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HistoryHistory
GENEPI:GENEPI: GEnérateurGEnérateur de de NEutronsNEutrons Pulsé IntensePulsé Intense

DeuteronDeuteron acceleratoraccelerator (240 (240 keVkeV, 1, 1μμss pulses, 50 pulses, 50 mAmA peakpeak))
Neutron productionNeutron production by D+T or D+D by D+T or D+D reactionsreactions

WhyWhy suchsuch a machinea machine ??
NeedNeed ofof veryvery intenseintense andand veryvery sharpsharp edgesedges neutron pulsesneutron pulses
No commercial solutionsNo commercial solutions

Motivations: Motivations: 
Neutron production Neutron production atat thethe MASURCA MASURCA reactorreactor (Cadarache) for (Cadarache) for thethe
MUSE4 programmeMUSE4 programme (GENEPI(GENEPI--1) 1) –– FirstFirst couplingcoupling
acceleratoraccelerator//reactorreactor
Neutron production for Neutron production for crosscross--sectionssections studiesstudies (LPSC, GENEPI(LPSC, GENEPI--2) 2) 
on on thethe PEREN PEREN facilityfacility..

GENEPIGENEPI--11:: design design fromfrom 1996 to 1999 1996 to 1999 andand implantation in implantation in 
Cadarache in 2000 Cadarache in 2000 –– partiallypartially dismanteleddismanteled in 2005in 2005
GENEPIGENEPI--22:: underunder operationoperation in Grenoblein Grenoble
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SpecificationsSpecifications

Peak current (deuterons) Peak current (deuterons) ~50 ~50 mAmA (@10Hz(@10Hz--5kHz)5kHz)
Pulse deuteron length Pulse deuteron length 0.50.5--0.7 0.7 μμss (mid height) (mid height) 
Energy Energy 140140--240 240 keVkeV
Neutron energy Neutron energy 2.5 / 14 2.5 / 14 MeVMeV
Target: Deuterium or Tritium / TitaniumTarget: Deuterium or Tritium / Titanium
Spot diameter Spot diameter 2020--25 mm25 mm
Neutron production (peak) Neutron production (peak) ~5 10~5 1066 n/pulsen/pulse
Reproducibility Reproducibility 1%1% from pulse to pulsefrom pulse to pulse
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GENEPIGENEPI--1 1 atat MASURCA: MASURCA: overviewoverview
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GENEPI-1 at LPSC
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TheThe ion source: ion source: specificspecific for short pulsesfor short pulses

DuoplasmatronDuoplasmatron usedused likelike
a a thyratronthyratron
→→ TriggeringTriggering ofof electronelectron

dischargedischarge
→→ LC LC delaydelay lineline on anode on anode 

beamarc
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Source+Source+focusingfocusing++accelerationacceleration withwith spacespace chargecharge
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TheThe targettarget
49 mm copper disc49 mm copper disc
thin layer of Titanium deposited over 30 mm (diameter). thin layer of Titanium deposited over 30 mm (diameter). 
For For CadaracheCadarache, about 1.2 mg of T or D is deposited (12 , about 1.2 mg of T or D is deposited (12 CiCi).  ).  
In In GrenobleGrenoble, the load is limited to 0.9 , the load is limited to 0.9 CiCi. . 
air cooled and kept below 100 degrees Celsiusair cooled and kept below 100 degrees Celsius

Beam 
spot

50 
mm

30 
mm
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Neutron production controlNeutron production control

AmperemeterAmperemeter on targeton target
Two silicon detectors for neutronsTwo silicon detectors for neutrons

Detection of Detection of αα particles and protons particles and protons 
Detection of protons onlyDetection of protons only
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GENEPI/MASURCA: a GENEPI/MASURCA: a drivendriven systemsystem

ModulationModulation from 100 Hz to 4 kHz of the from 100 Hz to 4 kHz of the 
repetition raterepetition rate
→→a factor 13 can be achieved in the intensity range a factor 13 can be achieved in the intensity range 

ModulationModulation is done in two ways:is done in two ways:
→→Very sharp edge falling times (a few microseconds) A Very sharp edge falling times (a few microseconds) A 

plateau period, a low intensity. plateau period, a low intensity. 
→→A progressive rise time from (a few tens of seconds), A progressive rise time from (a few tens of seconds), 

longer than the reactor time constant.longer than the reactor time constant.

the MUSE experiment demonstrated the real the MUSE experiment demonstrated the real 
possibility of control the reactor power by the possibility of control the reactor power by the 
accelerator.accelerator.
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OperationOperation aspectsaspects

Operation by nonOperation by non--specialistsspecialists

Filament has been changed only once in 4 years (5000Filament has been changed only once in 4 years (5000 h life time).h life time).

