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>60% positron polarization

Polarized electrons can be obtained in the same way

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

Angle of radiation
and the energy of the
photon are not
independent

Polarization curve needs
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Code KONN

Initiated in 1986; continued in 2007-

3000 FORTRAN lines

Undulator \ ‘ Target

Monte-Carlo




FROGRAM KONN
T.A.Vsevelezhskaya, A.A Mikhallichenko

Monte-Carle simmlation of positron conversion

Energy of the . Acceleration:

Length :}‘“ﬂ;m; Tarpet: Distance to the lens;

Undnlator period M=L/);; Distance to the undulatsr Lemgtk of stractre;

:m:m; M; of aarpet: Diameter of collimator ot fie entrance;
Betu-flinction; Materiol; Diwsneter of trices;

Nuather of karmonics (four); Dinmseter of kole at conter; ~ BXVernol dolenolial field;

Nuanber of positrons to be gemerated; Step of calculition Frrther phase volume capinred;
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e Leme:
Distunce to the targel;
Lengti;
CALCULATES at svery stage: Digmeeter;
Efficiency in given phace volume; Thieness of flanges;
Polgrizatisn in piven phase volume; Materiol of flanges;
Beone dimensions: Grodies;
Phase-space distribations; Step of calcnlations;
Beam: lengthening;
Energy spread within phase space;

Interactive code, now has ~3000 lines



Optimized efficiency and polarization for rotating target

calculated with KONN

Beam energy, GelV 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 le-9 le-9 le-9 le-9
Bunch length, cm 0.05 0.05 0.05 0.05
Beta-function, m 400 400 400 400
Length of target/X, 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, c¢m 3.0 3.0 3.0 3.0
Aeceptance,  Mevem 5.0 5.0 5.0 5.0
Energy filter, E >-Mel 54 74 92 114
Energy filter, E< -MelV 110 222 222 222
Efficiency, et/e 1.5 1.8 1.5 1.%
Polarization, % 70 76 75 70




LOSSES FOR DIFFERENT MATERIAL OF TARGET

If energy O deposited in mass m, then the temperature rise is

o
AT =
me,,

where ¢, stands for the heat capacity. In its turn, for the 1cm* cross section

O =l[em]x1[em” | x2[MeV | g/cm® |x plg/em’].

—_—

For the gamma target, the length / is a fraction of radiation length, 7=1.Y,/p.
O =X, xI1[MeV]

. ¢
From the other hand m= pxllem*1x—=2X, xI[g].

L

so the temperature gain goes to be

Al = © K] |= = ,
CMWEE-TE A 25[Mol |/ g/°K | = const: (D — P law)

For Ti ¢,=05J/g’’K;  forW ¢,=0.134J/g/°K ; for Pb ¢;,=0. 13 J/g/°K,
So ratio of temperatures comes to
AT AT AL, =1:8.7:38; (A A4, =47 183 :207)

The ratio difference in temperature gain is not so drastic; however it is important if the

temperature approaching the melting threshold.

Usage of heavier targets desirable from the point of lowering of focal depth (~10
times) needed to be serviced by capturing optics, however. Also, the positron
production efficiency is higher for heavier materials. All together this gives ~50%

