Pulsed Neutron Generators at
D.V. Efremov Research Institute



In the last years the interest tewaras pulse
REUtren generators Is growing due: te continuing
[esearch in nuclear physics: (Usingl flight time
Metheds) and due 1o the Importance: off possikie
applicatiens: SUCh generaters allow: developing
RIghly’ efifective detectols) fer radioactive
materials; put as well' e explesives, drugs;, and
POISONS.

Fhe EfremoyV Instittie has caried oui a Seres of
research and adevelepment projects In order to
clieate generaters capanle off preducing neutren
fltxes e Righl Intensity’ 1" coptinuious; mede;, hut
also capanlé off eperating In pulse mode: wWithr a
Wide range off pulse: freguency and repetition
rate.



HEWTPOHHBLIN FTEHEPATOP HI-12-2

HanpsixeHue, kB 2]0]0)
Tok nyyka noHOB, MA, 10
IHecrabuibHOCTb VIOHHOIO Toka, % +5
HenpepbieHbIU mMyY0K e MUHUU nyYKka 1.

JIOK nyYka VIGHeB, MA 10
Aviavenpr nyykal, M 20
JJOK MOHOB BOAOPOAA, MA 2
Aviaverp nyykal, M 10
VIMnyriBCHBIUMURPOCERYHOHBIU MYYOK e mUHuUU fiyYka 1.

[FIVKOBEIVI TOK B MMANIIBCE, MA 5
ARnTenGHOCTE MMAYIIBCa, MKCEK 10-100
Hacrora nvnynsces, [Fl 1,10,100,1000
HAviameTp nyYkal Ha ToKONPVEMHVKE, MM <15
VIMniyiibCHBIU HAHOCERYHOHBIU MY/Y0K: 8 JIUHUUL IyYKa 2:

Y CKoOpSollee HAaMpPSKeEHNE, KB 2510
NVKGBEIN TOK MOHOB B VIMAVIIECE, MA 10
UivpyHa nvRymsca, iwhim, HEek (5]

AviameTp nyYka Ha TOKONPVEMHIKE, MM 10
NenHag anviHa nvinysnsca, HCek 6
Yacrora nvnynscoes, ML 1.2.4

Uacrora nmnynscoB, KiFl 1-100




Puc. 1. O0uwmit Bu yCKOPUTEIISE HOHOB BOJIOPO/IA.
1-MHXEKTOp HOHOB BOJIOPOIA, 2-TpyOKa YCKOPUTEIbHAS, 3-HCTOYHHUK YCKOPSIOUIETO HANPSKEHHS,
4-TpaHchOpMAaTOPBI pa3eTUTEIbHBIC BEICOKOBOJIBTHBIE, S-0rpaIeHIUE BEICOKOBOJILTHOE, 6-KaMepa
BakyyMHas I, 7-MarHuT KOMMYTHPYIOIIUN, 8-TOKOIIPUEMHUK, 9-1T1H3a KBaAPyIOIbHAS
aiekTpoMarauTHas (Tpurnier), 10-ycTpoiicTBo MumenHoe 1, 11-1rH3a kBaapymoasHas
3JIeKTpOMaruuTHas (my0:er), 12-ycTpoicTBO, OTKIOHSIOMIEE MyY0K, 13-kamepa BakyyMHast 11,
14-rpynmupoBatenb mydka, 15-knaman mubepHbIi, 16-ycrporicTBo MumenHoe 1. (CTOWKH cHCcTeMBI
ANEKTPOTIMTAHUS U YIIPABICHUS PACIIONOKEHBI B OTJICIIEHOM ITOMEIICHUH ).
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The neutren generator NG-12-2' I1s a high-
Voltage aceelerator for deuterium 1ens with an
acceleration voltage: S00'kV: anadia beam current
Off deuterum: atemic Iens Up te 15 mA.

