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MEASUREMENTS IN HIGH-ENERGY ACCELERATORS • 

The results'of -theoretical and experimental investiga­

tiona of a method of non-distributing measurement of the coup­

ling coefficient, G , and of the tune shift, ~V , in high -

energy B?celerators and storage rings, using geometrical pro­

perties. of the synchrotron radiation,· are presented. The cal-

culations show that the tune shift and coupling coefficient 

can be measured with accuracies to -4 -2 10 and 10 respectively. 
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CBH3H H CMemeHHH "l!aCTOTH 6eTaTpOHRHX RO~e6aHBi B YCROpHT8~ 

H .Ha.KOIDITSJIJIX.. BHCOKHX aHeprrn:i c E:CIIOJThSOBB.HHeM reoMeTpH"t!eCitHX 

CBOttCTB CHHxpoTpoHkoro HS~~eHHH. Pac~eTH ilOKa3anR, ~TO CMeme~ 
HHe ~CTOTH deTaTpOHHHX KGnedaHHfi .H KoaWWnuneHT CBH3H MOryT 

6HT~ nsMepeHH c TO~HocT~ID He ~xe Io-4 H ~o-2 c~oTBeT~;BeHHa. 
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lnt,roduction 

The most important parameters of accelerators and sto:age 

rings, s~cb as l~noeity, q~antum lifetime, ultimate number 

of particles in bunch, brightness of the synchrotron radia~ion, 

extracted beam space-angular behaviours, Bre determined by the 

transverse size of the beam, whic~ depends on the proximity to 

the resonance lines and the coupling value. This proximity is 

given by the design' value of betatron numbers v~ J ~!I 7 

which_ exist _only to an accuracy of .6-V.x: , b.Vy defined in 

their tQra by the stability of the focusing field parameters. 

Thus, the development of a method for continuous and no~ 

disturbing measurement of the tune shift ~~..a: 1 .t::.IJ:J, and of 

coupling coefficient, a with a view of introduction of the 

corresponding contrpl systems, will permit to increase tuantita­

tive characteristics and the efficiency of using the accelera­

tors and sto.rase rings. These non-d-isturbing methods of mea -

surement are very essen~ial espe~ially for high-energy ac -

celer&tors as the particle losses in them mSy be of great dan-

. ger for the machines and for the environment. A-s is shown be­

lqw, .for these measurements only the geometrical properties of· 

synchrotron radiation (SR) are essential and the proposed me­

thod; tiL liutu1 tor botiL the liao.tr.on JUid the. proton ""'"b.lne.f11• 
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Tune shift measurement 

The method is based on the' tune shift dependence of bUm­

ped orbit parameters at th ' constant distribution of guide 

field disturbances. The Closed orbit distortion for an arbit­

rary azimuthal field· errors 9 (s) distribution iS- given by the 

·integral [2] 

xp(s)- 21J!'k) :frJWJJl(s) cos [<f(s)-¢(s)-JT~,]ds, (1} 

,.~, 

1
-s cis 

where '!' (S); )3(.5) . 

At given values v~ } Vy. it is easy to obtain the neces­

sary distribution of disturbances ~i (S) , which allows to 

cre~te completely compensated local deviation of the equilib-

rium orbit. In particular, thE: phase differences between two 

equal plane dfsturbances is 

(2) 

In this case the orbit parameters Xp(s), .x;cs) in the 

bumped part are· defined by the expres_sion: 

xP ( s) = 'J!1S J .f3{S) j3(s,) sin¢ ( s), 
(3) 

, fi'(s) · ( J3(s,J _)0 
·.xp(s)= 2J3{S) Xp(s)+lj!1S J3(s) / cos¢(s). 

Let the field disturbances make completely compensated 

bump Lor the chosen values V~ , V~ and do not change the 

•orking parameters of the machine-. The SR beam formed by the 

4 
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slit located t_angently at the distance L from an arbit-

rary point s
0 

in the bumped part (it may be the point where 

x'(S) = 0) is observed at the scr··een spaced at the distance 

from the collimator (see Fig.1). 

The beam position on the screen for designed value Vx 

may be easily obtained from simple geometrical assumptions. 

The tune shift leads to the change of orbit parameters X(So) 

and X
1(So) at s

0 
and the corresponding displacement of S!l 

th een Neglect ing the displacement of beam position on e scr • 

SR beam formation centre from S
0 

we can find for small 4Vx 

d . 1 t of the beam position by means the corresponding 1sp acemen 

of the formula: 

( 4) 

d .I.e/.·' b "ly calculated if the deri-The value at· Xp/' \lx_ may e easl. 

vative dfl/dV is known. As the amplitude functions are pe­

riodical, this derivative may be approximated by simple ana -

lytical expression useful for preliminary calculations and es 

timationa: 

(5) 

.r f 11 JU is the phase difference where JV is the number o ce , s, 

are phase differences from S0 to the 

nearest quadrupole lenses. To estimate the sensitivity of the 

method, the values of 4.Vx corresponding to the displacement 

5 



. 4_X"= ,). 1 mm of SH beam on the screen w~re calculated for 

some ·norking and constructed faciiities. The ratio L2/L1 

for large machines (rl.> 100m) was taken to be 5, and for small 

ones (R< 100m) to be 2. The results of calculations presen­

ted in Table 1 show sufficient sensitivity of the method that 

can be increased with· the corresponding choice of the values 

1 1 , 12 and the application of special optics. For the measu­

rement of' .L:l'Vy it is required to produce the compensated bump 

in the vertical plane. 

