PULSE SHAPING SYSTEM FOR INR PROTON LINAC
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The system for proton beam pulse shaping in the 400 keV injection line of the INR linac is developed, built and
implemented. The use of a traveling wave fast deflector and the Behlke Electronic fast HV transistor switch with op-
eration voltage up to 6 kV enables formation and adjustment of different macro- and micro-pulses of the accelerated
beam thus expanding considerably accelerator possibilities. It is important for many accelerator applications, espe-

cially for time-of-flight neutron studies.
PACS: 29.27Eg

1. INTRODUCTION

Normally all the accelerator pulse systems of INR
RAS linac, including injector and RF system, operate at
100 Hz (or 50 Hz) and provide beam pulses with a dura-
tion up to 200 ps. To satisfy both fundamental and ap-
plied research requirements it is necessary to realize a fre-
quency adjustment of beam macro-pulses from 1 Hz to
100 Hz as well as to create within one macro-pulse one or
two 20...50 us micro-pulses with edge times less than
10 gs or 0.3...5 us micro-pulses with edge times less
than 100 ns. Short micro-pulses are important for time-

of-flight neutron studies. The delay time between the two
micro-pulses must be varied within the range of 20...
100 ps. Beam pulse formation is done by deflecting and
completely absorbing appropriate beam macro-pulses (or
parts of the macro-pulses) in the 400 keV injection line.
Special high voltage fast deflector is used to deflect the
beam. HV deflecting pulses are produced with a high
voltage pulse generator along with a fast transistor
switch. The system is also used to lock out the accelerat-
ed beam in case of any accelerator breakdown or fast pro-
tection system actuation.
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Fig. 1. Time diagrams for different modes of pulse shaping system operation
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2. PULSE SHAPING SYSTEM
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The time diagrams for different modes of pulse
shaping system operation are shown in Fig.1. Block dia-
gram of the system is presented in Fig.2. The deflector
installed in the injection line represents a 75 Ohm spiral
retarding system, each period consisting of a strip line
and coaxial line elements. The deflecting field is formed
between the strips and an additional grounded plate [1-
2]. The velocity of high voltage traveling wave is select-
ed to be equal to that of a 400 keV proton beam. The
edge times of the beam pulses for this configuration are
estimated to be less than 10 ns. The deflector is foreseen
to operate with the voltages up to 6 kV. The picture of
the spiral system is shown in Fig.3.

4

Fig.3. Deflector spiral retarding system

The triggering module (TM) generates a short pulse
sequences Fpeam and 100Hz—Fyeam, Where Foeam is an ad-
justable beam pulse repetition frequency, and triggers
the Control Module (CM). The CM generates pulses ap-
plied to the High Voltage Generator (HVPG) and the
HV Fast Switch. The generator along with the switch
provides high voltage pulses of different frequency, du-
ration, and edge times on the deflector. The capacitor
0.3 YF installed at the output of the generator is con-
nected to the circuit only for the mode of 0.3...5 ps mi-
cro-pulses generation. In case of accelerator breakdown
or accelerator fast protection system actuation the Emer-
gency Protection Module (EPM) is activated resulting in
generation of 100 Hz 320 ps pulses by TM and CM. In
this case all the beam pulses are deflected and absorbed
in the injection line. As a result no beam is accelerated.

The control modules are installed in an accelerator
control room, the HVPG is located in an accelerator RF
gallery, the deflector is installed in an accelerator tunnel
about 50 m away from the HVPG and the HV Fast
Switch is installed in the vicinity of the deflector.

3. EXPERIMENTAL RESULTS

To provide accelerated beam macro-pulse repetition
frequency Fpeam, the CM generates 320 Us pulses with a
frequency of 100Hz—Fym. The corresponding beam
pulses are deflected and absorbed, the rest of the pulses
are accelerated. The value of Fyam is foreseen to be
equal to 1, 5, 10, 25, 50, and 100 Hz with a uniform
spacing as well as 40 and 80 pulses per second as a
100 Hz pulse packet. Fig.4 shows the signal at the CM
output and the deflecting voltage for beam macro-pulses
frequency adjustment mode of operation. The deflecting
voltage of 2.5 kV is sufficient to absorb the deflected
beam in the injection line.

To provide 20...50 pus beam micro-pulses, the corre-

sponding deflecting pulses are generated with the
HVPG only. The HV Fast Switch in this mode is always

off. Fig.5 shows the signal at the CM output and the de-
flecting voltage for 20...50 s mode of operation. The
corresponding beam micro-pulses are shown in Fig.6
(lower line). The rising and the falling edges are equal
to 12 ps and 20 ps, correspondingly. The falling edge is
additionally increased due to a 4.2 nF deflector line ca-
pacitance discharge through 1575 Ohm resistance. The
edges of the beam pulses can be decreased by increasing
the deflecting voltage. As an example, Fig.7 demon-
strates the beam pulse with the edges better than 10 s
for 3.5 kV deflecting voltage.

