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INTRODUCTION 
This paper describes a 6&0 mm long liquid hydrogen target constructed 

for use in the high intensity electron beam at the Stanford Linear Acceler­
ator Center, (SliAC) The main design problem was to construct a target 
that would permit the heat deposited by the electron beam to be removed 
rapidly without boiling the hydrogen so ns to maintain constant target den­
sity for optimum data taking. Design requirements, construction details and 
operating experience are discussed. 

DESIGN REQUIREMENTS 
SLAC Experiment r i36 is an experiment for the measurement of the 

elastic electron-proton cross section at large momentum transfer. Since the 
cross section is quite small, it is necessary to have a liquid hydrogen target 
a.s long as practic i] and to operate with the highest available incident beam 
intensity to achieve appreciable event rates. Rased on experience with previ­
ous generations of similar targets used at S L A C 1 - 3 the basic configuration 
chosen for this target was a cylinder with the axis parallel to the beam. As 
with previous targets, the liquid hydrogen must be circulated through the 
target cells to a heat exchanger submerged in a liquid hydrogen reservoir to 
remove the heat deposited by the beam. The length of the primary target 
was set at 850 mm, determined by the target length acceptance cf the 8 
GeV/c spectrometer for the particular scattering sngles require. 

* Work supported by the Department of Energy under contract number 
DE-AC03-76SF0OS15. 
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In addition, it wns necessary to have a shorter liquid target for calibration, 
as well as two empty target cells for measurement of background electrons 
scattered from the target end caps, and a number of solid aluminum targets 
for various tests 

Th" experiment also requires iliat: 
1. The I,H> containers be constructed from a minimum of low Z mate­

rial between tne hydrogen and the detectors to minimize the the the 
amount <i\ radiation length. 

2 The target:) be remotely positioned into the electron beam, 
3. Sufficient mixing and cooling of the liquid hydrogen take place to con­

trol hotting well enough to permit productive data taking at maximum 
beam intensity and pube repetition rate. 

•4 Average temperature of the \Mo be measured so the hydrogen density 
can be determined during operation. 

DISCISSION OF DESIGN' REQUIREMENTS 
The SLAC electron beam consists of l.B microsecond long pulses of up 

to 5 X 10 1 1 electrons per pulse and is presently operated with up to 180 pulses 
per second (pps). The beam can be focused to a 2 mm X 2 mm spot size at 
the target. Heat deposited from 4X 10" electrons (a more common rate than 
5 X 10 1 1) pas-sing through 6W mm of liquid hydrogen is 1.25 joules. There 
are two consequences of the injection of heat by the beam. First, there is a 
local healing instantaneously along the beam path during each beam pulse. 
A main purpose of the target design is to prevent this local heating from 
causing local boiling of the liquid along the beam path which would produce 
an unpredictable change in the target density. Tfae second consequence is 
a general beating of the target liquid, resulting from the dispersion of the 
heat from many beam pulses, until an equilibrium is established between 
pulsed heating and cooling by circulation. When the repetition rate is 180 
pps, the result is 22-1 watts deposited into the liquid hydrogen. Within th'. 
beam cross section, the temperature will rise 0.06 K per pulse, or at a rate 
of 118 K/s. Boiling of the liquid hydrogen can be prevented by rapidly 
circulating it through a heat exchanger and by keeping the pressure high 
enough. When the initial state of the liquid hydrogen is 21.0 K and 200 
kPa absolute pressure, boiling temperature will be reached after 3 pulses of 
4 X 10" electrons (0.017 seconds). When initial conditions are 21.0 K and 
300 kl'» absolute pressure, it will take 6 pulses (0.033 seconds) to retich the 
boiling temperature if there U no turbulence or conduction between pulses. If 
the flow is parallel to the beam direction, a velocity of 10.7 meters per second 
is required to move the heated liquid 650 mm in 0.033 seconds. Since the 
maximum flow velocity to be expected with available fans is 2.0 meters per 
second, the target will boil unless there is turbulence or swirl. Boiling can also 
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be reduced by starting with cooler hydrogen, operating at higher pressures, 
focusing the beam to a larger spot, or a combination of ill of these Higher 
pressures require stronger (heavier) tubes and head* which cause unwanted 
background. Lower temperatures ran be obtained by using a refrigerator of 
sufficient capacity or by operating the reservoir at subatiimsptieric presstirm 
It is possible to cool the hydrogen reservoir t" 16 K Uy reduc.ii^ its absolute 
pressure to 20 kPa. 

