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Abstract

Basic results of VEPPS prelihjector accelerating sedion tests
are presented in this paper. Single 3 m long aca&erating section
was powered by 240 MW RF of 5045 klystron with pulse
compresgon system.

The maximum beam energy of 105MeV was detected at Uurn
magnetic spectrometer. The beam energy per pulse 26 J was
reached at the energy of 92MeV for the 310 ns beam current.
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Introduction

The accéerating channel of VEPPB prelihjedor consists of two linea
acceaerators for the energy 300 MeV and 510 MeV and contains of 14
accéerating sedions (AS) [1,2]. First acceerator sedions of both linacs have the
incressed accderating gradient 2530 MeV/m, while the others have 17120
MeV/m. The goa of presented tests is the experimental chedki@ut of AS
operation at the maximum possble accéeration and at different beam current.

Tests were caried out on the basis of initial part of prelihjedor (first
acceerating assembly) that includes an eledron gun, subharmonic buncher, SO
band buncher, three acckerating sedions, RF assembly on the basis of 5045
SLAC klystron, a pulse mmpresson system, focusing system and a system of
beam diagnostics. To get the maximum accelerating, al RF power after the
compression is direded into the first accéerating sedion. The rest two sedions
and the subharmonic buncher were out of operation in present experiments and
were used as the channel of beam transportation. Moreover, at the present
regime of sedion operational conditions, the dedron accéerator operation was
simulated for intensive source of resonant neutrons (IREN), following the
agreement with JINR, Dubna[3].

Accderating Sedion

The accéerating sedion (AS) of VEPPS prelihjedor (Fig. 1.) is managed as
the auit of a round diskllbaded waveguide with the constant impedance (the
constant cdl geometry along the AS). Two wave type transformers (WTT) are
placal at the input and the output of the sedion. WTT transforms the basic
mode of waveguide channel Hy, into the accéerating mode Eg; of around disk[]
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Fig. 1. Accderating sedion.

loaded waveguide. To reduce the overvoltage ratio, the elge of the iris is
performed as an elli pse with the half[@xisratio 1:2 (seeFig. 2).

7 4

0)

@éb
RN
‘Wl N

Fig. 2. Geometry of acceerating sedion’'s cdl.

4



During the processof sedion manufacture the resonant frequency control of the
testlbed, that was assembled of two regular cdls (one of it is measured), and two
halfid¢d|s with the exciting and receving antennas, is carried out. By the results
of measurements the seledion of cdls by frequency and group velocity was
caried out and then cdls were asembled on the spedd testlbed. After the
asembly the measurement of RF signal refleded from AS were caried out as
well as RF power disdpation in the sedion. The sedion was matched with the
waveguide channel in order to achieve the minimum refledion at the operating
frequency. The matching was provided by the tuning of WTT. The tuning was
caried out by the change of WTT inlet size, diameter of WTT cavity, and size of
ring lug around the vacuum channel inlet. The sedion was asembled of two
identicd parts of 1.5 m length ead. Brazng of each part was carried out in the
vaauum furnace After AS brazng the measurements were repeaed. Both brazed
half(Sedions were wel ded together viathe mnnedingiris, as shown in Fig.3.

Steel Coil Joining Iris Contact Surface

0727 174/ (A%Film&: N

M 2 877

Joining Cavity

Fig. 3. Connedion of two AS parts.

Sides of conneding iris were covered by the golden film. The iris was tighten
between the spedal conneding cdls up to formation of the thermal diffusion
seam. Then, in order to provide the vacauum, the welding of sted rings was done.
The AS parameters are presented in Table 1.
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Tablel. Parameters of the accéerating sedion.

Operational frequency 28555 MHz
Internal cdl diameter 2b 83.75mm
Iris diameter 2a 259 mm
Iris thicknesst 6 mm
Period D 34.99 mm
Operational mode of oscill ation 6 2173
Relative phase velocity S, 1

Relative group velocity 0.021
Sedion length L 2.93m

Total number of cdls (incl. 2 WTT) 85
Unloaded quality fador Qq 13200
Shunt impedance Ry, 51 MOhm/m
Time onstant 7,,=2Qy/w, 1.471 s
Attenuation (by field) a=1/(ToVe) 0.108 m"
Fillingtime Ti=L/Vgy 0.465 us

Before the experiments, the AS and all waveguide channel were badked for 3
days at the temperature 230°C. The vaauum of [B110° Torr was achieved after
the badking and RF processng.

