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Disclaimer

This report was prepared as an account of work sponsored by an agency of the United States
Government. Neither the United States Government nor any agency thereof, nor any of
their employees, makes any warranty, express or implied, or assumes any legal liability
or responsibility for the accuracy, completeness, or usefulness of any information,
apparatus, product, or process disclosed, or represents that its use would not infringe
privately owned rights. Reference herein to any specific commercial product, process, or
service by trade name, trademark, manufacturer, or otherwise, does not necessarily
constitute or imply its endorsement, recommendation, or favoring by the United States
Government or any agency thereof. The views and opinions of authors expressed herein
do not necessarily state or reflect those of the United States Government or any agency
thereof.



Transition Crossing in the Fermilab Main Ring, Past and Present.

I. Kourbanis and K.Y. Ng

Fermi National Accelerator Laboratory,* P.O. Box 500, Batavia, IL 60510

II. EXPERIMENTAL OBSERVATIONS

For the experimental observation of the high frequency
Abstract signals, we used a wall-current monitor with a flat fre-

quency response up to 6 GHz located in the Main Ring
A recent installation of passive mode dampers in the tunnel. The signal from the wall monitor was brought
Booster I-I-I/has eliminated most of the longitudinal emit- upstairs and was amplified with a 4-8 GHz amplifier. It
tance blowup of intense bunches due to coupled-bunch in- was then brought to an rf switch panel with a switch gate
stabilities. As a result, high intensity effects (negative- determined by an HP 8112A pulse generator triggered by
mass instability) dominate the present transition crossing a Main Ring beam synchronized clock. This was neces-
in the Main Ring for the high-intensity cycles. A negative- sary in order to reduce the noise in the signal since there
mass stability limit is derived for transition crossing in the were only 84 consecutive bunches out of 1113 in the Main

Main King and recent observations of high frequency sig- King cycle used for our observations. Finally, the signal
nals around transition is presented. Finally, some predic- was viewed on a HP8566B spectrum analyser set at the
tions about the effect o,_,' the negative mass instability on zero-span mode.

the transition in the Main King with the future upgrades In Fig. 1, we display the observed signals around tran-
are attempted, sition at frequencies 4, 5, and 6 GHz for proton bunches

with initial emittance 0.07 eV-sac and 2.3 x 10l° p. The
units on the vertical axis are 5 db per division and on the

I INTRODUCTION horizontal axis 2 msec per division. The transition time is
• marked with an arrow. As seen in Fig. 1, the signals are

getting stronger and more persistent with increasing fre-
In past years, coupled-bunch instabilities in the Fermi- quency as expected from the negative-mass instability. In

lab Booster were responsible for longitudinal emittance this case, the longitudinal emittance after transition was
blowup in very intense bunches. As a result, high inten- 0.25eV-sac corresponding to a blowup of 3.6. Next we used
sity (larger than 2.0 × 101° p) Booster bunches transferred a phase mismatch at injection to blowuF the longitudinal
to the Main King had large longitudinal emittance (0.18- emittance of the bunches with initial emittance of 0.06 eV-

0.20 eV-sac). In that case, our measurements showed that sac and intensity 1.8 × 10 l° p. In Fig. 2, we display the

nonlinear phenomena were responsible for the emittance signals observed at 5.0 GHz, with two different longitudi-
blowup around transition in the Main Ring [2]. Recent nal emittances before transition. As expected, the 5.0 GHz
installation of passive mode dampers in the .Booster cav- signal is smaller for the bigger longitudinal emittance, and
ities has eliminated most of the longitudinal emittance dies away faster compared to the signal in the case with the
blowup. In fact, the longitudinal emittance blowup in the smaller emittance. The emittance blowup at transition is
Booster has been reduced by a factor of 3. Now, a 2.5 × 10l° also much smaller for the bigger initial emittance (a factor
Booster bunch transferred to the Main King has an emit- of 2 compared with 3.7).
tance of 0.06 eV-sac. In this case, the blowup at transition
in the Main Ring has increased to a factor of 2.8-3.2 re-
sulting in final longitudinal emittances of 0.18-0.22 eV-sac III. NEGATIVE-MASS BLOWUP

after transition. We attribute this emittance blowup to
_- a negative-mass instability at transition. High frequency Hardt [3] proposed a theory of negative-mass blowup tha

negative-mass signals have been observed up to 7 GHz. takes into account of Landau damping. In the absence of
space charge, the spectral coefficient of the bunch for tev-

