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ABSTRACTS

In this paper there is revised the phenomenon of radiation of
the particles in the focusing tract of the Linear collider. There is
pointed out, that such tract as the FODO type of qguadrupole lenses,
which is, in principle, Quadrupole Wiggler, provides radlation with
well defined properties.

General idea of the methad of alignment is to use this radiation
from the focusing system of the [Linear collider, where radiation
depends of the beam size (which also defined by missalignment).
Radiation from short additional Dipole Wiggler, “where radiation does
not depends of the beam size, is using for monitoring. Operating by
small wirtual movements of the axis of the lenses af the facusing
system, 1t is possible to minimize the radiation from the focusing
system. Analyses of the polarization is the additional factor in this
krocedure.

There was made a proposal to test this method of alignment in
SLAC linac also.

H3NYYEHHE H3 NHHI GOKYCHPYWMEN CHCTEMH MHHERHOTO KONMARIDEPA H
HCIIONb30BAHKE 3TOr0 H3NYYEHMA NAA BLIPABHHBAHHA YCKOPATENR

A.A. MHXARIMYEHKOD

HHCTRTYT foepHod ®waMun COAH CCCP wH.Tl.H.ByXkepa
830090, HomocaSwpck, GCGP

AHHOTaURNR

B aTuil paboTe PaccHOTPAHM 9GPEKTH HIMYYOHHS HACTHU B QOKYCHpYHLEN
TPaKTe JKHedHOrn KoJulalimepa. OTHMeYaeTcA, YTO B TaHoR ¢O0N0 TpakTe
KB2ODYMONLEMX JIKH3, KOTOPWH ABRAETCA, B UPHHUENE, KBadpynofbuy
BuzenepoH, TeHeDHPYETCH HIJIyYEHHE C XOpAWO ONpeneseHHHMME CHORCTAAMA.

OCHOEHEA HIeA MBTONA BHDaBHEBAHMA COCTOMT B HCIONbL3OBBHMK 2TOro
HanyueHuAa R3 doxycApywumel cucrewmn sawveRworo Konmakmepa, B HoTopoR
M3INyYEHHE 3AaBKCHY QT Pa3HEPOB NyYKa, (NPONCTEKAKWHX B TOM WYNCHE K OT
CMeweKMA 7IEHI ). H3Ny4eHHE HI AONOJHHTENLHOrO KOPOTKOro AUNOARBHOZO
Bu:znepa, B KQTOPOM K3Ny4eHHe He 3aBEHCHT OT pAa3NepoB CIycTKa,
WCHONLIYeTCA ANA HOHETODKPOBAHEA. TUpoRaBogA HEGONbLENE BHPTYANbHNE
CHMomEHXA HKATHKTHOR OCH JMHI, MWHAMHIHPYETCA H3AYYeHHe M3 CRCTEMw
DOKYCHPOBKE.  JIONONHKTENLIMM  BKTOPOX ABNASTCA QHANW3 MONAPHIALHK
H3INYYBHAR.

Caenaro nns Tect HMA 3TOI'C  HMETONR BRPARHNBAHMA
Ha JiHHellKoN ycxoprTene SLAC,




INTRODUCTION

In [1) there was noticed, that radiation from the lenses of
the focusing system of the Linear collider can provide limitation in
accelerating gradient for high enpergy.

In [2) there were made a proposal to use Dipole Wigglers of one
Xilometer total length, displaced one by one in a sequence of the
accelerating structures for damp of the transverse emittance and
energy spread - Linear Danping systen.

In [3] there is described the method of recycling of positions.
For realization of the method proposed it is necessary to use the
Dipole Wiggler of few killometers long.

conversion system for obtaining polarized positrons and electrons
(4] also contains two helical Wiggler ( Undulator )} of 150 neters
each, In [5) also described conversion system with wiggler of 50
reters long.

