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Introduction

History:
• CM36 charge to develop a C&M 

integration plan
• September 2013 – met with Steve 

Griffiths, Ian Mullacrane, Adrian 
Oates

• Document under development – near 
completion MICE-NOTE-GEN-431
– work in progress

• Decided to use State Machine model
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MICE Cooling Channel


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MICE Step IV
●Two trackers – before/after
●Measures x, y, x', y', z
●5 stations/tracker
●3 stereo planes/station – U/V/W
●1400 350m fibers/plane
●double layer, 7 fibers/group
●<0.2% dead channels
●>10.5 photoelectrons/MIP
●470m RMS position resolution

CHEP'13 poster P2.19
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MICE Step IV

●4 T superconducting solenoids
●20 cm warm bore
●2.9 m long

●5 coils:
●1 tracker coil
●2 end coils
●2 matching coils
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MICE Step IV

LH
2

Absorbers

Focus Coil
2 coils operated:
•solenoid mode
•flip mode
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Run Control

RunControl checks readiness of all required
subsystems prior to start of run. Interface with
beamline, DAQ, target, trackers, absorbers, SC
magnets.
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Framework: EPICS

Experimental Physics & Industrial Control Systems
•HW+Drivers connect to IOCs (Input/Output Controllers)
•IOCs  create PVs (process variables) to represent params
•PVs further described with native fields
•PVs available on LAN to other IOCs or clients
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Framework: EPICS

PVs are used for:
•controlling the hardware
•interacting with other IOCs
•graphical displays – GUIs
•alarm handlers
•archiving
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Controls & Monitoring

●Beamline
● target
● decay solenoid
● conventional magnets
● proton absorber
● beam stop
● diffuser

●Particle ID (PID)
● GVa1
● ToF 1/2/3
● CKOV A/B
● KL
● EMR

●Environment
● temp./humidity..

●Facilities/Computing

●Tracking Spectrometers
● spectrometer solenoids
● trackers

●AFC
● absorbers
● focusing coils

●RFCC
● RF (acceleration)
● coupling coils

 These magnets require:
● vacuum
● cryogenics
● power supplies
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Subsystem Owners

●Beamline
● Target: P. Hodgeson
● Conventional magnets:  H. Nebransky
● Decay Solenoid: M. Courthold
● Proton Absorber: P. Hanlet
● Beamstop: H. Nebransky
● Diffuser: V. Blackmore

● Particle Identification
● GVa: Y. Karadzhov
● CKOV: L. Cremaldi
● ToF: L. Tortora
● EMR: R. Asfandiyarov
● Luminosity monitor: P. Soler

… etc.
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Problem …

•Different sub-systems have different needs
•Each sub-system has 101–103 PVs
•Many PVs have up to 4 alarm limits
•Each PV has different archiving needs
•For different operational states:

– the PVs  of interest change
– the alarm limits change
– the archiving needs change
– the list of critical PVs change

Too much room for human error!

e.g. Powering a superconducting magnet
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Problem?
… No problem

EPICS state notation language employed:

•define equipment operational states
•for each state:

– define transitions out of state
– set alarm limits
– set archiving features
– define critical variables

•check for software interlocks; e.g. quench
•check for errors
•check for transition

All parameters come from configuration 
database (CDB) – ensures correct settings
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State Machine 
Requirements

Subsystem Owners must enumerate the 
states and provide for each state:

1)Description of state
2)Transition into state
3)PVs of interest
4)Alarm limits for PVs
5)Archiving features for PVs
6)AutoSMS (auto dialer) flag
7)Hardware interlocks*
8)Software “interlocks” (enables)

●Required for each state
●Loaded into the CDB
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SS1 Example
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State Machine 
Procedures

For each subsystem & state, the algorithm:

Transitions:
•manual
•automatic
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Subsystems Requiring
State Machines

• Spectrometer Solenoids

• Focus Coil

• Trackers

• Absorber

• Conventional magnets

• Target

• Decay Solenoid
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State Machine:
Target Example

Target Example:
1)Offline
2)Parked_Powered
3)Raised_Holding
4)Raised_Actuating
5)Moving_Holding
6)Lowered_Holding
7)Lowered_Actuating
8)Error
9)Unknown

ISIS

MICE

target
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State Machine Effect 
on RunControl

State machines for magnet control greatly reduces
complexity of RunControl.  RC need only check 
state of each magnet.
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MICE Next Steps

Now that Step I is complete:

Fill

up

this

hall!!!
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Prepare for Step IV

Equipment is arriving:
SS2 at RAL

EMR at RAL

More under test:
•SS1
•FC for AFC
•EMR – fini!fini!
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What's Next

• Complete MICE note

• Develop expert teams

• Work w/subsystem owners – develop SMs

• Complete C&M racks

• Install racks in RR2

• Commission C&M hardware

• Integrate C&M HW with high level 

controls SW
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Conclusions

• MICE is a precision experiment: 0.1%
• MICE is preparing for Step IV
• C&M challenge to provide systematic 

operational settings
• State machine operation of major 

sub-systems meets this challenge
• We have a plan, we now need to 

implement it
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