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This note is & compilaticn of commente on thie
limitations on the Main Ring cucle time. and multi-batck
cperation of the Msin Ring. The first page is a summary of
three talks given in Januvary 19846 bu the authors ab"
11m1t=t1on: to hcln Ring cycle rates end the possibili
for ulti~batch targeting schemes. Following this i
writeup by Stan Pruss orn  the Main Ring cycle time
limitations. Thieg is followed in turn by some comments .
Dugsn on the general topic, from the phar Sourcse
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33 (g, Dugsn smsll meodification to the existing
hardware, the E17 k1o cen be upgraded to a2llow operation
with 3 batches on {ist top. Some edditional effort {which
is planned) will be required to sllow four batches: beuont
this point, major effort (not pianned st present) will be
Tequired.
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SEGMENT TIME ENERGY SLOPE SLOPE SEGRENT TINE [ENERGY SLOPE SLOPE

NUMBER RATE NUNBER ROTE

1 ) 8.9 o N

e [d33) .9 e  [ia]

3 .88 37.03[1%8) o

‘ o 63.36 158 -140

5 116 188 @ . :
6 11e 188 @

7 110 108

8 110 100

9 128 @ ]

10 1.304 1286 8  [-3ee8

11 1.396 107.4 -275 @

12 1.483 105.5 -275 250

13 1.883 15.3 -1725 @

14 1.803 15.5 -175 @

13 1.863 15.5 -17% @

16 1.80¢ 15.31 -175 1000 .
17 1.979 @ @ e A
18 1.979 @ 8 758

19 2.885 4.267 880 8
28 2.89 4.633 88  -750

21 2.197 8.9 e o
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DRAFT January 27, 1986

Stan Pruss

Main Ring Cycle Time and Limits on It.

There has been much discussion on rapid cycling main ring for p

production. Table I shows a possible short cycle ramp. There are

several interacting constraints which inhibit speeding up this ramp

much more. These constraints are as follows.

I.

11,

IIT.

8-GeV Dwell Time for Injection. I have used 0.133 sec. For

a single booster batch this might be made shorter by
including pre pulses at the end of the previous cycle. For
multiple booster batches more time may be needed for
stabilization of the magnetic fields before injection of the
first batch (as well as the 0.067 secs needed between
batches) .

Parabola from dE/dt = O to Max. If max is 150 GeV/sec and

d2E/dt2 is 400 GeV/sec2, this parabola takes 0.375 sec. The
limitation here is the interaction of the 400 GeV/sec? with
transition, and the eddy current sextupoles. It might be
possible to increase d2E/dt? but I believe beam studies time
would be needed to investigate this.

Max dE/dt. This is determined by the maximum rf voltage
available and the required bucket area. We have run at 150

GeV/sec with 18 stations in the past. With the power supply
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limits described below, this part of the ramp takes 0.189
sec.

Max power supply voltage. This is the extra voltage

required by L dI/dt. For sometime I thought this was
limited by the dipole bus power supplies and that it could
be easily increased. However, the B@ overpass supply will
limit us at a level equivalent to 16 normal supplies
(~13,400 volts). Even with the planned reduction in number
of supplies in service, there will be 22 available. This
part of the ramp takes 0.35 sec. If there were no power
supply voltage problem, only 0.057 sec could be saved before
the rf voltage became a limitationm.

Parabola into Flattop. There is considerable uncertainty on

how sharp this can be. For this example I have picked -500
GeV/sec?2, and this part of the ramp thus takes 0.2 sec.

This is somewhat faster than has ever been done in the past,
but appears feasible. As with the parabola at the start of
the ramp, beam studies are necessary to determine exactly
how fast this parabola can be.

Flattop for Bunch Rotation and Extraction. For one batch

0.05 sec seems reasonable.