higher yield for W compared with Ti.
E-166 PREFERRED W TARGET



| Moving target --- TEMPERATURE IN A TARGERT---Stationary target |

DISTRIBUTION OF TEMPERATURE IN TARGET T<(R.Z> DEG PER 18"13 INITIAL ELECTRONS

DELTA R = .812 cm, DELIA Z = .803 cm

.996 1.144 .844 .43% .88 .6 .88 8688
1.358 1.368 1.892 .853 .558 841 .68 . e .68 .68
1.756 1.6681 1.381 1.063 .631 .B59 888 (5]0]C) .88 (5]0]0)
2.041 1.888 1.566 1.898 .728 .B83 .8e1 .o 688 688
2.200 2.169 1.756 1.234 .826 .188 882 .06 .88 .88
2.539 2.418 1.884 1.418 .882 A3 B84 aea .88 aea
2.765 2.594 2.116 1.522 .978 .164 . 886 .06 .88 .88
2.889 2.745 2.174 1.598 1.846 .184 a1 .0 .88 .88
3.485 S 2.336 1.676 1.141 .215 .B14 ae1 .88 aea
Saddh 3.831 2.486 1.734 1.188 .221 819 . a3 .88 .88
3.638 3.899 2.709 1.879 1.282 .255 .B24 .63 688 .B88
3.884 3.366 2.834 2.012 1.0 255 .384 .H36 .aa1 a1 .Bea
3.828 3.389 2.844 2.121 1.3688 .13 842 .Aa2 .81 088
3.997 3.618 2.998 2.189 1.482 31 .H68 . a5 .81 .Bea
3.872 3.878 3.013 2.248 1.47%5 .33 875 .A6g .81 .81
4.001 4.074 3.173 2.348 1.531 .363 .H68 .12 .Bea .Bea
4.115 4.137 3.2 2.485 1.543 .398 .87 016 .81 088
4.245 4.118 3.366 2.621 1.583 453 .B78 .24 .B83 .B88
4.678 4.128 3.461 2.563 1.694 .481 .B86 .A23 . B85 . 688
4.814 4.149 3.584 2.633 1.698 .524 837 .18 .Ba? .Bea
4.883 4.301 3.690 2.614 1.685 .543 117 26 . 886 . 688
5.867 4.599 3.619 2.682 1.8A3 .547 .138 .26 .Ba? .ae1
4.838 4.644 3.668 2.743 1.8688 .56% 141 @39 . B85 .B@3
4.777 4.696 3.764 2.846 1.845 .586 .164 a45 .BB8 .Ba3
4.6081 4.571 3.884 2.951 1.969 .586 174 .B46 .aie B84
4.773 4.578 3.85@ 2.987 1.989 .587 .289 . @54 a2 . B84
4.615 4.6081 3.955 2.988 1.953 .58% .19% .48 a7 A66
4.778 4.687 3.991 3.897 1.988 .628 .206 .A6A 823 .B@5
4.536 4.546 4.049 3.828 1.992 .64% .197 Miyvat .B22 . 688
4.564 4.695 31.976 3.138 1.944 66A 216 @72 821 .ain
4.549 4.763 3.918 3.164 2.838 .673 .218 .75 .B25 .Be?
4.406 4.773 3.948 3.852 2.878 699 .228 .89 827 . BB
4.793 4.688 3.979 3.663 2.068 . 786 .237 ag2 .B26 .Ba?
4.798 4.726 3.949 3.837 2.084 irabl .239 . 086 .A33 .BB8
4.836 4.798 4.093 3.161 2.886 . 749 .245 .A96 .A38 A1
4.715 4.577 4.049 3.134 2.872 . 758 252 .A93 .A37 ang
4.563 4.692 4.043 3.169 2.884 . 749 .286 . @97 .A34 .A13
4.618 4.854 4.876 3.145 2.851 .787 .286 .187 .A37 a7
4.783 4.731 4.@53 3.27% 2.835 . 765 .27 117 .B44 A11
4.918 4.692 4.151 3.213 2.895 .77 .282 .13a 843 A2
b - : 3.223 2.185 .889 .307 Al 843 815
g 3.189 2.117 798 .326 .148 841 817
b 3.165 2.181 792 .296 .133 .846 821
4, 3.156 2.894 . 762 319 .132 853 821
i 3.187 2.137 . 782 319 .123 863 .820
4, 3.277 2.138 . 764 .316 .13 864 824
G 3.228 2.116 . 781 319 .142 862 822
i 3.286 2.133 . 786 .388 .146 858 823
b 3.182 2.899 . 788 312 .134 859 824
5 3.128 2.129 817 313 w34 863 823
b 3.14@ 2.153 .825 .383 .138 .857 .828

: 3.128 2.891 823 .322 w34 861 829

ol

781.

DELIA R =

.366
252
. 783
.274
.43
.368
.488
.534
67
.B83
.85@
.318
.B64
.118
617
.418
.291
.625
.198
.A94
557
8?77
.138
.66l
.B66
.B24
575
.428
.389
.28@
.435
.357
34
192
.661
.192
.B638
.443
19
Bpal
. 768
808
22T
.624
.168
.258
.332
.114
.836
.293
416

.929
796.
777,
774.

178
358
687
763

718.

891
34.
6?7.

187.
141.
183.
231.
262.
294.
315.
354.
364.
391,
416.
454.
474,
476.
LAz2.
5A5.
532.
548,
564.
580,
6ha.
618.
666
613.
631.
651.
645.
663.
669.
678.
bbb .
b56.
661.
667.
662.
686.
678.
677.
683.
679.
695.
685.
780,
681.
699.
693.
701.
698.
782.
714.
723.
725.

342
673
852
460
226
499
538
349
942
846
562
758
767
206
508
761
650
209
an2
392
338
342
961
735
704
700
179
142
544
186
241
826
652
898
873
198
182
244
829
815
438
595
788
842
175
701
a2
726
618
492
608
141
878
933
558

812 cm,

. 766
174
.238
.149
sl
881
.B95
721
.862
.827
.157
.748
AL
.b63
.97
353
.688
.A37
.986
.349
.580
.408
.658
. 486
A
g
.937
.260
.839
.83\
.79
.388
.274
772
.469
. 769
.551
Biat
.Ba?
.54a
.287
.345
.286
.738
L3l
671
. 736
.240
.383
.469
.247

.479
533.448
524.532
526.515
524.466

204
.398
2928
A4
.655
.135
857
.72a
.418
885
578
.372
.264
778
.973
.37
.B24
.154
.331
. 788
. 788
416
.Bag
. 761
.589
.273
.816
.269
848
.H38
.486
.398
sl
.880
.428
.182
.693
.473
774
.476
.965
876
152
.329
oy
.944
.325
.133
.3081
.583
.832

. 785
351.962
356.965
361.819
350.632

132.
137.
138.

