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Although usage of lithium lens for focusing of (anti)protons is more or less
known, usage of Lithium lens for focusing of positrons remains not known
widely; the only operational Lithium lens for these purposes resides in BINP

In this contest it is interesting to compare the suggested Lithium lens for ILC

and routinely operational lenses for a/protons.

Support for this investigation obtained from ILC GDE Regional Directorship of
America.




Li LENS BASICS

Li also serves as
a coolant for
windows

Beam and current are
moving co-directionally

Windows made from
BN, BC or Be

W is also under
consideration for
entrance window

For given focal distance F, radius 4, length L, the current required is

For F~1cm, a~0.5cm, L~0.5cm, E~20MeV -2 [~166kA




LENS FOR POSITRONS -ILC

Lens suggested for ILC is represented below. Lithium (92% 7Li and 7.5% 6Li) is
located inside a thin wall Titanium-alloy tube having specific resistance much
higher, than Lithium.

Lens itself is a small insertion at the center; 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 .




Li lens with current duct attached

Ceramic
washes




A.Mikhailichenko,” Lithium Lens (I)”, CBN -09-4, Aug 2009, 17pp.
http://www.lepp.cornell.edu/public/ CBN/2009/CBN09-4/CBN%2009-04.

All references are there




View from other side

Positioning mechanism

. Focusing solenoids
S Gemma collimater

Tl'imming
solenoid




Lithium lens with current duct
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Cables with non organic insulation

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




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

\ [ " Bellows




Windows attachment technique

Wolume with
Lithium

ndow: ickel gasket
BC.&BN, Be: /] T
W

Best direction of flo
will be established
by modeling




Temperature in lens generated by the beam only

K=0.92; A=1.15; Eff=1.6; Effp=32%; Undulator length=35m; Distance to target=300m

DISTRIBUTIOM OF TEMPERATURE IM LEMS T{R,2)} DEG PER 18713 IMITIAL ELECTRONS

DELTA R = -878 cm, DELTA 2 = _.6858 cm, PHOTONS GEHERATED = 7691

— R
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NEW TYPE OF COMMUTATORS FOR HIGH CURRENT

Fig.2. Reverse — switched dinistors for peak current from
200 kA to 500 kA and blocking voltage of 2400 V,
encapsullated in hermetic metal — ceramic housing and
without housing (RSD sizes of 64, 76, and 100 mm)

S.A. Belyaev, V.G.Bezuglov, V.V.Chibirikin, G.D.CHumakov, |.V.Galakhov, S.G.Garanin, S.V.Grigorovich,
M.l.Kinzibaev, A.A.Khapugin, E.A.Kopelovich, F.A.Flar, O.V.Frolov, S.L.Logutenko, V.A.Martynenko,
V.M.Murugov, V.A.Osin, |.N.Pegoev, V.l.Zolotovski, "New Generation of High-Power Semiconductor Closing

Switches for Puled Power Applications”, 28 ICPIG, July 15-20, 2007, Prague, Czech Republic, Topic#17,
pp.1525-1528. 12




Lenses with solid Lithium operating ~40 years at BINP




LENSES FOR ANTIPROTONS

Target for antiprotons, typically is made from Nickel of ~7 cm long (~half nuclear
interaction length) and operates at <1Hz repetition rate.

Lithium lens from BINP developed for FNAL. 1-Lithium, 2 —Be window, 3—Case,
4— sphenoid clamps, 5—coolant jacket, 6-Ti cylinder, 7—Coolant in/out.




FNAL Lithium lens in transformer. Scale is given by the ruler at the bottom of this photo.

Transformer
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Photo from J.Morgan, “Lithium Lens Upgrade”, report FNAL, 2002
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View to the BINP lens from the side with in/out liquid Lithium tubings




High Gradient Solid Lens
Prototype Design

From FNAL antiproton source web site




Lithium Lens Lifetime

4 5 6 7 8 9 10 11 12 13 14 156 16 17 18 19 20 21 22

Lens Number

From J.Morgan, “Lithium Lens Upgrade”, report FNAL, 2002




COMPARISON

Lithium lenses for positrons and anti-protons represented in the same scale

It is clearly seen from here that from engineering point of view lens for positrons is a device
with much modest parameters. One can expect that the lifetime will be also much longer. No
doubts that this lens could be well operational during few months period. New materials for

windows, such as BN and BC are forced to help in this intention. 20




Table 1. Parameters of lenses for positrons, antiprotons and for neutrino-factory

