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o FEBSHEAIRESRTNRMIER (1-10 MHz) , xRS RNEEFRET
RE 0.99 ¢ 0.1c 0.01 ¢ i

FHrREE > 3 MeV 2.6 keV 25.6 eV i

JRFEEE > 6 GeV 4.7 MeV 4.7 keV i

GRS ==y qEl S |

1 MHz 150 m 15 m 1.5m |

10 MHz 15 m 1.5m 15 cm |

100 MHz 1.5 m 15 cm 1.5 cm |

1 GHz 15 cm 1.5 cm 0.15 mm |

10 GHz 1.5 cm 0.15 mm 15 um |
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> BISNEZIIESE (RF linear accelerator)
< 1928F B EHIIEZFZ<Rolf WideroeE1FiEi&
« 88EXI; 1 MHz, 25 kVASREEIR
- BN, HEFIIEZES0 keV

"My little machine was a primitive precursor of this type of
accelerator which today is called a ‘linac’ for short. However, |
must now emphasize one important detail. The drift tube was the
first accelerating system which had earthed potential on both
sides, i.e. at both the particles’ entry and exit, and was still able to
accelerate the particles exactly as if a strong electric field was
present.’

- Rolf Wideroe

N. Juntong, A brief history of Particle Accelerators (2014)
S. Sheehy, CAS 2021
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> BISNEZINESE (RF linear accelerator)
& XENMIENAGE (microwave) #9300 MHz-300 GHzZ [BIRIEE HER

Band Frequency range
HF Band 3 to 30 MHz
\VHF Band 30 to 300 MHz
UHF Band 300 to 1000 MHz
L Band 1to 2 GHz
S Band 2to 4 GHz
C Band 4 to 8 GHz
X Band 8to 12 GHz
Ku Band 12to 18 GHz
KBand [18t0 27 GHz
Ka Band 27 10 40 GHz
V Band 40to 75 GHz
\W Band 7510 110 GHz
mm Band 110 to 300 GHz

Wavelength 102 102 10’ 1 10" 102 103 10* 10° 10® 107 10® 107 1070 107" 102
(in meters) [ [ [ [ [ [ [ [ [ I [ [ I [ [
longer shorter
. — !I .
Size of a 0L N\ This Period A
wavelength T cell Bcteria Virus Pratein Water Molecule
Field Mo
Cormen 4R - _—
name of wave RADIO WAVES INFRARED < ULTRAVIOLET "HARD" X RAYS
w
i = F
MICROWAVES m "SOFT" X RAYS GAMMA RAYS
—=_ .=
P
Sources CLE- ..‘
£ a
I e
FM Radio Igs;\f:ve Radar L|ght Bulb R i X-ng Rggr?nz:rzlt\;e
F Radio People Source Machines
(W;ﬁ‘;e[')":? | | | | | | | | | | | |
second) 106 10" 10% 107 10" 10" 10" 1013 1014 1015 10 10" 10" 10" 10%°
Energy of lower higher
one photon | | | | | | | | | | | | | | | |
(electronvolts) 109 108 107 10® 10° 10* 10® 102 107 1 10" 102 10 10* 100 10°
m.megmls. University of Califonnia = Preparad Dy 1ha Advanced Light Source, Lawrence Berkeey Nalional LADOGA10ry « FOF MOre iSormalion, Conlact lane Cros (310) 486-4362 « ALS WeD page: NI/ wii-ak. 1o
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> B EINESE (Drift tube linac, DTL)

< 1947& EZEYEZFZK Luis AlvarezFHH=FFIE T EF—a&EMmERDTL
- 3ER200 MHz

. EE4 MeVEiRBEINEREINR T, E12mEERGEEEREE32 MeV

» BFT(FRIE

https://americanhistory.si.edu/collections/search/object/nmah_700150 |
BYS, IMEEERE, BEFE N. Juntong, A brief history of Particle Accelerators (2014) :
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> WiREZNER (Linac)
< 1950FKh, EEIEZ5William Hansen5Russell Varian, Sigurd VarianZ A#i&E 7 MARK |
el =R =S AN NES=
< JE2856 MHz, JNiEREEFZE6 MeV

