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The results of theoretical and experimental investigs -
tions of & method of non-distributing measurement of the aoup=
_11ng_coeff1c1ent,(3 , and of the tune shift, A% , in high -
energy accelerators and storage rings, usiné geometrical pro-
perties of the aynéhrotron rediation,.are presented. The cal-
culations show that thé tune ahift and coupling coefficient

can he meésured with accuracies to 10'4 and 10'2 respectively;

Yerevan Physica Institute

Yerevan 1983



670(60)-83

*T/I‘.‘H.I{APABEI{OB, B.M. [AKAHOB

PIHuiEPEI-]]/IE KOB@(DI/I[]I/IEHTA CBHSI/I i CIUIEHEHVIH
UACTOT EETATPOHEELX KOJ]EBAHI/]M B JOKOPUTEIRL
| BHCOKITX SHEPTV '

HpenCTaBneHH pesyasTaTH Teoperuqecnux I - DHCTIEDIVEeHTAN D~
‘Hux HCCHenoBAHME HepA3pYIawmero MeToma HBMBDGHEH xoamémunenwa
CBASE W CMEIeHEA JacTOTH deTanoHHHx KOJeJaHuil B yCHODUTEMAAX
X HAROIHTEJAX. BHCORHX SHEPIMA © HCHDﬂLBOB&HHeM TeoMeTpIYeCKIX
cBoﬂcTB CHHXPOTPOHHODO MBJydYeHdsA. FacueT uonasaﬂn, UTO CMEME—
HEe qacTOTH JeTATDOHHEX ROJedammi 1 ROS@@HuneHT GBESH MoryT

CHTEH HBMEDEHH ¢ TOYHOCTED HE XyEE IO n IO -2 GOOTBeTcTBeHHa.

* fpeBaHcKult (M3MIECKIE AHCTHTYT
' Epepax 1983 _



YAREVAN PHYSICS INSTITUTE

670(60)-83

I.P.KARABEKOV, V.M. TSAKANOV

COUPLING COEFFICIENT AND TUNE SHIPT
MEASUREM:NTS IN HIGH-ENERGY ACCELERATORS

e

Yerevan 1983



‘

©‘Epeunc:uﬁ Pusuvecxuil wncTury?, |983r.

ik

Introduction

The most imporiant parameters of accelerators and 51'.0?&30
rings, such as luminosity, quentum ilifetime, ultimate number
of particles in bunch, brightneas of the gynchrotron radiation,
extracted beam space-angular pehaviours, are determined by the
{ransverse sizeA of the beam, which depends on the proximity to

the resonsnce lines and the coupling value. This proximity is

glven by the design value of betatron numbers Yz , Yy ,

which exist only to an accuracy of Az , AVy defined in
their turn by the atability of the Pfocusing field parameters.
'lghua. the developmeht of s method fc;r continuous and non-
disturbing measurement of the tume shift AQ,:‘ADS,and of
coupling coefficient, G with & view of introduction of the
correaponding contrpl aysteme, will permit to ihérease juentita~-
tive characteristics and the efficiency of using the accelera-
tors end storage rings. These non-disturbing methods of mes =

gurement ara very essential especially for high-energy ac =

* eelerdtors ms the particle lomses in them may be of great dan—
" ger for the machines and for the environment. A8 1is shown be-

low, for these measurementa only the geometrical properties of

synchrotron radlation (SR) are essential and the proposed me-

‘thod: ig umeful for both the slactron and the. proton mchinesm.
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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 azimuthel field errors 9(3) dlstributlon is glven by the
‘integral [2]

VB[ i
P(‘S) Ean?WQx) 9(‘5)%505[‘;)(5)"}5(5)*37%]6{5, (1)

‘where (3) J.Sﬁcif)

