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INTRODUCTION

This paper deseribes a 850 mm long liquid hydrogen target construeted
for use in the bigh intensily electror heam at the Stanford Linear Acceler-
ator Center, (SLAC). The main design problem was to construct a target
that would permit the heat deposited by the clectron beam to be removed
rapidly witbout boiling the hydrogen so as to maintain constant target den-
sity for optimum data taking., Desigd requiremcnts, construction details and
operating experivoce are dlscussed.

DESIGN REQUIREMENTS

SLAC Experiment 7136 is an experiment for the measurement of the
elasiic clectron-praton cross section at large momentum transfer. Since the
cross seetion is quite small, it is necessary to have a liquid hydrogen target
as long as practic.] and to operate with the highest available incident beam
intensity to achicve appreciable event rates. Pased on experience with previ-
ous generations of similar largets used at SLACI~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 eirculated through the
target cells to a heat exchanger submerged in a liquid hydrogen reserveir to
remove the heat deposited by the beamn. The length of the primary target
was sct at 650 mm, determined by the target length accaptance of the 8
GeV/e spectrometer for the particular scattering sngles required.

* Work: supported by the Department of Encrgy under contract number
DE-ACO3-T65F0U5 15,
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In alditinn, 3t was necessary to have a shorter linuid target for calibration,
as well as two rripty target celly for measurement of background eleetrons
scattered from the target end caps, and a number of solid aluminum targets
foor various tests,

The experiment alse requires that;

1. The LH2 containers he constructed from a minimum of low 7 mate-

rial hetween tne hydrogen and the detectors to tninimize the the the
amount of radiation length.

[ ]

The targets be remotely positioned into the electron beam,

3. Suflicient mixing and conling of the liquid hydrogen take place to eon-
trol boiling well enough to pevmit productive data taking at maximum
beam intensity and pulse repetitinn rate.

4. Average temperature of the Lz be measured so the hydrogen density
can be determined during operation.

DISCUSSION OF DESIGN REQUIREMENTS

The SLAC electron beam consists of 1.6 microsecond long pulses of up
to 5 X 1011 electrons per pulse and is presently vperated with up to 180 pulses
per secoidd {pps). The beam can be focused to 3 2 mm X 2 mm spot size at
the target. Heat deposited from 4 X 301! electrons (a more common rate than
5 X 101*) passing through 650 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 beating 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 boilicg of the liquid alang the beam path which would produce
an unpredictable change in the target density. The second consequence is
a general heating of the target liquid, resuiting from the dispersion of the
tieat from many beam pulsew, until an equilibrium is established between
pulsed heating aod cooling by circulation. When the repetition rate is 180
pps, the result is 225 watts deposited into the liquid bydrogen. Within the
beam cross section, the temperature will rise 0.66 K per pulse, or at a rate
of 118 Kfs. Bailing 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 % 10! clectrons {D.017 seconds). When initial conditions are 21.0 K and
300 kPa absolute pressure, it will take 6 pulses (0.033 seennds) to recch the
boiling temperatuse if there is no turbulence or conduction between pulkes, I
the flow is parallel to the beam direction, s velocity of 10.7 meters per second
is required to move the heated ilquid 650 mm ie 0.033 seconds, Since the
maximum flow velocity te be expected with available fand is 2.0 meters per
second, the target will boil unless there is turbulence or swirl. Boiling ezn also
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he reduced by starting with cooler hydrogen, operating at higher pressures,
facusing the beam to a larger spot, or a combination of alt of these. Higher
pressures require stronger (heavier) tubes and heads which eause unwanted
background. Lower temperatures can be obtamned by using a refmigerator of
sufficient capacity or by operating the rescrvoir at subatmespheric pressure
It is possible to cool the hydrogen reservoir to 16 K by reducing ste absolute
pressure to 20 kPa.

ESIGN DETAILS

A heat exchanger with 6400 cm? area with a flow cross section of

34 cm® was used. The heat exchanger is made of three parallel lengths of
corrugated metal hose with a nominal insid» diameter of 38 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 250 watt heat
input. Experience with a 300 mm long target in the electron bean indicated
that there had to be considerable mixing because bolling was much lesy than
predicted by the axial flow model. The S50 mm long target was designed
with mrrk lzrger low passages thae the 390 men target, with the expectation
that the average liquid velocity through the coll would be hugh enough that
mixing would be better than experienced in the shorter target

A iriaxial type of eonstruction was chosen beeanse it pernnts all of the
heavy parts of the targel o be wp-stream of the miveraction area, aut of
the region visible te 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. Fosition 1s monitored with a 5
digit encoder on the jack and a switch for cach target location The beam
passes in vacuum through the reentrapt 240 mim diameter miner tube, whach
is surrounded by the heavy parts of the target, and up to the bean nlet
window. A 48.5 mm diameter X 0.05 mm thick Mylar inner tube directs
flow to the end of the target. The hydrogen teturns in the annulns between
this inner tube and the 668 mm diameter outer 1ube The hydrogen fows
in series in a closed loop through the 650 mm cell, the 250 mm cell, the fan.
and the heat exchanger, returning to the 50 mm ceil A tvpueal operating
pressure was 200 to 250 kPa absodute, The reservonr pressure was maintamed
at 106 kI’a absolute with a eheck valve i the vent line

The triaxial design was first used with 2 target in the SLAC Streamer
Chamber? and later for a target for the LASS sxperyment * [loth thoss tarzets
were for low power bewms, but the principle of placing a long evhnder ujp to
2 meters inside experimental cquipment was extallished
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TARGET MATERIALS

