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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 quadrupole lenses,
which is, in prineiple, Quadrupole Wiggler, provides radiation with
well defined properties.

General idea of the method 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 of the focusing
system, it is possible to minimize the radiation from the focusing
system. Analyses of the polarization is the additional factor in this
procaedure.

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

W3NYYEHHE M2 NHH2 SOKYCHPYDMER CHCTEMb JHHERHOrO KONIARIEPA H
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AHHOTALHMA

B o710 pafoTe paccMoTpeHs 3QQeKTH M3INy4YeHHH HACTHL B poKyCcHpYRLEN
TpakTe AxHeliHoro xoanaligepa. OTMeHaeTCHA, 4HTO B TAaKOM 010 TpaxTe
KBAADYIONbLHLX JNHH3, KOTopuffk ABAAeTcA, B NpHHUKNOE, KpadpynoabHLM
Buzz/MepoM, TeHePHPYeTCA HM3NYyYeHKe C XOpoWlo ONpelelieHHMMH CBOHCTBAMH.

OCHOBHAaR KOed MeTofna BhpPaBHMBAHMA COCTOMT B MCIOJNbL3OBAHMM DJITOTO
WanyyeHnA H2 GOKycupywme#d cHcTemn JMHel#HOTO Konna#nepa, B KOTOpO#
M3NyUueHHe 3ABMCHT OT pazMepoB nyuka, (NPOHCTEKALmKX B TOM HHCAe H OT
cMemeHHA JHH2 ). HanydeHMe WS HOONOJNHUTENBHOro KOPOTKOro JAuUnoAHbHOZO
‘Buzzaepa, B HKOTOPOM K3Ny4YeHHe He 3ABHCMT OT PpazHMepoB CrycTKa,
HCNONbL3YEeTCA NJIA MOHHTOPMPOBAHMKA. NpouzBoNA HebHOoNbllKe BHPTYyallbHbIe
CMENEHKA MATHMTHOH oOCH JNMHZ, MUHMMHZMDYETCHA H3JAy4YeHHe M3 CHCTEMB
porycHpOBKH. JOMONHXTENbHWM (GAKTOPOM ABAAETCH A&HAJIM3 TOJAPH3ALIKH
MINYUEHHA. -

CoenaHo nNpennokKeHWe AJA TECTHPOBaHMA 3TOTIO
Ha nauHelHOM yckKopHTene SLAC.

MeToOda BLIpABHHBREHHMA

INTRODUCTION

In [1] there was noticed, that radiation from the 1lenses of
the focusing system of the Linear collider can provide ~limitatioen in
accelerating gradient for high energy.

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

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

conversion system for obtaining polarized positrons and electrons
[4] alsc contains two helical Wiggler ( Undulator ) of 150 meters
each. In [5] also described conversion system with wiggler of 530
meters long. : :

We noticed here, that the mostly important part of any linear
collider- focusing system is some kind of the Wiggler also. This is
guadrupole Wiggler. So, any linear collider contains One Wiggler -
as minimum. :

Radiation of a particle, moving in any wiggler with wvelosity v

occurs at characteristic frequencies [6] which is equal
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where @ = 2nc/A =-is the angular frequency of transverse oscillations
in the wiggler, A - unit vector in direction of observation, ﬁ =

- v/c, ¢© - velocity of light. In dipole wiggler A corresponds to

period of the wiggler, for quadrupole wiggler A corresponds to



‘betatron wavelength in focusing system of the wiggler. Spectrum
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
between 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 smoocth 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.

I discuss here the possibility to use radiation from the focusing
lenses for alignment of the 1linac. 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 guads
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 gquads for
method of

which uses beam position moniteors and feed-back system it

minimization of emittance growth. Together with any
alignment,
is possible to satisfy the requirements for prevent emittance growth.

The experience of manipulations with 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 gquadrupcle wiggler is presented in [10].

