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√ CODE FOR POSITRON CONVERSION (UNDULATOR LINAC further on)
Ch i f d l t t i i

ACTIVITIES

Choice of undulator parameters main issue
Choice of target dimensions
Choice of collection optics parameters

√ UNDULATOR DESIGN (main activity)√ UNDULATOR DESIGN (main activity)
Undulators with period 10 and 12 mm having 8 mm aperture (tested) 
Designed undulators with aperture  ¼” (7mm magnetic core)

TARGET DESIGN (in addition to Livermore, SLAC, Daresbury
Rotating Tungsten target (including new sandwich type)
Liquid metal target: Bi-Pb or Hg 

COLLECTION OPTICS DESIGN

These 
positions not 
l d fi llLithium lens

Solenoid 

√ COLLIMATORS
Collimator for gammas

closed finally

Collimator for gammas
Collimators for full power beam

√ PERTURBATION OF EMITTANCE AND POLARIZATION
Perturbation of emittance in regular partPerturbation of emittance in regular part
Polarization handling  

√ UNDULATOR CHICANE
Minimal possible parallel shiftp p

√ COMBINING SCHEME
Two-target scheme



CODE FOR POSITRON CONVERSION
Undulator target focusing post acceleration

Written in 1986-1987; restored in 2007

Equivalent of collimator

Interactive code; Solenoidal lens will be added soon 



Particles described by 2D
array (matrix). One parameter
numerates particles, the other
one numerates properties

Periodassociated with each particle:
energy, polarization, angles to
axes

K-factor

Period

Code has ~1400 rows;

Will be added solenoidal lens;

Will be added more graphics;

Possibility for the file
exchange with graphical andexchange with graphical and
statistical Codes (JMP);

Possibility for the file 
exchange with PARMELA;

Few seconds for anyFew seconds for any 
new variant Efficiency and 

polarization



Parameters optimized with KONN

So K-factor can be small, K<0.4, what brings a lot of relief to all elements of 
system



Modeling of E-166 experiment

Phase space right after the target

Dependence of 
polarization 
seen in 
experiment



pPolarized e± production

e The way to create
circularly polarized
positron, left. Cross-
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of particle’s fractional
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The way to create circularly polarized photon
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The way to create circularly polarized photon

Polarized electron
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P l i ti f it i lt f it l ti b1996 1979Polarization of positrons is a result of positron selection by energy 
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!    POLARIZATION CURVE APPROXIMATION

Polarization effects implemented in KONN

!
EP4=EP-0.4
EP6=EP-0.6
PP=0 305+2 15*EP4

EP=POSITRON ENERGY/ Egamma-2mc2

PP=0.305+2.15*EP4
IF(EP.LT.0.4)PP=PP-0.05*EP4-2.5*EP4**3
IF(EP.GT.0.6)PP=PP-0.55*EP6-2.65*EP6**2+0.7*EP6**3    ! PP=PP-0.55*EP6-2.6*EP6**2
IF(PP.GT.1.)PP=1. Sentinel( )

!

10 E≤< γωhDepolarization occurs due to spin flip in act of radiation of quanta having energy                
where E1 stands for initial energy of positron. Depolarization after one single act
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where  E1 stands for initial energy of positron. Depolarization after one single act  

Where                   stands for bremstrahlung cross section without spin flip,
–the cross section with spin flip and                  is total cross section. 
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Multiple scattering in a target 

Fragment from

A.Mikhailichenko, CBN 06-1, Cornell 
LEPP 2006LEPP, 2006.



Spin flip in undulator
Positron or electron may flip its spin direction while radiating in 
magnetic field. Probability:
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Effect of spin flip still small (i.e. radiation is dominating). 



Depolarization at IP

D l i i i h i h i di i i h• Depolarization arises as the spin changes its direction in coherent 
magnetic field of incoming beam. Again, here the deviation does not 
depend on energy, however it depends on location of particle in the 
bunch: central particles are not perturbed at all. Absolute value of 
angular rotation has opposite sign for particles symmetrically located 
around collision axes. 

• This topic was investigated immediately after the scheme for 
polarized positron production was invented. This effect is not associated 
with polarized positron production exclusively because this effectwith polarized positron production exclusively because this effect 
tolerates to the polarization of electrons at IP as well. Later many 
authors also considered this topic in detail. General conclusion here is 
th t d l i ti i t th l l 5%that depolarization remains at the level ~5% 

E.A. Kushnirenko, A. A. Likhoded, M.V. Shevlyagin, “Depolarization Effects for 
Collisions of Polarized beams”, IHEP 93-131, SW 9430, Protvino 1993.



Kinematic depolarization in undulator

Process can be considered in a system of reference rotating with  frequency
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This needs to be taken into account while preparing polarization at IP



CONCLUSIONS

Restored start to end code for Monte-Carlo  simulation of conversion; 

CONCLUSIONS  

Confirmed low K factor possible here; K<0.4 with period 10 mm

Calculations with KONN show that these parameters satisfy ILC 

Perturbation of spin is within 10% total (from creation).

Thi b ld b d d b i i th l th f d l t ki t tThis number could be reduced by increasing the length of undulator, making target   
thinner (two targets) and beams more flat at IP. 



UNDULATOR DESIGN

Complete design done; 

System for magnetic 
measurement designed;

Undulator includes 
d BPMcorrectors and BPMs;

Current input one/few 
modules (ten)

3m possible

Will be extended to 2 m long ~4m total