We noticed here, that the mostly important part of any linear
collider- focusing system is some kind of the Wiggler alse. This is
Quadrupole Wiggler. So, any linear collider contains One Wiggler -
as ninimum,

Radiation of a particle, moving in any wiggler with velosizy ¥
occurs at characteristic freguencies [6] which is equal

woe —*®_ 5, 2,%, T TN
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where I = 2me/A -is the angular frequency of transverse oscillations
in the wiggler, R - unit vector in direction of observation, B =
s Ve, € - velocity of 1light. In dipole wiggler A corresponds to
period of the wiggler, Cfor quadrupsle wiggler A corresponds to



betatron wavelength in focusing systen of the wiggler. Spectrun
depends of the strength of magnetic field on the trajectory of the
particle, i.e. amplitude of oscillation. But mainly, it defined by
relation between length of the focusing quadrupole and distance
hetween lenses. In that case radiation presents fragmentary only from
the places with magnetic field, cause the particle moves from lens to
lens by straight line and does not radiate. In smooth approximation
used down, trajectory of the particle locks like Sine, Exact solution
with envelope function is much complex for this first demonstration of
the possibilities of the method, described here.

1 discuss here the possibility to use radiation from the focusing
lenses for alignment of the linac. Importance of alignment was
stressed a lot of times (7,8]. Seems, now it is possible to made
absolute reference line, which goes through the centers of the quads
of the linear collided. From the point of successful operation of the
linear collider, it becomes possible to organize simple method of
operation with displacement of the centers of the quads for
ninimization of emittance growth. Together with any method of
alignment, which uses bean position monitors and feed-back system it
is possible to satisfy the rejulrements for prevent emittance growth.

The experience of manipulations wlth beam position in damping
ring with monitoring of undulator radiation was represented in [9}.
Some kind of description of angular distribution and polarization of
the radiation from the quadrupole wiggler is presented in [10].

When particle goes trough such long focusing system and radiates,
the radiation goes ahead from the beam at the distance of the order of
vwavelength of the radiated photons multiplied by the number of
oscillations, i.e. «can achieve the distance, compatible the
longitudinal beam size ahead of it. S0, this radiation from both beams
came first to the interaction point and can provide, in principle, the
problem in collision point as cCompton back-scattering. Fortunately,
the developed projects of final focus has hending magnets for
compensation of the chromaticity of the final lens. We‘ll see, that
the number of radiated photons is compatible with the number of
particles in each colliding beam, so it is necessary to shield the
interaction point from this photons of the energy of tens eV range.

In the fin, there was made a proposal for SLAC linear collider
to test this alignment method.



INTENSITY OF RADIATION

First we‘ll calculate the amount of energy, radlated by the beanm,
which is propagated along unperturbed line of FODO focusing system.
Then we’ll calculate energy, radiated in the same system, but when one
lens is shifted off-axis. The difference of the radiated energy from
this perturbed trajectory, and from unperturbed one will show us the
sensitivity of the method of alignment. 5o, alignment will be
connected with minimization of the radiation from Linac.

The amount of the energy, radiated by the charged particle in
some time, can be expressed by formula [11]

de 2 e

2 a
= vy
LT

dt ]

where v, - is the transverse to velocity acceleration, e - charge of
the particle. Notice here, that (desdt) is relativistic invariant.

Oscillation of the particle in transmission line described by
well knawn functions [12]

a = ep)ces [ B a4 = cp)”

x

ds
Cos Fwras
J-m(S)
e, emittance for corresponding direction.
In smooth approximation, when B2 B, = canst, By! ﬁof const,,

a =a Cos (At + ), a =a, Cos (Rt + a,),
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a ., -const, a, = (:‘ﬂ“) . a, = (cyEOY)

Q= /@, Q- e/8,

we obtain For energy losses, averaged over periocd af oscillations

de _ _ 1 _e” 2z 4 Y 4
[: A I (a o+ 2, 007
Remembering, that radiated frequency is shifted by Doppler effect.

Tor Dipole wiggler

aR =e—it =cP /¥, =12




vhere PL. - is so called factor of undulatority for the field of the
strength ¥, and period AL 8, = Pjy . P = .934 H [Tesla] A [cm].
Notice here, that the amplitude of oscillaticn defined by the
field strength itself and does not depend of initial amplitudes.
This yields the usual formula

2 2

2 P
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wvhich gives

2 2
ar . o de 1, 2P Pl
ds me? 9t 27a *3 *2

Also important item for the method of alignment is that the
intensity of radiation in Dipcle Wiggler does not depend of the beam
size, as it was mentioned before.

