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Introduction of SAMEER

SAMEERst ands for O0Society for
El ectronics Engineering and I
of TIFR.

SAMEER is a R&D laboratory of Ministry of
Communication and Information Technology (formerly
Department of Electronics) of Govt of India.

We have 3 centers: Mumbai ( head office), Chennai and
Kolkata and 2 upcoming centers at Vishakhapatnam and
Guwahati .

Successfully established Linac Development for 6 and 15
MeV electron linac .

We have made p/2 mode, Standing Wave Side Coupled
Linac and developed a Radiation Oncology Unit using this
Linac.



Linac parts

RF Window



Linac cavity




6 MeV Linac
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15 MeV Linac
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SAMEER Linac

wStandingWave, side coupled structure operating at p/2
mode

wStableoperationat variouslocations

wProventechnologywith mostthingsdoneat SAMEER

Hequency, MHz 2997.65
Coupling, % 0.0278

{ Kdzy i LYLISRI y8IS> a¥Kky
Q (unloaded) 15000

VSWR 1.78

Energy, MeV 15

Input power, MW 6

Pulse width, ps



Energy, MeV 6

Dose Rate, RMM 240 (flattened)
Beam current 120 pA

average

RFPower Magnetron 2.6 MW
Flatness 2%

Symmetry +3%

Field size, cd

Medical Ox0 cm to
35x35 cm

Modes Photon Electron

Energy 6, 15 MV 6,9,12,15,18 MeV
Dose rate 500 RMM 500RMM

RF Power Klystron 6 MW

Flatness <3%

Symmetry +3%

Field size Variable from 0x0

Source toiso-
center distance

cm to 35x35 cm
100+ 0.5 cm




30 MeV, 8-10 kW Linac
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Tc- 99m
Target Tc-99m

A 30 MeV, 8-10 kW electrons hit the Convertor target to produce X -rays

A The X-rays hit an enriched Mo -100 target and by (g n) reaction Mo -100
converts to Mo -99 which has 66 hrs half life

A We elute Tc-99m from Mo -99. T¢99m has 6.6hrs half life
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Design of RF Gun

A Basics of Electron Source

A RF Gun basics

A Details of RF photo cathode gun
A Cavity design for RF gun

A Fabrication of RF gun at KEK

A Experimental results of KEK gun
A Plan for IUAC RF gun

A Applications of RF Gun

A Beam dynamics for RF gun
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Basics of Electron Source

A Electron source or electron gun is a device which
provides electrons for accelerators

A It essentially needs an electron generation
mechanism and an extraction mechanism

A The generation could be thermionic, field
emission or photo emission

A Extraction mechanism could be DC or RF
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Electron Emission Mechanisms

A Thermal emission: When heated to high
temperatures (1000 to 3000 °C), materials may
emit electrons

A Field emission: Electron emission due to high
fields on surface

A Photo electric emission: Electron emission from
photo emitters when photons hit the surface
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hermionic Emission

An emitter like Tungsten is
heated using adc/ acvoltage

At T=0; electrons occupy states
up to Fermi Energy E &

For T>0, electron distributions g™ "\?é'éuu'r'ﬁ'|'e';iéi'
extends to higher energy

If the temperature is increased
to say 1000 °C or above,
electron acquire sufficient
energy and escapeoutside.

Ef




hermionic Emission

Electron A Richardson- Dushmann Equation governs the emission
Source process
RF Gun /
Basics _ 2 . kT
Details of J AT c
RF Gun 4 me
Cavity for A= mS =123 1O6[A/ mZKZ]
RF Gun
where,
KEK RF A is thermionic emission constant
Gun T is temperature in °K
Results of e is electronic charge =1.6x101°C
KEK Gun m is electron mass =9.11x103! kg
Plan for kg is Boltzmann constant = 1.38 x 10%3(J/K)=8.6175¢10° (eV/K)
IUAC Gun hisP | a n conglast = 6.63x 1034 (J9




hermionic Emission

Electron A Example:

Source i Pure Tungsten cathode

RF Gun I Dispenser cathode: These are of porous tungsten impregnated with
Basics Barium Oxide.

Details of Dispensar Cathode
RF Gun 12

Cavity for 10
RF Gun

KEK RF
Gun

Results of
KEK Gun

Current Density [A/cm2]

Plan for 2
IUAC Gun

980 1000 1020 1040 1060 1080 1100 1120 1140
Temperature [K]




Field Emission

Electron A If large RF field is applied,

Source then the potential barrier Bl vecume
RF Gun becomesthin

Basics A Electrons may tunnel out and

Details of emit from the surface

RF Gun A Since there is no external

Cavity for heating is applied, hence it is
RF Gun many times referred as Cold
KEK RF Emission

Gun

Results of

KEK Gun

Plan for

IUAC Gun
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Photo electron emission

strikes the
surface of an emitter

The photon excites the
electrons to higher energy
states

If the excited energy is
sufficiently high, the

electrons can escape
outside
The resultant current is

photo emission current
Condition for emission
hn> f

------------

Vacuum level

Ef Photon

o N AN NIV
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Extraction mechanism

A Once the electrons are generated using any of above
methods, these can be extracted by DC or RF mechanism.