: *Operatedby the Universities Research Association under con- olution harmonic k is [ckl = Nb 1/2 due to the statistical
tracts with the U.S. Department of Energy. fluctuation of the Nb particles in the bunch. As a result of
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space charge, a blowup becomes significant when _ Ick}2 Bunch Area Bunch Length c E¢
grows to unity. Here the summation is over all the longi- (eV-s) (ns)
tudinal modes of the bunch when the total bunch length 0.040 0.438 4.07 9.88
2¢ in rf radish at transition'is an integral number of the 0.050 0.490 2.34 8.83
harmonic wavelength. As is well-known, the time-integral 0.060 0.537 1.49 9.78
growth due to space charge after transition for revolution 0.070 0.580 1.02 9.74
harmonic k is proportional to k. However, the space- 0.080 0.620 0.73 9.71
charge parameter go = 1 + 21n(b/a), where a _ 0.5 cm 0.100 0.693 0.42 9.66
and b _ 3.5 cm are, respectively, the beam and beam pipe 0.120 0.759 0.27 9.61
radii, starts to drop when k _, TRb, R = 1000 m being 0.140 0.820 0.18 9.57
the the mean radius of the Main Ring. In fact, it drops to 0.160 0.876 0.13 9.54
one-half of its value when k_ 7R(1.6/b+O.52/a). There- 0.180 0.929 0.10 9.51
fore the integrated growth'has a maximum, which occurs 0.200 0.980 0.08 9.48

at k¢ = k_/v/3. In our case, this corresponds to 1.6 x 106 0.220 1.027 0.06 9.46
or 78 GHz. After summing up ali the bunch modes, we 0.240 1.073 0,05 9.44
have

Table 1: Negative-mass blowup coefficient vs bunch area

(_)_ _ E_/2 )fNb2_!tan_[1/a ) at bunch intensity 2.2x 101° per bunch.
(1) Bunch Area Bunch Length c E¢

where Ee is the maximum allowable time integrated growth (eV-s) (ns)0.040 0.438 "' 13.06 i0.19
at harmonic k½/V/'3, and is given by 0.050 0.490 7.52 10.13

[ 1 00001 I , (2) 0.070 0.580 3.27 10.05
Ec= _ lnN_-hl _,3,/l_lnNb 0.080 0.620 2.35 10.02

= 0.100 0.693 1.35 9.96

k _b/xh, and ken = 3v/3k½/16. When the 0.120 0.759 0.86 9.91kb½ = ½ 0.140 0.820 0.58 9.88
critical coefficient c < 1, there is no blowup due to 0.160 0.876 0.42 9.84
negative-mass instability. In the above, the coefficient 0.180 0.929 0.32 9.81

= 2-17/6313/6x2r(2/3)(1 - _r/4), A is the bunch area in

eV-sec, E0 is the proton rest energy, and rp is the classical 0.200 0.980 0.24 9.79
proton radius. 0.220 1.027 0.19 9.760.240 1.073 0.15 9.74

The highest intensity in our measurement was Nb = -.

2.2 × 101° protons per bunch. The transition gamma is Table 2: Negative-mass blowup coefficient vs bunch area
= 7 = 18.85, the rate of acceleration across transition is at bunch intensity 4.0 Ic' per bunch.

_f _ 90 s-I at the synchronous angle ¢, = 60°. The blowup

: coefficient c for various bunch areas at such high bunch in-
tensity are givm in Table 1. The non-adiabatic time is ACKNOWLEDGMENT
3.4 msec.
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