For Quadrupole Wiggler the amplitude of oscillation is not
defined by the field, but by initial conditions. If we assume, that
the quads of the focusing system of the collider has longitudinal
length 1, distance between them L, gradient of amount G and G, we

can estimate betatren tune shift p as
Cos b, = 1T FLFFE

is the focusiny distance of the lens. Let

m ¢y
= LB ~ 0
where Fx,y— a—;TrL = =, yl
us suppose for the simplicity, that G, = Gy and FoL. Putting Cos u e 1
2z

2
- 1 L
- % =1 -3 —»F—z, which yields -

c7
B, = (BRI/(S1)/n = b,

mO
5 ] ne (Gl
where (BR} = nCY /€. S0, we obtain for energy losses of the particle

in gquadrupole wiggler

4
de _ _ 1 e? 4, 2 2 _ & eGlmnm 2 2
gt ="y Geria va) = (a/ + 23,
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If acceleration in Linac goes with constant envelope function
ﬂo‘ then intensity bas strong  dependence of the energy. For
realization of this regime it is necessary to have (Gl) = 7. But
if (Gl) @ const, the intensity does not depend of the energy of the
particle at all.

In addition, let us suppose for simplification, that amplitudes
in both directions x and y are equal, so

2 2
dc - 2 € 2.4 .8 _ _2 8 2 _4
Tooe ~ "5 33T =5 qacT,
c B
Q
d 1 de : et 4.2 zru“zq A
Eol e - A e e B R s
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Sense of ¢d:l—s 7 here is the change of 7 factor by losses of radiation by
the particle which has energy mac21.

Let us estimate the number of quants, radiated at first harmonic
by one pass trough focusing system. Enorgy of the guanta is

o 2, 2.2, he
Ef-h27n=z mac7(52)(ra/80),
or
2, _ 21 [
1.3 (B /ML) = 27 5 /Ry, 5 = 137,
30,
dN 2 2
P APV S - MO RN R O ) AUy VR £-1:) e
Eali ol A R 2 33?3 ¥
« 4 a; 8,

where c7 - invariant enittance of the beam, and 38 - angular spread in
the heam,

From last equation it is clear, that total number of photons
depends of the strategy of acceleration i.e. behavior of R function
during acceleration. We will estimate, that Bg € const, :

For obtain small amount of higher harmonics level it is necessary
to have the bending angle ¢ in the lens, smaller, than 1/7. For
typical values of the emittance t = 10 “cm rad at the energy 10 GevV,
and envelope function a, about 5 meters a = (cﬁn)"= & 20 microheter.
for G = 50 kGs/cm this gives M= G a = 50 20 10~ = 107kGs. For the



lens with length about 10 cm bending angle in the lens will be ¢ =
% H,1/(BR) = Gal/(BR) % @ /mB = 3 10 and 1/7 = 5 107

If we suppose that acceleration is going with constant field
strength about 1 Mv/cm, that gives 7 = ¥(s) = 2 {om') s (cm}, and
with 8, @ const, we can integrate last equation, which yields

2 -2
N oala _a_ _ 1 g d afem’) g3
k4 2 : 3 g’ 3
fo o o

vhere L = 21K =~is full length of accelerator, K- is the number of

periods.
Taking for estimatjon L = 10° m, B, =5m a=20 10"cm, we
obtain N & 100 guants per unit particle. For example, E1 # 30 eV for

E = 10 GeV.

For obtain full {ntensity of the beam, it is necessary to
summarize the intensities of each particle, i.e. average (a‘;" + a%)
over all particles, defines the beam size. Let N will be total number

N
c¢f the particles in the beam. Define N <a®> =Zaz(n), where n
nominates the particles. For uniform distribution of amplitudes in
interval {0 ; a ), where a = { ¢ ﬂn)”z, we obtain N <a®™> = % N at.

Sa, total number of quants N_  will be

T
L 2 -2
N ELNQE_ g3ds = LN o2 Aem’) ;3
v a° 5 7@ 3
o c o

The accuracy of the relative measurement of the intensity defined

by the number 1/ /——‘ i.e. accuracy of the measurement of a can be
at least (6a/a) ES 1/2/(N ) . Est;matxon of accuracy for N = 10
and a = 20 10 cm, gives (5a/a) # 0.5 10 and $a = 1 &, of cause, it
is necessary to measure the number of electrons with the same
accuracy (1/10%).

