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Abstract The double pulsed electron beams’ characteristics such as the movement position, the beams spot

and the emittance were experimentally studied in the time-resolved mode. In the experiments, beam bugs

were used to detect the beam currents and the beam positions, and the Cerenkov radiation generated by the

electron beams interacting with a quartz plate was used to get the information of the beams. The radiation

was recorded by an 8 film streak camera. The experimental results indicate that the double pulsed relativistic

beams emission from velvet has almost the same centroid movement, the same beam spots and the same

emittances. The vacuum diode voltages are 1.75MV and the beam currents are about 1kA.
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1 Introduction

As a kind of cheap and easily available cathode,

velvet can emit high current electron beam with a

brightness up to 108A/(m·rad)2 and is widely used

in high pulsed power research field. So the devices

such as ARIX
[1]

and DARHT-I
[2]

use the velvet to

produce a few kilo-ampere pulsed beam. The beam

pulse duration is around 100ns. Some papers
[1—5]

have described the velvet’s emission and diode char-

acteristics in a single-pulsed mode. However, there

are still some questions remained to answer. Can the

cathode work in the multi-pulsed mode? How about

the beam quality? What are the factors which can

affect the beam quality emitted from velvet? The au-

thors have built up a multi-pulsed power source and a

multi-pulsed diode to undertake some research on the

velvet’s emission characteristics
[6—8]

. In this paper,

the authors like to introduce some recent experimen-

tal results of the double pulsed beams. The beams are

generated from a double pulsed vacuum diode. The

diode voltages are 1.75MV and the pulse duration

(FWHM) is 90ns. The electron beam currents emit-

ted from the velvet cathode with the radius of 3.5cm

are about 1.2kA. The doubled beams transmit along

the beam line and are confined by an extra magnetic

field. The beams’ characteristics such as the centroid

movement, the beams spot and the emittance were

experimentally studied in the time-resolved mode. In

the experiments, the resistive wall monitors known as

beam bugs
[9, 10]

were used to detect the beams current

and the beams centroid movement, and the Cerenkov

radiation generated by the electron beam interaction

with a quartz plate was used to get the information of

the beams’ profile and transverse velocity. The radi-

ation was recorded by an 8 film streak camera. Beam

bugs are placed at 3.6m downstream. The pepper

pot used to measure the emittance is placed at 3.9m

downstream and the quartz plate is placed at 4.1m

downstream (see Fig. 1).
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Fig. 1. Sketch of the measurement system.

2 Beam current and centroid move-

ment

The beam bugs are used as essential diagnostics of

the beam current and centroid movement. When the

doubled beams are emitted from the cathode, they are

confined by extra applied solenoid magnetic field and

transmitted along the beam line. Defining a Carte-

sian coordinate system facing the cathode and mak-

ing the origin of the coordinates on the beam line,

one can determine the beams current and positions

of the beams’ centroids at the place of beam bugs

in the coordinates. Fig. 2(a) gives the results of the

beams’ currents, and it is about 1kA. Figs. 2(b), 2(c)

Fig. 2. The beam currents (a) and centriod

aberrancy in x(b) and y(c) direction respec-

tively.

give the beams’ centroid positions in 55ns duration

in the coordinate. Even no special work was done on

the adjustment of solenoid magnetic field in the diode

and on the beam line , the beams centroid position de-

parts from the origin of the coordinate less than 5mm

in the x and y direction respectively. This result of-

fers the possibility of further more refined adjustment

of the beams’ centroid movement. The burrs in Figs.

2(b), 2(c) are the noise generated in the numerical

process.

3 Double pulsed beams’ spots

The beams’ spots were detected by the Cerenkov

radiation generated by the beams interacting with a

quartz. In this process, the pepper pot was removed

and the quartz plate was kept (Ref. to Fig. 1). The

radiation was recorded by the streak camera. When

the beams are free from the magnetic field after they

pass the beam bugs, the beams spots in a shot are

shown in Fig. 3. The diameters (FWHM) of the spots

are about 65mm. This result is obviously different

from that the authors once gave in another paper
[10]

.

In the experiment described in the paper
[11]

, the diode

voltages are about 0.6MV and the diode gap is 5cm.

The cathode plasma seriously affects the second elec-

tron beam emission. However, in the experiment de-

scribed in this paper, the diode voltages are 1.75MV,

and the diode gap is 15.5cm. So the cathode plasma

has a little effect on the second emission.

Fig. 3. The first (a) and the second (b) beam

spots free from magnetic field.

When the beams are confined by magnetic field

while they interact with the quartz plate, the beam

spots are much small than that in Fig. 3. Fig. 4 is

the time resolved beam spots for the first and the sec-

ond beam respectively. The diameters (FWHM) are

about 20mm. From Fig. 3 and Fig. 4, one can find

that the two beams have almost the same diameters
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at the same detecting position. That means the two

beams have the same envelope at the same magnetic

field.

Fig. 4. The first (a) and the second (b) beam

spots with magnetic field.

4 Beams emittance

Two methods are used to check the emittance dif-

ference of the double pulsed beams. One is the mag-

netic collimator and the other is pepper pot.

