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The most essential results on the MMF Linac Injector beam current increase are given. The problem is solving in
two ways: 1) reconstructing of the optics at the input part of the accelerating tube; 2) pulse repetition rate magnifica-
tion. Possibility of the pulse current increase with the emittance growth being limited is studied. The emittance and
phase density of the beam at the exit of the accelerating tube are presented. The experimental data are compared
with the numerical calculations. Preliminary results on the injector transition to the 100 Hz repetition rate are given.
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Results of the intense beam formation at the
Moscow Meson Facility Linac (MMFL) comprising the
injector [1,2] accelerating tube (AT) grid-free optical
system are given. The injector provides a pulsed beam
at the input of the LEBT channel settled 2 m down-
stream the AT beam forming part. The channel input
aperture is 54 mm. Till now the AT long-focus optics
has been delivered using lenses with the grid at the ion
source (IS) extracting electrode and at the intermediate
electrode dividing AT into 2 parts. During long-term
beam shifting in the MMFL injector both grids proved
to be stable up to 1 mA average beam current. Normal-
ized emittance was 0.17...0.24 Tidmlhrad depending on
the IS regime and AT optical conditions (here and after
the emittance is given for the beam core containing 63%
of a total beam current).

The limited thermo-resistance of the extracting elec-
trode grid has resulted in the 30% emittance deteriora-
tion after 200h beam operation. Necessity of beam cur-
rent increase up to 2 mA with the pulse repetition rate
being doubled to 100 Hz and of emittance decrease
(RFQ cavity at the entrance of MMFL has an accep-
tance of 0.35T(dm[thrad) demanded the grid-free optics.

The improved AT configuration is shown in Fig.1.
Two diaphragm diameters have been tested: - 80 and
100 mm. The accelerating gap between electrodes 5 and
6 was decreased to 120 mm. This gap being the input
aperture of the lens provides principal focusing to the
LEBT entrance. The electrode 6 inlet has a diameter
70 mm. Since November 2002 modified AT is success-
fully in use.
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Fig.1. Proton injector accelerating tube
1 — duoplasmatron, 2 — expander,
3 — extractor electrode, 4 — focusing electrode,
5 — electrode with [1100mm diaphragm,
6 — grounded electrode with the [] 70mm diaphragm
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The current transformer monitor is installed

1560 mm downstream diaphragm 6. Immediately after it
the emittance measurement device used for IS mode op-
timization [3] is placed.

In summer 2002 the grid-free extraction system with
conical electrodes was installed, see Fig.2,a.

Fig.2. Extraction system simulations:
a - conical electrodes, 100 mA pulse current, 35 kV
extractor voltage;
b - cylinder expander, Pierce optics, plate expander,
120 mA pulse current, 35 kV extractor voltage;
1 — expander; 2 — extractor, 3 — focusing electrode

The extracting electrode aperture diameter is 14 mm.
The expander is made from mild steel. Since September
2002 till April 2003 such a system has been successfully
used during 1600 h beam run with a pulse ion current up
to 100 mA, pulse duration 190 ps and repetition rate
50 Hz. When the pulse current being 100 mA the best
emittance value of 0,16Tidmbhrad was measured (see
Fig.3). The maximum achieved current was 110 mA.
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At the end of April 2003 the extraction system with
the cylinder expander, Pierce geometry and the [
30 mm plate electrode (see Fig.2,b) was put into AT. It
permits to get the maximum pulse current up to
145 mA. With 120 mA current the emittance of 0.11 TJ
cmlthrad was measured (see Fig.4).

The beam forming system has been optimized for
the maximum of current at the first LEBT beam current
transformer (BCT). The values of measured currents
are: 115 mA at the injector output, 100 mA at the first
LEBT BCT and 60 mA at BCT after the analyzing mag-
net.

The injector operation mode was as follows: IS arc
current — 36 A, extractor voltage — 35 kV, focusing volt-
age — 21, 76 and 324 kV were applied to the first and
second parts of AT respectively, hydrogen flux through
the IS was about 250 cc/hour.

Comparison of two extraction systems mentioned
above is shown in Fig.2. Simulation of particle trajecto-
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ries was carried out with a zero transverse velocity
spread. In the case of conical electrodes (Fig.2,a) the
beam enters the AT space strongly converging. This re-
sults in significant emittance distortion.

With the plate extractor (Fig.2,b) the beam at the be-
ginning of AT space is practically parallel. It has larger
radius and may be better focalized when passing
through the AT.