The scheme of RF test is shownin Fig.4.

RF Power Supply of the Aseembly

The oontinuous RF signal (f = 1428 MHz, P =10 mW) from the master

oscill ator is direded to the shaping amplifier assembly U28562 via90° phase
shifter. The shaping amplifier operates at the doubled frequency 2856 MHz and
forms the RF pulse of [13.5 ps width and output pulsed power of 200-400W for
5045 klystron excitation. Phase shifter provides the phase inversion at the
operational frequency at the given time moment to ensure the pulse compression
system operation. RF pulse of up to 60 MW power is moved from the klystron
through the waveguide channel (72 x 34 mn¥), SLEDI(fype pulse mmpresson
system, to the AS input. The unused power inthe ASis disspated in the dummy
load, which islocaed at the output of the sedion. The fradion of RF power after
SLED system is direded to the RF buncher via the diredional coupler with
the attenuation of a. = 23 dB. RF phase and amplitude can be varied by the
attenuator and phase shifter.
For RF power supply operation control using of waveguidelfbldoaxial direa
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Fig. 4 The scheme of RF test.
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couplers, the following RF signals were measured:
incident wave amplitude & the input of 5045klystron;
incident and refleded wave amplitudes after the klystron (before the power
compresson system);
incident and refleded wave amplitude & the buncher input;
incident and refleded wave amplitude & the AS input;
relative phase shift between the RF buncher and the AS;
level of incident and refleded power direded to the load.

System of power compression SLED (seeFig.5) consists of waveguide gap

coupler and two cylindricd cavities with high quality fador. Operation mode of
cavitiesH ;s .

Cavity 1

u:_ — — —
x@; 3 dB Coupler L
To accelerating

Fig. 5. Pulse compression system SLED.

One of the cavity wall is mobile, that provides operational tuning of power
compression system using step driver. The low power test of cavity parameters
were preliminary done (seeTab.2).

RF Buncher

For preliminary beam bunching, the RF buncher is st at the AS input. The
buncher design is siown in Fig.6. It consists of four coupled cylindricd cavities
(three cds+ WTT).
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Table 2. Parameters of power compresson system caviti es.

Cavity diameter D 196mm
Cavity height H 3469 mm
Operational frequency f, 2856MHz
Frequency tuning range Af +5MHz
AfIAH 2.75MHz/mm
Unloaded quality fador Q, 86200
Coupling ratio with waveguide 3 9.8
Cavity time onstant 7, =2 Qy/w, 9.6 us
Loaded cavity time cnstant 7, = z,/(1+ 8) 0.9 us
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Fig. 6. RF buncher design .

The buncher is fabricated of relatively high surface resistance material [
stainless steel 12X18H10T type. The jacket is available to provide cooling and
thermostabili zation. The pumping is carried out via the hole located oppdite the
power input, that forms the symmetricd eledric field in the first cdl. The
buncher parameters are presented in Tab.3.
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Table 3. RF buncher parameters.

Internal cdl diameter 2b 81.9 mm

Iris diameter 2a 23.8 mm

Iris thicknesst 5mm

Period D 48.7 mm

Resonant frequencies: fa 283148 MHz
f, 284192 MHz

(operational frequency) fog=13 285645 MHz
f4 286684 MHz

Unloaded quality fador at fofrequency  Qoyq 3350

Operational mode of oscill ation 8 (4173

Relative phase velocity 3 0.695

System of Ther mostabili zation

The antrol of AS temperature, load, RF buncher and SLED cavities is
provided by the system of thermostabili zation. The stabili zation of temperature
is ensured by change of cooling distilled water temperature & the input of
cooling system. The parameters of system of thermostabili zation are presented
inTab.4.

Table 4. Parameters of system of thermostabilization.

Operational water consumption 0.2[0.51 ps
Consumption stabili ty +10%
Operational temperature range 25040°C
Operational temperature 30°C
Accuracy of temperature stabili zation +0.1°C
Power consumption up to 20kwW

High Voltage Eledron Gun

The threddledrode thermionic gun with the oxide cahode is used as a source
of eledrons [3]. Main e’gun parameters are presented in Tab.5.

Table 5. Main parameters of the dedron gun.

