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CODE FOR POSITRON CONVERSION

FROGRAM KONN
T.A. Vievelezhskaya, A.A Mikhallichenko

Momte-Carle sinmlation of positron conversion
Equivalent of ca

Eneryy of the : Acceleration:
Length :; md;.:r; Distance to ke lens;
Undnlater peried M=L/).,, ; Length of stractere;
K-fisctor; . Gradient;
Emittance; . Digmeter of colfimator at the emtrapee;
Beta-finction; ; Diwneter af trices;

Number of karmonics (fosr); External volenotial fleld;
Noanber of positrons o be generaied; Frriher phase voliane captured;

- ek b o

CALCULATES at svery stage:
Efflciency In giver: phase volmme;
Polarization in given phase volume;
Beaus dimensions;

Phose-space distribmtions;

Beam: lengthening;

Energy spread within phase space;




Few seconds for any
new variant

"CAMSDEWProjects\POSITRON CONVERSION\DebughPOSITRON CONVERSIOM.exe"

CONUERSION
FOCUSING
ACCELERATION

WHAT TO DO?

-388 AL = -488 pwa =

=xx PARAMETERS OF ACCELERATION e

Z.8800
3.8884
166 . 3060
.5008
-B468
3.8804
168.8808

DISTANCE TO RF STRUCTURE cm
RADIUS OF DIAPHRAGH cm
LENMGTH OF RF STRUCTURE cm
GRADI ENT Mel. cm
LONGITUDINAL FIELD MGs
INHNER RADIUS OF DIPHRAGM cm
FURTHER ACEPTANCE MelUxcm

POSITRONS PASSED= 4@51 POSITRONS ACCEF
W = 2.865 WWP = -958
Fa - .553 BETn - .3841 DE.P

Fua
158886.8 17588.8
RMS
PTH

M
RF

-5 AMS
2.383 PZN
188.685 DIHM
3.488 AL-Ko

i

.48

EFFCER.CI>

.8286 .B379

-1959 -1583

-1486 -1849

.a788 -B255

-B8211 -B166

EFP<ER.CI>
.p372 -.8222 .B644 -.A738 -.0687
-4208 -4642 -4823 -4158 -3323
.7856 .6618 .6318 6424 .6483
5951 .6645 .6523 .5436 5939
.6141 6423 6217 .6786 -6876

@ =1.618  EFP= 47.4T

Period

K-factor

ED = 4011
K—APP - 2.065

EPs BT RTIG
- BaBAA1 48888. 06 .58 .878a

36.344 EM
5.881 PRM
2.865 We
.848 EPSF

58225 D7 =18006.680
-.817 PUG 19.871
464 NB 24088
18.8680 MelUxcm

.B555
.2957
5375
.35@87
.rae

Efficiency and
polarization




Monte-Carlo simulation of positron conversion example

General parameters: Target: )

Energy of the bean=150 GeV  Distance to the undulator=180m Acceleration;

Length of undulator=175m Thickess=0.5rad length=1.75mm Distance between2 lens-structure=2 cm
Undulator period 10mm Diameter of target=0.8cm Gradient in RFstructure=50MeV/m

K-factor=0.35 Materia=W Length of RF structure =Im
Eniittance =0.000001 cm rad Diameter of collimator at the entrance=4cm

Beta-function=400m 0.5¢m Digmeter of frices=bcm
Number of harmonics=4 External solenoidal field=40kG
Further phase volume captured=10MeVxem

- 180m - /
Litium Lens:
Distance to the torget=0.5 cm
Length=0.5 cm
Digmeter=1.7 cm
Thicness of flanges=0.5mm
Muaterial of flanges=Be
Gradient=70kG/cm

For parameters above : Efficiency =1.54 Polarization =50%

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

@ "C:\MSDEV\Projects\POSITRON CONVERSI ug\POSITRON CONVERSION.ex="
WHAT TO DO?

