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SUMMARY 

Earl~ machine experiment• on the 
TeVatron which are relevant to the SSC are 
discussed. Despite the pr1liminar~ natur• of 
the data. there h•v• been some interesting 
observations which ma~ influence the design 
of the SSC. In paTticular, comparisons of 
me•,ured betatron tunes, chromaticiti•s• and 
reson•nce line widths with those predicted 
from camputer simulations using magnetic 
field measurements have been made; the 
predictablit~ for low order phenomena seems 
acceptable. Coasting beam studies indicate 
long lifetimes and lack of strong resonance 
d't"iving teTms. Low en•l'g" ~tudies of beem 
behavior indicate that a dynamic range of a 
factor of 15 from inJ•ction to operation 
energy sOould be possible. 

!NTROQUCTION 

Status o; !.h..I. Tcvatron 

In th• following discussion, T•vatron is 
ut•d in the generic Sll!nse. Doubler, ED/S, 
S•v•r• rev I. Tev IJ, and Collider are 
considered operating modes of the Tevatron. 
E.i..!..l!i T a r g e t 

Th• primar~ purpos• of the Tevatron for 
th• present and the next two years is to 
provide beams for fixed target ph~sics. As a 
consequence, virtually all machine studits 
h•v• been directed toward the goals relevant 
to extraction and high intensity fixed target 
physics. The present situation is that low 
intensity beams hav• been accelerated to 700 
GeV and extraction to experimental areas has 
been .a.ccom.plished up to 512 GeV. The pt'e••nt 
operating mode is at 400 GeV, about 10**13 
PPP• 15 s .flat-top. witli a :39 s cycle. /ref 1/ 

Some data from the commissioning of the 
fixed target program are particularly 
reltv•nt to the SSC, evitn if the SSC ig not 
u'•d foT fix•d t•T~et ph~sics. Th•'• dat• aT• 
mostlq to antwer tlie question 11 How 
predictable is/was the Tevatron ?" 

What will b• pres1nted here are 
comparisons of Magn1t Test F•cility (MiF) 
data /ref 2/ on individual magnet 
measurements with th• corretponding data 
extr•cted from m••surements of circulating 
be.am b•h•viot'. This include• th• <al), <bi:>. 
and <b2> m•gn1tic multipole mom•nts and the 
width of th• 1/2-int1g1r stop-band. 

Collider 

In 1983 there w•r• thre1 sessions of 
coasting hea~ studies. Th••• were di~ected 
towards th• dtvelopment of storage techni~ues 
and to get a first look at the T1vatron &S a 
collider. lndted, the t1chniqu1s were q_uickly 
implemented and the initial coasting beam 
studies at 400 CeV weT'e veriJ encouraging. Thi 

transverse stability of the coasting beam 
seems to be very good with long lifetimes 
even on potentially strong resonances. 
Longitudinal dilution ~•ems to occur rapidly. 
however, indicating noise problems in the lo~ 
level rf s14stem. 

Macliine Studies 

In 1983 there were two m•chine study 
se•siont devoted to the dynamic rang• of 
sup•rco"ducting magnets. Th••• studies are 
p•rticularly relev•nt for HERA, whicli will 
hav1 an inJ1ction eneT'g~ of 40 OeV •nd a top 
tnergy of 920 G1V. more th•n • f•ctor of ~O 
highe"I". As ua•ll. th• m•gnet'i and lattic• ar• 
similar to the Tevatron de9ign. 

For th• SSC to operate between 1 and 20 
TeV implies that th• T•v•tran should 
certainly have a re••anably good field 
•portuu lrom SO GoV to 1 ToV. Dot•il• a• SSC 
megnet construction such a~ bar• diam•ter and 
~il•ment site as well as lattice d1sign mak• 
th• measurements described her• more or less 
relevant. 

For tliese studies the beam ~~• inJ•cted 
into th• Tevatron at the normal 1~0 GeV Main 
Ring en•rg~ and then decelerated. This 
technique nas several advantages aveT' trying 
to inJ•ct di"rectl~ at 50 GeV. Fil'st} it isn't 
necessary to change an"thing in the Main Ring 
itself or to the MR to Tevat,.on transfer 
systtm. Second. b1o4 starting from a known set 
of operating conditions the beam c•n bt 
decelerated in a more controlled fathion in 
small steps. if necessary. Th• m•Jor 
disadvantage o9 the deceleration techniq_ue is 
that it is necess•ry to understand the 
hy•t•resis of the Tevatron magne~s. 

