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ENERGY RESOLUTION AT INTERACTION POINT
FOR ASYMMETRIC BEAMS

S. Petraccy K. Hiratd , KEK, Tsukuba, Japan

Abstract (E+ — Ey)/Ey is the energy deviation from the nominal

The monochromatic scheme adopted in the tau-charm fa\(:"’-llueE0 and normallzgd by It .
In the monochromatization, as well as the luminodity

tories uses a large dispersion at interaction point to obta{'pIe spread,, of the collision energys — 2Ey = ¢, + =
w - 0= ¢+ -

avery high collision energy resolution. is important. The luminosity can be expressed as
Due to the presence of dispersion, however, the beam- P ' y P

beam interaction induces the synchro-betatron coupling.

Even if in the linear regime, it can lead to potentially se- = = ¢onst x /f+<y’5+)f*(y’€*)dyd€+d5*' @
rious effects. One of the most serious is the rapid decrease ] o ] )

of the energy resolution when the beam-beam parameter fi€r€ f+(y+,e+) is the distribution function in the
creases, even if the motion is stable. In this paper we study=: ¢+) Space. If we assume

this effect in _detail either for symmetric and gsymmetric —A22iy2+2A12iy5:t—A11i5§:
beams and give formula for the energy resolution. e Ydet A
frlyes)= , (2)

1 INTRODUCTION 2my/det A
Recently the monochromatization has been considered éNeIEh A being
riously for future tau-charm factories [1], where a rather . WHhe (ye)+ 3
large dispersion exists at the IP with opposite signs for both + ( (ye)+ (e?)1 ) ’ @)
beams. In this case, the dispersion effects can no longer be
discussed in the perturbative sense as in the conventiod&t get 1 1
colliders [2, 3]. In a previous paper [4] we discussed the L = const x . (4)
effects of the dispersion at the IP paying enough attention V2 Af + AL

to the mutual interaction between the betatron and the SYPhe luminosity density with respect tois defined as [10]
chrotron degrees of freedom, and the possible problems as-
sociated with the monochromatization within the linear ap- ,
proximation of the beam-beam force.

The purpose of thg .monochromatlzatlon is to make thﬁerew stands for the deviation of the collision energy from
spreados. of the collision energy much smaller than the .

. o X =7 : . the nominal one2Ey). Then we have

nominal oner.. Thus this quantity gives the figure of merit

of the machine as well as the luminosity. The monochro- 1 ( w? )

W= [Flvef- e )50 dyde e (6)

(6)

matic scheme uses beams with opposite dispeBioand
realizes a distribution (centered at the IP) in vertical posi-
tion y analogue (Gaussian) to that one (centereBatin ~ and the formula for the energy resolution for asymmetric
energyE. In this way the particles with energy, — ¢ beamsis

collide with those at the same quote in the other beam but 120 = M, (7)
with different energyF, + ¢, then getting as collision en- A+ AL
ergyEcy ~ 2 Ey. with
+ - + - + -\ 2
2 ENERGY RESOLUTION A= (B Au) (An  An) (An An) g
dy d_ dy d_ dy d_

For simplicity we consider the synchrotron motion and o .
. — If we assume that two beams are modified symmetri-
one betatron (vertical) oscillation degree of freedom only. i o _ T _
ally, we haved]; = Ay, A3, = As,, andAf, = —AL,

The physical variables of a particle for the betatron an§1 .
. + = A andthe formulafor the energy resolution becomes
synchrotron motions are+ = (y+,py+, 2+, €+), Where

y+ is the vertical coordinate,+ the vertical momentum 5 2detA 9
normalized by the (constant) momentym of the refer- Tw = Ay ©)
ence particlezy the time advance relative to the refer-

ence particle multiplied by the light velocity ande. =

In the absence of collisiorf{ ~ 0) we can assume the

following:
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which implies [10]

2(0?)’
»= T DT (11)
14 %960/

3 EQUILIBRIUM ENVELOPE

The equilibrium value of the envelope mattixwhere

oij = ((@; — &) (x5 — &;)), (12)

is determined by the following equation [9]:

0 = My *[AMurco (AMare)' + (I — A2)E)(M},) 2,
(13)
where

A = HyBoA(HyBy)™', E = HyBoE(HyBy)', (14)

A =diag(\y, Ny, 1,A2), E = diag(e),e), ), e

,62, €5,€,).

