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150 GeV could be raised to higher value, 350GeV, while adding accelerator
sections for energy upgrade if undulator remains at the same place



Analytical calculations accompanied by Numerical ones
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WHAT TO DO?

CONVERSION — ACCELERATION
Energy of the beam; Acceleration:
Length of undulator; Target: Distance to the lens;
Undulator period M=L/) | Distance to the undulator Lengfh of structure;
K-factor; Thickess; Gradient;
Emittance; Diameter of target; Dimeter of collimator at the entrance;
Beta-function; Material; Diameter of iricfes;
Numiber of harmonics (four);—> 10 Diameter of hole at center, gx.te;nal s}:a Ie’“’”‘i"lﬁd‘k o
: ! urther phase volume captured;
Number of positrons to be generated; \ Energy gass o e p
! -—
i / S m—
Litium Lens:
FOCUSING Distance to the targed;
Lengih;
CALCULATES at every stage: Diameter; Latest add|t|0ns
Efficiency in given phase volume; Thicness of flanges;
g Polarization in given phase volume; Material of flanges;
A Beam dimensions; Gradient;
L E —Phase-space distributions; Step of calculations;
@ ‘Beam lengthening;

Energy spread within phase space;

~1700 rows of FORTRAN
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Possible optics for energy selection was considered in 2006 (AM)
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Fast kickers could be used for fast bunch by bunch operation




PVO ALD Al MB K EPS BT RTG GG

150000.0 17000.0 1.000 . 440 1.0e-09 40000.0 .05 .065 ONE EXAMPLE OF
CALCULATIONS
RMS = .673 AMS 024 DEM = 5.185 EM = 59.824 D7 =15000.00
PTM = 1.528 PZM 59.304 DPZ = 5.529 PRM = -.009 pvG = 17.901
™ = 101.329 DTM .246 WW = 1.518 WP = .736 NO = 5000
RF = 2.00 GHz AL/Xo BT HO = .045 EPSF = 9.00 MeVxcm
EPAS= 54_.00 MeV EMAX = 110.00 MeV
EFF(EX,CT)
0000 0000
-1310 0770 . .02
.0268 .0006 . : K-factor K=0.44
0144 0008 E :
Py Memlin | : Length of the target 20.57X,
EFP(EX,CT)
- 0000 . 0000 - 0000
-5899 -5964 -5868
- 7509 -I587 - 7492
.7823 781 -7394
-7245 - 76b65 - 7063
POSITRONS ACCEPTED= 8779
ENERGY ,MeV EFF/e POL ,% )
e T Energy selection
.0 . 000000 . .
0 000000 arranged in place with
.0 - 000000 d .
.0 092462
.0 911216 |SperS|On
.0 .382414
-0 .093972
.0 044852
.0 .014809
.0 004773
.0 002210 5

<EFF>= 1.546708 <EFP>= 70.480 %




ALOD Al MB K EPS BT RTG

1.0 .254 -170 1.0e-09 4000.0 .20
475 AMS -157 DEM = 412 EM = 5.615 D7
. 864 PZM S-S5t DPFE SrExiiai DN —.443 PVG
2.260 DTM - 057 WW = - 000 WP = -903 NO
e e saamw D B AR Another example of conversion
EFF(EX,CT) .
Eepe: e 50GeV beam;
_0000 0000 ‘ 1m-long undulator;
.0000  .0000 ] Per=0.254cm;
-0000 0000 - No acceleration;
RS L ASEee : Lens~ the same focal length as
EFP{(EX,CT) at E—166

- 0000 - 0000 - 0000

Energy 5-6.5MeV

- 0000 - 0000 - 0000
.9285 -9015 -.7598
-8355 9072 —.0155

.0000 .0000 .0000 : Reference:

S L T R Polarization measured in E-166

ENERGY,MeV EFF/e <P>~85%

. 000000
- 000000
. 000000
. 000000
- 000000
- 000001
- 000000
- 000000
- 000000
- 000000
- 000000 -
- 000000 .
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<EFF>= .000002 <EFP>= 85.610 %




Harmonic content;
8 harmonics

0-all harmonics
together

K=0.44

POLARIZATION FOR THE FIRST 8 HARMOMICS,
K=0.3; Per=1cm ;Rad of Target=0.043cm; Und Length=170m; Distance=150m; Zero-All Harmonics

EFFICIEMCY FOR THE FIRST & HARMONICS;
K=0.9; Per=1cmRad of Target=0.049cm; Und Length=170m; Distance=150m; Zero-&l Harmonics
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Eft