Table 

Machine I R(M) ~"' 
! ::Jy I 

/e.~ .. I - ! - I 1-
I PETRA 367 25.2 23.3 0.0051 

?iP 350 18.25 18.75 D.oDJ6 
CESR 121 9.11 9.11 0.0022 
KEK 50 6.25 5.25 0.0026 
AHUS J5 5.)8 5.J8 0.0025 
SRS 15.) 3.25 2.25 0.0012 

I I i 
Measurement of Coupll.ng Coeffi_cient 

The stationary particle distribution for an electron beam 

in a storage ring in the presence of' lindar ·_coupling between 

the transverse x, ~ oscillations may be written as 

4 
· <jl(x)=oi• exp(-.!... I IIi;· x,x-) 

/o 2 1-.j-•l ;} J 
( 6) 

with (x,, x2, x.3, 
x, x', y, y' and 

denoting the canonical variables 

.fliJ· being the elements of 

the matrix inverse to the correlation matrix Eiij • This matrix 

can be obtained by solving the Fokker-Plank equation for the 

6 

given magnetic system, the properties of which are described 

by the diffusion integral over all the benaing magnets 

(7) 

are the 

amplitude functions of the system, jJ is the bending radius, 

n is the average Tadius of machine, J" is the beam energy 

in units cif rest energy and C = 2.10.10-
1 

J m3/sec. 

The expressions· ~.)r Correlation matrix elerc:ents in the 

form useful for calculation::: 01-re given in [J,4] . In rY-'I.rtiCLllRr, 

the expresGion for the parameters of Jistribution res·~onsi::Jle 

for coupling in the case of '1 i ( s)" 

=0 are: 

_ d,Q, Llv f-lxx 

6:x::J-_ C' [(d., •dv)' / Qj2 •d.x d.g 6 \) 2] (6) 

where d.x. J cl:J are the radiation damping constants,LlV=/\I.x-_\)J-m 

is the distance from the nearest coupling resonance and rn is 

an integer. G is the couplir.g coefficient at a reference point 

in the lattice calculated by the integration over the coupling 

elements [5]: 

( -1) 
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RZ, d8:r 
In this formula_ SQ.= 13,p ax 
quadrupole field, S,., =- i;;Bz 

is the strebgth of the skew 

is the strength of solenoid 

field and 8 .P is the particle rigidity. 

The collimated by the slit with horizontal size h loca-

ted at the tangent distance L1, the SR beam is formed by an 

orbit element 4S which is determined in the first' approxi­

mation by means of the relation: 

. .Eh 
I!.S = -p L., ( 1 0) 

To_ obtain the distribution of photons passing through the slit~ 

·one must transport the distribution (6) from S0 to the colli -

mat.or plane and integrate it ove:r- (- h _;h) • As the slit 

boundary has zero thickness, its image on the screen accorditig 

to (10) is formed by photons emitted from a point of orbit. The 

slit boundaries (x:O) extract the subsYstem of canonical vari-

ables (xl y, y') and permit to investigate· thB coupling in this 

phase space. The presence in the distribution (6) of the ele-
' 

menta defining the· dependence x' (y,y') leads to the sloping of 

the vertical boundary of the slit, as is seen in Fig.2. 

The slope angle ¢ of the slit boundary image with res­

pe<... t to the orbit plane is determined by means __ f'f the following 

relation: 

( 11 ) 

where the i~dex 1\. has the J]leanin&: of intersection of the die­

trib~tion (6) with the slit boundary image inversely transported 

8 

t6 the phase space at the poii:tt S0: 

The described method of continuous measurement ·of the 

coupling coef~icient Q was experimentally investigated on the 

SR beam of YerevQ.n Physics Institute Accelerat-or. According to 

(8) and ( 11), the angle ¢ is a function of Q and L\\) • As 

the values of ~.:c and V9 for this accelera-tor are near_ly 

equal. ·so in the prese.nt work cp- has been invest.igated de­

pending on the values of .6V = V..:: - v9. The shifts of V.x: 
and V9 were obtained by means of qua-drupole lenses arran­

ged on the ring for the extraction. of the electrOn beam. The 

~easurement data on the boundary image slope with respect to 
. ~ 

the vertical axis lf;: T- cp in dependence of L1 V and the cor-

responding current in quadrupole lenses ere given in Fig.) 

One can see from the diagram that the slop_e angle 'f is 

zero when the horizontal 8.-nd vertical betatron numbers V .x: 

and \1!/ are equal. The ·transformation of slit image, con­

nected with the change of the value of 1:1"\J ,is shown in Fig.4. 

The images of the collimated beam for different values of 

the slit size h are shown in Fig.5. 

The angle, c:fJ is seen from the figures to be independent 

of the slit width. This can be considered as an experimental 

·proof of the fact that the slop_e angle is not an integral cha~ 

racteristic of radiation and in the first approximation it is 

defined only by the distribution of electrons in the g~ven azi-

muthal point. 

The authors are thankful to D.L.Eghikyan 1 ·v.Ts.Nikogosyan 

and R.A.Mikaelyan for their help during the _measurements. 
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