
INTEGRATED Li LENS-TARGET 

SYSTEM

Alexander Mikhailichenko

Cornell University, Wilson Lab., Ithaca, NY 14853

Presented at 2011 Linear Collider Workshop of the Americas 

(ALCPG11)

on March 20, 2011



22

>60% positron polarization

Polarized electrons can be obtained in the same way

POSITRON SOURCE FOR ILC

In principle, positrons could be generated by positrons, so the linacs become independent
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Spectral distribution and polarization schematics for Undulator Radiation

Hatched areas correspond to the  passage of 

radiation through the collimator

All higher harmonics have 

zero intensity in straight 

forward direction 

Angle of radiation

and the energy of the

photon are not

independent

Collimator helps to enhance integrated photon polarization

Polarization curve needs

to be convolved with the

photon density

Olsen, Maximon
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Code KONN 
Initiated in 1986; continued in 2007-

3000 FORTRAN lines 
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Interactive code, now has ~3000 lines
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Beam energy, GeV 150 250 350 500

Length of undulator, m 170 200 200 200

K factor 0.44 0.44 0.35 0.28

Period of undulator, cm 1.0 1.0 1.0 1.0

Distance to the target, m 150 150 150 150

Radius of gamma collimator, cm 0.049 0.03 0.02 0.02

Emittance, cm·rad 1e-9 1e-9 1e-9 1e-9

Bunch length, cm 0.05 0.05 0.05 0.05

Beta-function, m 400 400 400 400

Length of target/X0 0.57 0.6 0.65 0.65

Distance to the length, cm 0.5 0.5 0.5 0.5

Radius of the lens, cm 0.7 0.7 0.7 0.7

Length of the lens, cm 0.5 0.5 0.5 0.5

Gradient, MG/cm 0.065 0.065 0.08 0.1

Wavelength of RF, cm 23.06 23.06 23.06 23.06

Phase shift of crest, rad -0.29 -0.29 -0.29 -0.29

Distance to RF str., cm 2.0 2.0 2.0 2.0

Radius of RF collimator, cm 2.0 2.0 2.0 2.0

Length of RF str., cm 500 500 500 500

Gradient, MeV/cm 0.1 0.1 0.1 0.1

Longitudinal field, MG 0.015 0.015 0.015 0.015

Inner rad. of irises, cm 3.0 3.0 3.0 3.0

Acceptance, MeV·cm 5.0 5.0 5.0 5.0

Energy filter, E > -MeV 54 74 92 114

Energy filter, E< -MeV 110 222 222 222

Efficiency, e+/e- 1.5 1.8 1.5 1.5

Polarization, % 70 76 75 70
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E-166 PREFERRED W TARGET

LOSSES FOR DIFFERENT MATERIAL OF TARGET



8K=0.44; Eff=1.58; Effp=67%; Rcoll=0.06; Lamb=1cm;Lund=170m; 150 GeV

Each particle radiates 1.07 GeV in undulator

↓ Moving target --- TEMPERATURE IN A TARGERT---Stationary target ↓
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TEMPERATURE ALONG THE W TARGET FOR DIFFERENT RADIUSES

per 1013 initial electrons; spinning target 

Edge of collimator.

Each particle radiates 2.76 GeV in undulator

Center of Gamma-beam  
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The negative pressure phenomenon confirmed here
D

y
n
e
/c

m
2
=

1
0

-6
b
a
r

Pressure along the target; beam  passed from the left to the right 0.1 ns ago

Energy leaved in the 

target by a single 

bunch is~0.1 Joule
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LITHIUM LENS BASICS

If steady current  I  runs through the round conductor having radius a, its 

azimuthal magnetic field inside the rod could be described as 

where magnetic field is measured in Gs, a –in  cm, I –in Amperes.  Current 

density comes to The particle, passed through the rod, will get the 

transverse kick 
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Lithium rod Target
2
a

F

J

L

x

Primary 
bunch

So the focal distance could be defined as the following
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This picture drawn

for the focusing of

electron beam to

the target
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First of all, how important is the lens for the collection business?