Accordingly, we classify asDC or RF gun
Next slide displays details of functioning of Thermionic

Gun
|
‘} Photo
emitter
|

To I

AHigh Current AHigh Current ANeeds HV AEasy setup
ANo Control AGrid Control Generator ANeeds Klystron
APoor emittance APoor emittance AComplicated ALow emittance
AVery Low
emittance
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DC Thermionic Gun

A Emission is thermionic and hence continuous
A Extraction is by DC field
A A Grid can be used to control the emission
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Configuration of thermionic gun

A Since the emission from thermionic gun is continous, we
need to bunch the electrons using buncher cavities

A A typical configuration for thermionic gun looks like :

Cathode

!

Pre Buncher

Anode

SH Buncher

!

Accelerator

!
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SAMEER Triode Gun

As an exampleé SAMEER triode gun is shown below

FEED TRO UGH

UHVSEAL

777777, f %

/////7% -

Z N2

BUNCHER PLATE
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Cathodes

T, (K)
Souree W 45 2860
Sasicn. Ta 4.1 2680
Details of MO 42 2230
RF Gun Cs 1.9 320
Cavity for
RF Gun Th-W 2.6 1800
KEK RE BaO 1.0 1400
Gun CeB; 2.5 1720
Results of
KEK Gun | LaBg 2.5 1400
Plan for Dispenser 1.6 1100
IUAC Gun

Should Higher

be low IS good




Photo cathode gun

Electron A Usesthe principle of Photo emission
Source : :

A A laser of suitable wavelength hits a photo cathode and
RF Gun generateselectron bunch
Basics :

A The electrons are extracted using
Details of i DC potential : in caseof DC photo cathode gun
RF Gun i High gradient RFfield : in caseof RF photo cathode gun
Cavity for
RF Gun
KEK RF
Gun

a=>

Results of
KEK Gun
Plan for

IUAC Gun
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RF Photo cathode gun

A A photo cathode is placed at the entrance of RF cavity .

A The laser hits the photo cathode and generates electron bunch, which is
quickly acceleratedusing high gradient fields near the cathode.

A Such aelectron bunch has very high spacecharge and the beam diverges
quickly

Alf high gradient, of say 120 MV/m is made at cathode, then bunch
acceleratesvery fast and exits from RF gun at around 6 MeV energy with
low emittance of around 2p-mm-mrad

o

HIH
T
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Comparison between Thermionic and RF Gun

Type of emission
Current

PostBuncher
Output energy
Emittance pemC
Main usage

DC

High average current

possible

Mandatory
few tens ofKeV
~ 10-12 p-mm-mrad

Highcurrent
iIndustrial, medical

Pulse

High peak current
possible

Not needed

MeV

<2p-mm-mrad
Research accelerators



Operation of RF Photo cathode gun

Electron AThe electron bunch charge depends on the laser power and the
Source guantum efficiency of the photo cathode material .
RE Gun AThe bunch length depends on the temporal laser profile .
Basics
Details of — LASER
RF Gun g i
| = — i
Cavity for Cs,Te °°a"{ —— {
RF Gun 2 S—— t
KEK RF /J\“:’“= 7 |
Gun /[ _Electron beam
. NN 4
Results of =\ /\\
KEK Gun Molybdenum | |F—— //"\\ Mirror
Plug =
Plan for ———————
IUAC Gun 3 """"

RF Gun Cavity
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RF Gun Detalls

AThe RF gun usually operates at p-mode.

A An incident laser pulse hits the photo cathode to produce an
electron bunch.

Alf a 266 nm laser shines the surface of say Cs2Te photo cathode,
electrons with ~ 4.66eV energy are produced .

ALets say, we get 1 nC charge with a bunch length of 5ps and s,
and s is nearly 300pm.

ADue to space charge forces, the emittance of bunch degrades
immediately asit enters inside the first cell.

AThe emittance is controlled by maintaining a very high gradient
at the cathode plate. At KEK, we maintained 120MV/m gradient
at cathode.
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RF Gun Detalls

LUCX RF gun operating at p-mode.

1 -

0.75 §

Ez[ MV/m]
o

0

z[m]

Field distribution at n-mode



Brief summary of parameters of KEK RF Gun

Electron
Source

RE Gun Operating Frequency | 2856 MHz
Basics

Mode of Operation p
Details of

RF Gun

Mode Separation 8.6 MHz

Cavity for
RF Gun Field Balance 1.0

KEK RF

Iris Diameter 28 mm
Gun

Results of
KEK Gun

Plan for
IUAC Gun

Ref: Abhay Deshpande, Junji Urakawa et al. NIM -A 600(2009 361-366
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Brief summary of parameters

AFollowing internal structure was developed to maximize the
shunt impedance

AThe separation between p and 0 mode was increased up to 9 MHz
AThe structure was optimized using Super Fish code
ACAD drawings were made based on the simulations