Invert and Ramp Down. This is limited by invert power

supply voltage required for L dI/dt and the parabolas. The
total time to get from 120 GeV back to zero is 0.675 sec.
If there were no parabolas about 0.1 sec could be saved. I
have assumed only 0.75 of forward voltage is available in

invert.
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VIII. Restore to 8 GeV/c Without Overshoot. During the last

running period when we first started using the undershoot
ramp, this took 0.4 sec. This can probably be reduced to
0.2 sec or less, but depends on subtleties of regulation and
thus needs study time to determine.

Heating, in general, was found to not be a problem. This
includes heating in rf cavities, magnets, and bypass SCRs in power
supplies. Bill Miller says the rf cavities can run at 150
keV/cavity rms without needing excessive bias current to keep in
tune. This ramp (with 18 cavities) is just at this level. Only if
the rf were kept at a high level during non-accelerating parts of
the ramp would cavity heating become a problem. There will be hot
days in summer when pond water cooling capacity is inadequate to
keep magnets as cool as is desirable, but this should be rare.

The latest calculaticns of Max Palmer before he left, said that
once the flow restrictors are removed from the "twice current"
dipoles, the magnets can stay at 120 GeV dc with ~20°F AT.

Dan Wolff cites the single SCR rms current capability at 1450
amps. Thus, even if one of the two bypass SCRs in a power supply
fail to conduct, the supply is within ratings up to ~130 GeV. Since
the thermal time constant for the SCRs is only about two seconds,

they are overrated on 150 GeV flattop.
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ALL VALUES APPLY TO BEGINNING OF SEGMENT

Segment
Number

1

© 0 N O O b~ W N

-
= O

12
13
14
15
16
17
18
19
20
21

Time

o O O

fry

NN N

.133
.508
.6969
.054
.054
.0564
.054
.254
.304
. 396
.403
.803
.803
.803
.804
.979
.979
.085
.09

.197

Energy
8.9
8.9

37.83
65.36
110
110
110
110
120
120
107 .4
105.5
15.5
15.5
15.5
15.31
0
o
4.267
4.633
8.9

Slope
(o)
0
150
150
100
100
100
100

-275
-275
-175
-175
-175
-175

80
80

Slope
Rate

0o
400

-140

-500
-3000

250

1000
750

-750
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Comments from the Phar Sogurce Percpertive

It is clear from the above that acheivement of VET U
‘;3‘ T

close to the TeV I design rate of 0.5 Hz for poar production
should be poceeible with existing hardware, veing one batch
per MR cycle. One might then ask whether there is any point

in pursuing the multiple batch techrnique any further, o7
worTying about futther reductions in the MR cycle timse. in
the context of long-term improvements in the phkar  Fiux, ]
think that boith of these effarts will be very imporiant

The
illustrat
ft= the ms
ave  targs
cpeveted to
teargeted {whirs
The relation is

of batohes en fiat too To = M oruciz timg
g TXL the euita timo TeguiTed per haich et

Figure 1 chows B ove T fov various No with 1,
tg =i/1% sec. Arciiy oiher it 1e clear the
in K {(i.e., phbzr F1 Y wrth lavoe N e grester §
te ebtain & oiven F we gzt run the Baoutce
cigrificently fester than R For example, in  fige Y
show the instantsnecusz Tate K rTequired to echeive E= 1 H: ta
tactor of two incvease in phar flux) wve M For N=&. we need
R=1. G& 3 thet is. & factor of & 7 increass in the Ecurce
cycle rate is reguirved to obtzsin & fecter of & increcze  in
phar flur

The price of sucr & lavae in for  the Eource
1 high, involving substantis tarpeting and
cooling systems harvdliatre. Some tan ke relieved
by & rveduction in the MH cycle t Y4 USITig 85 MENU
batckes as pozeitles on  flat ¢ adeeff beiwse;
emaller T, and " iz shown in Flg_ ispiaysz K
for various N rvegquived to get R Te coula b
reduned to 1 b sex. for example gd to & or E.OF
car be reduced beiow I & Mr for F For leng term
improvements it the phar flus achieved by the multi-betct
technique: poushiing the M cycle time for ome batch to  its
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vitimate minimum and the number of batches on flat top to

e the maximum will be very valuable in moderating the demands
on the Source cycle rate.