The rorusrorient for w7 anaterial cos disfied By asiog S T the
walls and 5052-0 alumunum for the heads e upsteean hewds ape 4068 mm
thirk atid the downstreans bogds are O 127 tm Dhe cateade walls ate tylue,
of 0254 mm thick Mylar vhet wsang cens wblasinve oy the Lagey ot The
tubies are joined ta the stains ool boaby ged the el e wtached b
the tubes with the same epey A protatype target guads of these motenals
ruptured at an internal pressure of TH8 b when tested at 57 b

TEMPERATURE MEASUREMRNT

Eackh lignid target bas n hydroga vipor-pressars Yol at cah end of
the active volume. These measure the aveeage temporature of the hpnd at
theinput and outpit of the volume heatd by the beam Pladimum rosistapes
tomperature detectors nre attached to the outlet yapor-pressure bult of the
250 mm target and 16 hath of the vaporepressure huths of the 670 min target
for additional tempessture information Wit oo power anput 1o the Jong
coll, the jndet tempecatire to the shart eoll will be the vune s the antlet
termperature of Lthe long el

FAN FORCED FLOW

The liquid hydrogen is cireulated theough the targets amd heat ex-
changer with the same 70 min CGlobe VAN FC vaneaxial fan, minnfactyesd
by CGlobe Industries Division of 'TRW m Dayton, Ohio, that we bave used an
previous targets. Operating at 1000 rpnz, the thearetieal fow s 3000 e '
resulting in a veloeity of 2.0 m/s in o 49 mm diameter tube Experunenters
at othor laboratoties have also used those vaneaxial fans f

OPERATING EXPERIENCE

The target was operated in the elecizon beam wnl head put of up to
250 watls. A series of speeinl measeerments wore made to ook for possible
effects of target boiling. With the electton detectors set o detecl scattered
¢lectrony at high counting rate, the electrnn counting rate wan measired for
various values of the beam intensity, repetitinn rate, nnd with vanuns spet
sizes. The counting rate normalized to the rate extrapolated 16 zero pulse
rate showed a lineat decrease as Lhe accelerator repetition rate mereased from
30 pps to 170 pps. With a bram intensity of 4 X 101 e/pulse and a spot size
of 2 mm X 3 mm the total desresse in target density was abont 7 prreent
8t 170 pps. When heat input 1/as 250 watts, inlvi temperatnre was 210 K
aod outiet temperature was 31.9 K, itnplying a hydrogen flow eate of 180 to
200 mm/s in the ¢cll. Since the tempeeature of the liquid in the reservoir
providiug the refrigoration was 20.6 K. and target fnlet temporature was 21 0
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In the o eates theemgh the target & the lunage factor pather than heat
evhanger er Fhoapproageededs R sereee 10 metnge temperature
roddueas the hodecgen doucite dhoat | goaegoont

A lares Bas o cansne edeatien framy secondaey paelielos generatod
ba the e trens oz teped the target e addition 1o the heal The tarpet
v -t fogprenamati v s 10 rede af padention e the eonpee of 2
tenths of preeiten of Coteags pates e goount of radiaton pedaced (he
streneth of Mol G approvamnds T per cat of s sorinal value The eedl
disttegrated  dumgere the Tegied et e vionwn tank The sboek wave
and tarisdence thor cehls bhred ed neea f the plastie i the viaennsn 1ank
Tt » o Gk vttt d i bt o thees was no caterna| daminge

CONG L STONS

Al ddrogren target sastene was Bogle thal eonld atsael up to U950 watis
of bearn prower wath Bos geraliel to the bewan dievenian Liqued oonang transe
verae b the beamt i ton was ~ulficrnt te limet Inead bothug i e heam
sprest booa it of T per ent

Aalarm Lose proamnty tooa bagh power eleetron heam will e danaged
by radiateen ovon though the beatn does ot pass throngh o

It it Wollk

This target wall beor bt with aluannum eeplacing the Mylae and sofd
sobder replacimg the epovy i places thar are snbyeeted 160 damagmg radiation
at some certfice i podtatoan hingths V praehieal way of solilerig aleminun
bis been used ana subeqg aont target The teehutgque we use s ta pilate the
alusmnugm with zine, then et then tinoon the area to Lo soldored The
parts are fitted tagether on st able supports Number 623080 solder cream
from G 57 Setais amsd Ehemmeals Corp Yo Angeles, CA DRDSY, which is
prwdered solder 1o a3 paste Hux s apphed to the jomts  The assembly is
heated e a 20570 aven untid the solder flows and the pont i shiny  Sulder
15 substantially stronger than the epory mibessves that are used extensively
for nop-metal targots The assemmbloa Vhat we 1ested fmled woll away from
the <older punt

The cirenlatyegy of the lugmd bydrogen will he mereased substantinlly
with new tue-stage saneaval fans They will pump an setes throngh twice
as marh heat exchanger as wath the otemal arrangement

iASCLAIMER

This seport aae pieg 1724 ] aabt i anrh i'!lhﬁlfcti by oR JHCnY ol the '.,nllcd Sialﬂ
Cenvermment  Seovbe s v b ndd nepeL dprenre B e ain ageacs thereod, aor any of ther
cmplovees, mnabes 2t A0t . CAfte, mphe 4 enatirficy ANy kﬁll lwhlllly «f responsi-
it bor the 10 nrac. s etenz - o Letmre o sy @fopmation, apparatus, product, of
process dischewn 1 cegraen - et - ane ot et minibge privatcly owned nghts, Refer-
chLe herein e gaa spestre L cetier v presdad 2t xow of servee by frade aame, trademark,
manulacturer or otheraie faes mot secessanih ndiose or nply Ws endorsement, recom-
mendation. or lasoriag by the | miteg States funernment or any agency thereof. The views
and opsroms of authars eypsewed herem do for pevessanly state o reflect these of the
Umed States Goverament s sty agency therenf
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