Eledron gun voltage up to 200kV
Current pulse width (FWHM) 2+350 ns
Pulsed current upto 3A
Repetition rate up to 50Hz
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Focusing System

The focusing system of first acceerating asembly consists of 6 lenses, 6 coil s
(diameter is of 525 mm, current Oup to 510A) and thredsSedional solenoid
(internal diameter is of 174 mm, external diameter is of 371 mm, total length is
of 2210mm, current [Lp to 1100A).

To steg the bean from AS to magnetic spedrometer and Faraday cup,
quadrupde doublets are used. The beam ray s is correded by magnetic
corredorslocaed inthe accéerating channel.

The mntrol system enables the fast current change of any focusing system
element.

Beam Diagnostics System

System of beam diagnostics includes the measurements of following beam
parameters. pulsed current and total charge of the beam from the dedron gun,
charge and energy charaderistics of accéerated beam and also its position at
input and output of AS.

Gun pulsed current is measured by the wall current monitor located at the gun
output.

Measurements of beam energy charaderistics are made by 180° magnetic
spedrometer. After spedrometer the beam was direded to the luminescent
screen. One @n define the energy of acceerated eledrons by spedrometer
magnetic field strength and radius of particles turn. Also the beam energy spread
can be evaluated by the beam spot size and relative brightness on the
luminescent screen. The ratio between the spedrometer magnetic field strength
and magnetic coils current was preliminary measured. After measurements the
beam energy within the aurrent range 1700-2100 A was defined as:

U[MeV]=1.62 M D[cm],
2100
where | is current of spedrometer coils, D is beam turn diameter. Total error of
the beam energy definition is a sum of beam turn diameter definition error and
hysteresis of magnetic field due to spedrometer magnet switching, one is equal
of +3%. The charge of acceerated beam is measured by the Faraday cup, which
islocaed after the luminescent screen.

The beam pasition at the input of the accéerating sedion was controlled by
the luminescent screen at the input of AS, and by the band(fype twoldoordinate
pickidp at the AS output.
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Results of M easurementswith the Short Bunch

The pulsed eledron current injected in the section was about of 3 A at the
pulse width 2 ns. For this pulse width the beam radiation field is low and daesn't
influence essentially on the accéeration. The accéerating field of the AS is
depended on the klystron input power only. At that operational conditions it is
possble to read the maximum accéerating gradient and, hence, the maximum
energy of the accéerated bean.

The operational RF pulse & the input and the output of pulse cmpresson
system (input of AS) isshownin Fig. 7.

T
40 45 50 55 60 65 70 75 80 85 90 95 100
t[usec]

Fig. 7. RF pulse shape & the input and output of power compresgon system.

As example, RF pulses obtained during the AS training at the moments of
breakdown, are shownin Fig.8.
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Fig.8. RF pulse shape a theinput and output of pulse
compression system at the breskdown.
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The operational parameters of power compression system cavities are cdculated,
using the method d regressve analysis and the RF pulse shape dter the power
compression system:

unloaded quality factor Q, =7.5800%;

time constant T, =8.45us;
coupling ratio with the waveguide channel B =82

time mnstant of loaded cavities T, = 110[3 =0.92ps;

and also typicd times of input signal transient processs:
7, =0.021 ps - typical time of growth of incident wave amplitude leading
pulse elge;
T, =0.044 s - typical time of phase inversion.
As example, the pulse shape dter the power compression system at pulsed input

power amplitude 7, =50 MW is diownin Fig.9.

PINp =50 MW, tge = 3 Usec
— 357 MW
S 30
2 =
& 300 -
o’ o B \ 247 MW
e
250 SLED Ideal
N
200 'l ‘%
150 50 MW 38.6 MW Pqeo real \
100 A\
\
50 4 \
N |
I e
0

0.0 05 1.0 15 20 25 3.0 35 4.0
t [Usec

Fig.9. Power pulse shape dter pulse cmpression system.
One can cdculate the distribution of accéerating eledric field amplitude along

the AS at different instants by the shape of RF pulse & the AS input and AS
parameters. For constant impedance structure

E(z,0)= E, EVL% ,
ar

where Eq(t) = E(O,t) is eledric field amplitude & the ASinput at z=0.
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The accéerating field dstributions vs. z coordinate dong the sedion at
different instants ¢, cdculated by the redistic shape of RF pulse (Fig.9) are
sown in Fig.10.