MAGNETIC HULTIPOLES 

The multipole moments o~ 
magnets are d1fined by: 

a + iB = a 
' 

f!:.. (b 

0 n=O n 
+ ia } ( x 

n 

the dipole 

n 
+ iy) • 

where the pole number is given bg 2(n~1). 

The ~verage of the MTF measuT'ements of 
th• 774 dipoles sub•eq_u•ntliJ inst•lled in the 
~ing •~• us•d in the follo~ing discu••ion. 
And, although detailed measurements on eacli 
m•gnet are av•ilable up tlirough 30-pole, onl11 
th• very lowest terms have been investigated. 
This is ~ostlg due to l•ck of time. However, 
it might be noted th•t the onlg zero h~rmonic 
correction elem1nt strings which h•ve been 
pOW•t'•d <and needtd) are the~ q_uadrupole, 
th• 2 sextupole, the skew quad. and th• 2 
actupole circuits. Thus it will be more 
difficult to investigate the higheT' terms o~ 
the multipolt txp•nsion. 
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t.!J..1. •vrr•q• guadrupol1, 

On• of th• th• first surprises in the 
commissioning of the machine ~as thet the 
horirontal and vertical tun19 were measured 
to be 19. 0 and 19. :2, r1spectively, instead of 
the prrdicted 19.4 in etch plane. This is now 
und1rstood as an error in the physical 
curvature of the magnets themselves. 

"' • 

could be due to some rotated ~u•drupoles in 
the ring. Nevertheless, theT'e AT! two T'ath•r 
interesting features worth noting. 

0 

Aft1r ass1mblY• the dipoles were bent to 
have 8 mr of curvtturr. Subsequent relaxation 
effective!~ chan9e1 the coordinate system1 
defined by the MTF relative to what the beam 
actuall1,1 se1s. And. a'I it turns out. a change 
of 1 mm in th• sagitta will cause an 
effective change of 1.E-4/inch of (bl> due to 
a ''feed-down~ from the (b2) term. 
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i ,, Fig. 1 shows th1 av1rag1 quadrupole <bl> ~ 
as me•sured by MTF compar1d to the values 
ne•d•d to predict th• baam behavior. The 
points on th• curves correspond to where the 

~ .. , 
me•surements were actually mad•. 
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Figure t Aver•9• QU•drupole <bl) v1 
•r• 1 E-4/inch 1nd Qev. r11p1ct1vel~ 
11 from b••m m111urem1nt1 of b•t•tron 
curve from MTF d•t•. 

Energ~. Th1 units 
Th1 upper curv1 
t1,1n111, tht !01111r 

.t.hi average 21xtupole, (b2> 

Fig. 2 comp•res <b:2> f!rom the MTF 
measurements with the values ne•ded to 
predict the chromaticity behavior of the beam 
at s•veral •n•rgies. Fol" ref•T"•nca. a change 
of 1. E-4/inch••2 of <b:2> roughly corresponds 
to 20 units of n•tural chromaticity. 
dQ/(dp/p). In order to derive a consistent 
set of d•t• it w•s necessary to assume an 
offset of about 0. 5 amps in th• two sextupol• 
correction el•m•nt strings. This could be due 
to persistent currents in the correction 
elements themselves or a simple re•d-back 
error. 

th.!. average ll!J!L qutdrupole, (al> 

Fig. 3 shows the current in the skew 
~uad correction •l•m•nt circuit needed to 
reduce th• horizont•l-vartical betatron 
coupling at a function of be•m energy. The 
amplitude is sev•T•l times larger than 
predicted by the MTF value• for <al>. This 
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Figur• 2. Aver•g1 111~upol1 (b2) v•. Energ~. The up •" 
curve ·~ htgh •nergv 11 'rom b••• me•iurtmenti 0 , P 
cl'!rom•t1c 1 tl•s; th• 101a11r curve from MTF d•t•. 
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Figure 3. Skew quad ••cit•tion v1. En1r9~. Tl'!e v•luis 
belo1a1 150 Qev •r• 'rom th1 d••cc•lerat1on •tud1es 
r1port1d later. 

The first is the non-linearity of the 
curT'ent vs eneTg'i of th• skec.1 qu•d 
corT'ection. This might be due to something 
rotating with excitation or perhaps some 
systematic closed orbit distortion coupled 
with feed-doc.In from • higher multipole 
moment. In any event, th• phenomena are 
reproduc••bl• and small enough to be easily 
corrected with the •vailable circuit C15 amps 
out of 50 amps maximum). 