Preliminary tests of the injector with the 100 Hz rep-
etition rate to the double average current have been car-
ried out. Recently 400 kV power supply is capable to
provide 160 ps flat-top pulse. The top of the pulse falls
down strongly at greater pulse duration due to the
chokes saturation in the multi-cascade discriminator [4].
The pulse current of 95 mA corresponding to the
1.5 mA average current has been achieved with 160 Hs
pulse and 50 Hz repetition rate. Some modification of
400 kV power supply will be done to get 200 Us pulse
duration.
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Fig.3. Emittance of the mA pulse current using the conical extraction system. Scale factors: X — 2mm, X’ — 4mrad,
a - lines of the constant phase density for 1, 10, 20, ......, 80, 90% of maximum density;
d - phase space domains containing 63, 86, 95, 98, 100% of the beam;
d — beam current fraction vs. limited emittance; c - phase density as a function of X, X’;
e - beam profile
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Fig.4. Emittance of 120mA pulse current using the Pierce extraction system
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MOBBIIIEHUE CPEJJHET'O TOKA ITYUYKA ITPOTOHOB UHXXEKTOPA JIY MM®
B.U. lepounos, C.K. Ecun, E.C. Huxynun, O.T. @ponos, B.I1. Axyues

[IpuBeseHB! OCHOBHBIE PE3yJBTAThl PA0OT MO YBEIWYEHHUIO CPEIHEro TOKa Iydka uHxkektopa JIY MMO.
PaccmaTpuBaroTCst ABa IyTH TOBBIMLICHUS CPEHETO TOKA - PEKOHCTPYKIHMS CHCTEMBI ()OPMHUPOBAHMS ITydKa Ha Ha-
YaJIbHOM YYacTKE YCKOPUTEIBHON TPYOKH U yBeTHUeHNE paboueil 4acTOThI ClIe0BaHUS UMITYJIbCOB. VcciaeqoBaHb
PEeXUMBI, 00ecreunBaroie yBeJIMYeHNEe UMITYJIbCHOIO TOKa IyYKa IpPU OrpaHW4YEeHHOM pocTe smurTaHca. [Ipex-
CTaBJICHBI JaHHBIC 00 AIMUTTAaHCE U (Ha30BOM TUNIOTHOCTH IMyUYKa Cpa3y MOCie YCKOPUTEIbHOU TPyOKH. DKCIIepuMeH-
TaJbHBIC PE3yJbTaThl CPABHUBAIOTCS C PE3yJIbTaTAMU YUCICHHOTO MOJEIMPOBaHUs ITyyka. /laHO ommcaHue MOaro-
TOBUTEIBHBIX PabOT 1O MEPEBOAY MHXKEKTOPA HA YAaCTOTY MOBTOpeHHs uMITyabcoB 100 I'm.

MNIABUINEHHSA CEPEJHBOI'O CTPYMY ITYUKA MPOTOHIB IH) KEKTOPA JIIT MM®
B.I. /lepounos, C.K. €Ecun, €.C. Huxynin, O.T. ®ponos, B.II. Axkyuies

[TpuBeneHO OCHOBHI pe3ynbTaTd pOOIT 31 30UIBLICHHS CEPEJHBOrO CTpyMy myduka imkekropa JIII MMO.
PosrisparoTecst IBa MUISIXM MiABUINEHHS CEPEJHBOTO CTPYMY - PEKOHCTPYKIiS cucTeMH (hOPMyBaHHS IydKa Ha
MOYATKOBIA MAUSIHIII TPUCKOPIOBAILHOT TPYOKH 1 30UIbIICHHS pPOOOYOi YacTOTH MPOXOJPKEHHS IMITYIIBCIB.
JocmimKkeHo pexuMu, Mo 3a0e3MedyoTh 30UTBIICHHS IMITYJIbCHOTO CTPYMY ITyYKa TP OOMEKCHOMY 3pPOCTaHHI
emitrancy. IlpencraBneHo maHi mpo emiTTaHc i (a30BOi TYCTHHH ITydKa IICHIS TIPHCKOPIOBANLHOI TPYOKH.
ExcrniepuMeHTaNIBbHI pe3yJIbTaTH TOPIBHIOIOTHCS 3 pe3yibTaTaMH YHCEIbHOTO MOJEJIIOBAHHS Iydka. JlaHo ommc
MATOTOBYMX POOIT 3 IIEpeBeICHHS IHKEKTOpa Ha 9acTOTy MOBTOPEeHHS iMmyJbeiB 100 I
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