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Beam-beam Experiments in the Tevatron
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Abstract

The working point tunes in the Tevatron at 900 GeV are
nonnnally 1 an area in betatron tune space that horders
the 7th and Hth An attempt will he
made in this 1992 collider ran to measure whether the
beani-beam teraction plays an important role i driving

order resonances.

resonances in this region of tune space. Experiinental re-
sults which 1dentify the heam-beam driven resonances are
presented. An experimental method of ensuring head-on
collisions in order to minimize odd-ordered resonance ef-
fects 1 the Tevatron is also presented.

INTRODUCTION

The tune shift and the tune spread cansed by the heam-
beam mteraction dictated the mstalliment of separators in
the Tevatron for the 1992 collider run. The electrostatic
separators separate the proton and antiproton orbits such
that head-on collisions occur only at the location of the
two high energy pliysies detectors. This reduced the tune
shift for a store of 6 protons colliding with 6 antiprotons
by a factor of 6. The analytical beain-beam tane footprint
showi in Figure 1 represents thie tune shift and tuie spread
of the auntiprotons colliding Lead-on at the two collision
sites 10 the Tevatron. The proton base tune is 20058 in
the horizontal plane and 20.575 1n the vertical plane. The
tune footpriut is calculated using parameters representing
the normal operating conditions of the collider run. A
normalized emittance of 207 mme-mrad ( using the 95%
definition of emittance ) for the protons and 167 mm-rad
for the antiprotons was used in the calenlation, along with
a momentum spread of 124 MeV for the 900 GeV heain.
Bunch intensities of 120 x 10 and 50 x 10" are typical
mtensities for the protons and antiprotons, respectively.

This is the first collider run where the Tevatron collides
protons ald antiprotons at two interaction regions and sep-
arates the beams m two dinensions at all other crossing

*Operated by the Universities Researcll Association nnder con-
tract with the U, S, Department of Energy
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Fignre 1: Antiproton beam-beam tune footprint in the
Tevatron

points in the storage ring. The experuneuts presented he-
low were done inan effort to understand what adverse
effects the beam-beam interaction may have 1 this new
operational state of the Tevatron.

BEAM-BEAM DRIVEN RESONANCES

Iu order to identify resonances driven by the heam-heamn
interaction, the proton fnne was moved across resonances
in botli a proton only store and a store i which protons
and antiprotons were colliding. Protou backgronnd losses
were measired as a function of proton tine. The focusing
and defocusing correction (quadrupole cirenits were used to
change the tuues linearly at a constant rate of (.01 tune
units per mimate. The tune signals were measured using
Shottky plate signals sent into a spectrum analyzer.! Mea-
surernents of the tunes were taken at both end points of
the tune scan. Loss monitors located at the physies detec-
tors were used to measure proftou backgronnd losses. The
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Figure 2: Proton losses crossing 7th order resonances for
a proton only and a colliding heann store

colliding bean tune scans were done at the end of stores,
when the proton and autiproton emittances were 257 and
I87, respectively.

A typical comparison of tunie scans in which the proton
vertical tune was moved across the 7th order resonance i
The horizontal tune of 20.58 was Leld
The resalt.

background losses to be large when the

shown in Figure 2
constant dnriug the scan. of the vertical tune
scan show tiie
scan 1s done with protous and autiprotons i the machine,
and negligible when protons only cross the Tth order res-

Thus,

gives measurable losses ouly when the beamn-beany interac-

onance. m the Tevatron, the Tth order resonance

tion 18 present.

When sinnlar tune scans were done across 5th order res-
onances, backgronnd losses were seen wlien crossing some
The

losses becamne much larger when protons and antiprotons

Sth order resonances during the protou only store.

were colliding. This indicates that, along with a beam-
beam driven response, there are noulinearities i the Teva-
tron lattice which drive Htl order resonances.

A tune scan across the 12th order resonance, located

i the midst of the Tevatron operating region, was found

to cause miuiinal background losses under either proton
ouly or colliding beain conditions. Proton and antiproton
lifetitnes, thonglh, may be affected by the 12th and were

not measured m this experiment.
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ExNsSURING HEAD-ON COLLISIONS

The theory of the beam-beam inferaction predicts that
heams colliding witli a separation or crossing angle will
The results of the tune
resonance is strongly driven

excite odd-ordered 1'9%()11?111(‘().&:‘
that the 2

i
by the beam-beam mteraction,
possibility that the beamns were colliding with a small sepa-
ration or crossing angle at the interaction points. In order
to measure the effects of collisions which were not quite

scans, indicatinyg

led us to nvestigate the

head-om, separator fonr bumps were used to control the
proton and antiproton orbits as they crossed the uterac-
tion regions.

