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~ Accelerator Lab of Tsinghua University

Faculty
- 13 faculties and more employee
- About 15 graduate students
*  Activities
- Education (undergraduate and graduate)
- Low Energy Linear Accelerators and Their Applications

- Fundamental Accelerator Physic and technology
* Accelerating Structures
High brightness electron injectors
- Electron beam and laser beam interaction
Beam dynamics |
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High power test stands

>

[

Based on magnetron :

RF Power source S-band X-band C-band

Operation frequency 2992-3001 9300120 5712120 MHz

Output power 1-~3.1 1.5 2.5 MW
Average power 4(MAX) 1(MAX) 2(MAX) kW

Pulse width 1~4. ~3.5 4 us
Repetition rate 325 ~200 200 Hz

Cooling water temperature . vt R
High Temp. Limit 87 50 50 1 : SR °? 2 i_i_ ,
Temp. Stability +/- 0.28 +/- 0.5 +-0.5 T |°C ¥

£
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Founded in 1950s, from the beginning, rf structure is the main focusing of research
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High power test stands

> Based on klystron :

RF Power source Toshiba E3730A Thales TH2163

Operation frequency 2856 2856 MHz

Output power 50 5.5 MW

Average power 10 10 kW

Pulse width 4-6 4-6 us

Repetition rate 50 250 Hz

Cooling water 5-55 5-55 _ J °C

temperature 1

High Temp. Limit 55 55 gecCT N e

Temp. Stability +/-0.3 +-0.3" P ZSPC, § § Lg
. 3 W
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Microwave measurement for RF structure
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Two based on SNA, two based on VNA =+« & & K 1ﬁ
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high-precision machine tools
and CNC Machine


Computer Numerical Control machine
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Facility for brazing and baking

Medium-T hydrogen furnace | aser welding machine

Leak detector

icgosgope

Annealing furnace Vacuum furnace Baking ovelﬁ e o= i‘; Tool
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Low Energy Linacs and Their Applications

» Cargo Inspection

* Medical Applications
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A Compact Linac system

11kV
380V dul | Pulse transf
M t ulse transformer
AC ——— odulator 44KV
10kV -
Electron| | Magnetron
gun

‘ Microwave
Electron Accelerator
<«— | Target |« Tube <——"bulse = =
X-ray - A B
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9MeV SW Linac
! O9MeV TW Linac 1
4MeV SW Linac 15MeV SW Linac
More than 300 accelerating ﬁﬁésh&s beerr * |

s A A

produced by Tsinghua U. for “"édi.éﬁihem@l%qf.,
6MeV SW Linac Non Destructive Testing. ==
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X-band Technology in Tsinghua U.
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Linac

Cargo Inspection

Collimator Detectors

N

Scanning
Control

Image
Acquisition
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Fixed Container Inspection Systems

A 9 MeV TW linac as radiation source

RF source: BMW klystron
Electron Energy: 9MeV
Dose Rate: 30 Gy/min-m
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Relocatable Cargo Inspection System

A S-band 6~9MeV SW linac as radiation source

Electron energy 6MeV

Dose rate ~12cGy/min
RF Source: 2.6MW Magnetron
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Mobile Cargo Inspection System

S-band 2.5MeV SW Tube

Powered by a MG5125
magnetron

X-band 2.5MeV SW Tube

Powered by a IMW 9300MHz
magnetron
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Dual-Energy accelerator

The Dual-Energy accelerator emits the pulsed interlaced X-rays
composed by the high-energy ones and the low-energy ones

o lalls

Interlaced X-ray Pulses
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Accelerator
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The Dual Energy Linac

Magnetron MG5193: 2.6 MW, 2998 MHz,
4~5ms, 300pps

Low-energy: 6-7MV and High-energy:9-
TOMVY gy g gy
Maximum doserate(un-filter):

- 6MV non-interlaced:
1000cGy/min@1m

- 9MV non-interlaced:
3000c6y/min@1m

- 6/9MV interlaced:
1500c6y/min@1m(500 of 6MV &
1000 of 9MV)

300pps in nhon-interlaced mode, and
150pps+150pps in interlaced mode

X-ray focal spot size: smaller than 2 mm
diameter at FWHM
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Grey Image of a Van with Different Tested Samples

Dry powder fire
extinguisher

ure material samples include
lead, iron, aluminum and
polythene  with  different
mass-thickness such as 70,