At given velues Vg, 93 it is easy to obtein the necas-

sary distributien of disturbances a; (5) , which alléwa to
cre_aﬁe completely compensated local deviation of the eguilib-
rium orbit. In particular, the phase differences between two

equal plane disturbances is

) _ . T (2)
AP =p(s,) $(s,) =T ) ,
In this case the orbit parameters Xp(s), a:',;(s) in the

bumped part are defined by the eXpression:

Z,(s) = gas VA(s) B(s) sinp(s),

(3)
BUs) |
%p ()= 205 ‘:CP(S)+QAS(§ES)J C"S?S(S)

Let the fieldrt‘listurbances make completely compensated
bump cor the chosen values 9,—.: ,-Dg and do not chengs the

wmorking parameters of the machine, The SR besm formed by the
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8lit locmted tangently at the distance L from an arbit-
rary point So in the bumped part (it may be the point where
x’(.g):g) i observed at the screen spaced at the distance

L from the collimator (see Fig.1).'

2 ‘
The beam pogition on the screen for designed value vz
may be easily obtained from simple geometrical assumptions,
The tune shift leads to tﬁe change of orbit parameters .:C(Sa)
and -I:‘(-So) at S0 and the corresponding displacement of SR
beam position on the screen, Neglecting the displacement of
SR beam formation centre from So we can find for small AVg
the corresponding displacement of the beam position by means
of the formula: '
AX=-fjf 9L (5) 60 )
The value of d-TP/dDm may be sasily calculated if the deri-
vative dﬁ/dD ip known. As the amplitude functions are pe-
riodical, this derivative may be approximated by simplé ana —

lytical expression useful for preliminary calculations and es

timations:

e&T[ﬁmax oS (Ju '2¢°F) ~Bmin C‘OS(J” "2¢g )]
Nsin(p)( Pmaz  Bmin} (5}

(50)5~

where J is the number of cells, J4 is the phase difference
per cell, (P,_- R ¢D are phase differences from So to the
nearest quadrupole lenses. To estimate the sensitivity of the

method, the values of AV ' corresponding to the displacement



A X = 5.1 mm of SR beam on the sereen were calculated for

somé working and constructed facilities. The ratio L2/L1 '
for large machines (R 100m) was taken to be 5, and for small

ones (< 100m} to be 2, The results of caleculations presen-
ted in Table 1 show sufficient sensitivity of the method that
can b;: inereased with.the corresponding choice of the values .
For the measu-

L‘I' L, and the application of special optics.

2

rement of Aby it is required to produce the compensated bump

in the wvertical plane,

Table

3 I T -
Hachine Rim) Vg i Oy [aVe |

- . |

PETRA 367 25.2 | 23. 0.0051
PEP 350 18.25 1’3,%5 0.0036
CESR 121 9.11 9.11 0.0022
KEK 50 6.25 .25 0.0026
ANRUS 35 5.38 5,38 0, 0025
- SRS 15,3 3.25 [ 2,25 0.0012

Measurement of Coupling Coefficient

., The stationary particle distribuition for an electron beam
in a storage ring in the presence of linaar ‘.c‘oupling batween

the tranaverse &, u ogeillations may be written as

'JJ(.I) ()b E-IP(‘—"Z .ﬂLdL:L‘ IJ,) (6)

with (x, s, XLa, Ty, ,1-4) denoting the canonical variables

x, z', Y, 5"

the matrix inverse to the correlation matrix 5;;}' . This matrix

and A ‘J

being the elements of

can be obtained by solving the Fokker=Plank eq.uation for the

‘amnlitude functions of the system,JD

" where oz )o(.y

given magnetic system, the properties of which are descriced

by the diffusion integral over all the benaing magnets

th egp'R éﬂ ‘[_—'[7 '7 (ﬁz? 2]374.)(-’62; _E_Je 7})]
wh_er'e (i.4)=(x,49), B, B, o7, rz . are the

