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COST PROJECTION” FOR A SUPERCONDUCTING

LINAC STRUCTURE

Georg Schaffer

Los Alamos National Laboratory

Abstract

l’he increase of energy of the present 800 MeV proton linac at LAMPF to

1.6 or 2.2 GcV is of primary importance for the proposed future experimental
program of this Laboratory. Laycmt and cost studies have been performed for a)

normalconducting and b) superconducting accelerating structures. A more recent

cost analysis for a superconducting structure is given in this report.

1 Reconsidering a Superconducting Struc-
ture

III March 1987, a special workshop at Los Alan:os was organized t~] investigate the

fpasihilit y rmd cost of a sll])ercf>nclt]ctir~g extension of LAMPF (see Proceedings LA-
!~R-8j-I 160). At that till~e and M a conclusion, it was felt that the fabric~$ion

cost t}! stjl){lrc(jll{lllctillg cavities was ]Jrollil)itively high,
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(~avitylosses (RF losses), heat cond~]ct.ic~xllosses.

The conversion factor for the cryosvsten}. This deternlinese ssent.ially the

cost. ofemrgy consulllption, which should be estimated for a 25-year opera-

tion period

Voltage/phasestability.

H. Lengeler’s cost estimate of300kSF/nl for the C!EllN structure has been

taken asoneof the mainreferences for calculating the necessary capit.al investment

for the structure. We added 20%instaUation cost and3570 contingency.

2 Information and Statements

Information and statements on the state of the technique (for high ~ beams).

Docummts from the following Lal)oratories or authors were taken into acco~mt

for the study:

●

●

●

●
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●

●

●
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3.

4,

!5

f;,

on the CERN/LEl> cryostat, ask I.L ..Lel&r for precise infornmticm m
rl” losses and heat conduct inn losses,

The r! losses of the 352 hfl~z 4 cell-unit are 30 watts.

4 pieces built, values llleasurt~d.

For herd conduction consider rf input fourder size. The rf input power
per meter, in our case, would be 35 ma x 12 70 duty = 4.2 ma average

current, x 5 MV/n~ = 21 kW/n~, For a 1.5 m structure 7.5 MV x 4.2

nm = 30 kW. This would ‘be the same as for the CERN/LEP structure.

Conclusion: = same clesim as at CERN.

Interatom considers the Q13RN crmstat the least. expensive. Seamless

connection tank/tank.

CERN tender or)enin g for 32 structures, 4 cell, by Feb. 24.

QE.~ SPS LEP kmgtgrm test.

D. Boussard et al. (to be presented at the Chicago Conference) 4-cell

350 MHz Nb, installed August 1987 in SPS for test.

Operation d 7 MV/m.

Design field 5 MV/n~, measllred Q=2...3 x 100,

4000 hours operation at 4.5 K.

ll~fi (D. Proch)4
500 MHz, HERA 5 MV/m, Q . 2 )( 109.

rf losses 10 watts/cell, 30 cIII/cell -+ 33 W/nl,

(.!u.st 400 kDh4/nl active, without. I]lf)tljlting, wit huut cryotest. (!ryt~-

l~]ant d 111~1{~ ()])erat.es with cttnvvrsioll 300,

hl;K

1t; singlv rowm~t.ors 500 hl 1[z,

5.5- 8.4 MV/m with tunvrs.

LAMl)~ ((;. I, RWrCll(V’) rf h)SS [’St lllld(’ Z() Wld tS/ltl, th(’ hl’d C(dU(’tioIl

4 Collclllsion for ~(wt Projection



It was decided to:

take RF iosses of 20 Wattlm at 5 MV/m

take the heat. conduction loss as 2Jl_Wat~

take a conversion factor 5(IQ

t~ke the structure cost of CERN and DESY

follow C!ERN tender results (for confirnlation or updating of the structure cost),

Results for 800 MeV and 600 MeV Exten-

sions

Charts 1 and 2 show the dependence of

● Linac Equipment Cost

● 25 year lifetime cryo-cost ai~d

● the total cost including 25 year rf power consi, nlptim cost,

For reasons of simplicity, these values were shown for only four different. gradi-

ents, namely 1 MeV/m, 2 MeV/1~~, 5 MeV/n~, and 10 MeV/nl,

A fe Y other values are contained in the correspor.ding Tables 1 rmd 2,

N~jt incl~lde~l in Ihe estilll~tes ~re internal personnel costs

800 McV Hi@-Duty-FOctor Extension\:

‘1’110nrcfwwwy capital investltwvll for tho strltctltr~ itlrlll(ling nssocintwl equil)

111~’111 is 4/! M$, and ~l)(~~lt 10 M$ for Illo rf p!)ww so!lrm}s. ‘J’IIWW Vdllm apply
I(m n grmliwt of 5 MvV/111.

Wv Iinvr I)nw(l tllo cnpitd illv~jsfltlvllt f,~r rf !l,jwflr ~~lll;)lifiors (III t IIP I)cst ktl{}wt}

V;LIIII’ tIf’(),!j hf$ 1~~’r 1,2 MW Illf)(lllll’, wtlitll is v;tli(l for III{. rllrrt,llt X()~I Mllz illfIflltlIIs

;,,,,1 \lI,,IIl,l 11111 ctl:ttlgo IIIIICII I’,,r :1 1(;2 !, \lllz 111’(IIIIII(Y

III I’;LCI , N Ilr(jti]lsitlg r;{ti{lifl:itf’ I’111 rl”l}tlt$l’r :{ltll~lili~;iti(!tl 111 ,tof) hll[z slI~~IIl(l I)(I

III(, klysfr(l,ll, {WIII st,l):~r;~tf, l)r{,~rtt,~ rl’llt,rt IIV hl II Stlr~l{ll’r )
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600 NIeV Low-Dutv-Factor Extesl~ioIl:

We also show the cost of a subsequent Iinac section of 600 MeV, which would be

of interest, for injection into the AHF synchrotrons. This section would operate with

a relatively low duty factor. We have assumed a 1% duty cycle, anrl tentatively,

a low rf efficiency.

