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POSITRON SOURCE FORILC

Helic.gl Undulator Electron source
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Buncher Detectors (push_p“‘{}jﬁ_i Beam Delivery System (BDS)  Spin Rotator

Electron Main Linac DR+Detectors Positron Main Linac

S | S | S —

POLARIZED

Positron source is a complex system which includes a lot of different components and
each of these components could be a subject of a separate talk



MORE DETAILED VIEW TO THE POSITRON SOURCE

. Photon dump Positron transport
Main structures i ) % : channel

RF structure | "
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Main structures Main structures Main structures
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(POLARIZED) POSITRON PRODUCTION

+cross diagram

Polarization is a result of selection positrons by theirs energy
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CONVENTIONAL POSITRON SOURCE-CASCADE PROCESS
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UNDULATOR SOURCE OF GAMMAS

H - magnetic field value

Deflection parameter

Angle to observer



Photon number spectrum, K=017, lambda mm, first and secondx10 harmonics
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Cornell (special codes for conversion, eddy curr., target dynamics), ArgonneNL, SLAC

Cornell, Daresbury/DESY/Rutherford Appleton Lab/Durham U.

Livermore, Cockroft/Liverpool/Daresbury, SLAC, ANL (eddy currents), Cornell,
DESY/Zeuthen (target hall activation). BINP Novosibirsk (Liquid Pb)

Requires more

SLAC, Livermore, ANL, Cornell
efforts

Cornell, University of Liverpool, DESY/Zeuthen

Cornell, ASTeC Daresbury Lab, DESY/Zeuthen

SLAC, ANL, Cornell

Cornell (Combining scheme for few targets)




Cornell codes for positron conversion

PROGRAM KONN
T.A Vzevelezhskaya, A.A Mikhallichenko

Monte-Carle sinralation of positron conversion

Energy of the bease;

Length of undulator;

Undnlator period M=L/)\,, ;
K-fasctor;

Emittonce;

Betu-function;

Number of kormonics (four);
Nuubrer of pesitrons to be generaied;

CALCULATES at svery stage:
Efficiency in given phase volgme;
Polarization in given phase volume;
Beamn dimensions;

Phase-space dstribations;

Beam lengthening;

Energy spread within phave space;




Polarization effects implemented in KONN

I POLARIZATION CURVE APPROXIMATION
T EP=POSITRON ENERGY/ Egamma-2mc?

EP4=EP-0.4

EP6=EP-0.6

PP=0.305+2.15*EP4
IF(EP.LT.0.4)PP=PP-0.05*EP4-2. 5*EP4**3

IHPR.GIT A PP=1. Sentinel
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| PP=PP-0.55*EP6-2.6*"EP6**2

Depolarization occurs due to spin flip in act of radiation of quanta having energyo <ne, <z
where E, stands for initial energy of positron. Depolarization after one single act

D=1-

da,‘]fe (é'l > é'l ) - dG:Ve (é'l :_é’l)

do
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Where 99:($1-¢1) stands for bremstrahlung cross section without spin flip,707($1-—¢1)
is total cross section.

—the cross section with spin flip and  doy
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Particles described by 2D
array (matrix). One parameter
numerates particles, the other
one numerates properties
associated with each particle:
energy, polarization, angles to
axes

Code has ~1400 rows;

Will be added solenoidal lens; o

Will be added more graphics;

Possibility for the fil
exchangé with glapﬁlcal and

statistical Codes (JMP);

Possibility for the file
exchange with PARMELA;

P
BI
1500008.08 17586.8 1.86¢ 5515 5150 406668.8
AMS

-a372
-4288
-70856
.5951
.6141

CONUERS 10N
FOCUSING
ACCELERATION

WHAT TO DO?

Example

= .388 AL = .488 DU =

s PARAMETERS OF ACCELERATION e

IDISTANCE TO RF STRUCTURE cm
[RADIUS OF DIAPHRAGHM
ILENGTH OF RF STRUCTURE c¢m

= 2.88088
cm = 3.00080

iPeﬁod

: K-factor

TED = 4811~
EFF = 2.865

RIG
.58

GG
.878

215
2.383 PZIM
lﬂB 685 DTH
= 3.8 AL/Ko=

58.225 D? =1880008.080
-.817 PUG = 19.871
-464 NA = 2488
18.80 HeUxcm

-B4@ DEM = 136.
58.176 DPZ = 5.

