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I. INTRODUCTION

When two bunches pass throwsh one another alt the interaction
point in a colliding beam storage device the particles of each of them
experience a localized force. In the 1linear approximation when the
dispersion at the interaction point is =zero this force produces a
small tune shift from the unperturbed tune and causes parametric
beam—beam resonances. In the case of non-zero dispersion the beam-beam
force excites nonlinear resonances of betatron motion (this takes
place in the case of zero dispersion as well), as well as synchro-
betatron resonances.

In the present paper we analyse the linear synchro-betatron
resonance due to a non-zero dispersion at the interaction point,
acting togyether with the standard beambeam parawetric resonance,
Using further the single linear synchro-betatron resonance mwmodel we
calculate the amplitude beating in the stability region. Finally we
show that the square of projected emittance on the horizontal phase
subspace oscillates around a mean value, proportional Lo the sguare of

the synchro-betatron coupling strength.

1I. HAMILTON FORMULATION OF THE SYNCHROTRON AND BETATRON MOTION,
TREATED SIMULTANEOUSLY

In order to be self-explanatory we begin this Section by
summariziny some well-known facts., The motion of a particle with rest

mass m and charge e is governed by Lhe Ramiltonian

l:c{m c+{p -eA ) (p -eA ) (1 —eA’)z}Uzﬂw B z.1

written in the natural coordinate system, defined by the triple

+xX +zK

(:,g,:) along the design orbit. The quantilies # and z=(An.Az,A‘) are

as usual the scalar and the vector potentials of electromagnetic



field and Kx, K_ being the curvatures of the design orbit in
horizontal and vertical plane respectively with K_‘_K_ZD
[(KI,KI)#(O,D)]. A new Hamiltonian can be consl.ruct,ed./“ from (2.1) in

a new independent variable s - curve length of design orbhit, instead

of time t
/ 3
) + J(¥-e ) 22 2, IR} V2
H=—ps=- (1"‘XK!+ZK2)J 2‘0 -mc -{p —eA 37 - ip _-eA J ; -
c
- (1+xK_+zK _Jea . z.2)
o H4 3
Introduction of new variables
~ P ~ P :
3p= 2 z3p= — -@ct=t 3 h= (2.3
X % p * z p : o 7 B 2.
as os fE
E 2 4
yields the new Hamiltonian
- . 2 " 2 2.1/2
H= H = (1+XKV+2K~){{B"}- ‘%} - % _{Px— AJ -—rp ~ LAZ‘ P -
Pos - A [ gy Pog ™ Pos 4
3 5
- {4xK 42K J—2a (2.4
» 2°p H

as
2
where P, and ESZmDr’c are the wmomentum and energy of synchronous
. q-gy V2
particle, and Bs=v:/c B =i1- B)

The eleciric E and magnetic 3 fields are given by/Z/

p- b 32( -Bc)=8 ¢ 2
at sSae !
g - 1_[1“__“__1 _ 8
< h L 8 s |
E x)y A
. L [‘Mg } a\hoﬁ‘_l]
= h L ds M !
BA: 3Ax
SR
<here hD:l+xK)_:+zl(:. For wvarious latlice structure elementls in
particular we have:
1. RF-cavity:
f tts)n.n{ ——t ] : £ =€ =p
- z
and therefore
ity
et (s) .
R
Rta s Rooo 9Ty |, Ao, 2w
p H 8 E o)
o5 5
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vhere R is the wean radius of the ring, Eo is the peak value of
electric field, w:kuo is the freguency of RF-yenerator (k being the
harmonic acceleration mod.e,w° being the angular frequency of parlicle
revolution) and & is the initial phase of RF-field.

2. Quadrupole:

A8 - _-xz
A’— ax dm=z=0 2 ’ AV-AI:O !
so that
g 2 A o a8 -
R-E-a = ;%(z‘—x‘) ; g R" L[—?—‘},__m. (2.6)
po:: “ Pos oX SmEEE
3. Skew gquadrupole:
aB 3B 1
_ < _ ] KT . —a =
As— [ ax 32.JI===U 2 * A)-( Az 0.
e N, 2 e (B By
R-—h = oz ; NRY o= (50 = 32 ) e=sm0 2.7)
POS L-Po agX g2 f==2
4, Sextupole:
A 3B
. 2 3 =
RSa z-—0ae A=) @
Pos ER™ Pos™ kT
5. Octupole:
3
o abs
4 22 4
R—E-A = —=Oc-6x'z+z ) W_=R { Yoo @
pns 24R pns i ’ h
6. Synchrotron magnet:
e R, v Jo, 2 =
R—a =—{l+xk 42K _j+=1"-x"J+... , 2.10)
p s 2 « = 2R
as
where
{0) (o)
k= -235° ; Kk =-28 % ané KK=0. , (Z.11)
g PDS 2 r3 PD! = ¥ 2