The capital investment for the structure would be 3’J M$ plus about JO M$ for
rf power amplifiers.

Lifetime ODer ati~ Cost:

In a normalconducting structure with modest beam current the lifetime oper-
at ing cost is mainly determined by the copper loss in the structure. In compariscsil

to this, the lifetime-cryo-cost for a superconducting structure can be expected to

be much lower, typically by a factor 3 to 5, An even better result maybe possible

with improved cryo-systetns (with conversion factors below 500). As to the ratio

of rf lifetime power cost to cryo-cost, this ratio would be approximately 3:2 or 1:3,

respectively, in our two exalnpies.

~uired Lend h of Buildin~s:

The structure length in the worksheets is active length. To inclu:le space re-

ql];red for focusing quadruples and other elements, the total length of the sections
will increase by about 8570, based m a packing factor of 54Y0.

6 Remarks on Implementation



:n order to make a “low risk investm=mn” with a “hisdl risk teclmiaue” (if this

qualification is justified), the following steps are recommended:

● tentative replacement of one or two 805 MHz linac sections by 402.5 MHz

superconducting sections in the existing LAMPF Iinac;

● further steps only after beam tests and acceleration tests have been convinc-

ing;

● operation of several su~erconduct imz sections w!th Dro~er anlRhtude and nhase

tolerances. For this, it will be necessary to carefully

1. study transients

2. study higher-order modes

3. study feedback and feedforward.

The proper solution of these problems is mandatory and represents a big chal-
lenge for good rf engineers. A success would be an important step forward in

accelerator technique.
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Table 1

Himty Facjtor Superc. Linag _Cost Spreadsheet 2115~s?JSG) . _,_ ________
Headroorr 1.1 ‘——. . —— —.———.—————-——-—-— —-. ... .. —.-—.. —._
Pmax 1.2 MW . —.——.—.
Pavg

—— ——.——
0.144 MW

eff 0.5
RFcost - – 0.5 M$/mo~ule hrspyear 4000 hrstyf__ ..—
Life

—..
25 Years kwh 0.05 $/k W-hr

,Str 0.3 M$/meter
——

Power 0.2 M$/MWyear –
Zshunt 1000 GOhm/meter
,& aoo Mev Loss 0.02 kW/m at 5 MV/m+20 W/m
ibeam 0.035 Amps Conversio 500
duty 0.12 Linac Lifetime

Peak RF RF Struct. Lifetime Equipm. C ryo
,Grad Length Power cost cost Power Totall cost cost Tota12
jMeV/m; (meters) (MW) (M$) (M$) (M$) (M$) (M$) (M$) (M$)

1 800 28 12.8 240 33.6 286 252.8 46.82 333
2 400 28 12.8 120 33.6 166 132.8 26. !37 193
5 160 28 12.8 48 33.6 94.4 60,83 20.75 113

10 80 28 12.8 24 33.6 70.4 36.83 28.16 98.6

1.6 500 28 12.8 150 33.6 196 162.8 31.57 228
3.2 250 28 12.8 75 32.6 121 87.83 21.48 143

) 8 100 28 12.8 30 33.6 76.4 42,83 24.53 101



Chart 2
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Table 2

LO Duty&c[or Su erc. Linac Cost Spreadshee~ 2117189 lSCL.. ________ , ,__ ..__
---+Headroom~ 1.1, _. ______

Pmax __ 1.2 MW “-
---T .— — .—— _.. _ .——_._ . _.._ __ ___

Pavg — 0.144 MW
eff — 0.2
RFcost 0.5 M$lmodule ------ -+3

_—_.
hrspyear

..
4000 hrs/yr

Life 25 Years .kwh 0.05 $/k W-h—]r
,Str 0.3 M$/meter [ Power

I I

.
0.21 M$/MWyear

Zshunt 1000 GOhm)rn~fOr I I I I 1
CE 600 MIN “’’’’”’”’ Loss 0.02 kW/m at 5 MVlm+20 W/m
ibeam 0.035 Amps Conversion 500
duty 0.01 Linac Lifetime

Peak RF Struct. Lifetime Equipm. Cryo
Grad Length Power cost cost Power Cost Totall cost cost Tota12
(MeV/m) (meters (MW) (M$) (M$) (M$) ~M$) (M$) (M$) (M$)

1 600 21 9.63 180 5.25 195 189.6 35.11 230,
2 300 21 9.63 90 5.25 105 99.63 20.22 125,
5 120 21 9.63 36 5.25 50. s 45.63 15.56 66.4

10 60 21 9.63 18 5.25 32.9 27.63 21.12 54

1.6 375 21 9.63 112.5 5.25 127 122.1 23.68 151
3.2 187.5 21 9.63 56.25 5.25 71.1 65.88 16.11 87.2

8 75 21 9.63 22.5 5.25 37.4 32.13 18.4 55.8,

P:lql? 1



350

The

Y5Z niobium cavity foreseen for the energy upgrade of UP

‘Jnole unit ha: a length of 2.4 m.

(Piel 88)



Superconducting rf-module for HERA
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