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The CH-based accelerating structure for linear proton accelerator is considered in the paper. The electrodynamic
characteristics structures with different geometries are compared. They are the structure with a variable cavity diam-
eter and the structure with pylons. The models have 7 gap CH-based structure with end drift tubes modified geome-
try. Structure is tuned to the operating frequency 352 MHz and the relative phase beam velocity § = 0.1. The geo-
metric dimensions influence on the overvoltage field factor and electrodynamic characteristics are investigated. The
electrodynamic characteristics such as shunt impedance per unit length, Q factor and TOF factor are considered.
Field distribution along the axis of the structures is configured to unevenness less than 5%. Also the results of fo-
cused beam dynamics simulation are presented in the paper. The structure is proposed to operate at single bunch

mode. Bunch current is 10 mA.
PACS: 29.20.Ej

1. DESIGN

1.1. GEOMETRY AND ELECTRODYNAMIC
CHARACTERISTICS

The task was to design the most adequate H-based
seven gaps structure with the operating frequency
352 MHz and the relative phase beam velocity = 0.1
for proton linear accelerator. The CH-based structure is
one of the most suitable for low beta beams [1] (Fig. 1).

Fig. 1. Conventional CH-based structure

But field distribution along the conventional CH
structure axis is not flat enough. Therefore to improve
this feature Two models were considered: the structure
with a variable cavity diameter and the structure with
the pylons.

Both have seven constant periods D that are equal to:
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as for all CH-structures working in = — mode regime.

For improvement of the field amplitude deviation
and improvement of the electrodynamic characteristics
first structure the end fixing bars were changed. So op-
timization was performed by tuning resonator diameter,
length and rounding end drift tubes length and end fix-
ing bars position. The final structure view is shown at
Fig. 2. The field amplitude deviation factor was reduced
to less than 5%. The electrodynamic characteristics are
presented in Table 1.

For improvement of the field amplitude deviation to
less 5% and improvement of the electrodynamic charac-
teristics second structure the undercuts were made in the
pylons. The optimization was performed by the pylon
geometry and design and end drift tubes length. So the
final structure view is shown at Fig. 3. The electrody-
namic characteristics are presented in Table 1.
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Fig. 3. The structure with pylons

Table 1 shows that the electrodynamic characteris-
tics of the structure with a variable cavity diameter is
significantly higher then structure with pylons one. The
first uses too long end drift tubes, the total length of
which is half the effective structure length (the structure
length is without taking into account the end drift tube
length). However, 5% field deviation hasn't been
achieved with shorter drift tubes.

Despite the low electrodynamic characteristics of
structure with pylons, its size is smaller than the dimen-
sions of the structure with a variable cavity diameter
(Table 2). So, its manufacture will be cheaper.
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E-field distribution along the structure with a varia-
ble cavity diameter axis, and with a variable cavity di-
ameter axis is shown in Figs. 4, 5.

Table 1
Electrodynamic characteristics

The structure
. . The structure
with a variable With pvlons
diameter cavity Py
Frequency f, MHz 345.7 348.3
Total Loss P 2.8e5 6.7e5
Q-factor 7678 3278
Shunt impedance per
length, MOhm/m 21 12
Effective shunt im-
pedance per length, 46 16
MOhm/m
TOF factor T 0.67 0.87
The maximum
E-field Emax, MV/m 38.1 42.5
Field amplitude 5 45
deviation factor k, % )
Table 2

Structures dimentions

The structure
. . The structure
with a variable with pvions
diameter cavity Py
Aperture, mm 5 5
Structure length L, mm 472.2 346.2
Diameter, mm 127 91.5
End drift tubes
length, mm 84 21
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Fig. 4. E-field distribution along the structure
with a variable cavity diameter axis
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Fig. 5. E-field distribution along the structure
with pylons axis
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1.2. DYNAMICS

Also the paper presents the results of beam dynam-
ics simulation in structures. The fields in the structures
are similar, so the dynamics simulation has been per-
formed only for one structure. A single pulse current of
10 mA is considered. The proton source diameter is
5mm. The kinetic energy spread is 2%. The angle
spread is 0.3°. The results of beam dynamics simulation
are presented in Table 3 and Figs. 6-10.

Table 3
The result of beam dynamics simulation
Particle amount
Beam energy, with energy Energy range,
MeV 6.2 MeV MeV
6.20 1081 6.09...6.25
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Fig. 6. The initial energy spread of the beam
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Fig. 7. The final energy spread of the beam
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Fig. 8. The initial space phase plot of the structure
with the pylons
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Prasssgane of plane in J-Oemon, JEae o ongn s &2 3 . CONCLUSIONS

I:l _ The comparison of structure with a variable diameter
cavity and the structure with the pylons is presented. the
electrodynamic characteristics of the structure with a
variable cavity diameter is significantly higher then
structure with pylons one. Therefore, it is more appro-
; priate structures for linear proton accelerator at low beta
il siai | then the structure with the pylons.
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Fig. 9. The final space phase plot of the structure contract No. 14.516.11.0084.

with the pylons
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Fig. 10. The particle trajectories in the structure
with the pylons