-628 WY =  2.865
.48 HB -840

344 =

a81 PRH =

EPSF -
EFF(EX.CI>

-8286 -8379

-195%9 -1583

-1486 -1849%

-avae .B255

-B211 .B186
EFPCEX.CT>

-B644 -B738 -.086087

-4893 -4158 -3323

-6318 -6424 -6483

.6645 -6523 -5436 -5939

.6423  .6217 .6786  .60896 ? | EfﬂcienCY and

778
QFF =1.618 EFP= 47.428 } polarlzatlon

.B222
-4642
-6618




Codes used in other Labs are FLUKA, EGS4 and Geant4
SLAC, ANL

Results depend on the collection system model used

Cornell model uses Lithium lens for the focusing as a primary unit

Calculation of conversion is fast growing activity
Good example gives Argonne National Laboratory—

began calculations with Li lens also (W.Gai, W.Liu, K.-J.Kim, 2007)
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Cornell LEPP and Daresbury/Liverpool U. are the only developers of
undulators for the conversion system
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ILC Beam parameters important for undulator choice

Angular spread in radiation 3-10° (K=1)

Angular spread in beam, vert. Yy = +3.5 108

Angular spread in beam, hor. o - /B +3.5 107

Radius of beam helix 1= A K/ 5-107cm (K=1)
Beam size, vertical yz=2 = B/ 1.4-103 cm

Beam size horizontal y=2 = B/ 1.4-102 cm




K. factor as function of radius

12 mm period

Y x =K factor with 56 flament wire @ 750 A, 10mm
8 =K factor with 56 filament wire @5504, 12mm




UNDULATOR DESIGN (cornell)

Complete design done;

System for magnetic ol |
measurement designed; 3 |

Undulator includes correctors
and BPMs;

Diameter of cryoé\fht\__-
100mm only N

A R e R p—
b R :
l’r
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Will be extended to 2 m long ~4m total
m
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Wires for undulator

0.3mm dia bare ,55 filament wire

dia| barg ,56 filument wire

1.35:1 54 filaments

= 2:1 66 filaments

CRITICAL CURRENT WERSUS FIELD FOR DIFFERENT WIRE SIZES @ 4.2K

FOR 54856 FILAMENT SUPERCONDUCTOR (NbTi IN Cu MATRIX) )
sc_wire_graphs.dwg

All new wire is a 56 filaments with SC to Cu ratio 1:0.9
\We switched to 0.3 mm bare from 0.6 bare
Wounding with bonded tape of four and six wires in parallel 19



Bailing temperature of He as a function of pressure, mmHg
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8 mm in @ clear

SC wire 54 filaments | 56 filaments 56 filaments 56 filaments
# layers 5 g 3 e 9** (12***) +sectioning

A=10 mm @300 °K K=0.36 tested K=0.42 tested K=0.467 tested K=0.5 (calculated)

A=12 mm@300 °K K=0.72 tested K=0.83 tested K=0.92 (calculated) K=1 (calculated)

For aperture ©6.35mm we expect for period 10mm K=0.7; for period 12mm K=1.2

L3 T L] ° 10 " 2 13 14 AL AL
Ta 15 16 ST 48 4% BG 34 23 33 34 2% 26 BF RS B9 B4 3% 33 33 34 38 34 37 B8 BS 48 &% 4% &3 A4 A% A8 A &




UNDULATOR DESIGN (Daresbury)-This Conference

{or =3 LTV O
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Diameter of
cryostat 400mm




TARGET DESIGN

M

Motor drive

e

RF st

Possible kick by RF input

Flux concentrator



Rim/Desc Tarpst with AMD

19:50047 2206
FlexPDE 5.0.3

30 coil AMDY, Grid#] p2

P2 Modes | 3.3 pewer= 34621
comegal= 20000000 Fx_mi= 1440823 Fy_int

19:50:4 0
. B} FlexPDE 5,003
1950047 82006
FleaPDE

Grd®l pd Nodkes=98047 Cel
Fa_imi= | Fy_inl

power= 34621
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Conversion unit on a basis of spinning W+Ti and short focusing lens

Spinning disk W (+Ti)




COLLECTION OPTICS DESIGN

20 MeV gammas; target- W . thickness-1.5mm

"V Angle of capture
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Angle of capture, rad




This serves as a prototype for ILC
_capturing system with solenoid




LITHIUM LENS BASICS
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Doublet of Lithium lenses in Novosibirsk BINP
Photo- courtesy of Yu Shatunov (May 2007)

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 in Damping Ring)

Lenses shown served ~30 Years without serious problem (!)
)
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Utilization of Lithium lens allows Tungsten survival under condition required
by ILC with N_~2x107'° with moderate K~0.3-0.4 and do not require big-size
spinning rim (or disc). Thin W target allows better functioning of collection
optics (less depth of focusing).