When particle geoces trough such long focusing system and radiates,
the radiation goes ahead from the beam at the distance of the order of
wavelength of the radiated photons multiplied by the number of
oscillations, i.e. can achieve the distance, compatible the
longitudinal beam size ahead of it. So, this radiation from both beams
came first to the interaction point and can pravide, in pfinciple, the
problem in collision peint as Compton back-scattering. Fortunately,
the developed projects of final focus has bending 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, ‘

to test this alignment method.

there was made a proposal for SLAC linear collider

INTENSITY OF RADIATION
i

First we’ll calculate the amount of energy, radiated by the beam,
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. Sco, alignment will be
connected with minimization of the radiation from Linac.

The amount of the energy, radiated by the chafged particle in

some time, can be expressed by formula [11]
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where w,; - is the transverse to velocity acceleration, e - charge of

the particle.' Notice here, that (de/dt) is relativistic invariant.
Oscillation of the particle in transmission line described by

well known functions [12]
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we obtain for energy losses, averaged over period of oscillations
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Remembering, that radiated frequency is shifted by Doppler effect.

For Dipole Wiggler
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where P} - is so called factor of undulatority for the field of the
strength H1 and period Aow. Bypim Py Py & .934 H [Te=sla] A [cm].

Notice here, that the amplitude of oscillation defined by the
field strength itself and does not depend of initial amplitudes.

This yields the usual formula
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Also important item for the method of alignment is that the
intensity of radiation in Dipole Wiggler does not depend of the beam
size, as it was mentiocned before.

For Quadrupcle Wiggler the amplitude of oscillation is not
defineﬁ by the field, but by initial conditions. If we assume, that
the gquads of the focusing system of the collider has longitudinal

length 1, distance between them L, gradient of amount Gx and Gy, we
can estimate betatron tune shift u as
oy 2
e
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where F = = is the focusing distance of the lens. Let
X, ¥ nyi E!nyl
us suppose for the simplicity, that GK = GF and F»L. Putting Cos u = 1
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where (BR) = nhca? /e. So, we obtain for energy losses of the particle
in guadrupole wiggler
2 ; 2 :
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If acceleration in Linac goes with constant envelope function
B, then
realization of this regime it 1s necessary to have (Gl) £ y. But

intensity has strong dependence of the' energy. For

~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 directicns x and y are equal, so
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Sense of gg 4 here is the change of 7 factor by losses of radiation by
the particle which has energy nhczr.
Let us estimate the number of quants, radiated at first harmonic

b? one pass trough focusing system. Energy of the guanta is
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where €7 - invariant emittance of the beam, and &6 - angular spread in
the beam. e

rom last egquation it 1is clear, that total number of photons
depends of the strategy of acceleration i.e. behavior of B, function
during acceleration. We will estimate, that ﬁn 2 const.

For obtain small amount of higher harmonics level it is necessary
to have the bending angle ¢ in the lens, smaller, than 1/y. For
typical values of the emittance ¢ = 10 °cm rad at the energy 10 GeV,
and envelope function ﬁo about 5 meters a = {sﬁqﬂjg = %? micrameter.
For G = 50 kGs/cm this gives H= G a = 50 20 10 = 10 kGs. For the



lens with length about 10 cm bending angle in the lens will be ¢ =
% H;1/(BR) = Gal/(BR) = a /nf_ = 3 10" and 1/7 = 5 10 . ‘

If we suppose that acceleration is going with constant field
strength about 1 MV/cm, that gives ¥y = 7(s) = 2 [cm'lj & [cm}, and
with BU = const, we can integrate last equation, which yields
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where L = 2LK -is full length of accelerator, K- is the number of
periods.