The second is an observation made during 
deceleration studies that there is a rather 
large hysteretit effect. This is seen for the 
VAlues l•ss th•n 150 GeV. This observation 
prob•bly argues ~or the feed-down explanation 
of th• a1screpanc~ between me•sured and 



predic:tad <•1>. 

betatron retonance driving terms 

In the cour~e of ~•tting up the 1/2 
integer extraction for ~ixed target ope~ation 
the width of the horizontal 1/2 int•ger 
~topband was me•sured to be O. 007. 
Subs•q_uently, using the MTF data and the 
positions of the dipoles in the ring, 
tracking studies /ref 3/ have predicted the 
horizontal line width to be 0.006. The 
vertical width. as yet unmea<sured. is 
predicted to b• 0. 003. 

STORAGE STUDIES 

The goal of the 3 itoraga 'assioni was 
to develop th• techniquei for studving th• 
beam in this modi. Once the various beam 
aborts peculiar to fixtd target operation had 
been disabled and the extraction devices 
tuT'ned of-f, theT'e was no diffict.Jlt~ in 
storing the beam at 400 GeV. In fact, th• 
major difficult~ w•s to observe b•am lost. 

The beam intensit~ and loss monitoring 
systems of the Tev•tron war• designed 
primarilv for th• initial commissioning of 
th• machine for fixed t•rget phvsict. Losses 
for low intensity b••ms with li~etim•• of 
tens of hours need more sensitive detectors. 
Some results were seen using a pair of 1 
s~uar• meter scintillation counter hodoscope• 
1n the BO interaction pit next to the ba•m 
pipe. During the longest store <3h 47m, ended 
out of bor•dom), the counting rates were low 
for tha hodoscopes themselves (<30 kHz) and 
for coincidences between 2 hodoscopes 
separated bv 10 m along the be•m line <<10 
kHz). That the experimental environment is so 
quiet even with the single beam intensitv 
near the design value (3E11) is very 
encouraging. 

Two experiments to look at the 
transverse stability of the beam were 1) to 
arti~icially blow up the be•m by using the 
tune measuring pinger {a pulsed dipole which 
kicks th• b••m for one turn to excite 
coherent betatron oscillations) and 2) to tit 
ne•r a cluster of fifth order resonances. A 
flying wire scanner was used to monitor the 
b•am width. 

Fig. 4 shows th• be•m int•n•it~ during 
the c:ourse of these experiments during one 
store. Also show1"1 is the tim• when the pingeT" 
w•s used to dilute and enlarge the transverse 
emittance; th• pinger wai fired every minute 
during th• indicated time. The FWHM of the 
horizont•l beam profile ai me•sured by the 
flying wire scanner is shown a• points on the 
s•m• figure. Note the suppT"IS5ed zero of the 
oT-din•t• seal•. 

During the course of the be•m blow-up bq 
the pinger the loss rate incT'eases as does 
the width of the be•m. After the pinger is 
turned off, the losses coritinut until the 
b•am width decays to its original width. 
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Figur• 4 B1•m int1nsit~ vs tim• during th• stOTI to 
stud~ tr•rttv•r•• st•b1lit~ The time the pinger w•• 
c•uting b••m blow-up it in~ic•t•d •• it the tim• th• 
tun1t w•r• mov•d clot• to th• clust•r o~ '1fth ord•r 
r1ton•nc•1. 

A remarkable feature of this experiment 
is that it takes almost 10 minutes for the 
b••m to come to equilibrium. That th• good 
field aperture is so sm•ll is perhaps an 
indication of something else wrong. although 
no effort has ever been expended to optimize 
the correction elements for maximum good 
Field aperture at 400 GeV. In fact, during 
this store the zero h•T'mOTiiC octupole circuit 
was at the same value as used for fixed 
target op•~ation. This value w•s set to 
provide a l•rgt tune spread for Landau 
d•mping for stability at high intensity and 
should have the effect of reducing the good 
field aperture. 
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Figur• 5 Worting di•tr•• #or the T•vatron 1how1~g 
r•1on•nc11 up 'chrough t•n'ch ord•r. Thi normal toior111n9 
point •nd th• on• nee~ th• f1#th o~d•r clu1t•r •r• 
indic•t•d. 