Usage of Li lens allows drastic increase in accumulation rate, low K-factor.

Field is strictly limited by the surface of the lens from the target side.

Liquid targets such as Pb/Bi or Hg allow further increase of positron yield.
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One can equalize the focal length of the Lithium lens and the solenoidal one

1 GL _IH [ (s)ds

Pt

f (HR)  4HR)

where (HR) =pc/300 stands for magnetic rigidity.

Maximal field comesto /7 max = 63KG (for 30MeV particles)

For generation of such field the amount of Ampere-turns required goes to be

H |max A
0.4x-n

262 kAxturns (30 MeV )

nJ =

38




Spacers

Qil out




COLLIMATORS

Analytical




~ Coolant  Graphite




Hg, InGa liquid




Perturbation of emittance

Perturbation of emittance is small as the beam propagates as a straight line

Perturbation of polarization

Perturbation polarization due to multiple scattering - absent

Spin flip in target ~5%

Spin flip in undulator - hardly mentionable
Depolarization at IP ~5%

Cinematic depolarization in undulator -absent

Polarization drop could be reduced by increasing the length of undulator, making
target thinner (two targets) and beams more flat at |P. 43



UNDULATOR CHICANE




COMBINING SCHEME comen

TLC 4 M TLC 4 M




RF STRUCTURES -SLAC and JNR (Dubna)




E166 at Final Focus Test Beam area at SLAC

International Polarized Positron Collaboration




3D scope of E-166

Undulator

Positron table

AutoCAD drawing
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| Undulator area (SLAC FFTB)




Helical undulator (Corneli
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1 m long; period 2.54 mm; K=0.2; & of aberture 0.88 mm



Analyzing magnets (DESY)

For Positron table
7.5cm Fe
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For gamma f
15 cm Fe
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Spectrometer (Princeton, SLAC, Cornell)
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Target holder has 5 slots

Located inside the chamber
and can be moved remotely

DC solenoidal focusing lens; multi-
turn, sectioned: water  cooled
conductor

W target gives ~45% higher yield, than Ti one with the same thickness, ~0.4X,
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o
Modeling of E-166 experiment with KONN

R —

Dependence of
polarization seen in D
experiment 099 4170 4033
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# Zouthen e " degree of polarization

a  Tel-Avive " degree of polarization.
— Zauthen e " degree of polanzation 1 * Harmonic (at the conversion target)
—Wahagn e * degree of polanzation 1 * and 2™ Harmonic (at the conversion target)

e" Energy [MeV)




CONCLUSIONS

Start to end Monte-Carlo simulation code for conversion running at Cornell confirmed low K factor
possible with focusing by Li lens; K<0.4 -big relief for conversion system

Standard packages FLUKA, Geant, EGS4 used for conversion calculations in ANL, SLAC
Dynamic models of pulsed target heating developed (Cornell)

Eddy currents calculations done (Cornell, ANL, LLNL) show problems with spinning target in magnetic
field

team tested 10 and 12 mm period undulators, aperture . Reached K=0.467 for 10 mm period.
Reached K=0.83 for 12 mm period

Will be build undulators with 6.35mm aperture, K~0.7 for 10mm; and K~1.2 for 12mm,
Pumping of Helium was tested at Cornell, gain >10%;
Arranged fabrication of yokes up to 3 m long in industry,
team tested undulator with period 11.5 mm, K=0.93, aperture 5.35 mm
4-m long Undulator module fabrication and its test is a priority job—> end 2007; Cornell and Daresbury

Undulator design satisfies ILC demands, polarization at initial stage will be 30%; possible 60%

Target requires more efforts for final choice;
Collection optics requires more efforts for other than Lithium lens (Li lens-OK);

For 2x500 GeV, conversion system requires more efforts (one solution is to move the system as a whole
to a new 150 GeV point) .
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Back-up slides
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Just remind

_, n-2.48-(y/10°)?
Eﬂ’” - 2 2 n2
A[cm](1+ K" +y~9)

~

Goes to few mm period for 50 GeV beam

[Mel']

1
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Transmission Polarimet

Incident Photons Transmitted Photons
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Spectral distribution and polarization schematics

All higher harmonics
zero intensity in straig
forward direction

heeds
ith the

— Polarization




e
Analytical calculations of conversion

dN, AN,  aK*L ~ .
Spectral density of radiation ) —Z = ZFH{AJ)