Taking for estimation L = 10° m, B = .5.m, 'a % 30 107%cm, we
cbtain H?& 100 guants per unit particle. For example, E? # .30 eV Teor
E = 10 GeV. ; et

For obtain full intensity of the beam, it is necessary to
summarize the intensities of each particle, i.e. average {af + ai}

over all particles, defines the beam size. Let N will be total number

of the particles in the beam. Define N <a’> = E a’(n), where n
: n=1
nominates the particles. For uniform distribution of amplitudes in
interval {0 ; a }, where a = ( ¢ R jlfz, we obtain N <a’> = % N a”.
Q
S0, total number of gquants l'i_art will be
EL a3 ]
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The accuracy of the relative measurement of the intensity defined

by the number 1/ ¥ H?t i.e. accuracy of the measurement of a can be

at least (8a/a) = 1;2;[HEJ1’E. Estimation of accuracy for N = 10'°
and a & 20 10 cm, gives (8a/a) = 0.5 10" and 8a = 1 A. Of cause, it
is necessary to measure the number of electrons with the same

accuracy [lflﬂs}.

Remember here, that the intensity of radiation 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 be very short as if
it has small period and high field.

Number of the guants, radiated by particles in Dipole Wiggler,

¥

described by the formula [10], which is similar to previous one
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where a_ is the period of the wiggler, and Py =1j¢ff", which yields
maximum of the first harmonic. Taking P, = 5 and ?‘n 0 Wl e

cbtain, that the wiggler with the length of L = 250 cm = 2.5 meter

gives the same number of the guanta, that the whole focusing system of

10 km long.

If one of the lense=z at distance s= g, is shifted from ideal
position of-axis with distance ¥ . that provides magnetic field
Gx and central particle obtains angle kick é&8x’' = {Gxnl]f[BR} and
orbit began oscillate with amplitude b = B, éx' = B (Gx 1)/(BR).
Remembery, that BGE {BR)/(G1)/n, 50, b= x&fﬂ. Going through focusing
system, beam size aliso increase its value by the same order due to
energy spread in the beam and chromaticity of the focusing system.

This yields 8a = b

1/2

) :

t

(sa/a) = (x /m/ja) = lIEK{N?

and minimal registered level of x, will be of order

172
x, = ma/2/(N ) :

i.e. about 1.5 A for previous figures.

Of cause, if the point s, is more and more close to the end of
accelerator, resclution goes down proportional toc number of guants.
But influence of perturbation at the end of accelerator alsc 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 beam size, so any
changing cf gradient of the lens provides increase of the size, so it
is necessary operate with position of the lens. Sk

Let us considering the scheme, represented on Fig.1.

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

lens and provides dipnle field on the axis. Four additional coils can
provide movements of the axis in two directions independently.
Manipulation with this field is necessary to recognize which lens is
shifted, see lower. Other details, represented on the Fig.l is Dipole
Wiggler and two '  Light monitors. One of the monitocrs are looking
through the hole in the wvacuum chamber tc linac, and registrates
radiation from the focusing system, 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 guads of the order = 1/y . As 7 changes from the
beginning of linac to the end, from initial wvalue, say ¥,, to its
highest level, maximal sport size on the Light monitor will be of the
order Ef?ﬂ, 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 important, 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 5, te the end of accelerator and can be
recognized.

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

e e ———r e EE

- ——— e p—

small wirtual movements 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,
4 2K/f seconds.
additional factor of 4 reflects, that we used two steps in opposite

it 1is necessary to spend not more than

directions in both transverse directions. For example, if one lens
follows though one meter, so for 10 km Linac total number of the
lenses is about 1u“, and if f = 200 Hz, maximal time will be 2 lﬂqunﬂ
= 100 sec, or 1.6 minutes. So, this simplest algorithm is not slow
enough. Possible improvement is to use independent modulation of
displacement of each lens with its own law and use synchronous
detection method. In this case f will be maximal fregquency of
modulation. The Jlow of modulation must be not sinusoidal, but
rectangle, which is used in seguence analysis [14]. .In this case
minimal freguency defined by permissive resolution of registration
egquipment.