137.

Each particle radlates 1.07 GeV in undulator

.883 cm

.231
.67
.458
573
.934
.916
.946
.748
.831
. 088
.548
.798
887
872
.6%96
.997
.558
.199
.472
81
.692
893
. 786
.828
.B42
.73
.389
.38?
.318
.435
.885
875
.824
589
829
.257
.341
.288
541
.695
.638
.Bee
.322
.298
.5%4
. 738
.75
.829
.182
867
.926
.744
154
@57
362
991

=
kO 50 50 =0 -0 O b L G o B

- Bt N [ B = = L R A TR R et e

DISTRIBUTION OF TEMPERATURE IN TARGET T<R,Z> DEG PER 18"13 INITIAL ELECTRONS
DELIA Z =

.118

.8ea
.86a
.Bea
.Bea
.Hea
.aea
.Bea
.B46
.Baa
.80a

.86a
.Bea
.123
.242
1192
.182
854
.251
.56
. 796
119
.B46
.116
875
.324
.658
857
. 785
871
.69
.5%6
.19%
Lk
.368
.618
.394
.23@
.15
.214
. 386
.198
. 286
.788
. 786
.837
1.

h98

VB e el P P i b P B b ek ek ek e ek e




TEMPERATURE ALONG THE W TARGET FOR DIFFERENT RADIUSES

per 1013 initial electrons; spinning target

- 012
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. 12

Edge of collimator.

Each particle radiates 2.76 GeV in undulator



The negative pressure phenomenon confirmed here

ILC Target 10:53:28 1/18/

1
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ILC_Target_with _pressure: Cycle=10264 Time= 1.0000e-10 dt= 8.6496e-15 P3 Nodes=1500 Cells=394 RMS Err=!
sigmar= 0.250000 sigmaz= 0.050000 Surf_Integral=-9.271943
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Pressure along the target; beam passed from the left to the right 0.1 nsago 10



LITHIUM LENS BASICS

If steady current | runs through the round conductor having radius a, its
azimuthal magnetic field inside the rod could be described as

0.47dr
HS(F) = 27ZZ12

where magnetic field is measured in Gs, a—in cm, | —in Amperes. Current
density comes to j. =1/m” The particle, passed through the rod, will get the
transverse kick

H(x)-L _ 02[Lx
(HR) — a*-(HR)

12

a

Lithium rod L Target

This picture drawn

§V DX for the focusing of

| electron beam to

Primary | MR the target
bunch ‘ )a J
-
~i
a’ - (HR)
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So the focal distance could be defined as the following F
0.21L 11



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

~ Efficiency as a function of current, per=1cm, K=0.9, Length=100m,dom=150m, W=0.5X0
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Current, k&

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, € 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.l.Silvestrov, A.D.Cherniakin
“To the Conversion System for Generation of Polarized Beams in VLEPP”, BINP, 1986
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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.

£t 65 5§ S8 8
3
S F & &S

s &

5577 o W 30 Zeme FE ) Zo 50 Tme ® 0 3 U 1) ETE TR L) Zrm

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 sed 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*'1; ~0.7Hz operation (defined by the beam
cooling rate in a Damping Ring)

Lenses shown served ~30 Years without serious problem (!)
14



Lens with liquid Lithium for ILC
last generation with classic collet clamp

7
]

mana)
i
[ 1.". OO

O '-.:_ [?::‘

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!®



THE CONCEPT

|77

MK

W window BN window
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Eﬁ@ vﬁ

N N

7 %

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

//“W
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To the choice of material for windows

Table 1: properties of Lithium, Li', Be, BC, BN, W

Units L1 Be BN BiC W
Atomic number, 2 - 3 - 5/7 5/6 74
Yong modulus GPa 49 287 350-400 450 400
Specific resistance Ohm-cm 1.44x10° 1.9x107 =19 14x103 | 55X10°
Length of Xo, Xo cm 1521 34.739 70 19.88 032
Boil temperature °C 1347 2469 2ublim. at melt 3500 5660
Melt temperature ’C 180.54 1287 29713 2350 3410
Compressibility cnt*lkg 8.7 x10° 9.27 10~ 2.93 Yo
Grineisen coeft. - 2.4
Speed of sound (long) m/sec 6000 12890 16400 14920 5460
Specific heat J/g°K 3.6 1.82 1.47 095 0.134
Heat conductivity W/em/°C 0.848 2 7.4 03-04 1.67
Thermal expansion T2 4.6x10° 11x10° | 2.7x10° 5x10° 43x10°

