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The MERIT Experiment (1/2)

We propose to perform a proof-of-principle test of a target station suitable 
for a Neutrino Factory or Muon Collider source using a 24-GeV proton beam 

incident on a target consisting of a free mercury jet that is inside a 15-T 
capture solenoid magnet.

Proposal submitted to INTC – May 2004 
Experiment approved as nTOF-11 MERIT

TargetTarget
1-cm diameter Hg jet,  v ≅ 20m/s
PS Proton beam: 24 GeV/c

4 bunches of 7 × 1012 protons each 
(max), spaced between 0.5÷2 usec
~100 (HI) pulses in total

Meson collection using a 15-T 
solenoid 

time

Hg - jet

Interaction with 
beam

RecoveryFrom previous tests 
@ CERN + BNL
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The Experimental Setup (1/2)

Located in the TT2A tunnel upstream of the nTOF target
Data taking: two-weeks at the PS startup in 2007 – second slot later as 
reserve

Beam dump (new)

Experiment

Collimator & beam 
instrumentation

Quads for focusing (new)

Electronics + 
cryogenics

Access

concrete
blocks

Cryogenics exhaust 
line to TT10
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The Experimental Setup (1/2)

Target chamberSolenoid

Hg container

Hg-jet hydraulic 
system

Proton 
Beam
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The Experimental Setup (2/2)

Hg loop Hg loop -- Target volumeTarget volume
The beam hits the jet at z=0 position at an angle of 33mrad

Deflector

Hg Jet Hg
Plenum

Hg Exit

Beam Windows

Z=0 ViewportProton Beam

Beam Tube
w/Window

Hg jet at 100mrad angle with magnet 
axis
Proton beam at 67mrad angle with the 
magnet axis
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Safety issues (1/8)

Several safety aspects related to the experiment have been 
discussed with SC experts 

No show-stopper was found
Decisions on few items still to be finalized

Memos on each subject available

http://proj-hiptarget.web.cern.ch

Items to include:
ISIEC form

Beam Authorization Form NEW
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Safety issues (2/8)

Mercury HandlingMercury Handling
Keep volume to strict minimum
All operation by experts –
ORNL

All mercury comes from US 
and goes back to US (ORNL)

Primary / Secondary container 
configuration
No break of the primary 
container whatsoever during the 
lifetime of the experiment at 
CERN

All measures for personnel 
protection will be taken
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Safety issues (3/8)

Solenoid and CryogenicsSolenoid and Cryogenics
Safety review foreseen on 
February 3rd

ReviewersReviewers:
Cryogenic experts:

Goran Perinic
Vladislav Benda

Cryogenics safety:
Gunnar Lindell

Mechanical Safety:
Benoit Delille
Andrea Astone

Key issue: exhaust line to TT10
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Safety issues (4/8)

Solenoid and CryogenicsSolenoid and Cryogenics –– Exhaust line to TT10Exhaust line to TT10
Release of LN2 gas (through a heat exchanger) during the cooling down 
of the magnet

~ 200 lt of LN2 ; ~1 lt activated – remnant from previous fill

TT10 is the only 
ventilated tunnel close 
to the experiment

~27’000 m3/h flow
release near bat 806

MERITMERIT
~4400 m3 / h
Wait few min before 
refilling to reduce 
radiation levels
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Safety issues (5/8)

Recuperate the power supply used for the SPS extraction to the West Area
“pulsed” mode: 7kA / 30 min ; 5MW 
Installed in bat 193
Cabling to TT2A during 2005-2006 shutdown – AB/PO & TS/EL

C. Martins – AB/PO

Power supplyPower supply
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Safety issues (6/8)

Recuperate the power supply used for the SPS extraction to the West Area
“pulsed” mode: 7kA / 30 min ; 5MW 
Installed in bat 193 - cabling to TT2A ongoing (AB/PO & TS/EL)
Interlock see later

C. Martins – AB/PO

Power supplyPower supply
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Safety issues (7/8)

General safety General safety 
Magnetic field

Nearby objects (Hg container) in non-magnetic material
Electrical safety – solenoid

Connections to power cables should be protected
Interlock – access

Experiment:
No access with magnet ON
Veto to power supply from cryogenics system

Area:
No access while handling the mercury – only specialists

Minimize at any time the number of people in TT2A tunnel

Request to modify the access to TT2/TT2A 
Can be accessed even if beam is present in TT10 (M.Silari, T.Otto)
Install “normal” door, i.e. without request for RP people

n-TOF activated filter already dismounted
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Safety issues (8/8)

Radiation environmentRadiation environment
Radiation issues should be considered for the components of the 
experiment
Absorbed and residual doses within limits MARS Simulations

S. Striganov – FNAL 
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Schedule – project milestones

PS startup in 2007 (April?)Experiment – data taking

Shutdown 2005-2006: basic infrastructure
Shutdown 2006-2007: experiment setup

Installation preparation at CERN

Nov 2006Shipment to CERN

Aug – Sept 2006Integration tests at MIT

April – June 2006Hg target loop system test at 
ORNL

Oct – Dec 2005Hg loop and nozzle tests at 
Princeton

Oct- Dec 2005Magnet testing at MIT
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Next steps wrt Safety

Beam Acceptance Form Beam Acceptance Form 
Seen as the complement/continuation of  the ISIEC form

ISIEC: the experiment describes the safety issues & risks
BAF : filled during/after the safety visit to experiment or as the installation 
advances

Approved by the safety officers – can be done in EDMS/EDH?

