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This paper presents the point reference design of 
a heavy ion driver which results from a parametric 
scaling model of a commercial ICF power plant. The 
power plant consists of the driver, the reactor, the 
pellet factory, and the balance of plant which generates 
and distributes the electric power to sell as well as 
the power to run the driver. The results presented in 
this paper deal with the driver and its interface to 
the reactor. These results are obtained with a heavy 
ion driver model which is part of a larger model 
developed by the Westinghouse Electric Corporation for 
the entire power stations. 

The theoretical model which has been developed 
for the heavy ion driver attempts to set forth a self 
consistent set of equations that define an envelope 
within which real drivers must fall. Many technically 
critical parts of a driver have been intentionally 
left out where it was felt that they did not impact 
the basic conceptual design, system size, or cost. 
Detailed discussions of all of the subsystems can be 
found in the proceedings of the Heavy Ion Fusion Work- 
shopslm4 and the IEEE Biannual Accelerator Con- 
ferences.5-7 

The scaling of costs is based on the base costs 
for Fermilab and the AGS at BNL given in the Pro- 
ceedings of the Heavy Ion Fusion Workshop2 of 
October 17-21, 1977, pages 141-145. The power supply 
costs are based on a recent quote by Continental to 
ANL for a 5 MW unit delivered, but not installed, of 
$.ZO/watt peak. 

Introduction 

The function of the driver is to deliver a pro- 
perly shaped pulse of energetic heavy ions to the 
pellet. For a heavy ion driver this implies ions of 
atomic mass from Xe 131 to U 238 at kinetic energies 
from 5 GeV to 20 GeV. 

These ions are to be focused on a target spot 
ranging from 1 mm to 5 mm in radius. The pulses are 
to be 6 n set - 20 n set long containing 1MJ to 
10 MJ of energy per pulse. 

TABLE 1 

PAi2!ElERS REQUIRED FOR HEAVY ION DRIVER 

Ion: x.+ or xc* 

ion Ener9y: 10 tev 

Tarqet: 2.5 mn Radius 

aear Energy: 2 P.2 

Beam Power: 150 TM 

P~lsc Length: 13 "see 

Because the charge state has an extreme influence 
on size and cost, two almost identical systems 
meeting the design requirements are described in 
Tables 2 through 7. The sys:ems are based on either 
Xef or Xe* (single and doubly ionized xenon). For 
these reference designs the ion energy is 10 GeV, the 

beam energy is 2 MJ, the beam power is 150 TW, the 
pulse length is 13 nsec, and the pellet radius 2 mm. 
When only one value of a parameter is listed it is the 
same for both systems. Figure 1 is a schematic re- 
Presentation of a heavy ion driver base on Xef. In 
general, all parts of the X2* system are half the 
size of the corresponding part of the Xe+ system. 
However, the number of storage rings required by the 
Xe* system is four times greater than that required 
by the Xe+ system. The low 8, Wideroe, accelerator 
ends at "a" on the figure ; the high E, Alvarez, 
accelerator starts at lla" and continues to '2," on the 
figure. 
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Tables 2-8 will describe the seven blocks 
comprising the driver and reactor interface by listing 
important parameters and their values. 

TABiC 2 

PAR;r,lTERS OESiRlB!Ht THE ION SOURCE AND PRCACCtLEr@TOR 

IOn - 

Nrrmlized EmIttaMe 

xenon 

Is - 3.2 x 10 
-7 n-rsd 

cLirrent per swrce 's * 25 RA 

Charge State Of ton 2 -1 

Atomic mss of fan A - 131 

Kinetic Energy of Preaccclcrator T, '2X10 -) 6cV 

Nmber of SaurceS xt++.n 
s-4 

xr*,ns 1 8 

Bending and Final Focusing Elements 

The heavy ion driver is defined as ending with the 
beam transport line; the final bending and focusing 
elements are considered part of the reactor block be- 
cause of the strong influence of the neutron flux on 
their design. The essential elements of the inter- 
face are: bending magnet (to bend the ion beam away 
from the neutron path), neutron dump (to capture the 
backstreaming neutrons) and final focusing triplet. 
These are shown in Figure 2. A greatly expanded 
vertical view of the action of the final focusing 
triplet is shown in Figure 3. The final focusing 
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TABLE 3 