Fig.4. Above—control pulse to generator, below—high
voltage pulse 320 s on deflector

Fig.5. Beam micro-pulses for 20...50 ls mode of opera-
tion (upper line—CM output, lower line-deflecting volt-
age)
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Fig.6. Beam micro-pulses for 20...50 Us mode of opera-
tion (upper line—CM output, lower line-two beam mi-
cro-pulses)

Fig.7. Beam micro-pulse for 20...50 Us mode of opera-
tion (upper line—CM output, lower line—beam micro-
pulse with duration 42 [is and edges better than 10 Us)

To obtain 0.3...5 ps beam micro-pulses, the HV Fast
Switch is additionally incorporated. A Behlke Electron-
ic HTS 61-12-B fast HV transistor switch with 6 kV
maximum voltage and 125 A maximum peak current is
used. Typical turn-on and turn-off times of the switch
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are about 30...50 ns, minimum on-time equals 180 ns.
An important feature of this mode of operation is the
use of the additional 0.3 UF capacitor shunting the
HVPG output. This capacitance is used to match the de-
flector and the corresponding cable for short pulses and
to decrease droop of these pulses. The basic oscillo-

Fig.9. Beam micro-pulse for 0.3...5 s mode of opera-
tion (duration 0.280 Us, edges about 100 ns)
4. CONCLUSION

The new pulse shaping system is realized in the INR
RAS proton linac. The system provides the following

modes of operation: 1) beam macro-pulses with dura-
tion up to 200 ps and frequency adjustment from 1 to
100 Hz, 2) one or two micro-pulses with duration 20...
50 ps, edge times less than 10 ps, delay time between
pulses 20...100 ps, frequency adjustment from 1 to
100 Hz, 3) one or two micro-pulses with duration 0.3...
5 Us, edge times less than 100 ns, delay time between
pulses 20...100 ps, frequency adjustment from 1 to
100 Hz. The lock out of an accelerated beam is also pro-
vided in case of any accelerator breakdown or fast pro-
tection system actuation.
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grams are presented in Fig.8 and Fig.9.

Fig.8. Beam micro-pulses for 0.3...5 lUs mode of opera-
tion (upper line—CM output, lower line—two beam mi-
cro-pulses with duration 1 Us, edges about 100 ns and

18 s spacing)

CUCTEMA ®OPMHUPOBAHUS UMITYJIBCOB ITYUYKA HA ITIPOTOHHOM YCKOPUTEJIE USIX PAH
B.B. Ky3neuyos, A.H. Mup3zoan, A.H. Haéoxa, A.B. Hoeuxoe-bopooun, B.JI. Cepos, A.B. @ewjenko

Peanm3zoBana cucrema (pOpMHUPOBAHUSI UMITYJIECOB IIPOTOHHOTO Iyuka ¢ sHeprued 400 k3B Ha kaHane MHXKEK-
mu yekoputens USAW PAH. Dra cucrema ¢ HCIOIb30BaHUEM OBICTPOTO HeduiekTopa Ha Oeryieil BoaHe U OBICTPO-
TO BBICOKOBOJIBTHOT'O IMOJyNpoBoaHUKOBOro Kitoua Gupmbl Behlke Electronic ¢ pabounm HanpspkeHuem a0 6 kB
CYIIECTBEHHO pacHIMpseT BO3MOKHOCTH YCKOPUTENS, TaK Kak 00eCIeuyrBaeT PEryJIMpOBaHUE YaCTOThI CJICIOBAHHS
MaKpOHMITYJIBCOB, @ TaKXe (POPMUPOBAHUE PA3IUYHBIX MUKPOUMITYJIbCOB My4Ka. Peanm3arust 3THX pe>XxuMOB HE00-
XOAMMa JUIS POBENICHHsT PA3TMYHbBIX (DU3UUECKHX IKCIIEPUMEHTOB, B TOM UYHUCIIE JIUIS BPEMSIIPOJIETHBIX HCCIIEIOBa-
HUN HA HEUTPOHHBIX HCTOUYHUKAX.

CUCTEMA ®OPMYBAHHS IMITYJIbCIB TYUYKA HA IPOTOHHOMY IMPUCKOPIOBAUI 1511 PAH
B.B. Ky3neuos, A.H. Mip3zoan, A.H. Haooka, A.B. Hogixoe-bopooin, B.JI1. Cepos, A.B. @ewienxo

PeanizoBano cucteMy (OpMyBaHHS IMITyJbCIB HMPOTOHHOTO Mydky 3 eHepriero 400 xeB Ha xanami imkekmil
npuckoproada [S1J] PAH. 1s cucrema 3 BUKOPUCTAHHIM IMIBUAKOTO Ie(hIeKTopa Ha XBUII, IO O1KUTH, 1 IIBUAKOTO
BHCOKOBOJIFTHOTO HammiBIpoBigHuKoBoro Kimroda ¢ipmu Behlke Electronic 3 pobodoro mHampyroio g0 6 kB ictoTHO
PO3LIMPIOE  MO>KJIMBOCTI IPHCKOpPIOBaYa, TOMY W10 3a0e3ledye pPEryiioBaHHS YacTOTH IPOXOKEHHS
MaKpoOiMITyJIbCiB, @ TaKOX (OPMYBaHHS Pi3HHX MIKpOIMITYJIbCIB ITydka. Peamizamis 1mux pexuMiB HeoOXimHa I
NPOBEICHHS Pi3HUX (I3UYHMX EKCIIEPUMEHTIB, Y TOMY YHCII Il 4aCONPOJITHUX AOCIHIKeHb Ha HEHTPOHHHX
JpKepenax.
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