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Abstract

A new method of monitoring the luminosity has been de-
veloped at CESR. The method involves shaking one bunch
at a specific frequency and observing the resulting oscilla- —
tions of the corresponding opposing bunch. In initial tests,
1% accurate measurements have been obtained in 1 second.
Measurements of different bunches in a train shows bunch
to bunch differences with the optimum conditions for one
bunch not coinciding with the optimum for another.
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In a colliding beam storage ring it is essential to be ablet— Stretcher
to monitor the luminosity so as to be able to adjust ma- , _

. L Reference Lock-in Signal |
chine elements (magnets, separators, etc.) to maximize the < Analyzer -~
luminosity. Two methods that are used at the Cornell Elec- out

tron/positron Storage Ring CESR involve measuring the o o )
verticalo—r tune split and counting babas using the CLEGigure 1: Schematic diagram of the BBI luminosity moni-
detector. The problem with the former method is thatthe tor configuration.

mode is not always cleanly visible. On the other hand, the

latter method is slow since the counting rates are low—thghereF,;, is the transfer function from the shaker to the IP
characteristic time scale for a measurement being a minuief. reference [1]).

With these problems in mind an alternative method has At the IP the oscillations of the shaker bunch give a kick
been developed[1] that uses the coherent beam—beam athe detected bunch. The amplitude of this kidkip),
teraction: A given bunch of one beam is shaken verticallys
g’h|s shake“r bunch |"nteracts with a punch o'f the o.pposne Ayip) = | 2L Ayp) 3)

eam (the “detected” bunch) at the interaction point (IP). dy |,,.

The oscillations of the detected bunch are monitored anghere dy /dy is the derivative of the beam-beam kick
the amplitude of the oscillation is a measure of the luminosyhich is evaluated aflys With g, being the vertical off-

ity. This Beam-Beam Interaction (BBI) luminosity moni- set petween the centers of the two bunches when there is
tor has proved to have several advantages: The hardWW@shaking. For head-on collisions

requirements are minimal and the response is fast—about a

dy’

second. An added benefit is that with multiple bunches in ay' _ 47k, (4)
each beam it is possible to individually monitor the lumi- dy |y By(ip)’
nosity of any given pair of bunches. where ¢, is the beam-beam tune shift parameter. If
we were only dealing with particles near the core of the
2 THEORY bunches then the correction factoin Eq. (4) would be 1.

However, since it is the centroid motion that is measured,
d since particles away from the core receive less of a
ick,  is less than 1. Measurements and calculations[2]
ve k ~ 0.6. &, can be related to the beam sizes through
the standard formula

The configuration of the BBI luminosity monitor is shown
schematically in figure 1. The sinusoidal reference signal

frequencyw, from a lock—in amplifier is used to vertically

shake a given bunch of a given beam. This shaker bunch
given a kickAy’, of

NypBy(ip)re

1At — _ _ FrINT =

Ay = Al(sh) - coswst . (1) &y pry (5)

At the IP the shaking translates into an oscillation of theyith N, being the number of particles in a bunghis the
shaker bunch with amplitudé; (ip) given by standard relativistic factor, and the classical electron ra-

, , - dius. &, can also be related to the luminosity by
As(lp) = As (Sh) \/ 6y(Sh) ﬂy(lp) Fsh ) (2)
= 1) ©
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12 Parameter| Value Parameter Value

/ Ws 27 - 100 kHz

11 A’ (sh) 0.5urad &y 0.03

1 By (ip) 0.019m a,(ip) 7 um
By(sh) 215m By(det) 32.3m
Fg, 0.79 Fye 0.82

Table 1: CESR BBI luminosity monitor parameters.

o
y' (normalized units)
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Thus, the BBI luminosity monitor can be use to adjust skew
quadrupoles to minimize, and maximizeC. However, be-
cause of the factor ¢, (ip) in Eq. (10), the BBI luminosity
4 2 o o T monitor cannot be used to adjugf(ip) since it is possible
Yas/Oy to increasedq(det) by increasings, (ip) while simultane-
ously decreasing’. This drawback is also inherent with
Figure 2: L, dy'/dy, andy’ as a function ofy4s/0, for  the s—r tune split since thee—r tune split also is essen-
oy/0r = 0.1. At yas = 0, L anddy’ /dy are scaled to be 1. tjally proportional tog, .
Figure 2 showg’, dy’/dy, andL as a function ofj4s /o,
with dy’ /dy and £ being normalized to 1 af;s = 0. The
kick vy’ was calculated using the standard Bassetti and Er-
skine complex error function formula (cf Talman[2]). For
lyas| S 20y, dy’ /dy tracksL with maximum£ coinciding
with maximumdy'/dy at yqs = 0. The BBI luminosity

_atpey oo monitor can thus be used to adjust machine elements to ob-
Aa(dey = Aq(ip)y/ By (IP)By(deY Faee, - (D) 5 headon collisions.