Hardware located in the GENEPI room has suffered from n and Hardware located in the GENEPI room has suffered from n and γγ emissionemission

Pumping system has given entire satisfaction with only one failuPumping system has given entire satisfaction with only one failure of a secondary re of a secondary 
turboturbo--molecular pump in July 2004.molecular pump in July 2004.

Control command software has given entire satisfaction permittinControl command software has given entire satisfaction permitting quick remote g quick remote 
failure diagnostics by the LPSC team .failure diagnostics by the LPSC team .

Tritium has been released by the beam effect. Tritium has been released by the beam effect. 
→→ Special detectors, gloves box and air flowed divingSpecial detectors, gloves box and air flowed diving--suits used for target manipulation have suits used for target manipulation have 

been of a real need. been of a real need. 
→→ Pump outlets have to go in a specific tankPump outlets have to go in a specific tank

Only 2 Only 2 TiDTiD and 2 and 2 TiDTiD targets have been used during the programme. targets have been used during the programme. 
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GENEPIGENEPI--2 2 andand PEREN PEREN facilityfacility atat LPSCLPSC

Capture cross section Capture cross section 
measurementsmeasurements
LeadLead slowingslowing down down 
spectrometerspectrometer

Long Long thimblethimble
OtherOther slow down slow down 
materialmaterial

Short Short thimblethimble
GraphiteGraphite
Téflon (CF4)Téflon (CF4)
Graphite + Graphite + 77LiFLiF

Copy Copy ofof GENEPIGENEPI--11
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GENEPIGENEPI--2 2 atat LPSCLPSC
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GENEPIGENEPI--3C, VENUS 3C, VENUS andand GUINEVEREGUINEVERE

A new A new needneed for GENEPI: for GENEPI: 
pulsedpulsed beambeam AND AND 
continuouscontinuous beambeam (200(200μμAA--
1mA) 1mA) withwith possible possible 
interruptions (~1ms)interruptions (~1ms)

→→ A new A new topologytopology
→→ New design New design andand new new studystudy
→→ TwoTwo veryvery differentdifferent spacespace

charge charge regimesregimes for for beambeam
transporttransport
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PresentPresent studiesstudies: : thethe source in source in continuouscontinuous modemode

New New benchbench testtest
1.2 1.2 mAmA DC DC achievedachieved
EmittanceEmittance measurementsmeasurements
donedone

HeatingHeating issues to issues to solvesolve

Second Second stepstep: : beambeam
analysisanalysis ((molecularmolecular
versus versus atomicatomic ions)ions)

ConclConcl: ONE source: ONE source
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GENEPIGENEPI--3C structure (3C structure (preliminarypreliminary))
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BeamBeam enveloppes in enveloppes in thethe acceleratoraccelerator atat 50 50 mAmA

ElectrostaticElectrostatic
focusingfocusing
90 90 degreedegree
magneticmagnetic dipoledipole
No No focusingfocusing in in 
thimblethimble

D
I
P
0

22φφRMSRMS=26mm=26mm
I=50 I=50 mAmA
Horizontal Horizontal scalescale: : 
1m/division1m/division
Vertical Vertical scalescale::
10mm/division10mm/division

deviation plane

H plane
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SomeSome issues for GENEPIissues for GENEPI--3C3C

TheThe 90 90 degreedegree dipoledipole (must (must accomodateaccomodate a neutron a neutron 
telescopetelescope + + coolingcooling ––safetysafety--))
→→ IPN OrsayIPN Orsay

Vertical Vertical removingremoving ofof thethe beambeam lineline for for corecore loadingloading andand
targettarget changechange
→→ LPC CaenLPC Caen

ThimbleThimble andand coolingcooling + horizontal + horizontal lineline supportsupport
→→ IPHC IPHC strasbourgstrasbourg

BeamBeam diagnostics (250 W)diagnostics (250 W)
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ConclusionConclusion
GENEPIGENEPI--1 1 andand 2 are a 2 are a successsuccess
GiveGive us confidence in design, planning, us confidence in design, planning, costcost estimateestimate
andand operationoperation by by nonnon--acceleratoraccelerator specialistsspecialists
Design Design andand test test ofof GENEPIGENEPI--3C 3C isis underunder wayway
~1M€, ~25 ~1M€, ~25 person.yearperson.year
Test Test andand firstfirst commissioningcommissioning willwill bebe in Grenoblein Grenoble
ArrivalArrival ofof GENEPI GENEPI atat SCK on May 2SCK on May 2ndnd 20092009
ManyMany thanksthanks to to ourour colleaguescolleagues fromfrom CNRS/IN2P3, CEA CNRS/IN2P3, CEA 
andand SCKSCK--CEN !CEN !
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EUROTRANS contract).EUROTRANS contract).


