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Abstract sides of eq: 1 and make the integration fremx to co over
In this paper a theoretical framework to estimate thé’ Consequently, one gets

bunch transverse emittance grow up in electron storage d2y(s) dy(s)

rings due to short range transverse wakefield of the ma- FER r T k(s)y(s) = A (2)

chine is established. The new equilibrium emittance equa-
tions are derived and applied to explain the experimentall)ohere r _ 2 A _ 2Nk (.)Y (s)

. . . . TyC’ - mOCQ’Yls 1
obtained results in ATF damping ring. ls is the circumference of the storage ring,
INTRODUCTION ki) = Jy {ff‘;o PAW Ly (s.2) dz} oo, and

Required by the future'ae™ linear colliders, damping L_. 202 Y(s) is a random variable due

(2) =
rings are needed to provide the main linacs with extreme& vacuumgzﬁamber misalignment error and close orbit

small transverse emittance beams. In an electron storageqrtion with < Y(s) >= 0 (< > denotes the average
ring, it is observed that with the increasing bunch currergvers). Eq. 2 can be regarded as Langevin equation which
not only a bunch suffers from bunch lengthening, increa verns the Brownian motion of a molecule

in energy spread, but also transverse emittance growth. T_ €10 make an analogy between the movement of the trans-

usual explanat'ion to the transvgrse emittance grow UP J&rse motion of an electron and that of a molecule, we de-
based on the intrabeam scattering theory [1][2][3] Wh'CI?ineP _ Nek1y(02) and re ard (s)P as the particle’s
has its origin from H. Bruck’s idea [4]. Comparison of the T moecty 9 P

emittance grow up between experimental results and thodelocity” random increment 4 5%) over the distance,.
from intrabeam scattering theory shows, however, that We assume that the random variabi¢s) follows Gaus-
the vertical plane the agreement is not satisfactory [5][6pian distribution:

In this paper we will draw attention to another important

) . . 1 Y(s)?
p_h_y5|cal cause for the transverse emittance grow up in ad- f(Y(s)) = o exp <— 550 3
dition to the intrabeam scattering, i.e. the short range trans- Y Y

verse wakefield of the machine. and the velocity ¢) distribution of the molecule follows

Maxwellian distribution:
EQUATION OF TRANSVERSE MOTION

m mu2
The differential equation of the transverse motion of a g(u) = omnkT P\ TorT 4
bunch with zero transverse dimension is expressed as

) wherem is the molecule’s masg; is the Boltzmann con-
d*y(s,2) | 2 dy(s,2) ks, 2)2y(s, 2) stant, andl is the absolute temperature. The fact that the
ds? e ds ’ ’ molecule’s velocity follows Maxwellian distribution per-

mits us to get the distribution function fai [7]:

1 2
= ————¢‘NW Y 1
moc®y(s,2) ¢ ° Lyl ) (5,2) @) 1 A2[2
| | - O(AL) = exp (—5 (5)
wherey(s, z) is the particle’s transverse deviation from the Viamqls qts
closed orbit,s is the longitudinal coordinate of the particle
S .~ where

located at the center of a bunchdenotes a particle’s longi- LT
tudinal position inside the bunch with respect to the bunch q¢=T— (6)

center/k(s, z) describes the linear lattice focusing strength
Wiy(s,2) = [ p(z")Woy(s, 2" — 2)dz’, W1 (s, 2) is
the point charge wakefield, the bunch line charge density 4ql,

p(2) is normalized ag ™ _p(z')dz' = 1, c is the velocity 203 = P2 )
of light, 7, is the synchrotron radiation damping time in
transverse direction,m, is the rest mass of the electren, ©f BT 2 p2
is the electron charge, aid(s, z) is the deviation between % (8)
particles and the geometric center of vacuum chamber. Due m 21T

to synchrotron radiation effect, one can treat the particles ifill now one can use all the analytical solutions concerning
a bunch on the same footing by multiplyipgz) on both the random motion of a molecule governed by eq. 2 by a