ﬂHarmmnic # Levels Options

Pl

ﬂHarmonlc # Levels Options

bEfe

POLARIZATION FOR THE FIRST 8 HARMORICS;
K=0.44, Per=1cm;Rad of Target=0.049cm; Und Lencth=170m, Distance=150m; Zera-Al
Harmanics

EFFICIEMCY FOR THE FIRST & HARMOMICS;
K=0.44; Per=1cm; Rad of Target=0.049cm; Und Length="170m; Distance=150m; Zero-All
Harmonics

100

an

0.44

Pal K

ﬂHarmnnic # Levels Options
b|Polpi=n4a

20

0.44

Etf, I

ﬂHarmonic # Levels Options
B|Ert, k=04




No energy selection

Energy selection after acceleration; 250 GeV; K=0.3
T - ]

[~

MO EMERGY SELECTION, 250 Gel;, EFF=5.24; EFP=34 8%; K=0.3; PER=1cm; L=200m

73

63

33

43

33

23

POL %

2 13 24 33 45 57 B3 YS 80 101 112 123

Energy, MeV

EFFfe

2 13 24 3% 48 57 BS Y9 80 101 112 123

Energy, MeV

ﬂENERGY,MeV Levels Options
POl
|EFFie

F4 |

EEF_EEP: Chart

EMERGY SELECTION, 250 Geb;

EFF=1 73 EFP=62 4%; K=0.3; PER=1cm; L=200m
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Fragment of output file

AFTER ACCELR- Overlay Plot of 59.01 7514715348850 2
¥ =

Probability of creation’e and probability of polarization, E=150 GeV, K=0.4; After acceleration;Emittance=6MeVxcm; Ecut=36.2MeV; <EFF>=1.534; <EFP>=38.389"%

0.002 —

poois et LT S A

0.001 - . R L Eps L

00005 —

Probakility and Prok of Polarization

-0.0005

Events

e e o e e IR L e oo e e e e e e o e
2300 2400 2500 2600 2ran 2800 2800 3000 3100

T e e e e S L S s s mo e s e e e e e
3200 3300 3400 3500 3600 3700 3800

M[=1E3

Efficiency/e; first 4 harmonics

Polarization; first 4 harmonics




SUMMARY

Latest additions to KONN improved accuracy and functionality (10 undulator
harmonics, energy selection)

RESULTS OBTAINED WITH KONN

Undulator could be kept at the same place up to~1TeV CM (if located at 150
GeV originally);

K factor could be <0.5

Focusing with Li lens is possible at 350 GeV ; current is ~ the same as for 150-
GeV conversion;

Efficiency per each initial electron/positron could be 1.5 with polarization 70%

80% polarization could be reached;( ~220m undulator+more sophisticated
energy selection, PAC2009)
10



Backup slides
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Lithium lens powering looks guarantied with new switching devices

SERVICE TUNNEL MAIN TUNNEL

Li lens
|

*
Direct supply

» lBeHows

Fig.2. Reverse — switched dinistors for peak current from :
200 kA to 500 kA and blocking voltage of 2400 V, Current required for 250 GeV
encapsullated in hermetic metal — ceramic housing and operation -120-150kA
without housing (RSD sizes of 64, 76, and 100 mm) 13



Variants of installation Li lens with rotating target (left) and liquid metal target (right)
are the same as for 150 GeV conversion

Aluminum-conductor solenoid required on first section only; further focusing
arranged with quads; Al mAde accelerator section could have longitudinal cut, so
quasi-pulsed feeding is possible; vacuum could be kept by thin-wall StSteel wrap.

Li lens

Liquid Bi-Pb alloy or Hg target

. B Tiwheel
o Accelerator structure could operate

at third harmonics (~4GHz)
Ti-W Transition optics between solenoid
wheel is and FODO is well known

possible
14



Efficiency and polarization as functions of lower boundary energy cut

This cut could be arranged in place with dispersion by scrapping low energy
particles

[@ Effeicency, 250 GeV, K=0.3, Rtg=0.6 cm, Emax=100MeV = Polarization, 250 GeV, K=0.3, Rtg=0.6 cm, Emax=100MeV J
5 75
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For K=0.3, game with collimator diameter does not improve polarization "
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Efficiency as function of emittance accepted (MelWxcm) ] '[ =
1.75 70
A
1.5 B0
1.254 s0-
1 404
= -2
w o
[l
o
0.755 a0 -
0.5 20
0.25 104
o T I I | | | | | | 0
1] 2 & 4 = =3 v g 4 10 11 i
Emitt e zcm

Polarization as function of emittance accepted

Emitt Me'swcm

Acceptance of DR according TDR

cp,
P

£, =2CP, - AX=2

.MC’y - AX = 2mc’y - AXAX; MeV xcm

y-AXAX = g, | 2mc?