(15)
Ay.= = exp(1/T, ) being the damping constants asjd,
the nominal emittances. The one turn matrix from 4R
0) to IP is [5]:

M = MY MM (16)

where:
Maye = M(0_,04) = HyBoMape By 'Hy

Marc = diaQ(T(Mg)v 7"(#2))7

17)
By = diag(b?,b?), (18)

YUz

4 DISCUSSIONS

In Fig. 1 we show that the energy resolutiey increases
rapidly with & and approaches its nominal valag, then
making the monochromatization less effective or even use-
less. This, obviously, gives a more stringent limit for the
maximum value of, than the single particle instability [4].

Furthermore, from Fig. 1, it is clear that this effect
weakly depends on the betatron tunes and is almost in-
dipendent on the synchrotron ones.

Ow

0.0004

0.0003

0.0002

0.0001

3

0 L L L
0 0.004 0.008 0.012

Figure 1. The energy resolutian, versus{y with Dy =
0.4m and other parameters are in Table 2.

Table 1: Legenda of Figure 1

with
o\ [ cospl, singd 19 line vt 1) [0 ] W) beams
r(iy:) = | _ sin cos 0 ’ (19) dash-dot| 0.05 | 0.05 | 0.03 | —0.03 | asymmetric
Hy,z Hy,z .
dash 0.1 | 0.05 | 0.03 | —0.08 | asymmetric
by . = diag(\/B) .,1/4/B9..), solid 0.1 | 0.05 | 0.03] 003 | asymmetric
dot 0.05 | 0.05 | 0.03 | 0.03 | symmetric
(T ho (0 Dy
m_<% [), %_(O O).(m)
1’ = 2mv?, 0 being the nominal tune3) _ the nominal
betatron functions at IP® = ¢¥/0?, o2 being the nom- Table 2: Parameters for both beams
inal bunch length), and), the dispersion at IP. Note that 01 0.03m | &P 26.3m
Hy, By, andM,,.. are symplectic. Finally the beam-beam eoy 410-m 65 3.810-%m
interaction is described as a linear kick o0 | 3.810~% | o0 0.01m
1 0 0 O T, 1000 T, 500
_ 0
My, = 47T€o/ﬂy (1) (1) 8 ; (21)
0 00 1 The reason of the rapid growth of the energy resolution

with &, is due to one ofry; and in particular ofros [8],

with & being the vertical (nominal) beam-beam parameteaience of the vertical and longitudinal emittances respec-

27T’}/T6Nﬂ2
- 2my09(09 + 09)

€o (22)

Note that the nominal synchrotron tung is negative for

tively. They increase in a similar manner regardless of the

sign of 2, even if for negative/! the increase might be
easier to understand, because the system is unstable [4].
The emittances are obtained from the envelope matrix

conventional electron machines with positive momenturds follows:

compaction factory,, and we have assumed that there is
only one IP which is a symmetric point with respect to be-

(23)

Eigenvalues[Jo]| = {iey, —iey, i€,, —ic, }.

tatron and synchrotron motions. We have also implicitlyn Fig.2 we plot the emittances . as functions o€, for

assumed that dispersion does not exist in cavities.

v? = 0.08. This shows that the longitudinal emittancés
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influenced considerably by the the beam-beam force. Thi¢] S. Petracca and K. Hirata, Phys. Re&31, R 40 (1999).
effect has been usually overlooked in the literature whelig) k. ohmi, K. Hirata and K. Oide, Phys. Reg-49, 751
the synchrotron oscillation is assumed to be unaffected. (1994).

Also, the vertical emittance, grows up quite rapidly. [6] S.X. Fang et al. Part Ac&L, 15 (1995)
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Figure 2: The synchrotron emittaneg (top) and the be-
tatron onee, (bottom) as functions ofy with v, = 0.08
and all other parameters are listed in Table 2.

As conclusion, within the linear analysis used in this pa-
per, it seems difficult to avoid this dangerous effect. How-
ever there can be some other effects in nonlinear regime
which is worth to study. In deciding the machine parame-
ters one should pay enough attention to the energy resolu-
tion.
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