P =50 MW, g = 3 Hsec, T_=0.465 Hsec
E
§ 50
E‘ a E,(z,t,,-+0.15) E, (2t ,+T,) DOptim.
45 N
o \, S
s
—1
35 \
. \/ — /v \
25 \\ E, (2t ;o T+0.2) \\
\ \
20
/ \ \
15 / .
10

00 05 10 15 20 25 30
z[m]

Fig. 10. Accderating field dstribution along the AS at different time.

The energy gain of the accéerated perticle that enter the AS at time t, when
Vg, << (i.e. the particle instantly passed the AS),

vl)- }E(Z,t)dz.

Since d different moments of particle entrance in the AS the RF energy
filling is different, then the beam pased the AS has different energy gain
depending on its moment of entrancein the AS. The dependence of beam energy
W, onthe moment of entrance ¢ inthe ASisshowninFig. 11

out

At present time the short accderated beam with 200 particles in the
bunch is obtained at the output of the first AS. Maximum average accéerated
gradient 35 MeV/misreaded. Asit is e in Fig.10, the maximum amplitude
of accéerating field in first cdlsis50 MV/m.

The AS operated at 5 Hz repetition rate (output energy of eledrons 106 MeV)
with a single breadown during 40 minutes of operation, and without any
breakdown at 50 Hz repetition rate (output energy 75 MeV). The photos of
luminescent screen for acceerator operations with the RF buncher switched on
and off are presented in Fig. 12(13.
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Fig. 11 Beamn energy vs. moment of entrancein the AS.

Fig.12. Accderated beam with RF buncher switched off.

Fig.13. Accderated beam with RF buncher switched on.

When the RF buncher was switched on, the energy spread in the beam was
10.5 %.
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Resultsand Analysis of Experimentswith Long Bunch

The goa of these experiments was the AS test at the conditions close to
operational of the accéerator projed for IREN [3], namely, the injeded current
is not less than 1.5 A for the pulse width = 250 ns. This bunch duration is
drealy the same @ the duration of operational part of RF pulse. At these
conditions the AS operates with strong current load that leads to essential change
of the AS accderating field and acceéerated bean charaderistics. These
conditions are typicd for the beam with highleénergy capadty.

Test conditions were:

repetition rate F= 1+5Hz
eledron gun voltage U =170kV;
gunpulsed current Il =26A;
current pulse width 7, =310ns,
output kystron power P, =50MW,
RF pulse width T, = 3.6us;

time before phase inversion =2.83ps.

tl 80°

Except the signals listed above in the present series of experiments the next
parameters were also measured:

1. Current pulse from the wall current monitor at the dedron gun output.

2. Signals from beam parameters controller (BPC) at the output of magnetic
spedrometer. The cntroller is performed as a set of charge wlledions with
cgpadty 5.8 nF ead, and alows to measure the charge with the energy
resolution =1.8 MeV.

Signals from detedor heads and BPC were digitized by ADC with time
resolution 10 ns, stored for further processon and monitored on the ntrol
computer display.

In that experiment RF buncher wasn't fed by the power and unbunched beam
was geeaed to the AS input, that is why the accéerated beam had large energy
spread. The photo of luminescent screen before BPC was put into operation is
shown in Fig 14, and the signal from BPC [the dependence of particle density
on the energy is shown in Fig.15. The density corresponded to the maximum of
energy capadty.

Maximum eledron energy of the accéerated beam is 92 MeV, minimum is
47 MeV, total beam chargeis of 1.52[107 Coulomb (total number of particles

N,=0Q/e=9.52010""). One can cdculate the beam total energy capadty by
the particle density distribution and energy:

16



Fig.14. Photo of accéerated bean.
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Fig.15. Particle density distribution in abeam vs. energy.
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N

U, {AQ /e)=1184,

where N = 57 —number of BPC lamellas, AQ, and U; U charge on i —th
lamella and corresponding energy.
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Besides, the level of RF power transferred to the load after the AS (seeFig.16)
was measured with and without beam load. Also current pulse profiles from the
gun, obtained from the wall current monitor, are shown in that figure. Current
profiles are dightly distorted by the readive resistance of the transducer. It is
sea, taking into acount distortions, that the gun current pulse is of redangular
shape with the width 7, =310ns.

(21.01.2000)

P oo (PEam "OFF") ‘[\\
30
Plono (beam "ON") \{\ \ Beam "OFF"

geamon ___ \\
w N

Pdet[mvv]

20

5 6 7 8 9 10
t[Usec]

Fig. 16. The shape of RF power transferred to the load with and without beam
load. The signals of current pulse from the gunwall current monitor.