BENS, INERRE, BEAS
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> MiREZ%IhERE (Linac)
< IEREESDTLE{IA
< F BRI SAN SRS

» BFT(FRIE

777 BHEXE B
BEYXR, INRFRE, BELF S. Sheehy, CAS 2021
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> 1BMpES
<« (BEXUY: Superfish (24, FHR, =) . CST (=4) . HFSS (=%)
- BRI

Untitled
— " T A ST ’:‘"" &REG freq = 5712
AR A | ' kprob = 1
™, s i ' xdri=e
/ i i ydri=1.1238
f ¥ Y ! i freqd = 5712
' R2 R2 ' : | nbs1f-0
3 ! nbsrt=e
! i dx=0.01
) ' &
1 ! &P0 nt=1,x=-1.312,y=08&
iRe 'Ra &PO nt=1,x=-1.312,y=2&
! ' &P0 nt=1,x=-1.212,y=28&
1 . &PO nt=1,x=-1,212,y=0.2&
3 ! &PO nt=1,x=-0.702,y=0.28&
R1 1 . &P0 nt=2,x0=-0.702,y0=0.28,theta=6@,r=0.088&
! | &PO nt=1,x=-0.962,y=0.522487&
e ) ! &PO nt=2,x0-=-0,912,y0=0.60909,theta=180,r=0.18&
s ; ' &PO nt=1,x=-1.012,y=1.12388&
R—ﬂ“l* ,,,,,,, L &P0 nt=2,x0=-0.162,y0=1.1238,theta=90,r=0.85&
' ! ) :Rb ' &PO nt=1,x=0.162,y=1.9738&
; : ' ; 1 ' &PO nt=2,x0-0.162,y0=1,1238,theta=0,r=0,858&
— : e &PO nt=1,x=1.012,y=0.60909&
[P ' ' &PO nt=2,x0=0.912,y0=0.60909, theta=300,r=0.1&
Le/2 i ! ‘ &PO nt=1,x=0.662,y=0.349282&
: KT" | ; &PO nt=2,x0=0.702,y0=0.28,theta=270,r=0.08&
[ ! ] ! &PO nt=1,x=1.212,y=0.2&
i .( 777777777 N ‘ &PO nt=1,x=1.212,y=28&
b Ib ' &P0 nt=1,x=1.312,y=2&
: ' &PO nt=1,x=1.312,y=0&
:‘ """"""""""""""" L """""""""""" ’ &PO nt=1,x=-1.312,y=0&
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> 1BMpES
<« (BEXUY: Superfish (24, FHR, =) . CST (=4) . HFSS (=%)
- BITIER, BES

futatled F = S7LL 9909 Mz . . All calculated values below refer to the mesh geometry only.

B [ ¢ Field normalization (NORM = @): EZERO = 1.00000 MV/m
Frequency =  5711.98089 MHz

- e Particle rest mass energy = 938.272029 MeV
Beta = @.9999109 Kinetic energy = 69368.058 MeV

= e Normalization factor for E®@ = 1.080 MV/m = 7567.664
Transit-time factor = 0.8766743

4,92564E-05 Joules

Stored energy
Using standard room-temperature copper.
surface resistance

19.71762 milliohm

. L, Normal-conductor resistivity = 1.72410 microOhm-cm
Operating temperature = 20.0000 C

o |, Power dissipation = 151.0189 W
Q = 11705.7 Shunt impedance = 173.753 MOhm/m

. | . Rs*Q = 230.809 Ohm Z*T*T = 133.539 MOhm/m
r/Q = 299.347 ohm Wake loss parameter = 2.68585 Vv/pC

3.50456E-14 A/m, 1.21085E-33 W/cm”2
27@1.13 A/m, 7.19307 W/cm”2

Average magnetic field on the outer wall
Maximum H (at Z,R = ©.91325,0.494342)