Positrons Antiprotons Neutrino factory

Diameter, cm 1.4 2-3.6 1.8-6
Length, cm 0.5-1 10 15
Current, kA <150-75 ~850 500

Pulse duty, msec ~4 0.1 ~1
Repetition rate, Hz 5 0.7 0.7
Resistance yQ 32-64 50 27
Gradient, kG/cm <65 55 45
Surface field, kG 43-22 80-40
Pulsed Power, kW ~720-360 6750
Average Power, kW ~15-8 3.6 4.7
Temperature gain/pulse, °K 170-85 80 80
Pressure at axis, atm 75-19 400 256-64

One can see that lens for positrons have highest average power, thanks to repetition rate
of 5 Hz. From the other hand it has lowest axial pressure. Usage of liquid Lithium with
external cooling allows drastic reduction of thermal load to the lens body and to tlﬁ
windows.




SUMMARY

The lens suggested for ILC positron system is much more compact, than the
ones used for collection of antiprotons. All technological challenges could be
borrowed from well operated lenses used for collection of antiprotons.

Lens with solid Lithium in operation for about 40 years in BINP gives
another example of success of this concept .

Usage of Lithium lens for positron collection looks guarantied after
confirmation made by usage of numerical modeling (KONN), that the energy
deposition by the beam remains small compared with the direct energy
deposition made by the feeding current running through the body of Lithium.




Backup slides




General parameters

Energy of primary beam

Undulator period

K factor,

Undulator length
Efficiency ,
Polarization

Target W/TI

Energy of quanta

Distance to the target
Lens
Feeding current, |
Field at surface, H,,
Gradient
Pulsed power
Average power
Pulsed duty,
L_ens diameter, 2a
Length, L
Axial pressure, Py
Tlemperature gain per train

~150 GeV-350GeV
10-12 mm
0.4-1
200 m
1.5
65%
1.75 mm/14.8 mm
~9-20 MeV.
100-300 m

<150 kA
43 kG
62kG/cm
~200kW
~A4K\WN
<4Amsec
1cm
0.5-1 cm**
74atmi(for L=0.5cm)
170°C at 150kA




Beam pattern Flange with recession has
200ms faster relaxation time

Equation for thermal diffusion

defines time of relaxation from its characteristic

For Be: k=2 W/cm/°K, p=1.84g/cnm?®, c¢,,=1.82 J/g/°K

Dimensions in cm

If 6=0.05cm

£ Dk
1>1or.[ e T®, [t,0, ], Frame» True, GridLines » Aur.omatic]
T
t
Plot[—, {t, 0, t}, Frame + True, Gridlines- Automatic]
T

Show [%, %%]

This gives ~20% temperature drop within train for Be

For Li thermal skin-layer for 1 msec time goes to




KONN —Monte-Carlo code for positron production starting from undulator

KONN can calculate now the energy deposition and temperature rise in target and in Li
lens at any point.

Distance between target and lens serves for enlargement the spot size on the entrance

window
~lmm 5-10 mum ~1mm

~1.57mm <—TyplCa|
. param eters

@~1.2mm

0-10 mm
(5mm)

Target could be combined with entrance flange




TEMPERATURE ALONG THE W TARGET FOR DIFFERENT RADIUSES

per 1013 initial electrons

= Eff=1.55; Effp=63.6%; lamb=1cm{Rcoll=0.048 ¢m; Pom=150 m; Und length=100 m;omega=50Hz; Rimr=50cm; K=0.92; W
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Each particle radiates 2.76 GeV in undulator




Now the target is not spinning

DISTRIBUTION OF TEMPERATURE IN TARGET T<(R.Z> DEG PER 18"13 INITIAL ELECTRONS
DELTA R = .188 cn. DELIA Z = .@83 cm Collimator