7

is th: pending radius,

is the besam énergy
1) 3'/r-.:w\

R is the average i-adius of machine,
in units of rest energy and C=2.16.10"
The expressions for correlation matrix zleéments in the
form useful for caleulations are given in [3,4] ., In particalar,
the expression for the parameters of Jistributicn res~onsinie
6;5, 6.2:'51; 6‘1;'5! © 'in the case of '23(5)='

for coupling

=0 are:

6. = oy G &Y H.ra?
xy g[(¢:+d,b.)3/ajé rolpalyd

Oej \/ﬁif-}; )

. .
Ozy = Eﬂx Gy ) Oxy (14 Pefy) Gy

are the radiation damping constants,ﬂ;):_\)x'_qy’m
ism the distance from the nearest coupling rescnance and M is
an integer. A is the coupling coefficient at a reference point

i:n the lattice caleculated by the integration over the coupling

(5],

elements
Q:&Jﬁ@g%‘éeg{ap[ifge(f; "’%‘AO)J} X (1
=% o ?
. 4y
B [ SR (e )4 5. R (]



R 2Be
In this formula 5.3, 5z is the strehgth of the skew

quadrupole field, :i,’ig;ﬂz is the strength of solenoid
field and Bp is the particle rigidity. '

\ The collimated by the slit with horizontal size A loca-
ted at the tangant distance L1, the SR beam is formed by an
orbit element AS which is determined in the first approxi-

mation by means of the relation:

(10)
To obtain the distribution of photons passing through the slit,

. _ 2h
_AS—L; JO

-one must transport the distiribution (&) from 56 to the colli -

mator plane and integrate it over (“‘hrjfl) . AS the siit
boundary has zero thickness, its image on the acreeﬁ accofdibg
to (10) is formed by photons emitied from a point of orbit. The
slit boundariee (x=0) extract the subsyétem of cenonical vari~
ables (x} ¥, ¥') and permit to investigatélthé co;pling in this
phase apace., The presénce in the distributién (6) of khe\ele-
ments defining the dependence x'(y,y') leads to the sloping of
the vertical boundary of the slit, as ia seen in ¥Pig.2. ’
The slope gngle <P of the slit boundary image with res-
peuf to the orbit plane is determinsd by means of the following

relation:

tg2d: Lebzy * Li bz
] ! L: :r‘zl _Sgy -24.2 655' - Lvé 6;9' (1) -

where the index K has the meaning of intersection of the dis-

_tribution (6) with the slit boundery image inversely transported

to the phase space at the point So:'

The described methéd of continucus measureﬁant'of;the
coupling ccefficient @ was experimentally investigeted on the
Sk beam ¢of Yerevan Physics Institute Accelerator. According to
(8) and (11), the engle (?5 is a function of @ Bnd AV . As

“the values of Om and 03 for this acceleratof are nearly

equal, ‘80 in the present work ¢)- hag been investigated de-
pending on the values of AV = Vp '03. The shifte of Vg
and Q@ were obtained by means of qusdrupole lenses arraﬁ:
ged on the ring for the extraction of the electron beam. The
peasurement data on the boundary image slope with respeect to
the vertical axis r =§q"¢? in dependence of AV and the cor=-
responding current in quadrupols lenses are.given in Fig.3

One can see from the diagram that the sl&pe angle ? is
zero when the horizontal and vertical betatron numbefs Ve
and 03 are equal. The transformation of slit image, con -
nected with the change of the vélue of AO ,18 shown in Fig.4,

The  images of the collimated beam for different valuea of
the s1it aize A are shown in Fig.S.

The angle’(ﬁ is seen from the fiéurea to be independent
of the slit width. This can bs considered as an experimental
proof of the faét that the slope angle is'not an integral cha;
;acteristic of rediation and in the first approximation it is
defineé only by the distribution of electrons in the given azi- ~
muthal point, -

The auvthors are thankful to ﬁ.L.Eghikyan,'V.TB.Nikogosyan
and R.A.Mikaelyan for their help dufing the_measuremeﬁta.
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