Next we substitute expressions (2.5)-(2.10) 1into the Hamillonian
(2.4) and expand the resull in a power series in the wvariables

p/T, p /T and etp/Es to oblain

HoH HH Al (2.12)
where
£
- eto(s) <
H =-T+ —‘icos[g—w] , (2.13a)
o B E w c o
s = Ed
H=-(T-1) ixK 42K}, (2.13M
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o P tp, G x 6 z
Hg: - + — 5 ) (2.13c)
2R
L4 +P g I kel l
; Wl w2 pod 2 i3 2
H3=(th+7K1;[p;r + ;\x -z ;]+~—2\x kP T-3 I (2.134)
crr 2R 6R
" 1+e: e,
Hpp= UK 42K j —5 g S,0s) . (2.13e)
<] 5
5
Here we have used the notations: .
1/2
2 2 1 ]
r:[ﬁsh - = , 2,14a)
By /
22
G —q°+R K ; G:—-q°+R LY (2.14b)
M M in( 3-3 )
in{ 3-
k
ERCIEIRE o RETE SH N , 2.14¢)
=l T k21 n=-m

there are M interaction points, placed at azimuth #k

assuming that
(k=1,2,...,M), The gquantity wb in eg. (2.13e) 1is the Dbeambeam
/3/

interaction potential for a Gaussian bunch, which reads as

2 2
X z
0 expi-—; = J
@ (x,2)=-—Ne J it d (z.1%)
3 - T 1 q ., (3]
b 2 2 L {1/2
ame R l(?.u;«q) (2uz+q)J
]
particles contained in the partner

where N is the tolal number of
bunch and ¢ , o are the horizontal and vertical

respectively. The definition of the classical charged parlicle radius
2

standard deviations

o

r =

2
4ne m c
a

o
~
helps us to rewrite the Hamiltonian be as
2 2
® exp f- X z ]
2 2
Ke 148, ( ) J Zu:'«q 2o *q
T ——— (1 txK +zK _J& (5) | T dq. (2.16)
F b 2 /2
bb- RY_ g2 o l@ux+q)@uf+q)J‘

H
s
o

The description of particle dynamics in terms of a new



.

Ao

independent variahle aziwwlh @ instead of s means a simple
wultiplication of the Hamilionian (2.12) by R.

We perform a canonical transformation wilh a generating function

% » -2]
Folw® e, m 4}=x§,‘+z§z+t {U*B, J‘H)H ) (2.17)

defining new canonical variables
A ~

-2
T §u:pu i mTh=B.T  ;  oTR¥rtTse (2.18)

and {he newv Hamiltonian

= Rl'2 e'tn(s) cR o ]
TERALEN *cos[g ke |, (2.19a)
o 7_2 8 E c o
h’! L =
- A ~
H=-R Ok 42K 3, €2.19b)
wg  wp
G x +6 =z
- _ R /M2 ~2. # 2
HZ_ E(Px+*PzJ* T I (2.18c)
2 w2 A
-~ ~ ~. |P +p g mp mD 3 wmeap
Rk Kok zd -2 ¢ 26220 2600z D, ., (2180
3 k3 z 2 -~ 2
2R 6R

(2.19e)

x|
|
]

~2 ~2
0 exp [— z J
2 2 2
Nt‘c 1+B’ J de*q Zuz+q
= —5 & (s) 1 Y dg ,
bb 2 b 2 H 1/2
LA [{Zu +q) (2o *q)}
2 0 . 2
where we have represented the quantity I" as a power series in 17, and
assumed that KKIK_=D at the interaction point.
The next step is Lo define the dispersions lllch and “'z by the

canonical transformation

LI '
NOA ~ A WA uowu wuwu A2 A
6,0 p Lo md)= ) fp s - S0t lon L 2a2m

uz{x,z}

which cancels H ., Furthermore we have

1

A. .
NA A o, A w\l
u=utng ; Pu=Pu+T ; u=(x,z) , (2.,20a)

. A‘ R
A u'u A A
D e AR = (2.20m
us{x,z?}
5



where the dot weans differentiation with respect to .