1 Total mass of Lithium in ~7 0kg human body 18 ~7mig.
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Cabl g
o = FEED THROUGH IN DETAIL
S =
[ ]
'l | Bellows
_@_
15}
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&
Ceramic cylinder .
) System with two bellows
) , excludes net force from
o atmospheric pressure;
. i A ' Bellows
Ceramic cylinders =
// - ] ]
Lithium lens _, [FE==5 ol for trasTarding Positioning system serves for

atmopheric pressure ajustment the distance
from flange to flange

Gamma beam ray i= between target and lens —what
is required by optimization of
T yield/heating for the entrance
: & | window
Rim target 5

Axis



Variants of current duct

Cables with non organic insulation

Li Lens

Strip-line

Current duct must be able to
transfer ~ 150 kA in ~4 ms pulse
with repetition rate up to 10 Hz

Li lens 19




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 (Il)", 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

Beam pattern in ILC
200ms ~1lms
Equation for thermal diffusion in window

VVT)+0=pc, T
defines time of relaxation from its characteristic
dx’  dt k
= - =1 1=
k pey Ay
For W: k=1.67 W/cm/°K, p=19g/cm?® , ¢,,=0.13 J/g/°K

N

00
02020202020}/[
= =

Xy 52

. 19-0.13
1.67

If 6~1/2X, /2~0.09cm T 8-107° =12ms

This gives ~20% temperature drop even within a train for Wi;

To the next train the target will be cool
21



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
Calculations with Distance to the target, m 200 350 600
KONN for Thick. of target/X, 0.55 | 0.57 0.6
combined target- Radu.ls of lens, cm 0.6 0.6 0.6
lens system 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
AT per train 10013 e-, °C 172 139 270
AT in lens from beam, °C 18 35 80
AT in lens from current, °C 90 90 100
Efficiency, ec+/e- 1.52 | 1.57 | 1.52

Polarization, % 54 57 64




DISTRIBUTION OF TEMPERATURE IN TARGET T(R,Z) DEG PER 12713 INITIAL ELECTRONS
DELTA R .10@ cm, DELTA Z = .0@3 cm
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CONCLUSIONS

e As the target is not in motion, the optimization carried for reduction of the temperature
jump in a target.

e This reduces overall parameters of the system slightly, compared with moving target;
Still efficiency 1.5 can be reached, polarization slightly lower~60%

e 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.

e 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.
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« 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:

EFFICIEMCY &5 & FURCTION OF LOMGITUDIMNAL FIELD

15 -

Eff

4
Al

A\ 4

0.0

0 20 30 40 a0 G0

10
~8kG H long, kG

BEft

Pretty moderate field indeed
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Undulator bypass line

O.}1—5 MG

V.V. Vladimirsky, D.G;/v
Koshkarev,1958

S25. 10

*20.0T22-55T20,00 200, i 20.0T22.55720.oo-
|

I
! 0.45—T !
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R2040G.00

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

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.
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Scaled view on vacuumed feed through and lens; vacuum case not shown

l}l‘ Bellows
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Feeding voltage composed with three odd harmonics 1,3,5

Lithium Lens with Viscous Flow-3 12:11:14 1/5/10
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Viscose flow Jan 4 2010: Cvcle=160 Time= 4.5531e-3 dt= 2.6118e-5 P2 Nodes=17741 Cells=12198 RMS Err= 0.0615
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Filling positron ring from electron source

Bending 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.

Jirculsrly polarized DIOtons are proo-
queoed in halicel ©islés of minizel period, Much more intereesing
is %n obtzin suck fields with the aslz of the ususl heliesl
stotic Fislds and =he elesctromagnetie wsves. It may well be that
the meshod of gamna produc~ion in nelical crystals can be ule~
fad In future.

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

Crystal structure MnSi and FeGe
P.Bak, M.H.Jensen, J.Phys.C: Solid St.Physics, 13,(1980) L881-5

Helical structure demonstrates also CsCuCl;, Ba,CuGe,O,, MnS,
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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:

2 2 2 2 )2 2
N E47raL K 4 S L(eH/luj z(e j L4, H* = ozLiEO'nL
hQ Ay

=4r
! A, 1+ K? he A, \ 2mmc? mc* | 2ahc
2 2 ~ H2 2
K =eHA,/2mnc” =0.934-H[T]-A,[cm] K=y o, =m; n = o Q:/1—
Formation length in undulator lf = ﬂu L- length of undulator ’
~ = [ ~1/o,n, —Lengthof
N,=Llon =L/l ! "7 interaction

Written in this form it is clear that the photon back scattering (especially with 90°
crossing angle) is an equivalent of radiation in an undulator (as soon as the photon
energy is much less, than the energy of particle).
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