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The INR Proton Linac accelerated beam is now in the range of 10...12 mA pulse current, 0.3...200 s pulse
duration and 1...50 Hz repetition rate. The various beam pulse durations are important for nuclear experiments and
medical applications. To provide both short and long beam pulse measurements special current monitor is devel-
oped. New Universal Beam Current Transformer (UBCT) monitor and electronics are described. The results of

beam pulse measurements are presented.
PACS: 29.17.+w; 29.40.-n; 29.27. Fh

1. INTRODUCTION

To satisfy both fundamental and applied research re-
quirements it is necessary to accelerate in INR Proton
Linac beam pulses in the range 0.3...200 ps with edge
times from 100 ns to 10 ps. The measurements of these
pulses should be realized by means of a special beam
current transformer. New Universal Beam Current
Transformer (UBCT) monitor is developed and
implemented in the linac. It should measure beam puls-
es in the full range of the beam parameters.

UBCT construction and electronics are described.
Results of UBST testing on the beam are presented.

2. UBCT CONSTRUCTION

The simplified scheme of UBCT construction is
shown in Fig.1.

Figl.Simplified construction of UBCT

It has 64 turns winding on ferromagnetic tape
toroidal core. Every 4 turns are shorted by 15 Ohm
resistors. This set of resistors enables to decrease
oscillations of BCT output signal [1]. Electromotive
forces and currents of all turns are equal to each other if
a beam is in a centre of a core. But there is no equality if
beam position is not centred. Beam displacement is the
reason of output signal oscillations because turn
currents are not equal in this case and some waves arise
in spiral line of beam transformer. These waves
interference do not permit to see a time structure of a
short pulse. The set of resistors should suppress this
interference. Main conditions for the interference
suppressing are 1) R<<Z,, where R is resistor value
between turns, Z,, is wave impedance of BCT spiral line
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without the set of resistors, 2) nR>>r, where n is
quantity of R in UBCT winding, r is resistance of
UBCT loading.

3. UBCT MONITOR ELECTRONICS

The schematic diagram of electronics is shown in
Fig.2. The electronics consists of 20 MHz preamplifier
installed in the vicinity of the UBCT and main amplifier
and calibrator located outside the linac tunnel.
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Fig.2. UBST electronics simplified circui

The preamplifier has one input and two symmetrical
outputs for subtraction of cable interference at the input
of main amplifier. The time constant 7 of flat top
damping is equal to L/R;, where L is inductance of BCT
and R;, is input resistance of the preamplifier. This time
is long enough in our case to observe beam pulses up to
200 ps  without distortion. The high frequency
distortions are defined by time constant of wave
spreading in UBCT. The waves pass through set of
resistor and this process takes a few ns. Main amplifier
has bandwidth 15 MHz and symmetrical input. Hence,
the bandwidth of the system is defined by the amplifier.
The circuits of the preamplifier and the amplifier are
similar. The controlled calibrator tests UBCT and
electronics. The level of the calibration signal on the
UBCT, defined by the source of current on bipolar
transistor, is equal to 20 mA and can be changed by
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means of regulation of emitter circuit resistor. The
calibration pulses with duration 0.25 ps and 200 ps are
used for the UBCT monitor verification.

4. RESULTS
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Fig.3. Time structures of different beam pulses

Short pulses (0.3...5 ps) are formed in the injection
line by means of beam pulse shaping system. Amplitude

of the accelerated beam pulse equals to 10...12 mA.
Time profiles for different beam pulse durations are
shown in Fig.3. A and B figures are 1.5 us and 1 us
beam pulses, respectively; C figure is 190 Us beam
pulse. B figure is the beam pulse measured by wall-cur-
rent monitor (WCM)), installed in the 400 keV injection
line. A and C figure is the 160 MeV beam pulses.

The comparisons between UBCT and standard BCT
signals are shown in Fig.3,A,C. As easy to see standard
BCT with its electronics cannot measure edges of short
pulses and top fluctuations of short and long beam puls-
es. The constant of flat top damping of WCM is too
short to observe pulses with durations more than a few
microseconds. UBCT observes edges and top fluctua-
tions in the full range of the beam pulse durations from
0.3 ps to 200 ps.

5. CONCLUSION

The new UBCT monitor allows observing of the
structure of short and long beam pulses with high time
resolution and should be used for beam adjustment and
regulation.

REFERENCES

1. A.S. Kalinin. Wide bandwidth BCT // Problems of
Atomic Science and Technology. Series: Linear
Accelerators. 1976, Nel(2), p.25 (in Russian).

YHUBEPCAJIbHBII MATHUTOWHIYKIIMOHHBIIA MOHUTOP UMITYJIbCOB ITYUKA ITPOTO-
HOB JIMHEMHOI'O YCKOPUTEJISI USIU PAH

I1. Peiinzapom-Hukynun, B. I'aiioaw, A. Menvuwios, A. Mupzoan, A. @euwsenko

B nacrosimee Bpems Ha nuHeiHOM yckoputene VS PAH yckopsioTcsi MMIyIbChl IPOTOHOB C aMIUIMTYIOH
10...12 MA, naurensHocThbio 0.3...200 MKC 1 yacToTOM MochUIOK OT 1 10 50 I'it Ayt mpoBeneHus: pa3iIuYHbIX QHU3H-
YECKHUX 3KCIEPUMEHTOB. 11 M3MEpEHUs] mapaMeTpoB Kak KOPOTKHX, TaK M JUIMHHBIX HMITYJIbCOB pa3paboTaH U
YCTaHOBJICH Ha yCKOpHTENE CIELUaIbHbIA WHIYKIMOHHBIM JaTYMK TOKA ITyyka. B paGore mpuBoanTcs omnmcaHue
9TOrO JaT4YMKa U €ro EeKTPOHUKH. [IpencTaBiaeHsl pe3yabTaThl U3MEPEHUI UMITYIbCHOTO TOKA IPOTOHOB.

YHIBEPCAJLHUNA MATHITOTHAYKIIITHHAY MOHITOP IMITYJIbCIB ITYUKA ITPOTOHIB
JIIHIAHOI'O ITPUCKOPIOBAYA ISII PAH

I1. Peiinzapom-Hikynin, B. I'aiidoaw, A. Menvuwios, A. Mip3zoan, A. @ewjenko

VY wneit yac Ha miHiiiHoMy npuckoproBaui ISl PAH npuckoproloThes IMITyJbCH IPOTOHIB 3 aMILIITYIOO
10...12 MA, tpuBaiictio 0.3...200 Mkc 1 yacrororo nocwiok Bifg 1 mo 50 I'my s nmpoBeneHHs pi3HUX (Bi3UUHHX
eKCIepUMeHTiB. J{J1s1 BUMipy mapaMeTpiB K KOPOTKHUX, TaK 1 JOBIUX IMITyJIbCiB pOo3pOOICHHH i yCTaHOBJICHUH Ha
MIPUCKOPIOBAYi CHEIiabHAN IHAYKIIHHUN JaTYNK CTPyMy ITydka. Y poOOTi MPUBOAWUTHECS OMHUC IHOTO JATYHKA i
Horo enekTpoHiky. [IpencTaBieHO pe3ynbTaTH BUMIPIB IMITYIIBCHOTO CTPYMY IPOTOHIB
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