Note:
BAF exists in other labs (i.e. Berkeley) for all experiments or tests in order to 
get beam
At CERN:

I ask (as EA) all users to call a safety visit before they start
It is done, but no feedback and no “official” document is filled to authorize the 
experiment – maybe I am wrong?

However:
I will be the first to refuse that the beam should be used as a handle to 
impose safety in our areas

change name to:
Safety Acceptance Form for Exp. at CERN Safety Acceptance Form for Exp. at CERN -- SAFESAFE

This is a proposal not only for 
MERIT but for all experiments 

& tests at CERN

This is a proposal not only for 
MERIT but for all experiments 

& tests at CERN
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Cryogenics (1/2)

LN2 dewar N2 gas bottles and N2 
heat exchanger

GN2 gas line 

LN2 transfer line

Solenoid

Proximity cryogenics:
CVB and Heat Exchanger

Transfer lines

Warm gas exhaust line to TT10
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Cryogenics (2/2)

DVB

Exhaust

Transfer 
Lines to 
MagnetHeat 

Exchanger

ONLY warm N2 gas to TT10
~ 120’000 lt every 30 min

slightly radioactive:  <600lt 
Exit location in TT10 still to be decided

Interplay between radiation and ODH risks
ODH detector has to be installed in TT10 and TT2

Exhaust line to TT10Exhaust line to TT10
Use existing tubes to 
pass the exhaust line 
through the shielding wall
No concrete drilling
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Solenoid power supply (1/2)

Installation of DC cablesInstallation of DC cables
Installation of PS and AC cell in bat. 193

Activity started will be completed gradually during the 2005-2006 
shutdown
C.Martins & A.Beuret – AB/PO
PS control (LEIR standard) – AB/CO (?)

DC cables
Re-use existing cables to TT2 AD return loop

Need to be extended to TT2A and pass through the shielding wall
3 × 400 mm2 Al cables per polarity – reduce thermal load
K.Kahle & M.Gaidon (TS/EL)

Power supply interlocks:
Cryogenics system – danger to damage the solenoid
Access door – magnetic field (personnel safety)

Bat.193 – AD hall

MERIT Experiment
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Other installation issues (1/1)

Experimental control roomExperimental control room
Use area in ISR tunnel (~40 m2) presently occupied by AT group

Should not be a problem, but needs to become official
Systems to install:

Cryogenics and Hg-loop control
DAQ and diagnostics for the experiment

FTN beam line modificationsFTN beam line modifications
Liberate the space for the installation of the experiment

Remove few magnets and open the vacuum
Install a new quadrupole for beam focusing onto the target

Magnet + power supply to specify 
Beam instrumentation to observe the beam spot at the target

Install a wire chamber (SEM-grid) for beam profile measurement
TV screen to measure the beam spot – poor man’s solution
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Summary

Key installation issues for 2005Key installation issues for 2005--2006 shutdown2006 shutdown
Power supply

Installation in bat.193 and AC cell outside
DC cables to TT2A

Cryogenics
Exhaust line to TT10

General installation
Remove the beam elements and vacuum
Prepare transport tools
Install the beam attenuator (dump)
Drilling between TT2A and TT2

Passage of cables and fiber optics for the target diagnostics
Interlocks – access safety

Concentrate cabling activities in March ’06
Installation “slot” with access to PS & SPS transfer tunnels?

Next report to ABIC: in about two months ??
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The MERIT Experiment (2/2)

The experiment will be located in the TT2A tunnel upstream of the 
nTOF target
Data taking: two-weeks at the PS startup in 2007 – second slot later as 
reserve

V. Graves - ORNL
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Specialties of the experiment (1/6)

Hg loop Hg loop -- Primary containmentPrimary containment
Hg delivered to the nozzle using a hydraulically-actuated piston
Required flow: 1.57 lt/s
Mercury inventory: ~23 lt

Hg Supply Tube (rigid) Flex Hoses

Check
Valve

Shut-off
Valve

Sump Tank

Tie-beam

Ti6AlV4
Beam

Window

Piston velocity : 3.0 cm/s
Hg jet duration of 12s 
Drive cylinders: 15-cm diam, 45 lt/min, 30 MPa (300 bar)

V. Graves - ORNL
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Specialties of the experiment (2/6)

Hg loop Hg loop -- The secondary containmentThe secondary containment
No break of the primary container during the experiment 
All connections through the secondary containment
Note: fringe field of the solenoid not negligible at all !!!

~0.9T at 0.5 m distance from the solenoid

Hydraulic,
Sensor,

Optic Ports

Beam
Windows

V. Graves - ORNL
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Specialties of the experiment (4/6)

SolenoidSolenoid
15-T field
Pulsed : 1/30min
LN2 cooled (80K) between 
pulses
Ready for tests at MIT

P. Titus - MIT

Assembled Solenoid - MIT



January 31, 2006I. Efthymiopoulos CERN AB Safety - 27

Specialties of the experiment(5/6)

CryogenicsCryogenics
Collaboration between RAL & CERN
Provide LN2 to cool the solenoid at 80 K 
Readout and control from AT/ECR group – CERN standard
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General Layout (1/1)

Beam elements to remove –
vacuum break

Experimental setup

Beam Attenuator

Proximity Cryogenics

To surface 
dewar

Exchaust line (N2-
gas) to TT10