T
where S T E, s is the energy of photon radiated straightforward
. 1+K° (2s—1)* , - -
F (K, s)=J"(nx)+ J(nK) xk=2K Jstl—s)/(1+ K"
d : AE7 si—s] " Vs(l=s)/ )
The number of positrons generated by a dN, oKL 7 —(]—FE1 E/l = e )
single photon in the target becomes dE+dr ;/ nc 9
For E0=150 GeV, L=150 m, 1 df\-‘r,r o [1 ;ﬂ{er] H.Bethe, W.Heitler, 1934
K2=0.1, r=0.5 (rad units) Nyt dE, : o
1 --geometrical efficiency of
. S o capture
Analytical formula taking into account finite length :
of undulator and finite diameter of target Z;,- are the coordinates of
E.Bessonov, A.Mikhailichenko, 1992 undulator end and beginning
I K: - calculated from the target
AN, =210 = 6-——_"lp position;
Au 1+K~ z y is a fraction of what is

. the target radius in respect
For £ =% , L=200m, A,=1cm 6=0.5, K=0.35, n=0.3 to the size of the gamma

AN = 3 spot at the target distance

+1



Bending magnet and focusing Electron source
“n..\‘_




Comment: One practical application of a diagram with polarized electron

Polarized electron source

“~Stacking positron ring




H.Bethe, W.Heitler, 1934

-4 4 "7‘:\*“7 A
Total cross-section per one atom s = L N Y Grx)ax = ON X
B R U

-1/3

2
Glx)=x" +(1-x)° + %x(l —x)—x(1—x)/(9In(183Z7%)

The number of the positrons at - T _ _ _
the exit of the target N,zN,o,,N= G\ ,T T-thickness in X, units (~0.5)
Let /7 describes the geometrical VN 7 . 7 05.-0.3~0.11(11%
efficiency of capture, then for n=0.3 ~ + 7 ¥ g T = 4" 2-0.32 0.11(11%)
This factor must be reduced by 1/3 —cross N /N =3.5% So the number of photons
section difference from 7/9 , coming to Sy T per electron required ~30 for
each positron at the exit
Using the formula for L

30=dra—K> > K° =304,/ 4nd

i

Substitute here L=200m, A,=7cm, one can obtain K=0.13

the number of photons

In reality K~0.3-0.4 required for spare

Gamma beam passes thought target with~13% attenuation; few targets can be used (Cornell)
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CONVENTIONAL POSITRON SOURCE-CASCADE PROCESS

-3
E./2 E,;2*° E,/2°
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Helical Undulator based polarized positron source for the ILC




Undulator radiation in E-166

dilidsiM, frst harmonics
Photon number spactrum, K=0017, Bambda=2.4mm, first and secondx10 harmonics
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E-166 : Plan View, r2

I m-long Undulator T
\

Toro

) / OTR
=

BPM |  HSB

WS&

PC, TV Cam BPM:

/7

Sliding Table

I
I

u

2.5 cm id tube

(50 GeV)

Ion Chamber PC

3 mm id
D

Hcor QP6
K 7/
3 HS|32
PH,
Si-W
(PCAL)

BPM

BPM

Pb Shielding -
(~80 rad. len.)

(~108 attn. req.)

~1.5m

~35m

Aerogel FC

15 cm Fe
e+ Target

4

Bx3}Csl

0
45 cm | 9}-" Bends 7.5 cm Fe gio

B-Poly Shielding
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is going by secondary particles (positrons and
electrons) is 0E~2 MeVem?/g, Secondary beam diameter d=7cm .
Area illuminated is going to be S=1/4 md? =0.4 cm?.
Volume density of Be is p=1.8 g/cm?, for thickness 0.5 mm
Energy deposited in a material of flange going to be

AE=QE p t/lcm =2:1.8:0.05=0.2 MeV per particle

So the total energy deposited by train of n, bunches with population N each, comes
to

E,, =2 AEXNxny,xe  joyles.
where e stands for the charge of electron. The last expression goes to be

E .= 184

Factor reflecting spare particles, ~1.5-2 , factor two- reflecting equal amount of
electrons and positrons and, finally, factor reflecting efficiency of capturing ( ~30%).
So the final number comes to—> =21J.
Temperature gain by heat capacity of Be C = 1.82 J/g/degC comes to

AT = Emr ~ Emr ~ 21 ~
- mC,  pSIC, 1.8x1.82x0.05x0.2

660 deg.
One needs to add the initial temperature which is above melting point of Lithium,

coming to maximal temperature ~850-900 deg. Meanwhile the melting temperature of
Be is 1278 deg, so it withstands. 71



~a’-(HR)
If the focal distance is given, the current required could be found as [ = TO02EL

For the primary electron beam of say, 20 MeV{ [IR ) = 66 kGem Suggesting F=0.5 cm, L=2cm, a=0.5cm

0.5*.66 .
I= 2 _83.25kA4
0.2-0.5-2

e 13.6Mel rXO
= e _YLJ_

Scattering of the beam in a Lithium rod target could be estimated as

where -\ —is an effective radiation length of Lithium, X, =833g/cm® (or156 cm),

36 [ 2
<@ > = 1%6 1:6 =0.077 rad
& 2

Resistance of the 1 cm long 1 cm in diameter Lithium rod could be estimated as

! v —is the thickness of the rod in g/cm?.