So our 10 MeVxcm<&—->A=10cmxrad
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What is the energy acceptance and max admittance of DR?

Source: ILC reference Design Report
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FIGURE 2.4-3. Dynamic aperture of the ILC Damping Ring (without field and alignment errors) for relati

momentum errors of

of the injected positron beam

1%, 0% and 1% at x

=
By,=44m? B, ,=18m?

The energy acceptance +1% - +50MeV looks guarantied

44 m and vy

18 m. The thick green line represents the si

Admittance concluded from this figure = 2x10-3cmxrad=10MeVxcm

From the figure above, even £5 cm radial aperture is possible
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From ILC reference Design Report
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FIGURE 2.4-2. Optical functions of the ILC Damping Ring.

(- functions are within 15-40 m; max~ 57m
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A. Wolski, J. Gao, S. Guiducci (eds.) “Configuration
Studies and Recommendations for

Dynamic aperture picture in final report

the ILC Damping Rings," LBNL-59449 (2008). (shown above) looks better, than the ones
in this report
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Figure 3.29: Distribution of injected positrons from Batygin (the YB distrib-
ution). Top: horizontal (left) and vertical (right) phase space i Talized
coordinates; the red circles show the limits given by A=< 0.09 m-rad. Bot-
tom left: transverse distribution of bet amplitudes; the red line shows
the limit given by Az + Ay < 0.09 m-rad. Bottom right: longitudinal phase
space distribution; the red lines show the limits given by |§| < 0.5%. 90%
of the particles meet both the transverse and longitudinal specifications.

A

- = 7xx2 + 2axxpx + ﬂx p)f
Y

where y,, a,, B, stands for Twiss parameters

RMS emittance defined as

(A) =2,

So A, is an invariant emittancex2
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About energy for conversion: A.Mikhailichenko in “Proceedings of the Workshop on New Kinds of
Positron Sources for Linear Colliders”, 1997,SLAC-R-502, p.283

Photon spectrum normalized to the maximal photon energy s=w, / o™

(1
5(1— 2s+2s°), n=1

-

2
d_NrVE472-anM K X 25(1— S)(l— S+ 232), n= 2
ds 1+ K?

F.(K,9)
It is not a function of energy of primary electron beam

But the phonon flux expressed as a function of (not normalized)\energy is

dN,, %de~47wch K? F(KS)_47wch 2E (K.S)
d(w,/ @™) ~do, ~ o™ 1+K2 "7 2920

So one can see, that the photon density drops ~1/¢

So the energy acceptance of collection optics and DR is now a limiting factor

20
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PHOTON SPECTRUM

-=00 GeV
Hatched areas correspond
to the angle 1/3 U

So while energy of primary beam is increasing,

the spectrum picture just became “stretched”
~g° in energy and ~1/ g2 in its value

Y
=200 GeV
. g +KZ S ,
Ny 7 Hatched areas cor&espomd
dwy / to the angle 1/3
| | | i i | ‘
Wy

So the hatched area remains the same



Energy of
gamma
comes to
~55 MeV-
good for
conversion

Energy of Gamma, Me'/ for 1505250 Gey

na at
max

70 fvtel
I Energy of gamr
« M N first harmonig
.
S0
I
-
40 \\)“-2 i(lGe\/
.
Hk"‘“a\ﬁ
30
20 — e
———
“—-—_q*——__m___ﬂ_—_hm—_h_qq—__h
10
] 1 3 4 5 (5] 7 8 g 1
H
¥ + —FEgamma-150

| = —Egamma-250

(We will see, that optimal value is K<0.3)
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LOSSES, Met'in for 1306250 GeY

1o MeV/m
20U :e
a0
£0
40
P 150 Gov- |
_f_,_,-"'
20 — =
/// f”""‘f
Total losses > 1< /{f = -
~2GeV@250GeV; P g IS
e e el
0
(Eff=1.5,Pol=65%) ¢ 1 2 3 4 5 5 7 5 1
K
B + —Mvim-150
b x —hivim-250 .
Baseline TDR

With Li lens these values are optimal
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Power radiated at first harmonic versus total power as function of K-factor.

1

4
0.8 \

0.0

0.4

Power at First harmonic vs Total Power

0 0.5 1 1.5 2
I factor

So ~85% of power radiated at first harmonic for K~0.3

One positive thing is that in this case gamma-collimator does not required
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