Liquefied
petroleum
gas cylinder

Q_-.
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Lead blocks

- » s ] b | = e Vil "_, . - : '.
ead block Polythene Two rifles and a pistol
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Dual Ener'gy Color' Image ob’ramed by pr'oc ' mg
energy material discrimination algorithm accoﬁdmgn

atomic number
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Some of the Systems
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X-band SW 6MeV accelerating tube with axis cou
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Double beam SW accelerating tube

» Vertical layout, compact, length of
tube~0.4m

» 6MV X-ray, 6, 9MeV electron beam

» Same magnetron, 2.6MW

X-ray 1.8 6
Electron 2.2 9
beam 15 v

3
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Medical SW accelerating tube with power switches

Beam energy (MeV) Peak current (mA) Power switch
Measured | Designed Measured Designed |
6.6 6.0 100 .!,1,
18.09 18.0 207 g
20.4 20.0 6.7 NPz




EEE;

Tsinghua University

KV/MV Homologous double-beam acceler‘a‘rmg tube

Designed Measured
Beam energy 100KV~900KV 700KV
6MV 6MV
Source Axis Distance 85cm 100cm
Dose of X-ray 80Gy/min 84Gy/min
Length of tube 40cm ~ 40cm
Spot size <@®2mm (I)1.651_1}:1_n
Maximum radiation field 40cm*30cm 40'cm*'4(icm ~
Minimum radiation field SmmxSmm SmmxSmm
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Research on RF Structure
v Photocathode RF gun
v' X-band DAW injector
v' Multipactor Electron Gun

v' Deflecting cavity
v' Backward Traveling Wave Structure
v’ X-band PBG structure

v' C-band choke mode cavity

v Measurement of ICHIRO copper model cavity.
v' Breakdown experiment of S-band structures &
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Photocathode rf gun
B 16Cell 2.856GHz

v The tuner at the full cell is canceled to lower the
risk of RF breakdown

v the coupling hole between full cell and
waveguide is lengthened to realize critical
coupling without inserting an inductive or
capacitive plug into the waveguide

e ~100MV/m
Coupling Hole (symmetrical design)

v The emittance growth due to dipole modes
decreases to ~0.1pm

Metal Cathode ( Copper or Magnesium ).
v Low quantum factor~10-5-10+4 o

v Easy to manufacture and not too much strict
requirement to Vacuum

Inner Cooling Tubes
v 50Hz@4ps
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Photocathode
RF gun
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Thomson scattering experiment with rf gun

Diagnostic
cavity

1792mm

Quadrupole

== == =9
v " W " v v
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2395mm

Compressor chamber &
interaction chamber

175mm 175mm 316

Normal incidence
cavity for UV light

Off-axis parabolic
mirror with hole

yf 4m

Dipole Collimator
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B Digital Phosphor Oscilloscope w5 [DPN |

Bremsstrahlung

Scattering X-ray \

Scattering X-ray+ Bremsstrahlung

. -:3 :
Thomson scattering experiment with photocathode RF‘%un qp@__TW#a{er: ih‘-
gwﬁ"* & ; i L;ﬁ
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MeV UED experiments with RF
solenoid sample def!ecting beam d
magnet cavity

2

gun

iagnostics detection
system
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UV laser steering coil
incidence

photocathode RF gun

Laser, RF power system not shown

Layout of a MeV UED system

a long, large aperture drift tube
with magnetic shielding
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Tsinghua University  2nd round experiment - Oct, 2009

A long list of technical improvements: collimator, sample, steering
coils, magnetic shielding, phosphor, mirror

single-shot !

Single-shot !

2.8 MeV, 0.8 pC, 2.6 ps monoctrystalline Au
rms e pulse

200 nm Al foil sample

Next step, to improve the detection efficiency by 100 times, using a MCP
based electron multiplier. 2
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X- band DAW Accelerating Structure



For X-band structure, we also developed DAW struture, it has high shunt impedance and good stablity
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11.424GHz DAW Thermionic RF Gun for ANL

It's a cooperation project between ANL,NRL and THU
NRL



This is a 11.424GHz DAW thermionic rf gun developed in our lab, it is a cooperation project between ANL, NRL and THU for Dielectric-Loaded Accelerating research
Shunt impedance ~150M oHm/m
Coupling ~40%
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" The X-band DAW Thermionic RF Gun in ANL

| | - E R
Shipped to ANL at 2005, and began experiment at the end of 20@5-
4.'.?:'.'1‘!; & E‘


