High-Vvoltage Accelerators
Intended to Produce
Continuous
and Pulse Neutron Fluxes



In the last years the interest tewaras pulse
NEutron generators Is; growing due te continuing
researchiinrnuclear physics (using flight time
MEetneds) and due 1o the Importance: off possikle
applications:, SUCHh generators allew: develeping
nighly’ efiective detectors) for radieactive
matenals, buit as well el explesives; drugs;, and
POISENS.

The Efremoyv Institute has carried out a series of
[esearch and develepment projects) In erder to
Clieate generators capanie off producing neutren
fllxes of RIgh Intensity’ 1" centinueus Moede; Ut
also capanlé off eperating 1N pulse mode: withr a
Wide range oii pulse freguency and repetition
rate.



TThe neutron generator NG-12-2 Isia high:
Voltage accelerator for deuterumiiens Withran
acceleration veltage: 300 kV and a heam current
eff deuterum atemic IenRs Up te 15 mA.

fheien Injector IS installed 1n the Righ:veltage
terminall off the accelerator. It Includes an 1on
soulce Withrinital heam ierming systen, an
analyzing| 90-degree electremagnet, an
autenemous Vaclum system: and eleciric PewWer
supply. and control system.

heien seurce isian ECR one  with a fou-=
electrederion heam! iermation system. Spatiai
and angular characterstics of the beam at the
acceleratingl tule Input are contrellea withrihe
analyzingl electromagnet with deuble fecusing
and a seleneid lens.




Technical data oni the hydrogen ion accelerator (E = 300 keV).

High veltage, kV. 300 max
Hydregen ion current at the current collector, mA 10 max
lon current instability, % +5

Current collector IS under zero (ground) potential
Continuoeus, beam at heam line 1°

Hydregen ion current, mA 10
Beam diameter at the current collecter, mm 205
Hydregen ien current, mA 2
Beam diameter at the current collecter, mm <10
Microsecondl pulse beam at heam line 1:

Peak hydregen 1on beam curent, mA =5
Pulse duratien, ms 10-100
Pulse frequency, Hz 1, 10, 100, 1000
Beam diameter at the current collector, mm <15
Nanosecond pulse beam at heam;line 2:

High! voltage, kV. 2510)
Peak hydrogen ieni heam current, mA <10
Rulse width (FAWIEM)), ms <15
Beam diameter at the current collecter, mm <10
Tetal pulse duration, ns <6
Pulse frequency, MHz il )

Pulse frequency, kHz 1-100



Puc. 1. O6muit BUA yCKOPUTEISE HOHOB BOJIOPO.IA.
| -MHXEKTOp MOHOB BOJOPOAA, 2-TpyOKa YCKOPUTEIbHAS, 3-UCTOYHNK yCKOPSIOUIETO HANPSKEHHUS,
4-TpaHcopMaTopsl pazaenuTeIbHbIE BRICOKOBOIBTHBIE, S-0TpakA€HUE BEICOKOBOIBTHOE, O-KaMepa
BakyyMHas |, 7-MarHUT KOMMYTHPYIOLIHA, 8-TOKOIPHEMHUK, 9-THH3a KBaPyIIOIbHAs
aneKkTpoMarsuTHas (tpumuiet), 10-ycrpoiictBo MumienHoe I, 11-11H3a KkBagpynoapHast
aJIeKTpoMarHuTHas (yoner), 12-ycTpoicTBO, OTKIIOHSIOLIEE My4oK, 13-kamepa BakyymHas 11,
14-rpynnupoBareins myuka, 15-kinanan mmoepHsii, 16-ycrpoiictBo MumenHoe 1. (Croiiku cuctemsl
JICKTPOIIUTAHMS U YIIPABICHHUS PACIIONOXKEHBI B OTJCIBHOM IIOMELICHHN).
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1= Vecmouruk uoHob Bogopoga

2— MaeHempoH

53— Kamepa bakyymHas

4— 3pekmpomazHum (90, R=200Mm)

5— MamMepumeno moka nyuka nogbuxHbil

6— Jlunza coneHouganoHas (d=100MM)

7— WICMOYHUK YyCKOPSHOWE20 HANpPshKeHus

8— CucmeMa 31eKmponuUMaHuUsg UCMOYHUKG UOHOD
9— CucmeMa saekmponumanusa UHxekmopa uoHob
10— Snexkmpog BoicokobonomHuol

11— Onopa usonauuoHHag
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ECR-10n source
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The ien epticall system, of the accelerator
lasi been designed In order to ebtain the
deuterum 1on: heam current of tp ter 20
MA at the: acecelerator eutput; In: the plane
ef ther distrbutien magnet.

ThRIS; beami has an emittance and regular
divergence valties; reguired for further
iranspoert toWwards the: beam.

The 45-degrees electromagnet allews
SWItCHRING the heam: hetween: the: two
transpoert channels.



The first channellis designed to eperate in
continuous; and micresecond pulse modes.
Anrien Beam withr pulse duratien of 10-100
msi and repetition rate: up: ter severalikiHz Is
ehitained By micrewave discharge
moedulatieniin the Ion SeUrce.

The second! cliannellis designead: for
ehtalning| IenI puISes ofif 1-2 ns duration’ at
the stationary beam. Such pulses are
ehtained By Means; i a Peam| ClAePREN
and a clystronr buncher.
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The neutren generator allews obtaining the
peam current ofi atemic deuteriumi ions ofi 20 mA
at the retating target off 230 mm| diameter, with
the beam diameter of 20" mm. Eer the pulsead
moede with pulse duratien 10-100 ms current
amplitude canrbe up ter 20 mA.

The seconadlchiannel allews oktaining peak
current up te 10rmA with' pulse duratien 1.7 ns.
he repetition rate can be set te 1, 2, and 4
MIHZ, or It canl be varied smoeothly hetween 1-
100 kiHzZ.

he generaters like: NG-12-2 can eperate in
large research centers; but there Is alse a
demand of lessiexpensive generators Withrlewer:
neutron: Vvield, put with; atxilian: systems
Preoadening the range of pessible applications.
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NG-11-1

A neutron generater NG-111" Isfdesigned te
ehtain a neutren yield off 5Sx1041 n/s in
continuoeus moede. It Is supplied with a
MICrOSecend pulse generation systen Whaich
Operates by moedulation’ of the Ien sourkce
mIcrowave: dischange.

he generater censists off an accelerator of
deuternum Iens With' acceleration; voltage ofi 160
KV andratomic 1on’ heam current at the target up
101 S mA.















Neutron Generators at D.\V. Efremov

High voltage, kV

[on beam current,
mA

Ion beam diameter,
mm

Neutron flux, n/s

Pulse, us
frequency, Hz

Pulse, ns
frequency, MHz

Sneg-13

250-300
100

40

1x1013

10-100
10-100

Research Institute

NG-12-2

250-300
18

20

2x1012
10-100
1-1000

1-3
12,4

NG-11-1

180-200
5

5x101
1-100
10-1000

2-10
1
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