=xx SYSTEM PARAMETERS =

INITIAL MOMENTA .Mel =158888.8 :-=47008
MLENGTH OF UNDULATOR.cm = 17588.8 :=180

K FACTOR .358 ==.17

PERIOD OF ONDULATOR. cm i.888 :=.254
DISTANCE TO THE TARGET = 18888.8 :=320@
RADIUS OF TARGET. cm = .he@  :==_1%

RADIUS OF HOLE -6B8 =
EMITTAHCE, cmxrad 1.00RE-B6 =
BETTA-FUNCTION. 40008.8 =
LENGTH OF TARGET./Xo .488 :=_5

4880

STEF OF CALCULATION 188 =
HARMOMICS INDEX B; <5 a o
NUMB.OF PART ON 1 H 2408 5
TOTAL NUMBER OF PHOTONS 1.814

MAX EMERGY OF QUANTA 2.741 Mel
GAMMA 75898.4

POSITRONS ACCEPTED = 5808 POSITRONS GEMERATED = 38828
ENERGY OF GQUANTA = 8.741 BET#H 1.274 EFF .BB3 PUa 49000 .0
LENGTH OF UNDUL. = 188.8 PERIOD .25 PT2 .a3 EPT .BpeRe1a
4888.8 RIG = .15 F@ —.871 RMS 1.138 AMS .894
= .@72 NUMBER OF PARTICLES BY FIRST HARMONIC = 2488
PHOTONS /e = 1.014 GAMMA= 25890.4
EFF{EX .CI>»
.BBea .BBea .aea1 .Baa1 .Baa1
.BeA1 .BeR2 .BBn2 .Bp8z2 .Baa3
.BeA1 .Bea1 .Ben2 .aaez .B884
.BBRea .BBea .BBRe .aaa1 .Ba82

-Bpaa -Baaa -Baaa -Baaa -BanA

EFPCEY . CT>
.8143 -.@4i4 -.8172
.4839 3911 3971

.7885 .7389 .7255
8811 .85h28
.6678 .7615




Polarized e* production

Helical Undulator,
EM wave,

Crystal with helical
dislocations

Polarization of positrons is a result of positron selection by energy




Polarization effects implemented in KONN
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Depolarization ~5%




Multiple scattering in a target

Kinematical perturbations due to multiple scattering in a target

Let us consider the possible effect of kinematical depolarization associated with rotation of
spin vector while particle experience multiple scattering in media of target before leaving.
Typically polarized positron carries out ~(0.5-1)7iw —energy of gamma quanta. As
positrons/electrons created have longitudinal polarization, it is good to have assurance that
during scattering in material of target polarization is not lost. Each act of scattering is Coulomb

scattering in field of nuclei. So BMT equation describing the spin g' motion in electrical field of
nuclei looks like

(1&' e 7| » _
—= G : XV ), Al6
dt mczy{ y+}’+l} é’x( M) (A16)

where E ~ Zer | stands for repulsive (for positrons) electrical field of nuclei, factor
g-2

G=2_"=11596x10"" = % . Deviation of momentum is simply dp/dt = ¢E .

2 r

So the spin equation becomes

i 1 7 - (do - .
g _ e L i [%5) Al7
at mcz,'/{ ! 7+1} gx(dr”) A7

We neglected variation of energy of particle curing the act of scattering, so T =my 7T and

vector P just changes its direction. Introducing normalized velocity as usual 5 =v/c , equation
of spin motion finally comes to the following

—

9 e T\ ixixiy=daye 7 L 5, @
E—{Gﬁﬁl} Ex(BxB) {Gﬁm} Exr (A18)

where ¢ stands for the scattering angle and the vector d P/dt directed normally to the scattering

plane. For intermediate energy of our interest ¥ ~40 | so the term in bracket ~1 and, finally
KL (A19)
dt dt

The last equation means that spin rotates to the same angle as the scattering one, i.e. spin follows

the particle trajectory.




Spin flip in undulator

—




Depolarization at IP




Kinematic depolarization in undulator

Does not depend on Energy%
depolarization ~ (K /7




Calculations with KONN show that these parameters satisfy ILC




UNDULATOR DESIGN

f

Complete design done;

System for magnetic
measurement designed;

Undulator includes

correctors and BPMSs; _
Current input one/few

modules (ten)

p—
Will be extended to 2 m long ~4m total

]