2 | 2 Maximum E (at Z,R = —9.625181,9.391868) = A4.65593 MV/m, ©.073819 I(ilp.
Ratio of peak fields Bmax/Emax = ©.7290 mT/(MV/m)
o 0 Peak-to-average ratio Emax/E® = 4.6559

DRSS EUR RS
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<« (BEXUY: Superfish (24, FHR, =) . CST (=4) . HFSS (=%)

- BUME o IREER, BERMRSEENE

Untitled F = 5711.9809 MHz

2

Electric field along R = ©.000000
for normalization ASCALE = 7567.663823:
Z(cm) Ez(V/m)
-1.31200 0.000000E+00
-1.30598 1.043949E+02
-1.30198 1.761299E+02
-1.29657 2.713731E+02
-1.29197 3.470548E+02
-1.28670 4,393813E+02
-1.28195 5.273770E+82
-1.27674 6.229019E+82
-1.27194 7.165587E+82
-1.26675 8.172996E+02
-1.26192 9.175977E+02
-1.25675 1.825376E+03
-1.25191 1.133691E+03
-1.24674 1.250309E+83
-1.24189 1.368202E+83
-1.23673 1.495520E+83
-1.23188 1.624696E+03
-1.22671 1.764670E+03
-1.22186 1.906986E+83
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HRMAEHERYT RREEE2856 MHZTIT)

* TRIRITIRE, FEREER. (hE. BE. HFIE

LR

Wi

Le(cm) 0.2

t(cm) 0.2

Rb(cm) 0.2

Re(em) 2

Rao(cm) 0.1

Rl(cm) 0.1

CH) 30
ERile 4 REE S
LS (MHz) 5711.87
H— L IERETEE (W) 154.13
vt J5 161 11694.2
AR (MQ/m) 129.953
VA — o s B 5 R v b e P 4.079
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futatled F = S7LL 9909 Mz . . All calculated values below refer to the mesh geometry only.

B [ ¢ Field normalization (NORM = @): EZERO = 1.00000 MV/m
Frequency =  5711.98089 MHz

- e Particle rest mass energy = 938.272029 MeV
Beta = @.9999109 Kinetic energy = 69368.058 MeV

= e Normalization factor for E®@ = 1.080 MV/m = 7567.664
Transit-time factor = 0.8766743

4,92564E-05 Joules

Stored energy
Using standard room-temperature copper.
surface resistance

19.71762 milliohm

. L, Normal-conductor resistivity = 1.72410 microOhm-cm
Operating temperature = 20.0000 C

o |, Power dissipation = 151.0189 W
Q = 11705.7 Shunt impedance = 173.753 MOhm/m

. | . Rs*Q = 230.809 Ohm Z*T*T = 133.539 MOhm/m
r/Q = 299.347 ohm Wake loss parameter = 2.68585 Vv/pC

3.50456E-14 A/m, 1.21085E-33 W/cm”2
27@1.13 A/m, 7.19307 W/cm”2

Average magnetic field on the outer wall
Maximum H (at Z,R = ©.91325,0.494342)

2 | 2 Maximum E (at Z,R = —9.625181,9.391868) = A4.65593 MV/m, ©.073819 I(ilp.
Ratio of peak fields Bmax/Emax = ©.7290 mT/(MV/m)
o 0 Peak-to-average ratio Emax/E® = 4.6559
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1400 T T T T T T
MEE SIhFE (MW) 1200} |
{Fb YRR (MeV)
HRIFPRF FRRER (MeV) -

R PR (MeV)
{FIRRE (%)

HRAFIRFREL (%) ol | |
REFE (%) |

H AR EL AR 2mm AL EE ] (%) sool- W |

H O AR A A A 2 5 R R (mm)
REIL | I E (%) 200 ‘
MEE SKE (cm)

800~ 1

i #7829 100000)
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