A'ter coming to 1quilibrium1 the 
were chang•d to bring the ~orking 

tunes 
point 
order closer to the cluster of ~ifth 

resonanc:e5 shown in figure 5. 
-remainder of the study period. no 
b••m siz• or increased loss 
obtervad. 

For the 
growth in 

T'•te w•s 



The f ift~ ord•r ~••anance• are of 
particulaT conc•rn in the Tevatron bec•use 
they c•n be driven by the decapole errors of 
th• dipalt• ~hich are ~•latively la~g• and 
w•re not included in the magnet shuffling 
criteria. /T"eft 4/ On the other hand, with 
su~•rper-iodicity of 2. ther• are no 
systematic ~ifth order resonances in the 
Teva tr on. 

longitudinal dilution 

During th• first stores an app•rent beam 
loss wa9 traced to the rf s•nsitivity of the 
beam intensity monitors. The loss of signal 
was due to th• debunching of the beam as 
veri.fiea by signals from stripline pickups. 
In .fac't. longitudinal dilution timeis were 
under an hour and would dominate the 
luminosity lifetim• o9 the Tevatron. 

Som• experiments and improvements 
already have been mad• to the Tevatron low 
level rf system. Howev•r• •t shown at the 
SPS, to make a system witn the required low 
noise level may take some extra e~fort. 

PECELERAT!QN 

The only Tev•t~on 

ic•lly directed toward 
experim•nt sp•cif
the SSC h•s been to 

d•termine the Tevatron's maximum practical 
op•rating energy ranga. This p•r•m•t1r is 
P•rticul•rly important for the det•rmin•tion 
of the SSC inJector. And, although the fin•l 
SSC de1ign may invalv• quite diFferent 
magnets. it '!.kou ld be educ.ti on.al .and 
hopefully comforting to comp•r• dyn•mic 
ap1rtur1 calculations with r•al dat•• 
•~p•ciall~ in the more difficult low 
excitation case. 

The techni~ue for studying the low 
enargy beh•vior of the Tevatron has been to 
iMJl'Ct normally From the MR at 150 GeV into 
the Tevatron •nd then decelerate th1 b••m. 
This proceaure. as opposed to simply 
inJecting at a lower energy, bypasses several 
potential problems with transfer line 
aperture restrictions. It also eliminates 
retuning the inJection parameters. a time 
consuming process. 

The m•Jor drawback to th• deceleration 
procedure is that the large hy1ter1sis of the 
superconducting m•gnet1 has ta b• unde~ttood. 
Fig. b shows the hysteresis behavior of the 
sextupol• term of th• dipole magnets, <b2~. 
Th• ~•gions of_ interest for acceleration and 
d•celeration are indicated. At inJection at 
150 GeV th• upper and lower cuT'ves are 
.. panted b~ dG/(dp/p l = 210. At 50 QeV th• 
separation ii 780. As .far at the d!Jnamic 
r•ng• of the SSC ii concerned, which would 
only involve on• $id• of an~ hqst•T'•sis 
curve. to dec1lerat1 is to solv• a harder 
problem. Starting from inJection on th• 
noT'm.al upgoing h~steresit. t.uT've. th• magnets 
move to the downgoing curve aver some energ~ 
interv•l which must be determin•d 
empiricall~. And since there are diffeT'enc1s 
between the <b2> as me•sured with the beam 
comp•r1d to the MTF data in the higher energy 
region, on• must expect even larger problem1 
~or lower en•rgi11. 
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Figur• 6. }-411st•r•s1f b•h•'liar ofl <b2> in • dipDl• m•gn•t; 
<b2) vt En•rg~. Th• •rra~• 1ndic•t• indic•t• 1ncr••'1"g 
ar d•cr••sing curr•nt 

Ope't'ating the Tevatron at •n•rgies lower 
than 150 GeV h•s interesting implications for 
the rf. In norm•l operation the rf ~requency 
from 150 to 1000 GeV changes only •bout 1 ~Ht 
out of 53 Mhz. This limited oplT'ating range 
implied two simplifications to th• rf system. 
ihe first wa• a limit1d fr•~v1nc~ ~ange of 
the low level oscillator, the second was a 
c•vit~ tuning s~stem using el•ctric heaters 
•nd he.at eichan91rs in the water cooling 
s~stem to control the cavity temperature. For 
deceleration to 50 GeV the r9 fre~uenc~ 
changes about 9 kHz and requires a 
modification to the oscillator sqst1m. The 
he•ter circuits in COMJUnction with the 
normal rf heating keep the cavities tuned 
w•ll enough for 'low deceleration. 