The RF signal level deaeese is caused by the use of the RF power fradion by
the beam for its acceeration, and presence of the bunch radiation field.

By the RF pulse shape & the AS input after the system of pulse mmpression
(seefig. 17), and AS parameters, one an completely restore the accéerating
field amplitude distribution by the AS input pulse & different instants:

z -az
Egpu(z,0)= 2Ry 0 LRy g1pp '_He e,
Ver H
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where R, OAS shunt impedance,
a [disdpation ratio,
Py sizp (t) = Pgmp (O, t) [RF power at the ASinput when z=0.

P = 47 MW (21.01.2000)

250

P=232MW ——

200 \

PSLED [MVV]

150

\
o \

d \
\.\
AN
N P
0 1 2 3 4
021 0245 | 097 3.17 3.29 t[sec]

0

Fig.17. RF power distribution at the AS input.

To set the aurrent at the AS input as the redangular pulse with the amplitude
1, and width 7,, one can cdculate the distribution of bunch radiation field

along the AS as a function of time E, (z,t). For the arrent pulse width 71, <
T, where T, CASfillingtime by RF power, E,(z.1) is(seeFig.18):

0
sin B%H O 0 atr<y
E,(c.6)= R, 1, 0—2 0 H - e ot 0<z<(,)5
g _=h
020 H-e ™ at (-t,)vgy <z<L=Tv,

gr
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where ¢, [kime of bunch entranceinto the AS,
7,4 LAStime onstant,
v, [group velocity,
¥ [bunch phase length.

l,=0.9A,1_ =031pusec (21.02.2000)
— 0 N
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S TTONUTN
=3 AN t=t,+T1, +0.20 pysec
s 2 \ Ve
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] t=t+0.1psec [ N\ N\
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0.0 0.5 1.0 15 2.0 25 3.0
z[m]

Fig.. 18. Amplitude of bunch radiation field distribution alongthe AS.

Total acceeratingfield isa sum of these two fields:
o (2.)= Eo 2.0 205 (0)- £, 2.0),
where @ [phase shift of klystron RFfield relative to the bunch center.
Let us assume that particles, pased throuch the AS with high acelerating

gradient, are bunching around ® =0° . The accéerating field distribution in the
AS at different time with beam load and without beam load is $hown in Fig. 19
(in the figure ¢ gpy is the initial time of bunch entrance in the AS,
corresponded to the maximum energy cgpadty of the beam).
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------------------------------------- Beam "OFF"

Beam "ON" (21.02.2000)
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Fig.19. Accderating field dstribution in the AS at different instants.

By the field dstribution along the AS, one can find the dependence of energy
gain for acceerating particle on the time of entrance

u()- J'E (o).

The output energy of particles vs. the time of entranceis sown in Fig. 20. Top
curve arresponds to the sedion without the beam load, middle aurve Cloaded
beam, passing the first sedion only, bottom curve Oloaded beam, passing the
first and second AS (note that second sedion is freeof RF power).

By the distribution of acceerating field along the sedion, one @n find the
power at the first sedion output at different time. The mentioned above
dependencies, experimentally obtained (thick lines) and cdculated by the given
shape of input signal and beam current 7, (thinlines) are shownin Fig 21
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P =47 MW, I ;=09A T, =0.31Hsec (21.01.2000)
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Fig. 20. Output energy of particles vs. time of entrance

By the experimental dependencies of the output power with and without beam
load, one can derive the dependence of bunch radiation field at the AS output on

time:

B, (t) = \/2Rsha If@/PLoaal(beam "OFF") (t) B \/PLoad(beam "ON") (t)@ :

When the bunch of rectangular shape, width 7, and amplitude 7, passes trough
the accéerating section, the following distribution of bunch radiation field
amplitude will be & the output of AS at different time:
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P =47 MW, I, =0.9A (21.01.2000)
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Fig. 21. Output power in thefirst sedion vs. time.

(=]

0<t<t,

\
L
<

Oooo
|
Q
o

ty <t<t, +T,

‘
L
& S

=.
=]
O

11,7,
S _ it _
Eb(L,t)z R 1o GLHEE—e fod Ll4e T4 4, 4T, <t<t, +7,
_ 1=, -T,
02 0 Ee Toa a2 ty+T; <t<ty+1,+T,
0 0 ty +T, +T; <t

where ¢, Linitial time of bunch entranceinto AS,
17, Cbunch width,
T, [filling time of the AS.