DESIGN DETAILS 
A heat exchanger with (HOO cm" area with a How rross section of 

34 cm" was used. The heat exchanger is niade of three parallel lengths of 
corrugated metal hose with a nominal msid" diameter of ;iH mm Data from 
a previous target run with this heat exchanger projected that the average 
temperature increase of the target liquid would be 1 K from a U-'JO watt heat 
input. Experience with a 300 mm long target in the electron beam indicated 
that there had to be considerable mixing because boiling w.is much less than 
predicted by the axial How model. The .̂r>0 mm long target was designed 
with m'""h larger flow passages thati (he.WO mm. target, with (lie expectation 
that the average liquid velocity through the Ml would he high enough that 
mixing would be better than experienced in the shorter target 

A iriaxial type of construction was chosen because it permits alt of the 
heavy parts of the target to be up-stream of the interaction area, <nit of 
the region visible to the detectors, and away from the spray of secondary 
radiation. Figure 1 shows a cross section of the target array This array 
is adjusted up and down with a screw jack 1'osition is monitored with a ,r) 
digit encoder on the jack nnd a switch for each target location The beam 
passes in vacuum through the reentrant 210 nun diameter inner tube, winch 
is surrounded by the heavy parts of the target, and up to the he.im inlet 
window, A 40.5 mm diameter X 0.0a mm thick Mylar inner tube directs 
flow to the end of the target. The hydrogen returns in the anmilns between 
this t^ner tube nnd the 0l> 8 mm diameter outer tube The hydrogen flow* 
in series in a closed loop through ib' GSO nun cell, the 'J'IO mm cell, the fan. 
and the heat exchanger, returning to the 6-iO mm cell A typical operating 
pressure was 200 to 250 kl'a absolute. The reservoir pressure was maintained 
at ]0ti kPa absolute with a check valve in the \ent line 

The triaxial design wa.s firr.l used with a target m the SI..AC Streamer 
Chamber and later for a target for the I ASS experiment '' I loth those targets 
were for low power beams, but the principle of placing a long eyl.nder up in 
2 meters inside experimental equipment wi< established 
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The requirement ("t l<<* '/ iii.iii'Mal i- > iii->(i»«f >>\ H-IUE Mjdr f.r I(I<-
Willi* And .r»0"i2-0 aluminum f<>f ltt<- hi-rld* "1 lie Up<.Tri-:irii li» i-l- .it- O ' lM tutu 
thick mill the downstream hf.uU nr<- <1 IJ 7 iriiri 'I li>- • H'M<!<- u.dl- .in- iijlu-. 
of O'J.Vt mm thick Mylar <IM-< i noiiiq «po\» »lli<-.it<- . n I)M< hp | ,nt I'd.-
tutim are joined (" '(•<• •>i(i«cl',sh i'''''l I»HI* <«>! ih<- tj'i-l- ifi- iCvli'-'l !•" 
the tube* with the sumc <-;>'<xj A pro<nU|n- i ir«.-< [nul- .if ifn->.- in u.-ririN 
ruptured At an internal procure of TVs U':t »lfti I<M.-<I nt 77 K 

TKMIWIATl1IK MKAJH 'KKMhNT 

liswli liquid turret ban ft hydrogen vvtpor-pri"Hsiir<' 1>«lli tit cn>h i-nd "f 
thn active, volutin'. 'I'lowe me,ixiire the average • '-IIIJJ'TJII IIT<' nf »Ti-• li-pnd it 
the input and output of (lie volume heated by tli >• beani I'lniiinini r'sMiiixf 
tvinpiTiLturo detectors are attached In the outlet vapor-pressim- biilti \>1 the 
2!il) rum target and to both of the vapor-pri'HMire bulbs nf the li'O nun target 
for additional temperature information Willi rin jimier input in the IOHR 
ci'll, tl»' inlet temperature to III'' sft"fl cell mil fie ihe vime ;L> th- nutlet 
temperature of the long TII. 