So, Eomparator, represented of the Fig.l, makes monitoring for:
exclude dependence of number of particles. Decoder selécts the
frequency, if there used algorithm with different frequencies. After
one circle, synchronized with operation of the linac, Power  supply
changes current in the coils, providing displacement. :

We remember, that

o e = 98
EF“ h w? g h 2y 0 nmc 27 =

(r /B,)

For: B = -9 m; &% 20 1D'4c:m, E = 10 GeV, ¥ = 2 10" we obtain, as
mentioned, E_ = mnc2 2 4 10° 137 2.8 10'%/500 = mc® 6 107" = 30 eV.
For E = 100 GeV, 7 = 2 10° and E &3 keV.

For estimation of the length of radiation forming, for fixed
longitudinal velocity vy of the particle -

c 1 %
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which is much bigger, than the length of abcelerator..lt 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 wusing spectral analysis of photons of High
Ultraviolet.

Polarization is additional factor, which helps to determine

removed lens. Angular and spectral Dproperties and polarization,

described by formulas of undulator radiation [3,6]. Polarization is

defined by relation between a . ﬂl, a,, Hz, ot o, For example, if

) 2
lens is removed in one direction, that provides linear polarization of
radiation, cause beam oscillates in the plane of removed lens.

We hope to discuss this more carefully in other place.

FROPOSAL FOR SLﬁC

Linear accelerator SLAC has the maximal energy about 50 GeV,
number of particles N = 5 10'Y invariant emittance e = 3 10" rad cm.
Till the energy 26 GeV betatron tune shift is constant with p = n/2.
After 26 GeV the field strength in the 1lenses is cnnstaﬂt with
integral Gdl = 100 kGs. OQuadrupole lenses are placed at the end of
each 12.4 m linac girder [16].

Beta function g escillates from 50 to 5 meters, so smooth

approximation here in not precise, nevertheless let us estimate g%

20 meters. This gives a(y) = (78 /7) 172 and
' £
N s ANalED [, 4o oLy LE9) Qo3femT) 2
Tt g Bz B Bz 2 e
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where supposed, that g; ¥ corresponds to- 2150 kV/cm. Substitute here
numerical wvalues, and estimate L = 3 10° %g%gg%% & 1.5 10° cm, we
cbtain the number of photons, radiated from whole length 0+1.5 km
-3 <
: ] 2
el gl 30 Ve ] s s S e e e
7L g 1ay 4 105 2

Formally, one particle radiates less, than cne photon.

12

From 26 GeV to 50 GeV,

mnczi
B, = (BR)/(Gl)/m = Te(en’
and
ZL 2
Nrtg % N o {(g7) iE%E%l I % ds = % N o« (£7) {niGi] s o ln[Llej,
m c L mc 2[cm ]
where L/L = 2, L corresponds the energy 26 GeV, or, approximately,
half of the total length. Rewrite last expression
1 T A n |
N .2z N o (ey) " 7 : A - 1H{LJL1},
# (BR) 2[cm ']
where o 135, (BR}f = 1.6 10° kGs cm corresponds to final energy,
i.e. 50 GeV, we obtain N?té'B 10 "N % -1.5 10",
Energy of gquanta
o - 2 1 S e - e 2 {G1)
Ev_hz'a' 2 mocrgazﬁ E“mncr‘oﬁzr "'{'ﬁ"‘j‘

is equal to 16 eV at 20 Gev, 150 eV at 30 GeV, 752 eV at 50 GeV. For a
we can estimate a = {srﬁﬂf?}hqﬂ 300 10 'cm or 300 micrometer. S0,
resolution can achieve less than n 300}2{1&9}“25 1/20 micrometers. For
current monitoring here may be used Pick-up electrodes with precision

analizator of total charge, passed in Linac (about 1G4‘ﬂ

CONCLUSION :

Let us summarize here previous considerations.

First of all any particle in focusing system radiates only few
guants, of soft energy, s¢ influence of this radiation to beanm
dynamics, including energy spread and emittance is negligible. Second,
the resolution of this method can be of order of tens Angstrom, which
is enough for operation of Linear collider. Third, this method is
chip and easy to test.

* % ¥k

Of course this brief consideration demonstrates the method of
alignment only and it is necessary to take into account a lot of

details of the focusing strategy of the Linear collider.
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