Table 1 is the current of the doubled beams under

different magnetic fields. The electron beam currents

are recorded by the beam bugs. From Table 1, one

can see the differences between the doubled beams

currents under different magnetic fields are less than

2%. According to the results, one can conclude that

the doubled beams’ emittances are almost the same.

Table 1. The beam currents under different

magnetic fields.

serial the first beam the second beam

number current/A current/A

16463 1020 1030

16464 910 930

16465 870 880

16466 780 770

16467 600 590

In the experiment of using pepper pot to mea-

sure the beams time resolved emittance, Cerenkov

radiation generated by the beamlets interacting with

quartz is used to determine the beams transverse ve-

locity. The radiation was recorded by the streak cam-

era. Fig. 5(a) and Fig. 6(a) are the photo for the first

and the second beam at the same magnetic field re-

spectively. Fig. 5(b) and Fig. 6(b) are the black

density scans of the Fig. 5(a) and Fig. 6(a) respec-

tively in the vertical direction. So one can see that the

beams’ envelopes are in gaussian distribution. Mak-

ing gauss fit one can figure out the beams’ time re-

solved emittance. Fig. 5(c) is the time resolved emit-

tance for the first beam in 70ns, and Fig. 6(c) is for

the second beam.

Fig. 5. The first beam pepper pot photo (a),

distribution of density (b) and time resolved

emittance (c).

Fig. 6. The second beam pepper pot photo (a),

distribution of density (b) and time resolved

emittance (c).
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From Fig. 5(c) and Fig. 6(c), one can see that the

doubled beams have similar emttance and are around

1500πmm·mrad. Considering the results of the mag-

netic collimator, one can conclude that the double

pulsed beams have similar brightness.

5 Conclusion

When the diode voltages are 1.75MV and the

diode gap is 15.5cm, the doubled pulsed relativistic

electron beams emitted from velvet have almost the

same centroid movement, the same envelope and the

same emittance, which are more exciting than the re-

sults of the paper
[11]

. The cathode plasma has little

effect on the qualities of the second beam. One can

expect that with higher diode voltages and a larger

diode gap the cathode plasma will have even less ef-

fect on the qualities of the second beam and the qual-

ities of the double beams are much more identical.

References

1 Merle E, Boivinet R, Mouillet M et al. Proc. of Particle Ac-

celerator Conference. New York: IEEE, 1999. 3260—3262

2 Burns M, Carlsten B, Kwan T et al. Proc. of Particle Ac-

celerator Conf.. New York: IEEE, 1999. 617—621

3 Miller R B. J. Appl. Phys., 1997, 84: 3880—3889

4 Shiffler D A, Lacour M, Golby K et al. IEEE Transactions

on Plasma Science, 2001, 29: 445

5 LIU G Z. Chinese Physics, 2005, 14: 949—952

6 XIA L S, ZHANG H, CHEN D B et al. Chinese Physics,

2005,14: 1779

7 XIA L S, ZHANG K Z, SHI J S et al. Applied Surface

Science, 2005, 251: 262—265

8 XIA L S, WANG M, HUANG Z P et al. Acta Phys. Sin,

2004, 53: 3435—3439 (in Chinese)

(gë��. ÔnÆ�, 2004, 53: 3435—3439)

9 XIE Y T et al. High Power Laser and Particle Beams, 2002,

14: 151 (in Chinese)

(��Õ�. r-1�âfå, 2002, 14: 151)

10 CHEN Y J, Fessenden T J. XIX int. Linac Conf. Illi-

nois:IEEE, 1998. 189

11 XIA L S et al. High Power Laser and Particle Beams, 2005,

17: 1897 (in Chinese)

(gë��. r-1�âfå, 2005, 17: 1897)

U�OÒ4�)�VóÀr6�éØ>fåA5¢�ïÄ *

gë� o§ ÜM ��Õ ô�I ��]

Üm� �7Y "ï� Ù�©

(¥Ió§ÔnïÄ�6NÔnïÄ¤ �� 621900)

Á� 3�m©E��ªe, ¢�ïÄ
U�OÒ4�)�VóÀ�éØr6>få�å%$Ä!å�äÚå

�u�Ý. 3¢�¥, >få6rÝÚ>få%$Ä^>{�?1ÿÁ, 
>fåÚ�=Àæ��p�^�)�

êÕ�ÅË�^5�Ñ>få�äÚu�Ý&E. >fåÚ�=Àæ�^�)�êÕ�ÅË�^ 1 � 8 Ì©Ì

�ÅP¹. ¢�(JL², U�OÒ4�)��éØr6VóÀ>få3å6��!å%$Ä;,!å�ä9

åu�Ý��¡äk�Ð���5.

'�c U�OÒ4 VóÀ>fåå%$Ä u�Ý �m©E�ª

2006 – 11 – 01 Âv, 2006 – 12 – 23 Â?Uv

* I[g,�ÆÄ7 (10575090) Ú¥Ió§ÔnïÄ��ÆÄ7 (20050209) ]Ï