KAN POKCPJ) FI-OW 

The liquid hydrogen is circulated through the targets ;unl Iwnt ex-
cliunucr with the name 70 miu (Jlitbc VAX-* V(' vnrieaM.il fan, iMaiiufiiriur<-(l 
by Cilobr Industries Division of TRW 111 Dnjinn, Ohio, thai we have used in 
previous targets Operating tit 1000 rpm, the iliMiretical flmv is .1000 rm '/s 
resulting in a velocity of 2,6 m/n in a '1(1 inm diameter tube Kxpi-rimenter<t 
at other laboratories have also used tliev vanenml t»iw r' 

OPERATING EXPERIENCE 

The target was operated in tltfr electron beam wuh heal input i*r up to 
250 watts, A series of special measurement» wen- made to lw>k for possible 
effects of target boiling. With the electron detector* set tn dried s<»ttrred 
electrons at high counting rate, the. electron counting rate wsw mra-wred for 
various values of the beam intensity, repetihon rate, and with varoun spot 
sizes. The counting rate normalised to the rate extrapolated i<> m o pulw 
rate showed a linear decrease as the accelerator repetition rate inrn-a^d from 
30 pps to 170 pps. With a beam intensity of IX 10" e/pubie and .1 >p»i size 
of 2 inm X 3 nun the total decrease in target density was about 7 percent 
at 170 pps. When heat input vas 250 waits, inlel temperature wa» 21 Q K 
and outlet temperature was 21.4 K, implying a hydrogen (low rate of ISO to 
200 mm/s in the « l l . Sinee the temperature of the liquid in the r<«Tvoir 
providing the refrigfttatuui waa20j6 K. and target inlet temperature was 'tl 0 
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I\ Mi" ll"W r i le thrr.iisli lh«- t irff't A L-* (he lllnif mfi fiii'tur CillliT (hurt heat 
• '\.|i:iiii;i-r i.-'-i i |i -i|>j-fn\llii'it<'U I K HH'P'ilM' 10 nti-mRi' l<'in|>i'rntlirt' 
r i. f 11 * • -- i !••- Iii.lr.-c n 'I ' ll i i - ilniiit I |.ir< <rii 

\ I'irc- ll-i* ••* i'iii'iiii; rvli:iii"ii frmn MTMi'Ttn |nirli''l<"i (V'lierntr«l 
t.i iti> ••!••' T - -ii •. .ii.-f<'«l tiw dfi* '( in vMifinn in Hi'' ht'nl The larjV'l 
r... 1-..-1 i i i il .f -!;,[ r..Min iti |\ .1 » 111'1 r,-i|'' <if r «'ln1im» ill 111" enlir*e <>f 2 
in.-iith-. ..f (•••fid- i» i* *• i*i« ••! • f i<<-. I l n . IIIII<IIII( nf r.'nli'ili<in r<'(|m'<'(| the 
••tr-tictli "f \ U l i r i. -i|i|>r..\nti ml ' . Hi ).*T < nl <if i(s unfiled Millie The evil 
ili-ri)i''cr it'-'l 'tiitii| !•!•• Hi* li<(iii<l id' l)i< \ i imt in t;Ulk The •«lu"'k waiv 
mi') i iui.ul-i i"' ilt'-r < U I J I I l i f ' t l'-'i in ->< <f 'ill- )i|;v-1(<' ID the vuriiinn lank 
Tin- * \< •I'm 1 * <nl '"(iiiiti>.! . IK Imt-i • • I l)<fc v.:(̂  I H M vl'Tinl (Irincige 
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\ l iylmjvn t.iri;'-' -.i-ti'Mi n.-i* Imill lli.'tl eni||<| nlionrli il|i In U!ifl w.llls 
i.f ln;irn [iiiui'i mtl i l lmi ;i<r.illi'l l'> I In-liciiiii iliri'i'lnill l.l'|iinl I I I IMI IH IruriH-
\rr-i- <•• I If F- l..-:mi itiri'lmn wri* -ulfin"iil In limit liicul tx'llni[! in llie lieafii 
-.[..,1 h, :\ ||i:llimitll> "J ~ |"T ''lit 