Efficiency of positron production normalized to the primary electron as function of 

feeding current in a lens.  K=0.9, 100m long undulator, lens is 0.5 cm-long, ε`6MeV-cm.

One can see that LL potentially adds ~70% of positrons. But even without lens efficiency 

is more than one already.
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T.A.Vsevolojskaja,A.A.Mikhailichenko, G.I.Silvestrov, A.D.Cherniakin

“To the Conversion System for Generation of Polarized Beams in VLEPP”, BINP, 1986

1-ex-centric contact pushers;2-conic lens body; 3-W target; 4-Ti 

tubing for LI supply; 5-flat current leads; 6-vacuum chamber; 7-

coaxial fraction of current leads; 8-bellows; 9-ceramic insulators; 

10-conical gasket; 11-set of ex-centric pushers.

Field measured in liquid Gallium model.

A-cylindrical lens with homogenous current leads supply at the end

B- conical lens with the same current feed

C –lens with cylindrical target at the entrance flange
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Doublet of Solid Lithium lenses in Novosibirsk BINP
Photo- courtesy of Yu Shatunov

First lens is used for focusing of primary 250 MeV electron beam onto the W target, 

Second lens installed after the target and collects positrons at ~150MeV

Number of primary electrons per pulse ~2·10+11; ~0.7Hz operation (defined by the beam 

cooling rate in a Damping Ring) 

Lenses shown served ~30 Years without serious problem (!)
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Lens with liquid Lithium for ILC 

last generation with classic collet clamp

Lithium Lens for ILC positron source; extended flanges serve for electrical contact. 

1–volume with Lithium, 2–window (Be/BC/BN), 3–electrical contacts with caverns 

for Li, 4–tubing for Lithium in/out. At the left-the latest variant with collet contacts.

Ø4cm
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THE CONCEPT

The gamma beam is coming from the left. By arrows it is shown the liquid 

Lithium flow. 

~2mm
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To the choice of material for windows
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FEED THROUGH IN DETAIL

Rim target

System with two bellows 

excludes net force from 

atmospheric pressure;

Positioning system serves for 

ajustment the distance 

between target and lens –what 

is required by optimization of 

yield/heating for the entrance 

window

Axis
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Variants of current duct

Current duct must be able to 

transfer ~ 150 kA in ~4 ms pulse 

with repetition rate up to 10 Hz

Cables with non organic insulation

Strip-line
Li Lens

Li lens
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A.Mikhailichenko,” Lithium Lens (I)”, CBN -09-4, Aug 2009, 17pp.

http://www.lepp.cornell.edu/public/CBN/2009/CBN09-4/CBN%2009-04.pdf

A.Mikhailichenko,” Lithium Lens (II)”, CBN -10-3, Aug 2010, 37pp

http://www.lepp.cornell.edu/public/CBN/2010/CBN10-3/CBN%2010-03.pdf

http://www.lepp.cornell.edu/public/CBN/2009/CBN09-4/CBN 09-04.pdf
http://www.lepp.cornell.edu/public/CBN/2009/CBN09-4/CBN 09-04.pdf
http://www.lepp.cornell.edu/public/CBN/2009/CBN09-4/CBN 09-04.pdf
http://www.lepp.cornell.edu/public/CBN/2009/CBN09-4/CBN 09-04.pdf
http://www.lepp.cornell.edu/public/CBN/2009/CBN09-4/CBN 09-04.pdf
http://www.lepp.cornell.edu/public/CBN/2010/CBN10-3/CBN 10-03.pdf
http://www.lepp.cornell.edu/public/CBN/2010/CBN10-3/CBN 10-03.pdf
http://www.lepp.cornell.edu/public/CBN/2010/CBN10-3/CBN 10-03.pdf
http://www.lepp.cornell.edu/public/CBN/2010/CBN10-3/CBN 10-03.pdf
http://www.lepp.cornell.edu/public/CBN/2010/CBN10-3/CBN 10-03.pdf
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Equation for thermal diffusion in window

defines time of relaxation from its characteristic

For W: k=1.67 W/cm/oK, ρ=19g/cm3 , cV =0.13 J/g/oK

If  δ~1/2X0 /2~0.09cm
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This gives ~20% temperature drop even within a train for W;

To the next train the target will be cool 

Beam pattern in ILC
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Can W survive as a flange?

