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Layout of NC linac

IS RFQ DTL

IS — Ion Source
LEBT — Low Energy Beam Transport
RFQ — Radio Frequency Quadrupole

MEBT — Medium Energy Beam Transport
DTL — Drift Tube Linac



Choice parameters RFQ&DTL
| Parameters | Puse | W

E.max Kp=1.7+2.0 Kp=1.3+1.6
V. /€ >3 >10
Transmission >90% >95%

RF Q o .M .Kanmmunnckuiit & B.A.Temnsiko 1969. Bnepssie B Mupe peanuzoBan B OB B1975. B 1977

YPAJI-15. B UTO® B 1982r. pexopausbiit Tok ~200MA. LASL B 1980 ( Proof of Principle)
*Huszkas sHeprusi HHKEKUUU

*bosb110#1 KO3 PUITMEHT 3axBaTa B PEKUM YCKOPEHUS

*He tpelyercs npeaBapUTeIbHON IPyNITUPOBKU

*ObecnieunBaeT OOJIBIION aKCENTAHC U BHICOKOE 3HAYEHUE MPEIETbHOIO TOKa



RFQ for-injector
( LEBT&RFQ&MEBT)

LEBT RFQ MEBT , LU-20
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NICA: RFQ for-injector for LU-20

Main RFQ parameters

d+ Beam envelopes for RFQ&MEBT&DTL(Alvarez)

TemeeWin - CEA/DSM/IMSACM

Pasition {mj

Pasition (m)

Operating frequency, [MHz] 145.2
Z/A 0.3 0.5
Injection voltage, [kV] 103 61.8
Injection current, [mA] 10 20
Normalized emittance, 15 2
|- mm-mrad]
Normalized acceptance, 6 L
|- mm-mrad]
Beam energy, [keV/u] 31+155
Synchronous phase,[deg] -90--40
Intervane voltage, [kV] 142 | 85
Maximum field strength, [Kp] 1.8 | 12 :
— 200 i
Average radius, [mm] 6.5 B n
Maximum vane modulation 1.3 g 0
Length, [m] 2.07 g T
8- 200
Transmission RFQEMEBT&DTL, [%] | 81 | 76
The RF power losses, [MW] ~0.5
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RFQ resonant structure

2H — pe3oHaTop Tennakosa

4-x KamepHbIN pe3oHaTop RFQ c okHamm 4-x KamepHbin RFQ co cmeleHHbIMM
cBA3M be3 cmelleHmns OKHaMM cBA3U



RFQ resonant structure
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Project NICA (JINR)
RFQ for-injector Nuclotron

<

Transmission, %

7Z/A=0.5; I,,=20 MA 7/A=0.3; I,,=10 MA
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New 1njector for Nuclotron

LEBT&RFQ envelopes

Traceiin - CEAIDSMITréurSACM

a
-
N
"
>
-

Position (m}

55 \“

Beamion (em)

L3 -

Ll

2 R 3 . =
Pestion (m)

DTL envelopes

- ___ TraewWWin - CEAIDSMITrWSACM

pe——

201
5
i
1

1 2 2 H & 7

4
Posmion (m)
£
20
o T T
o \
a0
i
2oL - - £
o ¥ z S 4 s ks »
Peaition e}
3o 1
w3
10|
PE| s \ \ \ % |
20
20
s e = — == I =
° x z ) 4 s s r