Th• fir•t deceleration attempts saw the 
beam di• as th• energ~ diminished. This was 
understood as due to beam hitting the half 
int1ger stopbands because of the large 
chro~ticit., of the m•chin1. To cO't'l'e~t th• 
chf'Omaticit1J1 how1v1r, one must measure th• 
tunes as a function of radius. To measure the 
tune~ tOl'l'•ttl~· the h0Ti1ontal and vertical 
betatron oscillations must be independent. 
For this. the skew quad setting must be 
c Ot'1" ec t. 

An empiric•l procedure w•t quick!~ 
develop•d u~ing the pinger to set the 
correction elements at lower •nd lower 
energies. At • particular energ~ th• skew 
~uad w•t set to minimize the vertical 
coherent oscill•tions induced b~ the 
horizontal pinger. Next, the two sextupole 
ci~cuits were adjusted to give the longest 
possible ring tim• o~ the o'cillation~ 



induc•d bq th• ping•l". Th•t it. th• tune 
spr••d w•s l"educed and the cohel"ence of th• 
owcill•tions imprav•d. The third step 
involved m•••uring the tunes using a Fourier 
tr•nsform of the oscillations and setting the 
cot"r•ction ~uAd circuits accordingl~. 

Fig. 7 show• the be•m intensit~ •nd 
energy for some of th• deceleration cycles at 
the end of the stud~ session. The beam can be 
se•n to surviva with no losses down to almost 
65 QeV. At th•t point the closed orbit needed 
to be corr•cted. but there W•S no time left. 
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CONCLUSION§ 

With respect to the SSC, the Tevatron it 
unique in two re4pects. First, it is the onl11 
operating superconducting sy,hrotron. Second. 
each m•gnet in the ring has been measured to 
high precision and the data are avail•ble ~OT 
computations and det~iled comp•rison ~ith 

beam behavior. Any SSC design calcul•tion for 
single particle dyn•mics must surely work on 
the Tevatron. 

ih• fe~ stud~ ••~sion• so fa~ have b••n 
uselul to develop techniques and procedures. 
Some tent•tive conclusions relevant to the 
SSC are pos,ible. 

1> The Magnet Tett Facility d•ta on the 
dipoles can be m•de to agree with the beam 
behavior to within simple shifts of th• 
coordinate t~•t•m• for <bi> and (b2>. 
Something else ma~ b• the case 9or (al). 

2> We have seen decay times as long as 
10 minutes for p•rticles with larger betatron 
amplitudes. IP this effect is not due to some 
mundane p-roblem with the m•chine, it might 
me•n that an honest simul•tion of be•m 
behavior bv particle tracking may involve 
tens of millions o' turns. 

3) Although th• sto1'•d b•am lifetim• 
its1lf is ~uita long the corres9onding 
luminosity lifetime would be limited bv 
longitudinal dilution. The development of the 
low level rf s~stem and appropriate 
diagnostic' •1'• th• critical path to~ard the 
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Tev•tron as a callider. 

4) The dyn•mic range oF the Tevatron for 
main ring si2ed beam• <•bo~t ~4 pi norm•li2•d 
emittance) i~ at least 65 GeV to at mo•t 1000 
GeV. This f•ctor oF 15 in op1rating/inJ1Ction 
1n1rgy will certainly b• incr1ased with more 
tim• devoted to machine studies. 

FUTURE PL.ANS 

There is • n1ed for m1thods to observe 
ph1nom1na during beam storage. wh1r1 th• 
machine h•• p1rformad un1xp1ct1dly ~•11. 

Automated f11.1ing Wil'es. mot"• sen•itive 
intensity and loss monitors. and better 
longitudin•l detectors are needed and are 
being built. 

Now that th• fix•d t&rg•t expe~im•nt•l 
progr•m is under W•«I• the nert priority for 
m•chin• development ~ill be to prepare for 
pb•l"-p collisions in 1985 and 1986. In M•l"ch 
1994 one of the low bet• inters•ction regions 
\dill be f'e•d~ fo1' te,tt. The SSC f'e lated 
~ue•tian or betatron rwson•nc• driving t1rms 
induced by a low b•t• insertion will be of 
first prio-rit1J. 
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