Fherien injector IS instalied 1n the Righ-veltage
terminal off the accelerator. |t Includes an 1on
soulce Withrinital seam: ierming systen, an
analyzing| 90-degree electremagnet, an
autenemous vVacuum system: and eleciric Pewer
supply. and control system.

heien seurce isian ECR one with a four-
electrederion heam! iermation system. Spatiai
and angular characterstics of the beam at the
acceleratingl tulke Input are controllediwitharthe
analyzing electromagnet with double fecusing
and a seleneid lens.
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1— Memounuk uoHo® Bogopoga

2— MaezHempoH

35— Kamepa bakyymHasa

4— JpekmpomazHum (90, R=200MMm)

5— V3aMepumenb moka nyyka nogBukHbil

6— Jlumsa conerouganoHas (d=100MM)

7— VlcmouHuk yckopaiowezo HanpsKeHus

8— CucmeMa 371eKmponuMaHUS UCMOUYHUKA UOHOB
9— CucmeMa 3NeKMpoNUMAHUSA UHXeKmMOopa UoHOB
10— 3nexkmpog BoicokobonbmHboil

11— Onopa u30n9UUOHHASA




ECR-10Nn source







The ion| optical system; of the accelerator
lnasi been designed In order to ebtain the
deuteriun 1on: heam current of tp ter 20
MA at the accelerator eutpul, IRl the: plane
eff the distrbution magnet.

FhIs) beam has;an emittance: and regular
divergence valties; reguired for further
iranspert tewards the: beam.

he 45-degrees electromagnet allews
SWILCRING the beam hetween: the two
transpert channels.



The first channellis designed to eperate in
continuous; and microsecond pulse: moades.
Anrien heam with pulse duration ofi 10-100
msi and repetition rate: up: ter severalikiHz Is
ehitained By micrewave: discharge
moedulationiin the Ien SeUrce.

he second! cliannellis designear fior
ehtalRiNg| IenI puUISes ofi 1-2 ns duration’ at
the stationary beam. Such pulses are
ehtained by means: ef a eani ChepPEr
and a clystron buncher.
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The neutron generator allows ebtaining the
peam current ofi atemic deuteriumi ions ofi 15 mA
at the retating target off 230 mm| diameter, with
e beam diameter of 20 mn. Eor the pulsead
moede with pulse: duratien 10-100: ms; current
amplitude canrbe up ter 20fmA.

The seconalchiannel allews oktaining peak
current up ter 10rmA with' pulse duratien 1.7 ns.
he repetitien rate can ke set te 1, 2, anai4
MIHZ; or It can be varied smoeothly hetween 1-
100 kiHzZ.

The generaters like: NG-12-2 can eperate in
|arge research centers, but there Is alse a
demand: efi Iess expensive generaters With lewer
neutron: vield, put with; atxilian systems
preadening the range ofi pessible applications.
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OCHOBHEIE TEXHNUECKNE XapPaKTEPMCTNKM FEHEPATOPA:
Jlok nyYka amoMapHbLIX NOHOB: AenTepyd Ha MyLIeRn, MA ... 5

Yckopatollee HanpsKeHne, KB .........coocvvvivic 175
OvameTp AyYKka Ha MULLEHV, MM ..ooitirsssesvs e nsisnnsssnsns 510
Boixog (O-T) HEUTPOHOB, H/C .........oovieiiieieeeiieas e 5x1011
OnuteneHocTs nmnyneca (fwhm), ¢ ..o (2 -10)10-9
HacToTa MOBTOPEHUS, C-1.......coovvviiiiiiiiiiniinennn, 105-106

CpeaHny BeIXo4: (A-1F) HENTPOHORB, NPV YaCTioTe NOBTOPEHNS
106 c-1, HenTp/c(1-5)x109



NG-11-1

A neutron generater NG-111f 1s'designed te
ehtain a neutren yield off 5Sx1.041 n/sin
continuoeus moede. It Is supplied with a
MICIrOSECeNd puUlse generatien systen WhIch
Operates by medulation’ of the Ien soukce
mIcrowave: dischange.

he generater censists of' an accelerator of
deuterum iens wWith acceleration veltage ofi 160
KV and atomic ion’ beam: Culrent at the target up
101 S mA.



Pulsed Neutron Generators at D.\V. Efremoyv.
Research Institute

Sneg-13 NG-12-2 NG-11-1
High voltage, kV 250-300 250-300 180-200
Ion beam current, 100 15 5
mA
Ion beam diameter, 40 20 5
mm
Neutron flux, n/s 1x1013 2x1012 5x1011
Pulse, us 10-100 10-100 1-100

Pulse, ns 1-3 2-10
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