\

e Another important consideration which can now be
quantitatively addressed regards the gains afforded by
increasing the proton beam energy for pbar production.

@ Figure 4 shows the variation in the forward pbar yield vs.
proton energy; since the <chape of the pbar angular
distribution is essentially constant over this energy range,

C the total yield can be expected to be proportional to the

forward yield. Fig. 4 implies an approximately linear
dependence of yield on energy, with a slope of about
. 97%4/GEV. To estimate the extra time required per cycle to
get to higher energies, we use a Tamp rate of 107 GeV/sec
(the "ps limited” part of the minimum Main Ring cycle, from
{ 70-117 GeV in the 120 GeV cycle). Then if we define G(x)=

the factor by which the pbar £lux is multiplied over that

for x=0. when proton targeting is at energy E=120 + x GeV.

o

{ the above assumptions lead to

i o | +.00567x

q_ G(x)= —

{ [+ .60933x R[N

{ In this expression. R = the average rate for x=0. The

"5 numerator expresses the gain due to the pbar yield increase;
the denominator expresses the loss due to the increased ramp

C time required at higher energies.

At N=1 and R=0.5 Hz, there is little gain at x=30 GeV:
C 6(30)=1. 026. The most gain comes for large N, as would be
naively expected; in the limit N—~® , ©(30)=1.17, which is
the maximum possible. Fig. S5 presents G vs. x for R=0.7
Hz, T, = 2.0 sec (for x=0), and T8=1/15 sec., for various N.
The gain at N=4 is about typical, 12% at 150 GeV. As is
clear from the form of G(x), the gains would be even less at
larger R.

A gain of order 104 is obviously not decisive, but
should not be ignored either. Pbars are difficult to
produce and any increase in yield is welcome. It should be
appreciated that the problems in Tunning the Main Ring at
150 GeV in the mode discussed above. hich have not been
addressed here (for example, possib heating limitations to
the flat top duration), are not the only technical
difficulties with 150 GeV operation. There are problems in
the extraction line also, which would require new power
supplies for the extraction Lambertson and some of the AP-1i
magnet strings.
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FERMILAB
January 10,1986

To: Stan Pruss Q;huc7'
From: Dan Wolff

Subject: Main Ring Power Supply rms current capability

The rms current capability of the M.R. Power Supplies with
reference to the DC magnet bus is determined by the number
of bypass SCR’s conducting in parrallel. The present plan is
to eliminate two modules from the power supplies to help
improve reliability and maintenance. This would leave two
parallel bypass SCR’s operating. The rms current capability
of our SCR’s is presently 1450 amps. Therefore the maximum
rms bus current would be 2900 amps. Allowing for some current
sharing unbalance leaves a safe number of about:

xxkk 2700 amps. *%xkx

The issue of running with a no-fire SCR condition is a little
more complicated. Experience from our last run seems to

indicate that no-fires are a relatively rare event. If a no-
fire were to occur there is a 1 in 4 chance of it being

in a bypass position. Finally, if the supply is phased on at
flattop the bypass SCR’s are not conducting and therefore would
not be a limiting factor. If, however, all these conditions were
Mmet the above rating of 1450 amps would apply.

§

One item to remember when calculating rms current values is that
our SCR’s have a thermal time constant of about 2 seconds. It is
not valid to allow a long flattop and control the rms current with
the ramp cycle time.
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L VALUES wPPL. T BEUINNING OF SEGMENT
SEGMENT TIME ENERGY SLOPE SLOPE

1ENT
+ER

U &

e T

T1ME

¢

. 133
433
. 60888
1.809

1.859
1.9

.84

2,846
3.806
3.188
3.268

3.368

ENERGY SLOPE SLOPE

§.9 9
8.9 9
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