P&GAME:ERS OESiRl9INL THE LOU 6 ACCEL~RATOfi YIOEROE CAVITIES 

Total energy 0.16 MJ 

To:&1 power to beam 

to tav1ties 

FIrIt Stctlcn 

Opcratlnp frequercy 

2 hV in:20 HeV out; 1:l Beam Lordinp 

Magnetic Field. B 

Number of Sectlonr 

Lerlgth of edch Sect’on 

Second Section 

Operating Frsq"ency 

20 KEY in/100 hV out; 1:l Btsm Loadin 

Ya'aj'setic field. B 

Number of Scctlons 

Length of tach Sectlon 

Third SectIon 
Cptrafing Frequency 

* xc :c’ 
31.9 tlu 75.0 wd 
58.3 MU 116.6 MU 

12.5 MHz 

B 1 Tcrla 

4 8 

18 n 

5c MHZ 

5 0.65 Tcrla 

2 4 

80 m 

100 MHZ 

100 r(eV in/600 HeV out; 2:l Beam Loading 

bgnetic field, B 1.677 0.0561 

hmber of Sections 1 2 

Length of each Se:tion 350 m 700 n 

TABLE 4 

PAP.A",EIERS DLSCRIBING THE Hltil B LlhAC ALVAREZ tAV!lIES 

Total energy 1.84 hl 

xcc* &eJ 

Total POWER to bean 460 NY 920 Ud 

to cavities 614 MU 1227 MU 

Operatlnq Frequency 200 MHZ 

0.6 GeV in/10 teV out; 3:l Berm Lwdlng 

kaqnetlc Field. B 5 0.002 Tolr 

Lcrgth of Linac 2760 m 5520 m 

TABLE 5 

PAPAHtTERS OtSCFIIING THE OEBLINC'IER, HULTlPLlER RINGS AN0 COMPRESSOR 

Deb.ncher 
2 g 

oycrattng Frequency 200 Ml 

Power 2 MU 4 tlu 

Lengtrr of debuncher 50 m 100 m 

nultlpller Rings 

2 Rlnqr 

10 rcrolut!ons to fill 

Average dipole f1cld 1.8 Tesla 

Radldl of Rin9 b5 n 90 n 

ccmlprcrsor 

bT Introduced to produce co?prtlston 21 1 = 0.2 tcv 

Length of compressor 55 m 110 m 

triplet causes the ion beam which is expanding after 
Leaving the first focusing magnet to converge towards 
the focal spot some 15 meters away from the edge of the 
nagnet. The 20 transport lines for the Xe+ system 
terminate in ten final focusing lens on each side of 
the reactor. Figure 4 shows a possible arrangement of 
the final focusing magnetics. These triplets weigh of 
the order of 90 tones each. The final focusing system 
is summarized in Table 8. 

TABLE 6 

PAP.$lETERS OESCRI31Nt THE STORAGE RINGS 

Storage time 

Number of rings 

Radlur Of r!ngS 

Average dipole field 

VacuJm In R1n9 

Fill factor 

Stacking In ring 

xeC* 

4 mrcc 

16 

45 m 

l.e TCIll 

1.3 x 10.' Torr 

so1 

(10 x 10) 

Xc+ - 
2 mrec 

I 

90 m 

2.7 I 10" Torr 

cSR Ncnnlizcd Emittrncc 2.6 x 1O-5 mrad 

Nm,er of bunches Per r{n9 1 5 

Compression in rin9 7x 
- 

Revolutions to compress a 4 

Tim? per revolution 2.94 ISCC 5.89 "IeC 

Cbrrent at extractfon M A 7a A 

TABLE 7 

PARAKTERS DfSCSI8ING THE FlNAt TP.ANSPORT SYSTEM . 

xcu d 
Nmber Of llnt1 16 20 

Compresr~on from storage ring to trrqet 26.6 10.7 

Psraxlal distance from storage rin9 to 1334 m 500 I 
pellet 

lnitlal current per line 70 A 70 A 

Final Current .t pellet 1675 A 750 A 

Current at end of trrnsport 752 A 306 A 

Flrrt quad pole tip field 0.020 Tcslr 0.018 Terl 

Last quad QOlC tip field 0.92 Tcsla 0.17 Tcslr 

Geometric lrtdl% B 0.025 T 0.016 1 

TABLE a 

PAF&,,[TERS 0fSCR:BIN: THE FINAL FOCUS AND RCACTOR 

Rtb:t~r inntr radius 10 m 
* l 

XL 1L 

o,stdr.:e frcm! pellet to front of fin41 

focuring magnet 

6 Rdl of final elenent 

Total lcnqth of focuSin triplet 

Oistbr:e from pellet to first focusing 

mt;rct 

13.9 111 15 n 

4.1 T 4.0 1 

6m Em 

40 m 70 nl 

ri,vn I ,“l.,,,CI”. Petnm 5Lor.P wn.3 rot”%‘., Ir!Plel. 
Ilendlng “*pet and I..‘lOl Ch.iFI 
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System Operations and Cost 

The accelerator portion of the driver stores 2 MJ 
of energy in the storage rings in the form of energetic 
ions 10 times per second. Each storage ring has one 
kicker magnet to extract each bunch from the ring. The 
total time for the beam to compress is 28psec for Xe+ 
and 351.lsec for Xe*. The beams must be in phase with 
each other to less than 1 nsec, but the absolute 
timing is not critical since the pellet travels a 
negligible distance in one cycle period of a storage 
ring. The synchronization of the beams requires a phase. 
accuracy within the ring of 1:104 which is well within 
the .;tate of the art. The final magnet systems focus 
the ions onto the pellet and bend the beam into the 
line of sight of the pellet allowing the neutrons to 
stream into the neutron dumps. Because the components 
of the heavy ion driver and interface systems are based 
on a mature technology, it is possible to assign esti- 
mated costs to the blocks described in the preceding 
parts of this section. These costs are listed in 
Table 3. 

TABLE 9 

tSTIW'EG COSTS FOR n;JOR CONSllTUthlS Of A 2 MJ, 

10 GeV HEAVY ION DRIVER-RLACTOR INTERFACE SYSTEM 

Ion IcuVCI snd prc-accrlcrator 

LOW B, Clideroe. accelerator 

High I), Alvarez. accelcra:or 

Oehnchcr. mult(pller r!ngs, etc. 

storage rfngr 

Final transport 

Total 0rlvcr cost 

g x 

17n 1 14 n 

105 210 

484 968 

29 58 

194 97 

586 176 
- - 

11405 n 11523 n 

These figures show that the anticipated cost 
benefit from going to higher charge state ions is not 
very great. The cost of the first four blocks for Xe* 
is indeed half that for Xe+; however, the last two 
blocks for the Xe* are twice to four times as ex- 
pensive as Xe+. In either event, the total cost shown 
in Table 9 is quite high and should be the object of 
cost reduction studies. 
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