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MOTIVATIONMOTIVATION

For many research purposes:

♣ material radiation physics, 
♣ radiation protection, 
♣ translutation&incineration of radioactive waste
♣ safe subcritical energy production etc 

needed are neutrons sources which are:

☼ not too expesive (to be build in not too rich laboratories),
☼ flexible enough (to cover a suitable energy range),
☼ closed to the optimal ones (for the investigated problem).



ElectronsElectrons linacslinacs as as availableavailable basicbasic
devicesdevices ofof neutronsneutrons spallationspallation sourcessources
An example

A new linac facility at the Laboratoire de l’Accélérateur Linéare, Orsay, 
10 MeV (from: CERN Courier, V.48, N.7, September 2008, p.9)



But the question arises:  what is

♣ the space-energy field of spallation neutrons
induced in heavy extended targets by electrons
within a large enough energy interval,

♣ the neutrons multiplicity,

♣ the photons yield.



A b s t r a c tA b s t r a c t
We present the results of calculation of the We present the results of calculation of the 
spacespace--energy spectra of neutrons generated in energy spectra of neutrons generated in 
different heavy different heavy spallationspallation target compositions of target compositions of 
W, W, PbPb, Be, MOX  by electrons of energy, Be, MOX  by electrons of energy fromfrom 1515
MeV to 1 MeV to 1 GeVGeV. These spectra are compared with . These spectra are compared with 
the similar ones produced by 1000 the similar ones produced by 1000 MeVMeV protons protons 
in the same targets. The conclusion is made that in the same targets. The conclusion is made that 
the shape of neutron energy spectra created both the shape of neutron energy spectra created both 
by  protons and electrons are sufficiently by  protons and electrons are sufficiently 
comparable in order to be used as a comparable in order to be used as a spallationspallation
neutron source for several aims like neutron source for several aims like 
transmutation and incineration. All calculations transmutation and incineration. All calculations 
have been performed by using MCNPX code.have been performed by using MCNPX code.



TargetTarget compositioncomposition
as as thethe corecore ofof a a subcriticalsubcritical 200 MeV 200 MeV electronelectron drivendriven setset--upup



Neutron emission through the side surface of Neutron emission through the side surface of 
the target with the tungsten insert along the the target with the tungsten insert along the 

targettarget/200 /200 MeVMeV electronselectrons beambeam axis.axis.



ComparisonComparison withwith thethe casecase ofof 660 MeV 660 MeV protonsprotons

Energy spectra of neutrons produced in W and Pb central target rods of 
the assembly by 200 MeV electrons (left) and 660 MeV protons (right). 
Straight lines illustrate the fitting function  (∆Ф/∆E) ~ E 0.81+/-0.01.



Basic Basic ccharacteristicharacteristicss of the SAD subcritical of the SAD subcritical aassemblyssembly
ddrivenriven by 200 MeV by 200 MeV eelectronslectrons

Characteristics Destription

Electron beam power up to 10 kW

Thermal fission power up to 10 kW

Fuel elements in fuel assembles 18

Height of a fuel active part 580 mm

Number of fuel assembles up to 132

Maximal gain factor K <0.98

Heat-carrier helium

Reflectors lead



Activity Activity eevolutionvolution of of ttungstenungsten ttargetarget
iirradiatedrradiated by by thethe 200 MeV 200 MeV eelectronlectron bbeameam

((pointspoints show show thethe resultsresults ofof calculationcalculation accordingaccording MCNPX, MCNPX, 

solid solid lineline –– calculationcalculation by by usingusing TEA TEA codecode))



Target K Number of 
fuel 

assemblies

Φtot,
n·cm2·sec-1

Pheat, 
kW

W + Pb 0,974 132 7,4 ·1011 10,25 

W + C + C 0,974 130 5,9 · 1011 8,57 

W + Be+ Be 0,975 116 7,9 · 1011 11,25 



NeutronsNeutrons yieldyield vsvs electronelectron energyenergy

Average multiplicity distribution of 
neutrons (produced by a single 
electron) of energy from 15 to 40 
MeV in the lead target 3.34 cm 
along and 3.34 cm in diameter.



NeutronsNeutrons andand photonsphotons yieldyield vsvs electronelectron
energyenergy

Average multiplicity distribution of neutrons (left) and photons (right) produced 
by single electrons of energy from 30 to 1000 MeV in the lead target 3.34 cm 
along and 3.34 cm in diameter.



EEmission mission ofof escapingescaping pphotonshotons

Escaped photons produced by 
a single electron of energy  
fron 30 MeV to 1000  MeV in 
the lead target 3.34 cm along 
and 3.34 cm in diameter.



PhotonPhotonss emissionemission

Average multiplicity distribution 
of photons (produced by a 
single electron) of energy from 
30 to 1000  MeV in the lead 
target 3.34 cm along and 3.34 
cm in diameter.



Energy spectrum of photonsEnergy spectrum of photons

Spectrum of photons 
produced by a single 
electron of energy  30 MeV
(green) and 1000  MeV (red) 
in the lead target 3.34 cm 
along and 3.34 cm in 
diameter.



Neutrons energy spectra

Spectrum of neutrons produced 
by a single electron of energy 30, 
200, 600, 1000  MeV in the lead 
target 3.34 cm along and 3.34 cm 
in diameter.



Comparison of neutrons spectra for Comparison of neutrons spectra for 
initial protons and electronsinitial protons and electrons

Spectra of neutrons produced 
by single electrons (blue) and 
protons (red) of energy 1000  
MeV in the lead target 60 cm 
along and 60 cm in diameter.