_________________________________________________________________________|

R—F

-178 -111
6.386 2.388
12.211 4. 686
17.658 6.666
23.229 §.744
29 .563 18.5%2
34,737 12.165
39.823 13.986
43 .268 15 722
47 .723 17.145
51.877 18 .682
54.937 192 .866
L8.733 20.944
68 .357 22 .863
63.827 23 .468
64.185 24.499
68 .045 25.6108
692 .764 26 8808
71.979 27.366
71.173 29 883
75 .2@A8 29.744
76 .633 38.843
78 .364 31.152
79.947 31.863
79.545 31.740
88.736 32.216
81.911 32.812
83 .666 33 .4188
83.2%96 34 586
84.613 34.365
B85 .87 35.674
86.751 35.954
88 .622 36495
89 485 36.344
89 .607 36 .608
88.595 36 .786
89 .832 36755
78.468 37.159
91.611 37.239
28.623 37.963
91.17%6 38 3608
?28.441 38 .423
93.246 38 856
22 .526 38.7923
93.128 39.141
22 .849 32.155
92.913 39.75%6
22 .267 48.144
93.494 40 . 5685




DISTRIBUTION OF TEMPERATURE IN TARGET T(R,Z> DEG PER 18~13 INITIAL ELECTRONS
Rim W target; DELTA R = .168 cm, DELTA Z = .863 cm Collimator
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K=0.44; Eff=1.58; Effp=67%; Rcoll=0.06; Lamb=1cm;Lund=170m; 150 GeV
Each particle radiates 1.07 GeV in undulator

DISTRIBUTION OF TEMPERATURE IM TARGET T<R.Z> DEG PER 1A"13 INITIAL ELECTRONS DISTRIBUTION OF TEMPERATURE IM TARGET T<R.Z> DEG PER 18°13 INITIAL ELECTRONS
DELTA R = .B12 cn. DELTA Z = .BA3 cm DELTA R = .Bi2 cm, DELTA Z = .B63 cm

.
R+
. B85 .Ba2 . Bl . Bea . 4 .Baa d Z 2 . 766
.168 118 .Ba3 .Bea .8@2 .80 ; 61. d g 28.174
.335 .208 .B@g . B8a .Baa .Baa .88 - 15, g 3 56.238
526 .347 a5 .Bea .80 .86 8808 - 134, : . 88.149
. 708 .439 823 . Bee .Baa .Baa 888 - 166. g . 118.791
853 .558 .B41 . 688 .8aa .86 .88 - 226. g 3. 143 .061
.B@3 631 .B5% .Bea .88 .Baa .Bea - 294, g i 168.095
a8 .728 .B83 Bt .Bea .86 .88 - 342. : . 182.721
.234 826 .188 . Ba2 . Baa .Baa 886 - 368. 3l 2 286862
.418 882 131 B84 688 .86 .88a - 4256 - J 237.827
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879 .282 .255 624 .B@3 .Baa 886 - 668. A . 314.976
a2 255 .384 .H36 a8l -8a1 888 - 637, 5 . 337.353
121 .3688 .313 .B42 .Ba2 . 8@l 880 - 648, : Y 355.608
.18% 482 .31 .B68 . B85 881 .88 - 5708 ; ‘ 367.837
.248 475 .331 .B75 . BB . B@1 881 - 649. 5 k 376.906
.348 531 .363 .H68 a2 .80 .88a - 570, : : 392.34%2
. 485 .543 .398 .B76 .B16 .81 886 - 589. 1 : 416.580
621 .583 .453 .B78 .B24 .883 .88 - 7. v . 439 480
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.682 803 547 .138 .B26 .8a? a1 - 849, : i S
. 743 5688 569 141 .H39 . Ba5 .aa3 = o811, .5 3. 459.937
.846 845 586 .164 845 . 888 .aa3 - g@e. X < 477.260
.951 .7689 .586 5 .B46 .B1a 7L S . & 494.839
987 .982 587 .289 858 812 -84 | 860. 2 745 . 508.830
788 .953 589 199 .B48 .81? 886 | 773,733 > 3. 499.719
.B97 .988 .628 . 286 .B68 .823 .aa5 - 861, < . 519.308
.B28 .992 649 197 871 822 .8@8 i 2 ; 506.274
.138 .944 .668 .216 872 821 .18 765, : : 524,772
.164 .B38 673 .218 875 825 .B87 | 762, i s 536.469
852 878 .69 .228 889 827 888 | 738, : 4 511.769
.63 .B68 . 786 237 .Ba2 .B26 B89 | 8@3. 5 ; 513.551
837 B84 A bl .239 .B86 833 .B88 | 8m4. 3 62 . La9.1H
161 .B86 .49 .245 .86 .B38 b1 818, 3. : 526.007
o 872 .758 .252 .893 837 B89 790, L 78 525.540
.16% .Bg4 . 749 .286 .87 .B34 813 | 765, : 815 531.287
.145 851 . 787 .286 .187 837 817 e _ i 527.345
.276 B35 . 765 L =k .B44 .B11 788, 3. 4 549286
.213 895 L2 .282 .138 .B43 812 824, 3 5 £38.73@
.223 .185 .889 .387 .135 .B43 .15 gy, B @ 540.311
.189 117 . 798 .326 .148 841 817 837, > i 534.6%
.165 161 .792 .296 .133 .B46 821 a2, z - 536.736
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To the choice of material for windows

