproduce MICE Module files as in legacy files.
Need to resolve EMR description and simulation.
Need to review Ckov description.

Detector geometry descriptions are all self contained.
Geometry testing period to commence soon.

Code for survey fit to be added to MAUS release.
Need to codify testing requirements for detector groups.

New documentation ready. See http://micewww.pp.rl.ac.
uk/projects/maus/wiki/GeomDocWiki
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