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Summary

New measurements of the dependance of energy
spread and bunch length on beam current are reported.
They are checked against the combined potential well
and turbulent lengthening models. Broad band impedance
is deduced from the data. Betatron frequency shifts
are compared to the first head-tail modes derived from
the impedance.

Bunch Length and Energy Dispersion in the Beam

Measurements of bunch lengthening and increased
energy spread made on DCI have been already published].
In this paper the turbulent lengthening model shows a
good agreement for the dependance with current, RF vol-
tage and energy but the impedance deduced from bunch
length values was too large to explain the variation
of the energy dispersion with current. In the present
paper, wa take into account the effect of the potential
well distorsion.

New measurements have been made at a lower energy
where the increased synchrotron contribution to the
beam vertical dimension is dominant. At .7 GeV,

V = 250 kV, the increase of O _ is about a factor 2 for
a beam intensity of 200 mA.

Above the turbulent threshold, the Keil-Schnell
criterion? applied to bunched beams3 gives
°E)2 | g R I
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where U,. is the betatron invariant, B, and n, are the
local betatron and dispersion functions at the source
point in the vertical bending magnet, (Jg/E), is the
energy dispersion at zero current, R the average ring
radius, o the momentum compaction factor, E the beam
energy, I the intensity per bunch and oy the r.m.s.
bunch length.

Z

r

|z/r| is the absolute value of the impedance of
the chamber divided by the mode number w/wg. The simul-
taneous measurement of bunch length and vertical dimen-—
sion allows one to determine this quantity.

The bunch length was measured using the signal
delivered by a short electrode. The signal was integra~
ted and corrected for small errors introduced by the
network%. When the intensity increases,the shape is no
longer gaussian. The value oy used in all the fits is
the second moment of the signal, corrected for a reso-
lution estimated at 170 ps. A photodiode of 250 ps
resolution gave a FWHM 11 7 higher than 2.36 oy of the
electrode. In this experiment the bunch length varies
between 200 and 800 ps.

The variation of the energy dispersion with the
longitudinal density is shown on figure 1. The plot is
linear, in agreement with an impedance approximately
frequency independent.

In order to describe the broad band longitudinal

impedance we suppose’ a resonator with Q = 1 quality
factor and a resonance frequency mr/ZW = 1.3 Ghz
(Fig. 2).

In our case, the bunch is long (og >> c¢/w.), and
in the frequency range involved, the ratio |Z/r| remains
close to its zero frequency value |Z/r|o, in agreement
with our results.
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Below the turbulent threshold, the vertical size
is consistent with a coupling factor k2 = 2x107% and
the extrapolation of the straight line at zero current
is in agreement with the theoretical value n_= .69 m.
The slope yields a value of |Z/r| = 7.3 Q. z

Assuming that the bunch length results from a
combination of potential well and turbulent effects we

get :
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where (Zi/r)eff is the effective impedance deduced from
the reactive part of the impedance integrated over the
beam frequency spectrum :
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Again it appears (Fig. 2) that for long bunches
(Zi/r)eff is roughly equal to [Z/rlo.

This is clear gn figure 3 where Ao, (V cos ¢ yi/e
. 173 2 s
is plotted versus I .
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Fig. 3 : Combined potential well and turbulent
bunch lengthening effects.
Bunch length versus current
Ve deduce (Z;j/R)aff + |2/r| = 13.4 Q . With the
value of |Z/r| = 7.3 Q one gets (Zi/r) gf = 6.1 Q. Both

values are nearly equal and can be related to

Z
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The experimental values of 02 versus (V cos ¢ )1/3
12/3, on figure 4, fit accurately with the computed
straight line from the combined potential well and tur-
bulent effects

2 v 1/3|2 - 1/372/3
n, h Irl (Vcos ¢S) I

°_E)2
z zz ( Efo " 2m?/% o %[l%}eff+'% ]1/3

3

§ T T T T
ExlGe aiot
y//’
A
8 s . 4
Z‘/
¥
b4
>
| s )
+ /‘
. /s
H A
5 A
18 ‘}fr g
P T
W o 150 W B
+ 150 W
h ) w0 W i) 75

‘Vw m“s"h“m-)uI

: Combined potential well and turbulent effects.
Vertical beam dimension versus current.

Vertical Betatron Frequency Shifts

Additional measurements of vertical betatron fre-
quency shifts were also taken at .7 GeV and compared
with the first head~tail modes® for long bunches
5 IR e
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L being the full bunch length and 2
coupling impedance.

T the transverse

Taking L = 2/2 0 we get from equation (2) :
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The -two frequencies observed on DCI are plotted

T
on figure 5 versus

AQ

12/3 (V cos ¢S)1/3

E
A linear variation is observed which permits the defini-
tion of Zp ¢ Zp = 2,8 x 10° Q/m.

Notice that the measurements previously made at
1 GeV lie on a slightly different curve.

From the relation linking the transversal and
longitudinal impedances Zp = (2R/b2)[2/r|o we get
b = 2.7 cm. This value is somewhat small for the DCI
vacuum chamber.

However there are several approximatiomsin this
computation, namely the length taken into account is
questionable and the fact that DCI's vacuum chamber is
not smooth.

It is worth-while mentionning that if the working
point crosses the 2/3 resonance, one sees that the beam
is excited on the TV screen and eventually can be lost,
both for mode O and mode 1.
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