This gun have been shipped to ANL at 2005 and began experiment at the end of 2005
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Multipactor Electron Gun

The beam current is 920mA

| Magnetron Circulator

Directional
Coupler

RF Power

Cathode Grid
I

/ Electron Bunch

Secondary Electron
Emission Material



Another new type of gun developed in our lab is multipactor electron gun, it use secondary electron emission
Cathode. This part is the beam exit hole with a secondary electron emission
grid, when the resonant condition is fulfilled, high current is getted.
By now the beam current is 920 mA
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Superconducting Deflecting Cavity Design

—~__ . Ultrafast hard x-ray pulses produced by electron
A\l bunch manipulation and x-ray compression

L
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Electron trajectory
in 2 ps bunch 2

Lallice
Plares

mirror  BEndstation

-t —_—
(LI M
Undulator mirrer
Source ot Corben, April 29, 2004
ALS (Advanced Light Source), LBNL ~ * APS (AdVaIlCéd}.Ph'OtOT}::_SOUI‘CB), Argonne.
— 1.5GHz, 2MV — 2.8GHz, MV 2L, B 8 B | o
— Superconducting v -

— Superconducting


We have done the research on deflecting cavity, include design, fabrication, application.
For the first application, the deflecting cavity is used for 
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Superconducting Deflecting Cavity Design for ALS at LBNL

Required Parameters:
— Frequency: 1.5 GHz
— Deflecting Voltage: 2 MV
— Low impedance for storage ring
Simulation
— Cavity Geometry Optimization
— LOM, HOM damper

Afm

48868
45813

33785
33596
27488
Z1380
15271

9163
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« (Cold Test Model
— Network Analyzer
— With/without damping waveguide

— (Good agreement with simulation

L3
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10°k o 125k -GHz
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3 10k mwe
:ch
10°f
I()‘l 1 L L L 1 1
0.5 1 1.5 2 2.5 3 3.5 4
1 (GHz)
mode M5 L CST-MWS THilJ
fioaded (MHz) Co Ooad Qe f (MHz) Oext
LOM TMpig, 0 1040.1 10843 2030 2498 1040.0 2286
T 1043.5 10787 1709 2031 1043.8 1686
Working TMjjp, &,y 1492.8 11514 10983 - 1489 .4 -
0,v 1503.7 11903 12107 - 1501.3 -
SOM TM g, 7, x 1495.1 11233 673 716 1491.7 086
0, x 1504.5 11547 844 911 1502.5 930
HOM TE 1, 0, x 1852.9 7757 202 207 1846.5 196
0, v 1858.7 7898 159 163 1853.9 174
T.X 1926.0 6103 356 378 1924.3 338
F Y 1929.3 6045 252 263 1927.8 260
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Deflecting Cavity for emittance exchange

—
—
<
-
-

High energy

Normal energy

Lowenergy
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L-band deflecting Cavity for emittance exchange at ANL

<
sy

 collaborate with ANL, develop L
3-cell L-band deflecting cavity magnet

— 1300-MHz

)

— Input power: 2 MW
— Deflecting voltage : 2.3 MV
C0.04 01
—
0.02 {1 _ 005 Pl
g 0 t 0
-0.02 ] -0.05
-0.04 -0. 10— : : ‘
4 2 0 2 4 01 -005 0 005 0.1
x (mm) z (mm)
y5x=0.084 jun, o‘x=0.157 o, o'x’=0.0032 mrad ;/5;1.897 U, o‘Z=0.496 mimn, o‘E/E= 0.332%
0.01 !
0005 03 ]
3 o 2
E 0 1 & 0 ]
* 0p0s . | = s ~_]
001+ - g ]
-0.4 -0.2 4] 0.2 0.4 -1 -1 -0.5 0 0.5 1
x (mm) 7 (mm)

|

Simulation by ANL ™
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L-band deflecting Cavity for emittance exchange at ANL
MBS

KB EIE

RAL T EEEFL

Dimension 420x310x420 (mm)

f / MHz QO Qext

(BN 1300.00 17000 17700

R T MEE 130091 13491 20500 :
Qext W17® —— 13185 16877 ‘E—‘
R i 1299.78 15842 16318 Ny o
e 1299, 1 161
s 99.88 19567 16158 ;!E:

Sy =Rl 129991
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Measurement of field profile