Remember here, that the intensity of radiatien in Dipole Wiggler
does not depend of initial beam size. So, the best way to measure the
total number of particles to use additional Dipole Wiggler. This
Wiggler gives reference radiation, and it can bes very short as if
it has small period and high field.

Number of the quants, radiated by particles in pDipole Wiggler,



described hy the formula (10), which is similar to previous one

N2 N am o +o SV
where A, is the pericd of the wiggler, and Popl =1//T, which yields
maximum of the first harmonic. Taking P, = 5 and 3, = 10 cm, we
ohtain, that the wiggler with the length of L = 250 cm & 2.5 meter
gives the same number of the guanta, that the whele focusing system of
10 km long.

It one of the lenses at distance s= S, is shifted from ideal

position of-axis with distance ror that provides magnetic field
Gy, ard central particle obtains angle kick 3&x (Gxu.l)/(BR) and
orbit began oscillate with amplitude b = 8, &x' = ED(GXOI)/(BR)-
Remember, that IJDE (BR)/(Gl)/m, so, b= xo/n. Going through focusing
system, beam size also increase its value by the same order due to
epergy spread in the beam and chromaticity of the focusing system.

This yields 3a = b
= ¥ , 172
téaja) = (x/n/a) = 1/2/”'71’ g

and minimal registered level of X, will be of order
X, @ ma /z/(N1()"2
i.e. about 1.5 R for previous figures.

Of cause, if the point EN is more and more close to the end of
accelerator, resolution goes down proportional to numher of gquants.
But influence of perturbation at the end of accelerator alsoc goes

down.

ALIGNMENT

General strategy is to minimize the level of photon flux from the
focusing system of Linac. As the flux depends of the beax size, so any
changing of gradient of the lens provides increase of the size, so it
is necessary operate with pesition of the lens.

Let us considering the schere, represented on Fig.1l.

Here beam goes from the left side in Linac, which has
accelerating structures and gquads with additional coils, supplied by
additional Power supply. This coils are placed on the hardware of the
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Fig.1l. Principle scheme of the equipment.

lens and provides dipole field on the axis. Four additional coils can
provide movements of the axis in two directions independently.
Manipulation with this field is necessary to recagnigze which lens is
shifted, see lower. Other details, represented on the Fig.l is Dipeole
Wiggler and two Light monitors. One of the monitars are looking
through the heole in the vacuum chamber to linac, and registrates
radiation from the facusing systen, second - registrates radiation
from Dipole Wiggler. To prevent interference, Dipole Wiggler is placed
in some bypass line with soft bend. Angular divergence of the
radiation from quads of the order & 1/y . As ¥ changes fron the
beginning of linac to the end, from initial value, say Tor to its
highest level, rmaximal sport size on the Light monitor will be of the
orxder ¥/%,, where ¥ is length of the focusing system which gives
the light. So, radiation from the beginning of the linac covers
biggest area. 'This circumstance, seems not inportant, case only
influence of this restriction is cutting gammas from the beginning of
the linac. Missalignment at the beginning of the linac gives effect
at all distance from s ta the end of accelerator and can be
recognized.

First, suppose for exawple, that only one lens is shifted from
its ideal axis. Simplest procedure which finds it, is to provide

10



small wirtual movenments of the axis of each lens step by step going to
its initial position after one pulse of Linac. After each step it is
necessary to recognize if total flux increase or decrease. If Linac
operates with repetition rate f Hz and number of lenses is L/L =2 K,
it is necessary to spend not more than 4 2K/f seconds.
Additional factor of 4 reflects, that we used twe steps in opposite
directions in both transverse directions. For example, if one lens
follows though one meter, so for 10 km DLinac total number of the
lenses is about 10°, and if £ = 200 Hz, naximal time will be 2 10%/200
= 100 sec, or 1.6 wminutes. So, this sipplest algorithm is not salew
enough. Possible improvement is to use independent modulation of
displacerent of each lens with its own law and use synchronov:
detection method. In this case i will be maximal frequency of
modulation., The 1low of modulation must be not sinusoidal, but
rectangle, which is used in sequence analysis ([14]. In this case
minimal frequency defined by permissive resolution of registration
equipment.

S0, comparator, represented of the Fig.l, makes monitoring for
exclude dependence of number of particles. Decoder selects the
frequency, if there used algorithm with different frequencies. After
one circle, synchronlzed with operation of the 1linac, Power supply
changes current in the coils, providing displacement.