The experimental and cdculated dependencies of bunch radiation field at the
output of the AS are shownin Fig. 22,
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Fig. 22. Radiation field amplitude & the output of first ASvs. time.

It is seen, that at different time they are hard enough to compare. Becaise
integral comparison was caried out, i.e. integrals over time were mmpared
alongthe experimental curve

1,+T,

Inty :J.AEb( Lyt)dt = I AE, (L.t )dt

and along the caculated curve

1y +T, sin B{E

nty = [ Ey(Li)di=RyQ GWLQD[ﬁ _ ),
I —

2
where Q =1, (1, [total bunch charge.
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To compare these integrals and to take into acount the maximum energy
measured by BPC (U,,,. =92 MbaB), the total charge of the beam accelerated in

the firss AS 0 =2.800"" Coulomb, and the value of input RF power
Ppp =47 MW were cdculated. Then total number of particlesin the pulse

N,=Q/e=1.7500",
and pulsed beam current is

The energy cgpadty of the beam after the first sedion is:

1,41, / 1,47,
Wisec. = I UI(PINP’]Ort)dNe(t)Zjo IU1 (P 1o,1)dt =26.1 3,
1, I
where U, (P, 1,.1) is dependence of beam energy gain after the first AS on
the time of entrance in the AS. The beam energy cgpadty after the second AS
(free of RF power), with the mnstraint that the beam passes through the AS
without losses, is:
1,+T,
Wsee, = J.U2(PINP’10rt)dt =23,
€ 3
b
where U, (Pyp.1o.1)=U,(Pyp,2d,,t) Odependence of beam energy gain
after accéeration in the first AS and passng the second AS on the time of
entrancein the AS.
The measured pulsed current from the dedron gun is /,; =2.6 A, that
corresponds to the number of eledrons in the pulse of N, = 5.2-10% at pulse
width 7, = 310 ns. The cdculated number of particles after the accéeration in

the first sedionisN, =1.7500". Thus, around 66% of particles are logt in this
experiment due to RF buncher is switched off.

Note, that BPC after the second sediion measured of N, =0.9510'? particles
in the pulse, i.e. about half of the accéerated beam was lost in the second
sedion. The caiseisnow settling.

The accéerator of IREN projed consists of two accéerating assemblies,
ead one includes: 5045klystron, SLEDIfype system of power compression and
one accéerating sedion [4]. The projed operational conditions and parameters
of the accéerating beam after the first AS, beam parameters obtained in the
experiments described above, and converting of these parameters for klystron

25



output power P, =63 MW and pulse repetition rate F = 150 Hz is presented in

Table 6. That corresponds to projed operational conditions of the accéerator for
IREN

Table 6.

IREN Exp. Conv.
klystron output power P,[MW] | 63 |47 |63
pul se repetition rate F [HZ] 150 | 25 | 150
pulsed current I o[A] 15 |09 |15
pulse aurrent width T, [ng 250 | 310 | 250
beam energy Upeaw [MeV] | 105 | 92 | 105
beam energy capadty Wieam [J 40 |26 | 386
beam mean power Pyoam av. = Woam IF [KW] | 6 O 5.8

As table shows, by the use of the system of pulse compression, acceerating
sedion and RF load developed for VEPPB prelihjedor, it is posshle to
construct accéerator satisfied of the IREN projed requirements. At that, the
beam at the output of first acceerating sedion will have the energy distribution
shown in Fig.23. As it is e, in relation to beginning time of eledron gun
current pulse one may obtain the beam with low energy spread at the output of
the accéerating section(bottom curve is AU =7 MeV). The average beam
power will be dlightly lessthan the maximum one (middie airve).

Conclusion

Performed tests showed that the accéerating sedions, produced due to
developed and redized in INP technology, have high eledric strength —
accderating gadient in the AS is reached more than 50 MeV/m (average
acceéerating gadient up to 35MeV/m). That exceels the projed parameters of
VEPPB prelihjedor acceerated sedions. Tests with the long bunch proved the
AS operation at high current load with a high power beam, such asin the projed
of acceerator for IREN.
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Fig.23. Eledrons output energy vs. time of entrance of electronsin the AS.
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