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Comparing Simulation to Tune Shift Data
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I Introduction

Usrnilab apgrvcde plans for the eollider nperatien inelude noseparation schrme
e the Tesatton, sn wlaeh protons and antipretons are placed oo separnte
helical orbits Fhe average separation distance between the closed orints will
be G (o of the proton biunch) except at the inferaction regiosis, 10 a1y

The maximum heam beam tetal Lune shift in
Y”h

where they cnilide Tirad on
the Pevalron < approximalely 0021 {the workable tune space hetween
TURR RO ecllider run

Uehieal separation sehene aliows us to increase the laminesity by reducing

aved T8 pder resonancest which was reached in the
the total bewen beam une shnft

Phe nimber of bunehes per heam will be 6 the 1t collider run. to
Lee nereased b 3600 bhe follawamig eollider runs. Tootese the viability of flas
crenane, helieal et studies are hetug concueted  The most reeent studies
coneentratel on the ageehion of 36 proton buaches. procedures related (o
Sy and clasiage of the helix the fred doson cirenaes and the bram-heam
Jeterartion be this paper. we present the resulis of “he heam hean interacs
o stuties only o O cmphinsis 15 on the tnae sluf measurements and the

eranpars o n b semnlaticn

2 Beam-Beam Tune Shift Measurements

The heheas orbat shiedies were condueted m Aprd 19900 A 3ixt store (
P antiprelon haneh corentating against 31 proton hunches) was established to
study the long rarge heam heam interactions, at a beam energy of 160 el

The injeeiion lattier was nsed s there weee e b beta sections. Two mad

wles of slectro stalie separalors acre avalable, at BT and C15, providing
At 1009

Helix, ali 68 heann heam rrossings invalved long range interactions. The av

a Bagrad honsomial kick avd a Rhgirad vertical kick, respretively

srage separatiom a0 b % Helix was $a0= ac shownin Figure | The helix
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Figure 1T Normalized separation at beam-beam crosssing points
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was enllapsed from 1H0% 1o 0% 10 29%% steps. AL each step, total beam enr-

rent, proton and antiprotor hunch intensittes, emittances, beam sizes and
tunes were measured

I'he measurement of antipeaton tuaes presents diflicuities due to tnw
bunch intensities  1hiring these studies  antiproton beam was cxcited en
herenthy in the horizoatal plane, verticnl excitation was not possible due
too preblems associated with the verticnl kicker. Vertical antiprotan tune
measnrements were made by conpling the p honzontal and vertical beta
tron ascitlations, Tunes were read from spectrum analyzers eonnected (o the
Schotky plaies Prolon and antiproton tunes are differentiated by tarning on
the feed.down mircuits andl watching the tune lines for peotons and antipro-

tons move 1in cppesite directions. The beam-heam tune shafls are calrulated
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Fable 2 Beam parameters used in the simu’acon

by sublracting bare tunes (funes measared when there s no beam beam
interaction while the feed down circuits are an) from actnal tunes

The tune shift data is presented in Table |
cters are summarized in Table 2

The televant heam param
Note that the emittanes numbers chown
in Table 2 are narmalized emittances (95% phase <pace area definition has
heen nsed)

3 Simulation

The simulation cade HOBBI 1 implements a weak strong madel of the heam.
beam interaction Calenlations were carrnied ont by using the injection Iatticr
The only nanlincanity in the model cnmes from bearn beam interactions
Montaque form[4] of the heam-beam kicks were userd

The tnput to0 HOBBI s a file containing the latlice information at heam
beam erossing points, separator [nratinns, and at arbitraey user defined
peints around the ning. The file also contains the bnear Lransfer matr
ces between the beam-beam crossing points and other infarmation such as
the separator voltages, tunes, emittances, enctgy el colera. [t is prepared by
a preprocessor which takes a SYNCH antpnt as its input. The code HOBRI
is designed [21 [ to be an interactive pragiam for exploratary orbit anal-
vsis in the presence of heam beam inferactions. All the hram parameters
including hase tunes can be changed during an interactive session, providing
Another usefu! feature
of HOBII 1s that it tracks either protons agamnst antiprotons or antipro-

Lons against protons.

the flexibility to explore the entire pararoeter space

HOBBL includes syncheatron nscillations, dispresion

page,
other useful information surh as heam sigmas and separations at the ohser

effects, and tune modulation There 16 alen a “hram teview” where
vation sile, and the average separation over all sites. are displaved. A faster
version of HOBR) using tables instead of funrtions 1s nnder development
FASTHOBBI will be used for lang term tracking simulations

The output of HOBBf isa 4. D arrav of normalized phasce-space variables
It is normally displayed on a specinhzed graphics terminal, via a graphics
shell written by one of the authors {1L.M.) to view the 2-D projecuons of
the 4-1 phase-space. In this note, hawever, we emphasize arother frature
of HOBBI. namely, the tune shift calculation Tune shift for an individunl
particle is calculated hy keeping a record of the avriage phase advanes per
turn. A separate program accesses these numbers, and uses them to plot tune
shift foctprints Figures 2,3, 4, i &, 7 show such fontprints for the 6 steps
of the Helix. The nwer plots are the tune density distributions narmalized
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Figure 3. Tune shift footprint and tunc densities at 80 % Helix
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where a, and a, are amplitudes in units of antiproton bunch sigmas in the
hatizontal and vertical planes respectively In the ignres Lhe average tune is
indicated by the diagonal rross sign and the base tune by the erect cross sigr.
We compare the average tures as calculated by equation 110 the numbers
in Table 1an figures 8 0

4 Discussion and Conclusions P E— R
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The agreemeat betwern simulation and data is sery goed in the rase of !
separated atbits Hlawever, the discrepancy in Lhe casc of 0 % Helix (68 , e

|

!

head-nn rollisions) (s striking The head-on tune shift, unlike the separated
tune shifts, 1s very sensitive te benin sigmas and emittances ‘Fhe accnracy
of beam size measurements becomes an issue in the case of 0 % Helix. The R

bead-on tune shift is also very sensilive to the actual transverse density

distribution of the praton bunches but this effect is not taken into account i ! ! '
in the simulation  One last comment is that in the case of 0% Helix, we ; "““} ’
may have seen the tune cotresponding to the x-rmoade of the caherent beam N i P
heam nscillations. This explanation is plausible «ince heame were excited s :
coherently during the cxperiment.
*‘ :
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Figure 4: Tune shift foatprint and tune densities at 60 % Hehx
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Figure 5 Tune shift footprint and tune densities at 40 % lelix.
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Fignre 6: Tune shift footprint and tune densities at 20 % Helix.
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Figure 7. Tune shift footprint and tune densities at 0 % Helix.
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Figure 8: Comparison of Lune shifts in the horizontal plane.
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Figure 9: Comparison of tune shifts in the vertical plane.
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