field
canses the protous and antiprotons to get kicked i op-

The separators provide an electrostatic whicli
posite directions. By nsing fonr separators as elements o
a closed bump { oue that is local to the region between the

RN 1S PN NI AN aration
e are able to control both the separ ratici

bunp elements), w
and crossing angle at which the protons and antiprotons
collide. The locality of the bump and the location of the

\(*[)«ll‘;ltl)l\‘ i the Tevatron elml)lml xolll\mn\ at m(ll ()1 the
howd
1)

et
"

sliysic s
lnvt,h()(l l)v which hmd -0on u)llm(m\ are obtaiued in the
Tevatron.

An experiment was doue i which separator four humps
were used to vary the transverse separation of the collid-
ing protons and antiprotons. The luminoesity was measured
as o function of the beam-bheam separation. A simple one-
dimensional dependance of himinosity, £, on the transverse
separation, d, of the centroids of two ganssian particle dis-

tributions can he written as *

-
L =Ly ex — (1
n exXp 2(”1{’{””,:') (1)

L is the luminosity when the collisions are head-on and
a, and o are the transverse 1ms heam size of the proton
distribution and antiproton distribution, respectively.

A typical separation scan is shown in Fignre 3. In this
separation scan, the magnitude of a separator four bump
across BU s varied to allow the vertical separation of the
centroid of colliding protous and anfiprotons to change.
The magnitude of the bunp is smaller than the resolntion
of the heam position monitors in the ring. It is predicted
TEVCONFIGH
caleutates an orbit for a given lattice confignration of the

liere using a model of the Tevatron, , whicl
ring. By including the angular kicks of the separators nsed
caleulated.  The
magnitnde of the voltage clinnge of the separators can ths
be translated into a beam-beam separation at BO. The
lninosity is plotted in Figure 3 as a fauction of the heani-
beamn separation. A ganssian fit to the data caleulates an

in the four bump, a predicted orbit 1s

v @ of 62y, where 0 = (/o + 02 as seen in equation 1.

The separation scaus were done botli in the liorizontal and
vertical planes at each of the wteraction sites.
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Figure 3: Separation Scan in the Vertical Plane at B0

The measurement of & cau be compared to one which is
done using the flying wires in the Tevatron.” Using the rns

beam sizes which are obtained by this method, an rins a of

7y was calculated. The 8% discrepancy may be due to an
maccuracy in the lattice functions nsed i the caleulations.

The luminosity was then measured as a function of the
crossing augle at eacl of the iuteraction sites. A typical
crossing angle scan is shown in Fignee L In this case,
the orbit distortion i the ares is of the order of 1 mm,
and the real orbit in the Tevatron can be conmpared to
the TEVCONFIG prediction of the orbit. The data agrees
within one LSB of the heam position monitors. A fit to
the data is also shown, using a one-dimensional formula
for the Inminosity as a function of erossing angle®.

EZ[(]

The crossing angle, &, 1s defined as one half of the total
rOQI T r ATV . o 4 2 2
crossing angle. The transverse sigma, o, = & ot
used as a parameter i the fit is 570 The longitudinal
sigma, @, = % al + a?. . 18 dependant on the longitu-
dinal rms beain size of the protons and antiprotons. The
value of ¢, used in the fit 15 65 i, comparable to a typical
measurement of the rms of the longitndinal distribution in
the Tevatron.

The results of the crossing angle scans indicate that un-
der normal operation. the protons and antiprotons collide
at the minimmnm measurable separation. hat that there is
a crossing angle of B0 wrads (Dl crossing angle ) at BO.
This 50 urad crossing angle corresponded to a O percent
loss 1 Tuminosity. After the separator voltages were ad-
5 percent

justed for head-on collisions, a tnerease in the

mitial lnminosity was achieved.

2 April 1993 07:36

1.2 . . . . . . . ; .
) 1
]
. ]
- —
3 : ]
0.4 | ]
0.2 L N
o L. I , ! . 1 . 1 N
-100 -60 -20 20 60 100

crossing angle (urads) / 2.0

Figure 4: Crossing Angle Scan in the Horizontal Plane at
B0

CONCLUSIONS

We have found that when operating the Tevatron with
two-dimensional helical orbits, the haninosity 1s optimized
by varying the separation and crossing angle at each in-
dividual interaction region. In the future, we plan to use
this method of orhit control to investigate how the 2 res-
onauce is driven by beam-beam effects when the protons
and avtiprotous collide with small separations or crossing

angles.
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