By comparing eq. 5 with eq. 3, one gets:
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simple substitution described in eq. 8. Under the conditioror
k2(s) >> %2 (adiabatic condition), one gets [7]:

7

031y < By(s) > (e2NekJ_,y(az)>2
2

kT 2 kT Cw,y = 4T, 2
= [ — 0 mocry
v mk2(s) * (yo mk2(s)>

where< (,(s) > is the average beta function of the ma-

2
% (cos(kls) + r Sin(kls)> exp(—T's) ch_ine iny plane. Before going on fgrther, we havg to re-
2k, mind the reader that at the beginning of this section it is
2 2Nk 2 assumed that the bunch has zero transverse dimension (the
__ovTy (¢ Nekiy(o:) bunch is represented as a soft line), in reality, however, a
ATok?(s) moc2y , ) ,

bunch has finite transverse dimension. A particle inside the
. < ) o1, (eQNelu,y(oz)f) bunch can move like a molecule in a gas due to quantum

Yo — ATok2(s) Mmocy effect of synchrotron radiation. In electron storag(_e rings,
the “banana” shape of the bunch cannot be sustained due
r . 2 to “mixing”, quite different from what happens in a linac
X (Cos(kls) + 2y Sm(kls)) exp(—T's) ~ (9)  and a hadron storage ring where there is no, or little, syn-
chrotron radiations. Mathematically to take this fact into

<y?>= k_T+k(5) ( 2 kT ) sin(k; s) exp(—I's) account, one can rewrite eq. 17 as follows

m k2 \"" mk2(s)
2
_ b (ENekiy(02))’ 0¥y <By(s) > (e?NekL,ywz)) 18)
- ATok2(s) moc2y Y 4ToR2, moc2y
2
+k(8) W2 — Ty Ty <62Neky(02)> WhereR. , = €otal.y/€0.» €total.y 1S the final emittance
ki 4Tk (s) moc?y at a given bunch populatiofN, ¢, is the emittance zero
. 9 current, and the cubic functional dependencen, can
x sin” (k1 s) exp(—T's) (10) be regarded as an Ansatz. Finally, we find the expression
oy S k(s)? for the emittance of a bunch corresponding to a given bunch
o= k1 population
kT r otal,y = w
X (W — y%) (cos(kls) + T sin(k13)> exp(—T's) €total,y = €0,y T €w,y
2 2 2
_ k(S)Q O'%/Ty €2Nekj_,y(0'z) 2 2 — 607y + UYTy < ﬂy(s) > <€ NekL,Qy(UZ)) (19)
k1 4Tok2(s) moc2y Yo 4To moc™y

T If we distinguish now the horizontal plane denoted by the
X (COS(/ﬁS) + o Sin(/ﬁs)) exp(—T's) (11)  subscriptz and the vertical plane denoted by the subscript
! y, one gets the two emittance equations

wherek; = /k(s)? — 1I'2. The asymptotical values for .
otal,x
< y? > < y? > and< yy > ass — oo are easily Rea = tet—
obtained: 0
2 2 2
<y >= kT _ Oy (6 NekL,y(”Z)) _ 0% T < Be(8) > [€2Neky +(020) 2 20
mk2(8) 4T0k2(8) mOC2’Y (12) =it 4T0€O,3:R§,:z mOCQ’VR? ( )
2 2 2
2 2 2 oy Ty (€ Nekiy(02)
= ,l{j = €to al,
<y=> (s) <y” > 1T, ( oy Rey = tet y
(13) 0y
<yy >=0 (14) , ) 2
Inserting egs. 12, 13, and 14 into the definitions of the =1+ 2 = ﬂy(:f) - (e Nek;’y(tgo)) (21)
r.m.s. emittance shown in eq. 15: AToco,y Ry moc*yRZ
_ 9 2 ;o on1/2 where o, is the bunch length of zero currenR, =
Cwy = (< yo<yreo<y > ) (15) 0./0.0, andO = 0.7, which corresponds to SPEAR scal-
one gets ing for transverse loss factor [8]. Singe, is also a func-
tion of V., it is obvious that one can start to solve egs. 20
021, (€*Ncky y(0s) 2 and 21 only wherR . (N, ) has been solved from the bunch
Cwy = ATok(s) moc2y (16) lengthening equation [9].
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APPLICATION TO THE ANALY SIS OF ATF Damping Ring
ATF DAMPING RING EXPERIEMTAL 3
RESULTS