Lum, dy’/dy (normalized units)

wheree is the electron chargé,the beam current, and=

0y / O
Given A/,(ip) the amplitude of oscillationl; (det) of the
detected bunch at the detector is

whereF,,; is the transfer function from the IP to the detec-

tor. Combining Egs. (2), (3), (4), and (7) gives 3 CESR BBI LUMINOSITY MONITOR
dy “Typical” values for the parameters of the CESR BBI lu-
Aq(dey = AL (sh) B,(ip) m (8)  minosity monitor are given in table 1. The choice of the
Yds shaking frequency is not too critical except that it should

B,(sh) B, (det) Fup, Faer - not be near a betatron resonance frequency so that changes
in the betatron frequency do not produce large changes in
For head—on collisions the signal. From Eq. (2)i,(ip) is given to be
Aq(det) = 47 AL (sh) k&, \/ B, (Sh) B, (ded) Fup, Faer . (9) As(ip) = 0.25 um. (11)

Egs. (8) and (9) are not quite correct since the effect of thENiS is 4% ofo, so the effect of the shaking on the lumi-
detected bunch upon the shaker bunch has been neglec@$ity is small. From Eq. (9) the signal at the detector is
However, since this effect is smak(10%) for CESR it
will be ignored.

The detector signal is stretched and held for a turn until

the next signal is received. The stretched signal is measur‘(‘adThe cietector eIectrpnics Is descr_ibed in referengg [1].
by the lock—in amplifier (cf. figure 1). In order to prevent |YPical” measured signal levels (without any amplifica-

unwanted interference the shaker is gated so as to only kiEQn) are 20Q:V with noise a“?“”d_ avivhz. Th|s corre-
the shaker bunch. Additionally, the signal from the BPM iéponds.to a 1 second. averaging time producing a measure-
gated to exclude the direct signal from the shaker bunch.Ment With noise-to—signal of 1%.

With multiple bunches in each beam the oscillations of
the shaker bunch may also be transmitted to the detected 4 EXPERIMENTAL RESULTS
bunch via intermediate bunches and the long range BBI iat
the parasitic crossing points. Since the long range tune shlﬁ1

é%éita:aﬁrgsrigogoﬁqeadgthde smaller thgpat the IP this shown was taken with 9 trains per beam and with two cars
) i ... (humbered #2 and #5) per train. The spacing between the
fIatFtr)ngrEgs. (5), (6), and (9), for head—on collisions Wlthtwo cars was 42 nsec and the spacing between trains was
either 280 or 294 nsec.
)L o By (ip) The vertical differential orbit through the IP was varied

(10) using an electrostatic bump. Figure 3 shows the monitor

Agq(det) = 1.9 um. (12)

CESR, the bunches in a beam are clustered in “trains.”
e bunches within a train are called “cars.” The data

Aq(ded oc &, o By (ip

x Oy
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Figure 3: Monitor signals for car 2 and car 5 as a functiofrigure 5: Monitor signal for car 5 and CLEO luminosity as

of vertical displacement of the bunches. a function of vertical displacement of the bunches.
L Figure 5 shows the car 5 monitor signal and the CLEO
80r luminosity as functions of the vertical displacement at the
r IP. Comparing with figure 3 the luminosity peak falls be-
_ 60; ¢ i tween the car 2 and car 5 peaks as expected. To obtain a
3 i . . 1 usable signal for tuning all that is required is to simulta-
5 . ] neously shake/detect a car 2 and a car 5 bunch to get an
o 40j Lo i average signal.
]
s | 5 CONCLUSION
E = —
20, Using the coherent beam-beam interaction to monitor the
luminosity has several clear advantages: The system has a
ol . . . L ] fast response time so tuning of machine elements can be
0 100 200 300 400 done efficiently. The system is also easy to construct—
Luminsity (10~/cm/s) the necessary shaker and detector hardware are typical of

) ) , , _any storage ring and the external electronics is minimal.
Figure 4: Car 2 monitor signal as a function of Cleo lumi-pqgitionally, bunch to bunch variations in the luminosity
nosity while varyingys. can be monitored. The one significant drawback is that it is

not possible to use the BBI luminosity monitor to optimize

signals from car 2 and car 5 of train 1 as a function of sepahe beta at the IP.
ration at the IP. The monitor signals have been normalized
by the total beam current. The vertical separation is cali- 6 ACKNOWLEDGEMENTS
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The width of the monitor signal shown in figure 3 for
car 2 or car 5 is substantially less than what one would ex-
pect from figure 2. This is not surprising since the curvebl] For an expanded version of this paper see: D. Sagan,
in figure 2 were calculated assuming a constant beam size. J- Sikora, and S. Henderson, A Luminosity Monitor Us-
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