The new Hamiltomian

. N
et (s) .
iR R R S R .
Ho— z[wax+“z”= -2}0 + A E o coslB z k#+¢o' B (2.21a)
s I 5
2
G x +G z
R N2 AZ
"2_ E\px+p=:+ 7R B (2.21h)

has been obtained by the utilization of the definition of dispersions
L satisfying equalions

2
d v

a3’

. ~2 . .
We replace now the coefficienl of ©~ in (2.21a) by 1ils average over

“4 6u= R ; wIx,z) . (2.22)
U u 17}

one revolution and note that (KKWV+KZW'):¢H, where u" is the momentum

cowmpaction factor.Thus we have

. AE 5
~ g "2 o c Ed i a
"o " gE. zme °°% Mg o' %) tz.23)
s % E
where
. 1 . _
P ; ¢ =6_k3, (2.23a)
v
5
(eRgo(})sinkQ) .
3 marcty ———————— . (2.23p)
(er¥ (coskd

The quantity AEOZ(QRQO(&)) is the total energy gain for one revolution.

The particle’s phase uU/B’c is nswally quite close te Lthe synchronous
phase ud’/Bsc, thus one is allowed to expand the cosine term of (2.23)
in a power series in AU=U—U‘. Supposing that there is no energy uptake
in the cavities (the energy gain provided by the RF compensates for

the radiation loss) we drop the term proportional to Ac and get

AE 2
X ~2
H_=- Lo ETO 5 cosé_ m%’ , (z.24)
“ =5 2mc@,
uwo
where ¢’: E:E e

Lt



It should be wentironed here that wu:wu=n for RF-cavities, 1in
order to avoid synchro-betatran resanances 1n them. This Ffact has

already been used in the derivation of eq. (2.23) as o0 (equivalently

8o=80) For W =W =0,
The final step of our sywnchro-betatvon formalism is to cast the

Hamiltonzan H ta action-angle variables. Let wus introdeuce the last
canonical transforwation. given by the generating function
.'.er s~ 2
S {u.a ,ag, 0 3in v 2oty fwoex v 3 A g, czl2s)
1 u 5 _%‘ ) LBu 2R v u w 2 s
u={w,z

with nev canonical! variahles uu, Ju determined from the expressions

~ [, 1172 ; o oo
u—luﬂ J | cosie vx -v Fio. 2.26a)
u u u u u
('zJu"l 1/2 ('gu _
- r Y -y kY _ . N — " ” 3
P, !G l FiCDS\Mu xu »u¢4 51n\au+xu \u¢;| . 2.26¢c)
Lo

where the well-known Bu-functiuns and the phase advances xu catasf

the equations

e ‘9
BuBu Bu 2 2 ' R
- - = : (T 2 2
5 a Guﬁu R ; X, g (2.27)
u

For Lhe longitudinal degree of freedow one is ready lo obtain

7,

W2

o e A f 172
Ag= |- cose ; ﬁ:—[ﬂlJ ] sino_ , (2.28)
i A ] s | 5
o AEo v
A= T —— 5 cosd_ . (2.29)
s Zng RK

The vunperturhed by the beam—beam interaction Hamrltonian 1s

fransformed now as follows:

HOZH 4l =y J +v J ~v J (2.30)
o0 o0 2 xw 2z 5 %
where
AE
2 kX
V.= E~2 3 cosbs . (2.31)
s 208
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In what follows we examine the case of wz=w==ﬂ at the interaction
point and study the motion in horizontal and longitudinal directions

only.

III. LINEAR S5YNCHRO-BETATRON RESONANCES

In order to proceed further with our study of synchro-belalron
resonances due to beambeawm interacltion we must first represent the
Hamiltonian (2.19e¢) as a series of homogeneous polynomials in the

[y

~
variahbles x and z. Doing so up to the fourth order in x and =z we have

zZ M ) ~2 o 2 2 2
i = e T (-3 )17 X, ) = 7 rs[ (kip 29,790,970, .
bh. 2 Sp i e B(k)l ™. T Ne_[*~ 3000 -9
Bs k=1 ) ” z .
z 2 1 .
~g NN 20 -0 0 -d ~4 ]
oy, oy )z L% 2
—2 X2 __¢ . N i , (3.1

2t ¢t J+...
(k)2 :-: z (k)Y (kY ?z 30 (d -0 ) (k)2
8! N L9790 5!