Protons of 1 Protons of 1 GeVGeV on lead targeton lead target
60cm*60 cm60cm*60 cm

proton creationproton creation
source      1source      1
nuclnucl. interaction 4.4526. interaction 4.4526
total proton creation  total proton creation  
5.45265.4526
escapeescapedd 6.6204E6.6204E--0202
neutron creation neutron creation 
nuclnucl. interaction 30.195. interaction 30.195
photonuclear       2.0632Ephotonuclear       2.0632E--
0404
((n,xnn,xn)                  3.9496)                  3.9496
total neutron creation total neutron creation 
34.14734.147
escapeescapedd 28. 475 28. 475 

photon creationphoton creation
nuclnucl. interaction  16.531. interaction  16.531
from neutrons   40.015from neutrons   40.015
bremsstrahlungbremsstrahlung 112. 02112. 02
pairpair--annihilation      annihilation      
6.81936.8193
photonuclear 2.21Ephotonuclear 2.21E--0404
1st fluorescence 81.4771st fluorescence 81.477
2nd fluorescence  16.7252nd fluorescence  16.725
total  photon creation total  photon creation 
273.58273.58
escapeescapedd 4.3875E4.3875E--0101



Electrons of 1 Electrons of 1 GeVGeV on lead 60cm*60 cmon lead 60cm*60 cm

neutron creation neutron creation 
nuclnucl. interaction 3.2696E. interaction 3.2696E--0303
photonuclear       3.1688Ephotonuclear       3.1688E--0101
((n,xnn,xn)                  2.4430E)                  2.4430E--0303
tot. neutron creation 3.226Etot. neutron creation 3.226E--
0101
escapeescapedd 3.1686E3.1686E--0101
proton creationproton creation
nuclnucl. interaction  1.1576E. interaction  1.1576E--0404
(gamma,(gamma, N N chch. part. . part. 
producedproduced) 1.358E) 1.358E--0303
ttot.protonot.proton yieldyield 1.474E1.474E--0303
escapeescapedd 00

photon creationphoton creation

nuclnucl. interaction  3.2168E. interaction  3.2168E--0303
from neutrons  3.2064Efrom neutrons  3.2064E--01 01 
bremsstrahlungbremsstrahlung 2.1867E+032.1867E+03
pairpair--annihilation   1.2003E+02 annihilation   1.2003E+02 
PhotonuclearPhotonuclear 5.1838E5.1838E--0101
electron xelectron x--rays 3.3744E+01rays 3.3744E+01
1st fluorescence 6.8814E+021st fluorescence 6.8814E+02
2nd fluorescence 1.2564E+022nd fluorescence 1.2564E+02
photon creation 3.1550E+03photon creation 3.1550E+03
escapeescapedd 1.2563E1.2563E--0202



ConclusionConclusion
•• Neutron Neutron energyenergy spectra spectra inin bothboth casescases, , electronselectrons andand protonsprotons, , 

areare veryvery similarsimilar inin thethe region region ofof lowerlower energiesenergies (0(0--10 10 MeVMeV) ) for for 
thethe same same targettarget compositioncomposition..

•• TheThe activityactivity ofof a a leadlead targettarget for proton for proton beambeam isis equalequal to 4 to 4 ··101010 10 

Bq Bq afterafter halfhalf a a yearyear ofof shutshut down.down.

•• TheThe activityactivity ofof thethe tungsten tungsten targettarget for 200 MeV for 200 MeV electronelectron beambeam
withwith powerpower ofof 10 10 kWkW reachesreaches aboutabout 22··101011 11 Bq Bq whichwhich isis
approximatelyapproximately 5 5 timestimes largerlarger thanthan thethe activityactivity inducedinduced by by thethe
660 MeV proton 660 MeV proton beambeam withwith powerpower ofof 1 1 kWkW..

•• TThe yield of produced neutrons constitute about 0.32 neutrons he yield of produced neutrons constitute about 0.32 neutrons 
per one electron whereas the average multiplicity of neutrons per one electron whereas the average multiplicity of neutrons 
ggeneratedenerated by protons at the same kinetic energy of 1 by protons at the same kinetic energy of 1 GeVGeV, , 
and in the same lead target of 60and in the same lead target of 60 cm along and 60cm along and 60 cm in cm in 
diameter, is 34 neutrons per protondiameter, is 34 neutrons per proton..

•• TheThe activityactivity ofof thethe targettarget for for electronelectron beambeam isis approximatelyapproximately 25 25 
timestimes largerlarger thanthan thethe activityactivity inducedinduced by by thethe proton proton beambeam for for 
similarsimilar installationinstallation withwith fissionfission powerpower 50 50 kWkW..



GeneralGeneral conclusionconclusion

AdvantagesAdvantages (A) (A) andand disadvantagesdisadvantages (D) (D) ofof thethe
useuse ofof electronselectrons acceleratorsaccelerators overover hadronichadronic
onesones::
(A) (A) relativerelative cheapnesscheapness, , simplicitysimplicity andand flexibilityflexibility, , 
similarsimilar shapeshape ofof neutronsneutrons energyenergy spectra, spectra, andand
thethe targettarget activityactivity isis significantlysignificantly largerlarger..
(D) (D) neutronsneutrons yieldyield isis ofof aboutabout twotwo ordersorders ofof
magnitudemagnitude less less andand thethe activityactivity ofof thethe targettarget for for 
electronelectron beambeam isis approximatelyapproximately 25 25 timestimes largerlarger
thanthan thethe activityactivity inducedinduced by by thethe proton proton beambeam
for for similarsimilar installationinstallation withwith fissionfission powerpower 50 50 
kWkW..
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