The gamma spot size should be increased.

This  reduces performance of system slightly

Beam energy, GeV 100 150 250 

Length of undulator, m 220 170 170

K factor 0.66 0.36 0.28

Period of undulator, cm 1 1 1

Distance to the target, m 200 350 600

Thick. of target/Xo 0.55 0.57 0.6

Radius of lens, cm 0.6 0.6 0.6

Gradient, kG/cm 60 60 65

Length of the lens, cm 0.7 0.7 0.7

Current, kA 108 108 117

Radius of collimator, cm 0.2 0.5 0.15

Rad, of irises in RF, cm 3 3 3

Rad of coll. before RF, cm 2 2 2

Acceptance, MeVxcm 9 9 9

Energy filter E> , MeV 51 54 63

Energy filter E< , MeV 110 110 180

ΔT per train 10^13 e-, oC 172 139 270

ΔT in lens from beam, oC 18 35 80

ΔT in lens from current, oC 90 90 100

Efficiency, e+/e- 1.52 1.57 1.52

Polarization, % 54 57 64

Calculations with 

KONN for 

combined target-

lens system
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CONCLUSIONS

● As the target is not in motion, the optimization carried for reduction of the temperature 

jump in a target. 

● This reduces overall parameters of the system slightly, compared with moving target;

Still efficiency 1.5 can be reached, polarization slightly lower~60%

● Dependence of positron yield as function of Be window thickness is pretty monotonic. 

Be windows of up to 5 mm thick is possible. Usage of BC, BN windows allow have 

them thinner. 

● This type of lens/Target combined device might be recommended for the CLIC-type 

collider as in this case the power consumption in the target is minimal and 

polarization can be restored for ~70% again.   



• BACKUP SLIDES
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If all other parameters are kept fixed, then efficiency of conversion  as a 

function of longitudinal magnetic field around accelerating structure looks like:

~8kG

Pretty moderate field indeed
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T.A.Vsevolojskaya, A.A.Mikhailichenko, G.I Silvestrov, A.N. Cherniakin, “To the Project of Conversion 

System for Obtaining Polarized Beams at VLEPP Complex”, internal report BINP, Novosibirsk, 1986. 

V.V. Vladimirsky, D.G. 

Koshkarev,1958

Very high density of SR in any bending magnet, as emittance is extremely small

Undulator bypass line
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Scaled view on vacuumed feed through and lens; vacuum case not shown

Bellows



Feeding voltage composed with three odd harmonics 1,3,5 
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Filling positron ring from electron source

Additional “keep alive” source not required
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Fragment from the publication of Balakin-Mikhailichenko, Budker INP 79-85, Sept. 13, 

1979.

Scattering on the Laser radiation is the same process as the scattering on the  

electromagnetic wave.

One comment about helical crystals first .
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Helical (chiral) crystals

Helical structure demonstrates also CsCuCl3, Ba2CuGe2O7, MnS2

Crystal structure MnSi and FeGe

P.Bak, M.H.Jensen, J.Phys.C: Solid St.Physics, 13,(1980) L881-5
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Laser bunch as an undulator

The number of the quantas radiated by an electron by scattering on photons -

real from the laser or virtual from the undulator:
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Written in this form it is clear that the photon back scattering (especially with 90o

crossing angle) is an equivalent of radiation in an undulator (as soon as the photon

energy is much less, than the energy of particle).

– Length of 

interaction

Formation length in undulator ufl  L- length of undulator

][][934.02/ 2 cmTHmceHK uu   K

  lLnLN //