- (k)
where the index k denoles k-th interaction point and §x , are the

haorizontal and vertical beambeam parameters, respectively:
- (k)
e L Me 1 (3.2)
s,z 2n y.o+d Lag ) ' "
z Es z

x, 2

Insert now egs,(2.20a), (2.26a) and (2.28) into the egqgustion (3.1).

After some simple algebra one can pick out the resonance Hamiltonian,

s ~ ~N
vhich 1s the sum of HDD and Lhe quadratic in x and z te-ms of th in

the form:
2 M
St K ‘ %t ‘ B I*Gs v o (k) : N
H:xvK+Av1)J!}\v1+Av:;J:—\v’+Avsts+ 3 uélgx Jmcos{EGK—n#+¢knJ+
2 M
1448 ¥ : 3
SV P N k i 1172 N
A e My s vy CRCHS BLLE @ o -mip, b, (3D
B k=t B j
s M A
where
2 M 2 M 2
i+8 1483 I
(k) (k) "k
av = 75 Z § ; Ay =-2 x Z £ —, (3.4)
x, 2 2.8 w2 5 82 Koy x (k)
Bi [ 1 b
LI Ve LT . UL 2 P,
¥, %, *un-v,‘;#k*z H ¢kn—2xx tin-2v j¥, . (3.5)



The resonance conditions are written as
v +Av ~v_—Ov_Smte ; 2 {v +bv J=n+e, . (3.5)
* X % E 1 x x 2
The quantity € is the resonance detuning for the linear

synchro-betatron resonance, while £, refers to the standard beambeam

parametric resonance.

For the sake of simplicity we consider omne interaction poimnt and
omit terms, responsible for the motion in z-direction,

Our aim now is to remove the explicit $-dependence in the
Hamiltonian (3.3) by the canonical transformation

. - . - . :M —{ " 3
; uk-ux+(»x+ﬂvi lx)e—cx K us d‘ (vsiﬂ\’+1’J&—c’ 3.7

N~ ~
J=d o, J_=d
« W s 3

with a generating function

¥ N .- e Y N r It . Y ~
szux,as,JE,J‘,éx— ux+\KK-VX-A»X;3+CI]JK+EN‘+\A’#»’+AVSJQ+C,JJS,(3.8)
where
€ 3
_ 2 . . _ _2
A; 7 5 h'ﬂ 7 (3.9)
] ]
in - in
L7 ; P (3.1
The transformed Hamiltonian reads as
o~ ~ ~
K=2 J +a J +2D VT cos & +@ J+D J cosza (2.11)
X ¥ 5 8 s %X ¥ X 5 p x
wilh the notations
2 2
148, iy, 148,
Dszﬁx 5 ; DP:E, 7 (3.12)
Gs le Bs

Next we utilize ths more suitable for investigation of Lhe case of two

resonances combined aclion rectangular canonical variables

x=V2J cosa ; P =-V2J sina B (3.13a)
b 4 x = b 4 x
~N ~
S=L2J‘ coso, ; P’:—pZJ‘ sindz ) (3.13m
defined by a new canonical transformation with generating function
2 2
Sl(x,ux,s,oz‘)— 5 tadd o—tod (3.14)
The Hamiltenian (3.11) is now cast to the form
A A il
A Tx g 20 2y s 2 2 _ P 2 2
= 5 @y e asT D (s-Pp e SEKCR) L 3.15)

The characteristic equation of Hamilton equations of molion

X= (AI—DP)PI-D;, . (3.16a)



P=-{+D ix-Ds , (3.16h)
4 = p s
§=-D P +a P_, {(3.16¢)
£ x s 5
P =-DXx-2 8§ (3.16¢)
z 5 5
governed by (3.15) is easily calculated to give
4 .2 .2 .2 2. 2 & 2 2,2 .2,
x +A4AT-D"-2D7 04D -2A A BT (A7-075 = 0 . (3173
< 5 p 5 5 » 5 5 s % p
The motion, described by the system (3.16) 15 stable, provided all the
rools of eg. (3.17) are pure imaginary. This means that the follouving

inequalities

q 2 2,2 .2
D-2aa D+ 0-05 5 0, (3.18a)
H & 5 5 7 p
.2 o2 ;2
252507207y o (3.18h)
> = ] H
must hold. Note thalt the quantaitaies 1, and 1’ are linear comblnations
[see eqs. (3.92) of the two reso.ance detunings €, and €., Lhus