We remember, that

E=hw =h2r0=mnc 23" 3 (r/8),
For 8 = 5 m, a = 20 10om, E = 10 Gev, 7 = 2 10° we obtain, as
mentioned, E,’ = 11-.(](:2 2 4 10% 137 2.8 10"’/500 £ chz 6 10° = 3p ev.
Ffor £ = 100 GeV, 7 = 2 10° and E, =3 kev.

For estimation of the 1length «f radiation forming, for fixed

longitudinal velocity v; of the particle

A =g TE T %y TR ¢
where v, = v Vi- vie? = e (1= 2%y = ¢ (1 -a’/g°y2). sa,
formally,

11



which is much bigger, than the length of accelerator. It means, that
the condition of forming is determined by changing the wavelength of
radiated photon. So, in principle there is possible to distinguish
place of radiation using spectral analysis of photons of High
Ultraviolet.

Polarization is additional factor, which helps to determine
removed lens. Angular and spectral properties and polarization,
described by formulas of undulator radiation [3,6). Polarization is
defined by relation between a,. n‘, a,, 0, a, «,. For example, if
lens is removed in one direction, that provides linear polarization of
radiation, cause beam oscillates in the plane of removed lens.

We hope to dlscuss this more carefully in other place.

PROPOSAL FOR SLAC . .

Linear accelerator SLAC has the maximal energy about 50 GeV,
number of particles N = 5 10'C invariant emittance #c & 3 10 rad cm.
Till the energy 26 GeV betatron tune shift is constant with u = n/2.
After 26 GeV the field strength in the lenses is constant with
integral Gdl! = 100 kGs. RQuadrupole lenses are placed at the end of
each 12.4 m li.ac girder [186].

Beta function f oscillates from 50 to 5 meters, so smooth
approximation here in not precise, nevertheless let us estimate B, -

26 meters. This gives a(7} = (e78,/7) '’ and
L -1
N, o= iug L8 [, ds =Ly SET) Qe3lam ] g2
¥t 2 9 p? 2 ‘
o o o
where supposed, that g—s- ¥ corresponds to =150 kV/cm. Substitute here
s . - s 26[GeV]) S
numerical values, and estimate L = 3 10 Sareevy ° 1.5 107 cm, we

obtain the number of photons, radiated from whole length 0+1.5 km

N £

1 31077 0.3[en’'} 2.2 10 = 2 107 N = 10
g B 2 - =

4 10°
Formally, one particle radiates less, than one photon.

1
Nim

12



From 26 GeV to 50 GeV,

n,cr
8, & (BR)/(G1)/7 = soreTy

and
(resn)® | ' (nec)? 1
uzlua(;n&_f}.dss-na(:n—— In(L/L),
73 2.4 7 s nic’ 2[em’; 1
o Ly a
where L/L = 2, L corresponds the energy 26 GeV, or, approximately,
nalf of the total length. Rewrite last expression
2
NasNa (eq) vt gl S L unqyry,
(BR){ 2f{cm ]
where = 105, (BR)r = 1.6 10° kGs cm corresponds to final energy,
i.e. 50 Gev, we obtain N = 3 107%8 = 1.5 10°.
Energy of quanta
. 28 n Lot g gRa 30
E,#h 27 ﬂ—mocrnazv ﬁ_’“ocroa27 T {ER)

is equal to 16 eV at 20 Gev, 150 eV at 30 GeV, 752 eV at 50 GeV. For a
we can estimate a = (51130/7)”25 300 107%em or 300 micrometer. So,
resolution can achieve less than n 300/2(103)“25 1/20 micrometers. For
current monitoring here may be used Pick-up electrodes with precision

analizator of total charge, passed in Linac {about 1075y,

CONCLUSION

Let us summarize here previous considerations.

First of all any particle in focusing system racdiates only few
quants, of soft energy, so influence of this radiation to beam
dynamics, including energy spread and emittance is negligible. Second,
che resolution of this method can be of order of tens Angstrom, which
is enough for operation of Linear collider. Third, this methad is
chip and easy to test.

L

Of course this brief consideration demonstrates the thod of

alignment only and it is necessary to take into account a lot of

details of the focusing strategy of the Linear collider.

13
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