25

o I

T 00 200 300 460 500 600 700
point
#1 #2 #3
The flatness of field proflle is better
&Jﬁnax 21 .O:I:O.E 21 .910.2 20, 4:!:'0.2 1- h 9 6 O/
Bunax/ Bomax  0.979%001 1 0.965%0-01 an °
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| Measurement of bunch length with deflecting cavity

1.  Exit of photocathode gun: 3.5MeV, 3ps
2.  Exit of linac: 50MeV, 3ps
3.  Exit of chicane:50MeV, 1ps

- e shfig Ey 35 50 50 MeV

o A o 1 1 0.3 mm

Ak A EN 3 3 3 mm - mrad

A A & 039 0.03 0.03 mm-mrad

D e Js LA i fo 2856 28356 2856 MHz

Dt 3 1A LS Vier 10 13 34 MV

RO RS D(Ry) 04 20 25 m

T I s K BE o 1.0 03 03 mm

I In) A3 Ay 0.10 0.10 0.03 mm

Ui 4 1 I Do RO BRE Ty 10 31 31 mm

R 7] 23 B R, 2.85 2.85 285 MQ

LOPNVIES P, 04 051 40 MW @ 2
~z NANT fian - T N

ATl = R B S g -
X HI B N FE, ) Lpeak ~ /] Mv/m
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Structure design

NPRINT= 500 2 from 0.000000 to 30.00000
= 0.000000 vl 0.000000  x2= 0.000000  y2= 0.5000000

PRINTED 2T x1

o feature / \/\
N ~\
— 2856 MHz s ﬁ\)/k/// \\\/
— PI-mode \\ ///
- 3-cell A\

- standing-wave
— Water cooling

Assembled
THU LOLA Cells
SW ™W
N-cell 3 104

Lm) 0158  3.64
ro(MQ/m) 20 153
Py (MW) 4 22
Vier (MV) 3.4 35

Clamping Flange
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Bunch Length Measurement by RF Deflecting Cavit
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BTW (Backward Tr'aveling Wave ) Structure

Electron
Gun

I
;s aa

16MeV BTW Accelerating Tube 10MeV BWwEaﬂng!

i



The BTW structure combines the advantages of the traveling wave (TW) and standing wave (SW) structure, such as high effective shunt impedance,
short filling time, and stable to operate.
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High average power Irradiation

10MeV , 20kW
S band BTW linac



By now we have achieved 10MeV, 20kW beam average power with the S band BTW tube
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X-band PBG structure

Rod radius a/mm 1.64
Distance between the rods 10.96
b/mm

Iris diameter d/mm 9.61
Iris thickness #/mm 1.71
The length of single period 8.75
D/mm

Operating frequency f/GHz 11.42
Phase shift per cell ¢ 2713
Coupling coefficient between 0.0556
two cavities k

Group velocity v, 0.050c
Quality factor Q 5461
r/Q/ kQm™ 10.5
é;;/ﬂ?:;tlmg gradient - \/W

VI AR

AR A LA R A R &

e L A L A sl A



PBG accelerating structure is a novel structure. It could eectively suppress the
higher-order modes (HOM), achieving single mode acceleration. 
Based on the simulation, we have fabracated the X-band PBG structure with 
the electroforming technique
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C-band choke mode cavity



Collaborated with Higo, we have fabricated C-band choke mode structure, and cold test
is carried out in KEK. 
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Also collaborated with KEK, we have do the research on the field tuning and HOMs measurement of 9-cell
ICHIRO copper model cavity
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Breakdown experiment of S-band structure

Ti-Window Au target

i

Faraday cup <—I Test tube |:|—> dosimeter

» 3 pairs of cavities

» Coupler is in the middle

» Ti foil is used on the left side for
the measurement of dark current

*Breakdown occurs:

» Au target is on the right side for

dose measurement due to dark E,=390MV Im
current AR T
*The darkcurrent is 2.6 ' mA’

.Dose rate is 3:2R/min@1m


For getting high gradient, some breakdown experiment of S-band structure is carried out with test tube.
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Measurement of energy spread =|

300 [

before breakdown

Research the breakdown mechanism,
optimize the design and improve the
manufacturing technology

400
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With the spectrum meter, the spectrum of dark current is getted and 
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Summary

More than 300 accelerating tubes has been produced by Tsinghua
U. for medical therapy and NDT

Some rf structures are developed succesfully
We have good background on designing, manufacturing, testing and

applying the new rf structure, especially x-band structure
collaborated with CERN, KEK, SLAC
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