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1 Introduction

The EMU spectrometer has 96 detectors, each comprising of a scintillator, light guide, and
photomultiplier tube (PMT). These are arranged in two banks facing each other on opposite
sides of the sample position. Each of these detector banks is further divided into three rings
of 16 detectors. Coaxial cables take the PMT signals to the data acquisition equipment in the
rear of the instrument cabin. There are three sets of magnets that can be used with EMU: the
main magnet producing up to 4500 G (5000 G if required), transverse field coils producing up
to 150 G and fixed zero-field compensation coils. A small power supply for the main magnet
coil is also available, which allows one to set a longitudinal field (up to 250 G) with a better
accuracy. The instrument is constructed around a “cruciform” which is usually pumped and
provides the insulating vacuum for cryostats. Sample environment equipment can be introduced
through the ports. A tank can be attached to the downstream end of the magnet to ensure
that fly-past muons stop well away from the detectors. The instrument cabin has computers
for controlling the spectrometer through the SECI or IBEX program, monitoring the progress
of the experiment, and carrying out data analysis. Samples should be mounted in the prep
lab (R55 South-side sample prep lab) across the loading bay from the instruments and cabins
towards the synchrotron. Any sample preparation should be done on a tray labelled with one
of the “Work in Progress” forms kept in the lab door, and all equipment used should be tidied
away when finished.

Further information about the EMU instrument can be found in the following paper:
Optimising a muon spectrometer for measurements at the ISIS pulsed muon source
S. R. Giblin et al., Nucl. Inst. Meth. A751 70–78 (2014)
http://dx.doi.org/10.1016/j.nima.2014.03.010

For further information on the ISIS muon beam lines see, for example:
Fast E-Field switching of a pulsed surface muon beam: the commissioning of the European
muon facility at ISIS
G.H. Eaton et al. Nucl. Inst. Meth. A342, 319-331 (1994)
http://dx.doi.org/10.1016/0168-9002(94)90257-7

The ISIS muon group web pages contain information on the muon facility, including the current
instrument schedules:
https://www.isis.stfc.ac.uk/Pages/Muons.aspx
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1.1 The Facility and EMU Spectrometer

Figure 1: General layout of the European Muon Facility at ISIS

Fig. 1 shows the general arrangement of the European muon facility at ISIS. EMU receives part
of the first of the two pulses of surface muons that come from the muon target every time the
ISIS synchrotron sends protons towards the neutron target. Before it reaches the spectrometer
it is focused and steered to control where the muons hit the sample in the cryostat. This is
done using a combination of dipole and quadrupole magnets (shown above). The focusing and
steering of the muon beam will have been checked during the calibration period at the start
of each ISIS cycle by instrument scientists. If a change to the focusing or steering is required
for your experiment you should speak to your local contact. The two pulses of muons that
travel from the muon target are separated using an electrostatic kicker before the EMU and
HiFi beamlines branch off from the MuSR beamline. This uses a large DC voltage to split the
first of the two bunches of muons so they can be steered into EMU and HiFi; the second pulse
then continues on to MuSR.
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2 Getting Started

2.1 Starting

Before starting data collection users should check the following points:

• Sample is loaded in a suitable container which is correctly masked for a lower background.

• The fly-past tube is mounted if this type of experiment is to be carried out.

• The sample environment is suitable for the experiment.

• The automatic compensation system for the Earth’s magnetic field is operating correctly.

• Slit setting and beam steering are correct.

• Suitable magnetic fields are available for calibrations and measurements.

• The instrument control program, SECI (or IBEX), is set up with a proper .conf file.

2.2 Operating the EMU area interlocks

Figure 2: Interlocks in the EMU area

2.2.1 Closing the area

The blocker which prevents muons entering the EMU area can only be raised once the area
interlocks are complete. For this to happen:
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1. Close the gate allowing access above the spectrometer from the EMU platform and insert
its key into the key box to the right of the area door. Turn the key clockwise.

2. Check that no-one is inside the EMU area and press the search button that is located on
the right hand wall of the area. A loud buzzer should be heard.

3. Close the area door and remove the key from the lock. Insert its key in the key box to
the right of the door, turning it clockwise.

4. The key box should now be full –– check that all the keys are turned fully clockwise.

5. The blocker can now be raised: press the “Open Blocker” button and hold until the
green “closed” light goes out. “The Beam On” light and blue lighting in the area should
turn on.

6. Anyone left behind in the area by accident when the blue lights come on should press one
of the emergency “Beam Off” buttons.

2.2.2 Entering the area

To enter the EMU area::

1. Unless necessary for your experiment, ensure the magnetic field is set to zero (type f0 in
SECI, or r.f0() in IBEX). Confirm that the “Magnet On” light is extinguished.
For basic SECI commands for running the instrument, see Sec. 6.1.3.
For basic IBEX commands for running the instrument, see Sec. 7.2.

2. Press the green “Close Blocker” button. The “Beam On” light should turn off and the
white lights in the area turn on.

3. Remove keys from the red box starting at the top to open the ground floor or upper doors
as required.

3 Sample Environment

The following sample environment equipment is available on EMU.