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

Units

Be

BN

B,C

W

Atomic number, 2

4

5/7

5/6

74

Yong modulus

GPa

287

450

400

Density, ©

[g/em’]

1.846

252

19.254

Specitic resistance

Ohm-cm

1.9x107°

1K™

55x10°

Length of Xo, IXo

cin

34.739

Boil temperature

o Fami
i

2469

19.88

0.35

5660

Melt temperature

[ o |
G

1287

3410

Compressibility

cm*/kg

927 X107

Grinelsen coett

2.93 X107

24

Speed of sound (long)

m/sec

12890

14920

5460

Specitic heat

JgK

1.82

0.95

0.134

Heat conductivity

W/em/ C

~

0.3-04

1.67

Thermal expansion

11x10°

5x107°

43x10°

I Total masg of Lithium m ~7 0kg hman body 18 ~7mg.

Heat capacity, Heat conductivity — functions of temperature; this need to be
taken into account




LOSSES FOR DIFFERENT MATERIAL OF TARGET

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

o
Al'=——,
mey,

where ¢;- stands for the heat capacity. In its turn, for the 1cm* cross section
O = [[em] x1[em* | x2[MeV / g/cm*x plg/cm’].

For the gamma target, the length / is a fraction of radiation length, /=11 / p.
0 =X, x|[MeV]

X
From the other hand m= pxl[cm*]x 2; =1x, x1[g].
so the temperature gain goes to be

o)
L

AT = [FK

24
&l K ]L ] [_ 25[Mol/ g/°K ] = const (D — P Zaw)]

For Ti ¢,=05J/g/°K;  forW ¢,=0.134J/¢/°K . for Pb ¢,=0.13.J/g/°K,
So ratio of temperatures comes to
AL AT AT, 21137288 (A Ay, 247 (183 (307
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 REJECTED Ti TARGET




Losses calculated with KONN compared with systematic calculations done with
GEANT 3.21 by A.Dubrovin

M.Dubrovin,” Energy Deposition in the Li Lens”, Note on Nov 18, 2007,17pp.
GOOD AGREEMENT

Also with calculations with FLUKA:
S.Riemann, A.Schalicke, A.Ushakov, D.Andrienko, "Activation and Capture simulation”, ILC Positron Source

Collaboration Meeting”, October 29, 2008, 16 pp.

Deposited Energy per Photon

Our numbers: Nytot =101
V

o8 Mevie ()

1.44 Mevie
_ 1.61 MeVie
1.05 MeVie

{ ,Dh} = 10.4 MeV
Undulator Length = 131.6 m

Also considering calculations with GEANTA4:

W.Liu, W.Gai ,"Update on Be Window Thermal Issues”, HEP, ANL, May 16,2007
In this publication the gamma beam only was considered; no cooling; Be survives ~20sec




Can be used for
compensation of
spherical
aberrations




Lithium loop

/Heat exchanger /
Pressure gag /77




Recent calculation of Lithium lens done with FlexPD

Lithium lens 13:06:03 1/2/07 Lithium lens
e2 FlexPDE 5.0.

Current
ony=0
zoom(-i1"2

3D Lithium lens: Cycle=5 Time=0.0100 dt=2.0000e-3 p2 Nodes=421 966 RMS Eni= 5.9¢-4
Integral= 294202.9 Integral= 3

Lithium lens 13:06:03 1/2/07

7 Lithium lens
&2 FlexPDE 5.0.12 2

11,611,6"1])

Scale =E9

3D Lithium le
Integral= 1

Time dependent 3D calculations

E© code at Cornell




Li lens can be used with any target: liquid metal (Pb-Bi, Hg) or Ti rim

Right after the target located Aluminum made accelerating structure immersed in
solenoidal magnetic field.
Sectioned solenoid wound with Al conductor. Sections supplied with reversed polarities