Layout of Linac

S1 82 S3 sS4 RFQ Q1+Q4 DTL1 B1 Q5+Q7 DTL2 Q8+Q10 DTL3 Q23+Q24 DTL8
MMM M o R
0.045 MeV/u 0.5+0.9 MeV/u B 7.2 MeV/u

« 16 4l 1.3 - 7.6
LEBT| RFQ | MEBT DTL
. 13
<«
) 14.6 >
Main RFQ&DTL parameters
Operating frequency, MHz 162.5
AZ 1 2 3
Injection voltage, [kV] 45 920 135
Injection current, [mA] 5 10 15
Structure RFQ DTL
Beam energy, [MeV/u] 0.045+0.5 0.5+72
Maximum field strength [Kp] 1.8
Normalized acceptance, 6 7
[* mm mrad]
Synchronous phase, [deg] -90+-35 =30
Length, [m] 41 7.6
Aperture radius, [mm] 19.0+ 6.0 15.0
Transmission, [%] 94.5 100
RT power losses, [MW] ~0.5 ~1
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DTL Cavities

'y Cross section of the quarter wave

superconducting resonator
QWR ( A4 ) HWR ( A2 ) CH-CaVity IH-caV1ty

Tun yckopstowen | MomHocTb BY | CoOcTBenHast CnoxHocTb cuctemsl [ CII0)KHOCTB

CTPYKTYpBbI MOTEPB, kBT/M | 10OpoTHOCTE (CTEeTeHb | oxyiaxaeHus(pocTa | U3TOTOBICHUS
(?KOHOMHYHOCTB ) HAJIC)KHOCTH) B DKCIUTyaTaI1u) (cTOoUMOCTB)

M4 656 7300 cpenHss npocras

A2 1120 7800 npocrast npocras

CH 380 11500 CIIOXKHAas CIIOXKHas




Simulation of 10n source extraction system by code
Kobra3-INP (laser 1on source for TWAC Injector )
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Geometry of 3-electrode extraction system

3-dim extraction system

KOBRAZ-INP patential plot
iteration 10
'E -2 z[m] potential in %= plane  aty= 0382 meter cabr tale M
49100,
7.
nara
5.
335429
5,
2509143
4,
181857
3,
2. B o Potential distribution
N (plasma boundary)
1. = orms7
0 % 5000,




KOBRAZ-INP potential plot
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Trajectories of Al’*...Al'”* ions and output phase

portraits
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Trajectories of Al”*...Al'”* ions

Output phase space
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W,
MeV/u:

CW linac for project DERICA

(for the study of radioactive 1sotopes)

Main parameters

Layout of NC linac
AlZ <6.5
f=40.625 MH7 f=81.25 MHz
< > > Normalized emittance, 1
| mrQ | avet B a5 aa @0 037 q38q39  qi0 [ mm mrad]
] - ) vt R7 | RIS Injection current, [mA] 1
Perinq i H
FOD : Maximum field strength [Kp] 1.5
0.011 0.5 2.1
Structure RFQ DTL
10 |05 | 11.5 -
RFQ MEBT DTL Operating frequency, MHz 40.625 81.25
Beam energy, [MeV/u 0.011 =+ 0.5 0.5+2.1
; 23m R gy, [ |
M " Normalized acceptance, 10 12
[t mm mrad]
E:j RFQ C] Cavity E] Buncher Synchronous phase, [deg] -90+-35 -50+-30
. Length, [m] 10 11.5
X| Magnetic quadrupole lens =
Aperture radius, [mm] 19.0 - 6.0 15.0
Choice of frequency Intervane voltage, [kV] 203 -
o Tk Maximum gap field, [kV/cm] - 90
/
e Average radius, [mm] 19 -
.1 —T—LUength / / 1. )
3 I s RF losses / Vane radius of curvature, [mm] 15.2 -
2] 1= Maximum modulation 1.65 -
é - /! = Number of magnetic lenses - 36
s = 3 Maximum field gradient, [T/m|] - 70
e
e 7 4 Number of cavity - 18
° < ) Length of cavit 350 (const
.. e ength of cavity, [mm] - (const)
o ’ Transmission, [%] 99 100

s




RFQ for 4-dim matcher (standard)I

Transport =97.6% ; Transmission = 92.7% ; €, (99%) / €, o« (99%) = 1.57

RFQ input phase portraits RFQ output phase portraits
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RFQ for 6-dim 1deal matcher:

Transport =100 % ; Transmission = 100 %; €, ,.,(99%) /¢, ., (99%) = 1.05

n inp

RFQ input phase portraits RFQ output phase portraits
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Transport =100 % ; Transmission = 99.7%; : €, ,,,(99%) /¢, ;

RFQ input phase portraits

RFQ for 6-dim real matcher:

(99%) = 1.21

n inp

RFQ output phase portraits

RFQ output phase portraits (total) (accelerated )
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Ele: 0

DERICA: MEBT & DTL for 6-dim real matcher:

Transmission = 100%; : €, ., (99%) /¢

input phase portraits
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output phase portraits
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Main parameters

NC linac for project NEPTUN

pulsed neutron source of the 4-th generation (Spallation Source)

Ions

Operating frequency

Beam energy

Velocity

Injection current
Normalized beam emittance
Normalized acceptance
Maximum field strength
Synchronous phase
Intervane voltage

Average radius

Maximum vane modulation
Length

Transmission

Pulse power losses

H+

81.25 MHz
0.06+4.8 MeV
0.01131+0.10076
50 mA

1 7 mm mrad
15 7 mm mrad
1.5 Kp

=90+ -35 deg
210 kV

16 mm

2.2

8m

>95 %

~1 MW

€, out (99%) /¢

Output phase portraits (total)
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on the basis proton accelerator and Np-237
Input phase portraits
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Output phase portraits (accel)
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NC RFO for project NEPTUN
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NC linac for project DARIA

(compact neutron sources)

Compact meutron source probotype

UDoD LASSO
Powder and single Small angle scattering
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Layout of NC linac for project DARIA
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ION BEAMS APPLICATION

Material science — materials modification, fusion
and fission reactor materials investigations;

Facility for semiconductor industry — improvement
of power electronics units by proton/ion beam
irradiation;

Neutron generator;

Medicine (BNCT, Radiopharmaceutical for PET);
Astrophysics;

Vo

v’ Spallation Source

v

Accelerator Driving Ssytem



BELA

New “basic facility” for
researches with neutron and ion beams
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BELA: RFQ & DTL

Main RFQ parameters

Ions

H+

Main DTL parameters

Operating frequency

162.5 MHz

Beam energy

0.060-1.5 MeV

Injection current

10 mA

Parameters FODO
Tons H'
Operating frequency 162.5 MHz
Beam energy 1.5+8.0 MeV

Normalized emittance

1 7 mm mrad

Normalized acceptance

15 7 mm mrad

- Injection current 10 mA
Normalized acceptance 10 # mm mrad Number of focusing periods 4
Synchronous phase -90+-35 deg Maximum on-axis field 110 kV/em
Intervane voltage 155 kV 1.6 Kp
Maximum field strength
Maximum field strength 1.6 Kp 222 kV/em
Aperture radius 10 mm
Average radius 9 mm
Length of channel 3.552 m
Vane radius of curvature
7.2 mm Number of cavity 8
Maximum vane modulation 1.8 Length of cavity 350 mm
RF power losses 225 KW Synchronous phase -30 deg
Length 2.7 m Maximum magnetic field gradient 16 T/m
Number of magnetic lenses 8
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BELA: real 6-dim matching for RFQ

Transport = 100% Transmission = 99.9%

RFQ input phase portraits
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RFQ output phase portraits
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3-gap Cavity for DTL
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BELA: DTL with FODO period (3-gap cavity)

Transport = 100% Transmission = 100%
DTL input phase portraits DTL output phase portraits
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Conclusion for NC linac

LEBT:

1.  Extraction system

2.  6-dim matching

RFQ:

1.  Choice of Operating frequency
2. Egpax (Kp)

3. Ve

DTL:

I Egnax (Kp)

2. V,/e

3.  Separatrix and transverse accetance

4.  Structure of periods (focusing & phasing in agreement with RFQ)
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