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Abstract

We measure the bunch length at BEPC II electron stor-
age ring using a dual sweep streak camera at visible light
diagnostic beamline. The impedances estimated by a series
R+L impedance model. Resistive impedance of
R=446+21 Q is obtained by measuring loss factor from
measured synchronous phase advancing with streak cam-
era. An inductance impedance of L=23.3+1.8 nH has been
estimated by measuring single bunch lengthening with
beam current. Both loss factor and inductance are close to
the impedance budget. Besides, the streak camera is also
used to measure synchronous phase at low current as RF
voltage changing from 0.85 MV to 1.65 MV.

INTRODUCTION

BEPC 1I is a double-ring e+e- collider that operates in
the T and charm region. The energy reached to 2.474 GeV,
the highest collision energy by far in Feb. 2021. Beam-
based experiments are made to determine the longitudinal
impedance. Some parameters are shown in Table 1.

Table 1: Main Parameters of BEPCII

Parameters Value unit
Energy 2474 GeV
Revolution frequency 1.2421 MHz
RF frequency 499.8 MHz
RF voltage 1.65 MV
Momentum compaction 0.0189 --
factor

Synchrotron tune 0.02767 --
Energy spread 6.9%10* -

LONGITUDINAL IMPEDANCE

The longitudinal broadband coupling impedance of the
storage ring can be divided into real and imaginary parts.
The real part is a resistance, can be characterized by the
loss factor as an energy loss of the bunch. The imaginary
part does not cause energy loss, but it leads to energy trans-
fer inside the bunch, and results in bunch lengthening and
energy spread growth. We measure the impedance with
streak camera, the real part resistance from synchronous
phase shift measurement, and the imaginary part from
bunch lengthening measurement.

Synchronous Phase Shift

The parasitic energy loss induced by real part resistance
is dependent on charge in the bunch as AE = —k;q?. In
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AV =
—k; j;b ,where [, is the bunch current and f; is the revolu-
0

terms of voltage it becomes AV = —k;q or

tion frequency. For the reason of energy balance of the
bunch, the current-dependence synchronous phase shift
A@, can be derived from the equation as follows:

(1)

where V; is the RF voltage, @, is the synchronous phase at
zero current. The time shift is:
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Streak camera at BEPC II is OptoScope SC-10 from Op-
tronis. For synchronous phase shift measurement, it works
at synchroscan sweep mode with the frequency of
249.9 MHz (1/2 RF frequency). Ten reference bunches are
injected in adjacent even buckets with 0.1 mA per bunch
and a total current of ImA. The reference bunches have
fixed low intensity so that have long beam lifetime. The
main bunch is injected in an odd bucket, its current changes
from 0.5 mA to 10 mA with a step of 0.5 mA. Since just
synchroscan sweep plate is applied, the image has two pro-
files in the central part, the left profile is main bunch while
the right profile is reference bunch, as in Fig. 1.

At =

Figure 1. Left: Bunch image captured by streak camera.
Right: Bunch profile with main bunch current from 0.5 mA
to 10 mA.

The profile data are fitted with asymmetric Gaussian dis-
tribution [1, 2]:

_ 1 (z-2) 2
I(Z) - 10 + Ilexp{ 2 ([1+sgn(z—z‘)A]az) } (3)

I, is the initial pedestal, /;is the maximum value of the dis-
tribution, o, the longitudinal rms size, Z the center of the
distribution, and 4 the asymmetric coefficient.

Time jitter of main bunch profile can be reduced by sub-
tracting the reference bunch profile’s center time. By linear
fitting the corrected profile center time data with current,
the time shift At = 0.32 + 0.02 ps/mA is obtained, as in
Fig. 2. The loss factor is calculated with Eq. (2) as k; =
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2.04 + 0.10 V/pc, while the k; budget is 1.76 V/pc. Re-
sistance is R = k; X 2V X 0, = 445.6 +£21.0 Q.

Phise shift (ps)

Current(mA)

Figure 2. Phase shift with different bunch current.

Bunch Lengthening

Potential-well distortion (PWD) and microwave instabil-
ity are two major factors result in bunch lengthening. Since
the beam current in BEPC II design is 910 mA with the
single bunch current of 9.8 mA, a strict impedance
budget [3] with (Z/n)i=0.23 Q was designed in order to
control the bunch lengthening. The microwave instability
threshold would be more than 30 mA of single bunch.

Streak camera is applied to measure bunch length. It
works at synchroscan sweep mode in order to detect the
low current beam. Bunch length is measured with single
bunch current changing from 0.1 mA to 11 mA, which is
below the microwave instability threshold, so that bunch
lengthening is caused by PWD. All IDs are moved out.
Zotter’s formula [4] for PWD is applied to calculate longi-
tudinal coupling impedance as follows:

3
gy (o
() )+t @
where o is the rms bunch length, gy, the natural rms bunch

length, I, the average beam current, e the electron charge,
@, the momentum compaction factor, £ the beam energy,
Vso the synchrotron tune.

Figure 3 shows the bunch lengthening data and fitting

results. The measured Im [(%) ff] is 0.185 Q, the induct-
e

eaplm[(%)eff] (L)?, -0

Vzrvi,E 90

ance L is 23.3+1.8 nH. While the budget of Im [(%) ff]is
e
0.23 Q.
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Figure 3. Measured bunch length as function with beam
current.
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SYNCHRONOUS PHASE
MEASUREMENT

At low bunch current, phase shift due to parasitic energy
loss can be neglected. The synchronous phase ¢, is deter-
mined by RF voltage V. and synchrotron radiation energy
loss per turn U, as the followed formula:

)

where ¢, is the measured phase, and ¢, is the relative
phase which is a constant.

Streak camera is applied to measure beam profile at low
current (<0.1 mA), the mass center phase can be obtained
after fitting the beam profile with Gaussian. As the RF volt-
age changes from 0.85 MV to 1.65 MV, different mass cen-
ter phases are obtained. By fitting the data with the formula,
©o=75.2° can be measured, as in Fig. 4. ¢, at different RF
voltage can be calculated and shown in Table 2.

Ps = O + @0 = - arcsin(Uy/eVy)
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Figure 4. Bunch phase as function with RF voltage.

Table 2: Synchronous Phase at Different RF Voltage

BEPC 1II operated at its highest collision energy of
2.474 GeV. Some beam-based experiences are applied to

Vrr(MYV) @5
0.75 144.8°
0.85 150.0°
0.95 153.2°
1.05 155.8°
1.15 157.2°
1.25 159.9°
1.35 161.2°
1.45 162.5°
1.55 163.8°
1.65 164.9°

CONCLUSION

determine the longitudinal impedance and synchronous
phase with streak camera. Resistive impedance of
R=446+21 Q is obtained by measuring loss factor from
measured synchronous phase advancing. An inductance
impedance of L=23.3%1.8 nH has been estimated by meas-
uring single bunch lengthening with beam current. Both
loss factor and inductance are close to the impedance
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budget. Synchronous phases at different RF voltage are
measured at low current with streak camera.
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