V1 v I ir iTI 1 >-i ['i-i'\i!iii(\ iii a Ini'.li J.UHIT I'lei'lrnit lii'iim will lie drummed 
li> r:iili;iii'>ii '•••"» lli"nr,li Mie lnTdii 'I ii"l |>fis(t thmuf-lli il 

I t i l Id VviiliK 

I 1,1-, i:irt;'-t uitl lie nliinU with :il mini re|)lrteing til" Mylllt mill soft 
^ . | I | .T ri'j'hi inp; III" i'|.m> in | i h n * lh:n .'ife'.nl'ji'rleil In illininRHIR Pnill.Hl'in 
HI vnrni' s.-t'Tifii-i' in r iilfitiun liriRth* \ [ir.u'lir'il w;iy nf MIMITHIK iiliiiiiiriiiin 
I I I - ln<n u-i'H "ii :t -uli 1"'! ii'iii mr^ii The ier|ini<|iie we use is in jilnlr Hip 
-iliiiriiruirn «nli 7i:ir, th"ii nj^irr ih'-ii I in mi (Iir nrea In 'm *<i|<tnri'<l Tht' 
li^rlT .ire t i t t ' f l t*tRf|her tin ttutrihl'- "•tj|ijirirt;t SlIJTthf'F fViSUtiM NttNttT W i i m 
from (. >•» V M*-tftS> ;»»<! f lxtme.ils I (ir|> ),os AuRflei*, ('A WO'iS, which is 
|«.u<|i-ri(l M'Mer in :t [i;t-t.- flux I* .1f>E't>'"l ' " UlC j t l int l T)l«' .TSfS'lllM) i.1 
lir.ite«l in a -JO-'t'C iivili Hlitil l l ic -Jililfj flnWH nntl I lie |t)llll IN shiny Solder 
is MIIISI ant wily MnmitiT tlian the i-jn>iy niH>i-.ive» that arc uscil exlrnsivcly 
Tor n'lii-iinr.il t.ir^i i- Tin- vernl ' ln'* llt:it we ii^led fnileil well nvvay from 
(tie -dl i l i f Ji>int 

Th>- rir<-nhi|..ti i>t t|i<- Iii|iml hviln<p,eii will lie nirreivief! siihHtrtntitklly 
wuh now •wi^stnRi- %:LI I ' - . I I I , I I f,-uis Tlii-y will |>tll!l|> II) ieri"!« tlirnl>ph twjrn 
as inurh h'-.it <'ii-h.'iiiffi-r as -Aith Ihe nfiL'in.ll riM.ii)ir<>mei>l 

ijrisr I AIM IK 

•i j.i-rv i«in«>feil b\ .m .tKcnvy »i tiic United States 
i.) „.» .tut .ipcm* ttwretrf. mw ;my of lhar 

•: ISMIHIO <io> tcpal liability <tf rcsponsi-
•I m> miurnution. .ipjwnilu!., pfoduci, or 

•i.-t infrmpv privately owned rights. Refer-
• C\% or %crvnc hv Irjtlc name, trademark, 
n-jiime .ir imply il* endorsement, recom-

IhlK rcpml -t-i- ;«t; i--.*I • i 
fiiiicrruncrO N--ih-- ••= ' • •-.* W - - '<• irfft'-
cinpiirtcc^. in ikv^ ••-• *•*"« ". '-«;-fc. •? Bipl" 
h i l l * l<>r ihi- i. u ' i . . • -rj- > :»-*IT - •• . r l n i " 
prntcsi diii l"-ni -r -*f rr-rf-i • " n " •*- ••* -"'til 
CdLC herein ••• m, •.nc-_i»-. .*!••:•«• n . r-""'"1' J 
moJiuraclurcr •>* -nSer-Jiis^ ;**e-- it..| * int^. i f iK 
mcndatKin. nr livurinj: •••. tYv I »nieii suit*. ' «» f i™«i i «r any agency thereof. The views 
and opinm™ uf duî ors ctr 'e* '" 1 herein d« nirf nccciWnly Mate Of reflect thOW of the 
Umttd Staler (iniTinmcG! :rf j?.y JtxtKy thereof 
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