HNCCIEJOBAHHUE JIEKTPOJUHAMUWYECKHUX XAPAKTEPUCTHUK YCKOPAIOIIUX CTPYKTYP
HA OCHOBE CH-PE3OHATOPA

A.A. Kanawnukoea, M.B. Jlanaan, C.E. Tonopxos

[IpencraBneHsl pe3yabTaThl HAYYHON HCCIENOBATEIbCKOI PabOTHI IO BEIOOPY ONTUMANIBHON T'€OMETPUU YCKO-
pstomieit cTpykTypsl Ha ocHoBe CH-pe3zonaTopa a1t THHEHHOTO CHIIBHOTOYHOTO YCKOPHUTENS MPOTOHOB. [IpoBeneHo
CpaBHEHHE JJICKTPOAMHAMMYECKUX XAPAKTEPUCTUK CTPYKTYP C Pa3HOW IreoMeTpHeil: CTPYKTYphl C IEepeMEHHBIM
IaMETPOM pPE30HaTOpa M CTPYKTYPHI ¢ MAIOHaMH. MoJenu mpeAcTaBisiioT coboit 7 mepuonoB CH-cTpykTyphI
HM3MEHEHHOW TreoMeTpuell TOpLEeBbIX TPyOok apeiida. Hacrpoiika cTpykTyp NmpoBOAMIIACh Ha pabOYyI0 4YacToTy,
paBHyto 352 MI'ny, npu otHOcHTeNbHOI (ha3zoBoii ckopocTH myuka 0,1 ckopocTu cBeta. 3yueHO BIUSHUE TEOMET-
PHYECKHX Pa3MepoB Ha KOd(Q(UIMEHT NepeHanpsHKeHHOCTH TOJS M OCHOBHBIE SJIEKTPOANHAMHYECKHE XapaKTepH-
CTHUKH CTPYKTYPHI: NOTOHHbIE LIYHTOBBIE CONPOTHBIIECHHS, JOOPOTHOCTD U BpeMSIpONeTHHIN (aktop. [IpoBenena
paboTa 1o HacTpoiKe pacrpeneNeHus MO BIOIb OCH CTPYKTYpP, IPH KOTOPOM KO3 (UIMEHT HEpaBHOMEPHOCTH
ons He npeBbimaeT 5%. Taxke B paboTe MpeacTaBiIeHbl Pe3ylIbTaThl YUCICHHOTO MOACTUPOBAHNS TUHAMUKH ITyd-
Ka B paccMaTpuBaeMbIX CTpyKTypax. Ilpu aHann3e AMHAMUKY B CTPYKTYpax paccMaTpUBAJICS €IUHUIHBIA UMITYIIBC
TOKa, paBHBIN 10 MA.

JOCIIIKEHHSA EJIEKTPOJUHAMIYHUX XAPAKTEPUCTUK CTPYKTYP,
O IMPUCKOPIOIOTHCS, HA OCHOBI CH-PE3OHATOPA

A.A. Kanawnixoea, M.B. Jlanasn, C.€. Tonopkos

[IpencraBneHo pe3yabTaTH HAYKOBOI JOCIIIHUIBFKOI POOOTH 3 BHOOPY ONTHMAIHHOI TeOMETpPii MPUCKOPIOIOYO1
cTpykTypu Ha ocHOBI CH-pezoHaTopa miisl JTiHIHHOTO MTOTYKHOCTPYMOBOTO MPHUCKOpIOBaya MpOTOHIB. [IpoBeneHo
MTOPIBHSAHHSA €IEKTPOJMHAMIYHIX XapaKTEPUCTHK CTPYKTYP 3 PI3HOI TEOMETPI€I0: CTPYKTYPH 3 IIEPEMiHHUM JliaMe-
TPOM pe30HaTopa i CTpyKTypH 3 minoHamu. Mogeni siBisttoTs co0oto 7 mepioniB CH-cTpykTypu 31 3MiHEHOO TeoMe-
Tpi€ro TopreBux TpyOok apeiidy. HamamryBaHHS CTPYKTYp IPOBOAMIOCSA Ha poOody 9acToTy, piBHY 352 MI'i, mpu
BiHOCHIH (pa3oBoi mBUAKOCTI mydka 0,1 mBHAKOCTI cBiTia. BHBYEHO BIUIMB reOMETPUYHMX PO3MIpiB HA Koediri-
€HT TIEPEHATIPYKCHOCTI TTOJISl 1 OCHOBHI €IEKTPOAMHAMIYHI XapaKTEPUCTUKNA CTPYKTYPH: TOTOHHI IIYHTOBI OMOPH,
JIOOPOTHICTH 1 YaconponboTHH (akTop. [IpoBeneHo poOOTY 3 HANAMITYBaHHS PO3MOALTY MO Y3IOBX OCI CTPYK-
Typ, TIPH SIKOMY KOe(illieHT HEpIBHOMIPHOCTI ons He nepeBuilye 5%. Takox y poOOTi IpeacTaBieHo pe3ynbTaTh
YHCETFHOTO MOJEIOBAHHS AMHAMIKH ITydKa B PO3MIISHYTHX CTpyKTypax. Ilpm anamizi tuHaMiKu B CTPYKTypax po3-
TJIS1ABCSL OMHUYHUN IMITYIIbC CTPYMY, piBHHH 10 MA.
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