N
o

ATF damping ring is a machine dedicated for the feasi-
bility studies of future &e~ linear colliders [10]. In this
section, by applying our theory established above and ne-
glecting intrabeam scattering effects, we try to explain the
ATF damping ring experimental results [6] with the follow-
ing machine parameterdry, = 1.3 GeV, < £, >= 4.2
m < g, >= 46m, 7, = 182 ms, 7, = 29.2 ms,
€0 = 1.1x107% mrad,e,0 = 5.8x10~!! mrad, and the in- ‘ ‘ ‘ ‘
formation about the bunch lengthening with respecito 0 2 Buncgpopubtion?lw) 8 10
can be obtained either from experimental results [11][12]
or from analytical results [9]. Assuming, ,(0c.0) = , , ) )
k1 ,(020)=1020 V/pC/m, forcx = 0.42 mm andoy = Figure 2 \_/ertlcal emittance vs bunch populatlon. The dot;
0.163 mm, by using egs. 20 and 21 one fits the experimer?—”d solid line corre_spond to the experimental and theoreti-
tally measured emittance grow ups vs the bunch popul&@! Values, respectively.
tion as illustrated in Figs. 1 and 2, where the experimen-
tal _results correspond to the_values denoted in ref. [6] as CONCLUSION
“Wire scanner 2001/2/8”. It is seen clearly that both the
horizontal and vertical emittances’ functional dependences In this paper we have established a theoretical frame-
on the bunch population fit well with the experimental rework to explain the bunch transverse emittance growth vs
sults. We stress thatg(’y = Uz,y,chamber + g%yﬁw, where the bunch population in an electron storage ring. The new
Ouy.chamber € the vacuum chamber misalignment errorgquilibrium emittance equations are given and applied to
ando, , ., are the closed orbit distortion errors. It is ob-explain the experimental results from the ATF damping
vious that to avoid excessive emittance grow ups, both th#g. More quantitative works need to be done in the fu-
closed orbit distortions and the vacuum chamber misaligiture.
ment errors should be under careful controlls with the same
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=
(4]

accurate values fdt, ,(0,0) andk, ,(o.0). REEFERENCES
[1] A. Piwinski, Proceedings of the IXth international confer-
ATF Damping Ring ence on high energy accelerators, May 2-7, 1974, SLAC, p.
405.

[2] J.D. Bjorken and S.K. MtingweRarticle Accelerators, Vol.
13 (1983), p. 115.

[3] J. Le Duff, CERN 95-06, \ol. 2, p. 573.

[4] H. Bruck and J. Le Duff, Proceedings of the 5th Int. Conf.
on High Energy Accelerators, INFN, Frascati, Italy, 1965.

[5] A. Piwinski, DESY 90-113, Sept. 1990.
N ] [6] K. Kubo, et al, KEK Preprint 2001-126, Sept. 2001.

[7] S. ChandrasekhaRev. of Modern Physics, Vol. 15, No. 1
05 [ : (1943), p. 1.

[8] J. Gao,Nucl. Instr. and Methods, A491 (2002) p. 346.
0 2 4 6 8 10
Ao [9] J. Gao,Nudl. Instr. and Methods, A491 (2002) p. 1.
[10] J. Urakawa, Proceddings of EPAC2000, Vienna, Austria

Figure 1: Horizontal emittance vs bunch population. The (2000), p. 63.
dots and solid line correspond to the experimental and thE-l] K.L.F. Bane, et al, SLAC-AP-135, AFT-00-14, Dec. 2000.

oretical values, respectively. [12] K.L.F. Bane, et al, SLAC-PUB-8875, June 2001.

I
IN) 3
T

Horizontal emittance (m-rad) (10"-9)
P
o

3266