Table 1: Temperature ranges

Equipment Temperature range [K]
Closed cycle refrigerator (Sec. 3.2) 8 – 800
Oxford Instruments Sorption Cryostat 350 mK – 50 K
Oxford Instruments Variox Cryostat 1.5 – 400
OI “White” Variox (OXF-11, 12, 13, 14) and Beast (OXF-7) 1.5 – 400
OI Heliox inserts (He3 sorption refrigirator) 250 mK – 80 K y

OI Kelvinox inserts (dilution refrigirator) 60 mK – 4.2 K
ICE dilution refrigirator 80 mK – 4 K
OI Flow Cryostat (Sec. 3.5) 4 – 400
Dilution refrigirator 30 mK – 5 K (300 K)
Hotplate furnace 300 – 1000
Reflector Furnace 300 – 1500
Julabo oil bath A40 -40 – 250 C

y Note that the maximum temperature for Heliox and Kelvinox inserts can be extended to RT by
putting a small amount of exchange gas in the cryostat. You will then need to change the SECI/IBEX
con�guration to the normal Variox mode.
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Sections below describe how to use these SE kits. Those which do not have detailed description
require your local contact to help for set up.

3.1 Adapters (instrument scientists only)

Some of the top-loading SE kits are shared between other instruments and may require a proper
adapter to adjust their position in EMU. The adapters are sandwiched between the cryostats
and top flange of the instrument cruciform. The following figures and table summarises which
one should be used for each kit.

(A) 5 mm thick plate (B) dumbbell-shaped

Figure 3: Adapters for top-loading SE kits To be replaced with decent photos.

Table 2: Adapters for top-loading SE kits

Equipment Adapter (See Fig. 3)
OI Beast cryostat (OXF–7) No adapter
HIFI-type OI “ White” Variox cryostat (OXF–11, 12) B
Beast-type OI “ White” Variox cryostat (OXF–13, 14) No adapter
ICE dilution refrigirator A
OI Flow Cryostat A

3.2 Closed-cycle refrigerator (CCR)

3.2.1 Thermometer selection

The CCR operates from 8 – 800 K, however two thermometer ranges (RhFe and Pt) are required
to cover this region accurately. Ask your local contact to switch the sample thermometer
between the RhFe (for T < 320 K) and Pt thermometers as required. The CCR head has a
fixed Pt thermometer, which is read by Eurotherm #1.
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Figure 4: Eurotherm 1 and 2

• 8 – 320 K ... configuration: CCR_RhFe.conf (SECI), CCR_RhFe (IBEX)
This only uses the RhFe (30 point calibrated thermometer). The heater should be plugged
into Eurotherm #2 (see Fig. 4). The RhFe is used as both the control and the sample
thermometer. This means that it is important to turn the heater off when changing
sample, otherwise the head can be cooked! Always ensure that the thermometer is
properly clamped.

• 20 – 320 K ... configuration: CCR.conf (SECI), CCR_RhFe_pt100control (IBEX)
This uses the Pt on the CCR head as the control thermometer and the RhFe as the
sample. The heater therefore should be plugged into Eurotherm #1. This is safe as
the control thermometer is always attached to the CCR. It can go to base temperature,
however because the Pt is the control it will only allow base temperature control and then
20 K upwards (the Pt thermometer becomes sensitive at this temperature).

• 30 – 550 K ... configuration: CCR_highT.conf (SECI), CCR_highT (IBEX)
Two Pt thermometers are required. Heater should be plugged into Eurotherm #1. Op-
tionally, the booster heater can also be used, and should be plugged into Eurotherm #2.

3.2.2 Loading a sample and cooling the CCR

1. Make sure all parts of the CCR are perfectly dry, using the hair dryers if necessary.

2. Screw the sample blade (see Fig. 7) onto the end of the CCR, using the small brass screws
provided.

3. Ensure the correct thermocouple has been selected and that this is secured to the back
of the sample blade with a small screw. During this procedure make sure you DO NOT
BEND THE THERMOMETER LEADS.

4. Choose a proper sense current for the selected thermometer with a toggle switch in front
of Eurotherm #2. Plug a heater cable into the Eurotherm unit and switch it on.

5. Replace tail sections (push fit). Take particular care when replacing the end section,
ensure firstly that the windows are aligned correctly and secondly no part touches the
sample.

6. Slide the CCR unit into the spectrometer ensuring that it mates correctly with the flange
mounted on the instrument. There is no need to secure the unit with bolts. Ensure that
all the other ports are closed off.
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7. Close the cruciform vent valve (see Fig. 5).

8. Fully open the large gate valve by winding the handle. If it is too tight, check if the
direction you are winding is correct.

Figure 5: Vent valve and Gate valve

9. Start the vacuum pump (using the right-hand button on the TCP350 panel. See Fig. 6).
Both the Edwards rotary pump and the turbo pump will start to spin up. The rotation
speed of the turbo is displayed on the panel. It should reach a speed of 1000 Hz (�20
minutes).

10. The cruciform pressure is displayed by the digital readout adjacent to the pumping unit
controls.

11. Below 10�3 torr the CCR compressor may be switched on by pushing the ON button on
the compressor box, which then starts cooling the CCR head.

12. Cooling from room temperature (whole CCR warm) to base should take about 120 min-
utes. If the compressor has been running a while and sample temperature held at 300 K,
subsequent cooling should take only one hour. During your experiment the compressor
should be running at all times.
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