conditions (3.18) determine the stabhility region 1n the €7 €. plane.
Further we assume that the horizontal hetatron frequency s
sufficiently far from the parametric resonance value. This wweans t{hat
the standard beaw-heam paramelric resonance terw 1n eq. (3.3) may he
neglected.
. /47
Choose now a generating function of the form
N M ”~ N B ‘.-. A
Eg‘“ilu,'J,lJ,5"““,*“, m:+¢lr;J. u$J’ s (3.19)
defining new canonical variables
BN ~ ~ ~ o~
J =J ; J =d -d ; o To 40 -mytd s o <o (3.20)
» = E 3 s o = s in 3
and Lhe new Hamiltonian

~ ~ . -~ L, ~
Heed +0v +0v 3d +20V 0 U -0 3 cose . (3.01)
1« H s < 5 * K 5 X

Note thal Lhe Hamaliownian (3.21) does not depend on the new angle &‘
It weans that 3‘:Ji-J=:C must be constant. From the Hamlton equations
for 3! and ;1 one easily obtai;s
L
+ed =D, (3.20)

a3
where

2.2 2 A 2
E 251—41) ; e £20°C , (3.22z
H 1 s

10



feh- v +av JC (3.22b)
The solution of &eq. (3.22) 1is stable, provided the following

ineguality
€ » 0 (3.23)

holds. Note that eq. (3.22) follows from an effective Hamiltunian/S/

P )
=2+ v Uy, (3.24)
e % [ 4
vhere
R E‘J: .
v = -- . (3.25)
Using the relation
C T L e
p=d=- 2DV g U -C) sina. (3.26)
o » " ES - » -
a0
“
it is easily checked that
ﬁZ
K= 20D, (3.27)
e 2

The motion takes place in the potential well, described by the

effective potential (3.25), provided i y 0. Moreover the 1line of

constant energy xe {see eg., (3.27)) intersects the curve VE(JK} if
w2 2.2
D # y 0, One can check that these two inequalities are

avtomatically satisfied, provided (3.23) holds., The oscillation

amplitude of JK is given by/S/

R R e a3
awp (g 3= == S VDR, (3.28)
E

where J“ and Jiﬂ are the miniwmum and the maxamum values of J

1
respectively, so that
&
v i )= . (3.29)
e =x1,2 z

The solution of eg. (3.22) can be ohtained directly from (3.24) using

(3.26)., We have:

Ji
af
- x
el el
s Vzlx—v {J}l
[ e »
w0

or

11



J =Amp {J Jsin [E {3-3 _3+00p ]+ 25 , (3.30)
pA - -] o &

m

where

|=

J -

o

r

m

aregsin —m——— ( P
Awo aresin Amp(JT) (3.313

IV. THE EFFECT OF S5YNCHRO-BETATRON COUPLING ON PROJECTED

EMITT ANCES

The transport matrix of a lattice structrere, defiwed by the

equat1ons of motion, following from a Hawiltonian H=H2+HD [see eqs

(Z.21b) and (2.243) 1s givew by

cosk B‘lslnuw 0 ¢
S1NY
"B = cosH 0 0
(Ls), = " , (4.1
J 0 0 cosH_ —psinu’
sinus
¢} 0 ) cosu‘
where
3
- ad L taa , _ RX
u =R ] ey R “;“‘:”"’o-} B p= v (4.1a)
eD

and lez G, The transport matrix fFor Lhe interaction point (B’:l) is

[see eq. (3.1)1

1 0 0
ent 8ﬂ§xlﬂ1
- 1 0 -
Bnl Bxl
(IP)U = 2 . (4.2)
Bnﬁxwi Bﬂﬁxm‘
8 o 1 B
x1 x1
0 (v} 0 1
12
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The total transport matrix Mq of a system consisting of a lattice
structure and an interaction poinl will be the product of (4.2) and

(4.1). Thus we have
4
M. = 3 (IP). (LS) (4.3
ij ké1 ik Kj ’
Foilowing K.L.Brown and R.V.Servranckxls/ we write the matrix M in the

forw
A B
M= R (4.4)
C D
where A, B, C and D are 2x2 wmatrices. Let £ be a vpositive definite
matrix called Lthe beam envelope matrixls/
l b T
.3
z= -~ s (4.9
| T z
k1

and T is the transpose of T. The relation between inilial z, and final

21 is given by Lhe equation

212 M SDN . (4.8)
If we assume that the imilial beam is uncoupled T°=D (i.e. there is no

synchro-betatron coupling) a simple matrix manipulation vyields the

resultls/

Z ,SAT_A + BZ B , (4.7a)