R=p./ma*=144.107-2/7/0.5 =37-107  Ohm.

the instant power dissipation in the rod as bigas P=7°-R=83.25".10".3.7-10° =2.5.10° Ww.

If the pulse lasts for 1 seconds with repetition rate 7, Hz, then the average power dissipation will be
< P>=J o R- fT

.For f=5Hz, 1= 2ms the last goes to <P>=25-10°-5-2:107 = 25 kW 25
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Kinematic depolarization in undulator

Process can be considered in a system of reference rotating with frequency S% S

A

i

Yu.Shatunov, V.Ptitsyn, E.Perevedentsev,1993

I_J
& d>p D) P P
b _} x(b _b)E, <0 where

8 8 % {[Hﬂf‘ e Au'(}ﬁu} {l+u’“’ > Au Au%}

G=(g-2)2 can be representedas G =1/y, where v, corresponds to 440.65 MeV

505 5+§ ‘1+1 eHa, | °°0“|_'A "'p ) i%
L %] mey A A 5 A

/0

Does not depend on Energy—>
depolarization (K /7, )

During passage through undulator spin rotates around y’ = ¢ =

This needs to be taken into account while preparing polarization at |P




Depolarization at IP

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 effect
tolerates to the polarization of electrons at IP as well. Later many
authors also considered this topic in detail. General conclusion here Is
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. 75



Spin flip in undulator

Positron or electron may flip its spin direction while radiating in
magnetic field. Probability:
1

[Secl]zwﬂ@;_j( “ CDO ( —Q'H Sﬁeé,lJ

T 16 a ¢

e

Probability of radiation:

I 2¢'Hy> 1 |
- a2 2] =—0$}/ (00
m-c’ mw,2y- 3

A, =r/a=e/mc*/a=3.8616-10""

The ratio  “m _15V3 & [ ——Cn ( Q] (K~1)

w = = —
rad 2
3

nw, 2y~

W, g 16 A‘

Effect of spin flip still small (i.e. radiation is dominating).
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PERTURBATION OF EMITTANCE AND
POLARIZATION

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 posiron carries out ~(0.5-1)iiw -energy of gamma quanta. As
positrons/electrons created have longitudinal pl}]allZﬂllDll it 15 good to have assurance that
during scattering in material of target polarization is not lost. Each act of scatterng i1s Coulomb
scattering in field of nucler. So BMT equation describing the spin & motion i electrical field of
nucler looks like

ﬂ— £ [r?

=t (AL6)
dt mc"'?'l

2 . 3 . 5 ¢ 3 --
=1.1596x107" ~ — . Deviation of momentum is simply dp/dr=eE .

5

So the spin equation becomes

di’: l:. {G;,q— 7 }._: “l | {(ALT)

dt  mey ytl

. N . i . dp d
We neglected variation of energy of particle during the act of scattering, so EEW? T and

vector P just changes its direction. Introducing normalized velocity as us
of spin motion finally comes to the following

@ {Gﬁ }Cx(ﬁxﬁ} {Gr+ ]éx‘”’, (AS)
dt +1

where @ stands for the scattering angle and the vector d @/dt directed normally to the scattering
plane. For intermediate energy of our interest ¥ ~ 40, so the term in bracket ~1 and, finally

(A19)

The last equation means that spin rotates to the same angle as the scattering one, i.¢. spin follows
the particle trajectory.
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Choice of undulator parameters = main issue
Choice of target dimensions

Choice of collection optics parameters (Li lens)

(main activity)
Undulators with period 10 and 12 mm having 8 mm aperture tested at Cornell
Designed undulators with aperture 4" (/mm magnetic core)

Rotating Tungsten target (including new sandwich type)
Liquid metal target: Bi-Pb or Hg
Dynamics of heating

Lithium lens
Solenoidal lens

Collimator for gammas
Collimators for full power beam

Perturbation of emittance in regular part
Polarization handling

Minimal possible parallel shift

83
Two-target scheme