Z.=CZ C+DZ D . (4.7b)
s1 x0 z0

A A A
Using the definition of beam emittance progjections on x - P and A0 -
3 subspaces )
2 2
g = det [Z) H E = det[:) (4.8)
X X 2 E

and the symplecticity of the transport matrix M one obtains
2 2 2 2

£ 4" ET ET E s (4,9a)
2 2
2_2, [a"txﬂ] Y0 .2 o2z
€ T —————B € a 7 sin u‘ £cS98 u‘ A (4.9b)
x1 e
where d_ is the bunch length and o is the relative beam energy

spread. In deriving eqs. (4.9) we have assumed Lthat the initial beam

13



ellipses are upright because of G‘1= 0.

2
The first formula (4.9) expresses the fact tLhat e E, is an

invariant. The moslt remarkable fealure of formula (4.9h) is that the

~ -

X - P, projection of the beam emittance does not depend on the

2 R R .
betatran phase advance. It shows Lhat € _experiences slow oscillations

around the mean value

IH 2 §

3z [nli ¥ (o ]

52252+—-'—§-LJ—E l’°+02| . (4.10)
X0 E ]

MmO Bxl

V. CONCLUDING REMARKS

We have analysed linear synchro-betatron resonances due to a
non-zero dispersion at the interaction point and obtained the
stability conditions for the combined actien of a synchro-betatron
resonance and parametric beam-beam resonance. The beating amplitude
for an 1solated linear synchro-belatron resonance is calculated in
invariant form.

Note that the invariant C=Jx—J’, derived in Sec.IIl wmay be
wvritten in the form C*:EK—ES for the action variable is proportienal
to the beam emittance. One can see the consent in principle’ between C
and the exact invariant (4.8a). From eg. (4.8b) it is evidenl that if
there are no betatron oscillations initially (€!°= 0) the progjected
emttance € will be zero all the lime. This mweans that the projection
of the 4-dimensional beam ellipsoid (see e.g. Ref.7) on ; - ;K plane
will be a rotating segment and there will be no longitudinal emittance
pumping over into ilransversal emittance.

The author wishes to thank Dr. E.A.Perelstein for careful reading
of the manuscripl and Dr, Yu.I.Alexahin for helpful discussions and

support .
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NHedubie cuHxpo-BeTaTpoHHbIe Pe30HAHCH
Bo3bywmaaeMple beam-beam 83aumMoseACTBNEM

MpoaHanM3npoBaHO COBMECTHOe AeWicTBUEe NUHEAHOTO CUHXPO-
BeTaTpoHHOrO PE30HAHCA, BbI3BAHHOIO HEHYNeBOW AucCnepcuer
B TouKe BCTpeuMu Konnaigepa w obbiuHoro beam-beam napa-
MeTPUMECKOr0 pe3oHaHca. [MHedHbli cuHXxpo-BeTaTpoHHLIA pe3o-
HaRHC paCcCcMOTpeH NpwW nomowwy MoAgenn W30NUPOBAHHOI0 pe3o-
HaWca. BbumMcneHa nNpoexkuus aMMTTaHCa Ha FoOpu3oHTanbHoe
ha3zoB0e NOANPOCTPAHCTRO.

PafoTa BwnonHeHa B [lafopaTopun saepHbix peawkuywid OUAW.

.
Coobmene O6benMHEHHOr0 HHCTHTYTa AAEDHbIX Heenenosanui. Jy6ua 1991

Tsenov S.1I. £9-91-51
Linear Synchro-Betatron Resonances,
Driven by Beam-Beam Interaction

The combined action of a linear synchro-betatron re-
sonance, due to a nonzero dispersion at the interaction
point of a colliding beam storage device and a standard
beam-beam parametric resonance has been analysed. The
synchro-betatron resonance has been studied involving
the single resonance model. The projected emittance on
the horizontal phase subspace has been calculated.

The investigation has been performed at the Labora-
tory of Nuclear Reactions, JINR.

Communication of the Joint Institute for Nuclear Research. Dubna 1991
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