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DIRECT MEASUREMENT OF A PROTON BEAM PASSING THROUGH A UAIER
TAR BT BY THE INDUCED CHANGE IN THE WATER CONDUCTIVITY

T. Dombeck, A. Finch, and D. L. Grisham
Los Alamos National Laboratory, Los Alamos, NM 87545

ARSTRACT

A water target for use in a neutrino experiment
at the Los Alamos Meson Physics Facility was
constructed with wonitors to measure the transient
change in water conductivity induced by the passage
of the proton beam. This novel monitoring technique
permitted a direct measure nof the 800-MeV incident
proton beam inside the target and gave a measure of
the beam alignment. The conductivity persisted over
many milliseconds and exhibited an exponential time
decay after the beam pulse anded with a
characteristic time constant consistent with the
production and recombination of OH™ and HJO+ ions in
the water. Though the concentration of these ions
was observed to increase linearly with the incident
proton currsnt, when compared to the formation of
lon-pafirs by direct energy loss of the incident
protens, tho process producing the more stable
conduction fons observed in this experiment was found
to be many orders of magnitude less sfficient. The
cause of this inefficlency is not understood, but
suggests one or more intarmediate procassen are
involved in thelr production,.

The water target, shown in Fig. 1, consisted of
4 thin-walled stainless steel pipe 100-cm long x
2.54.cm diameter within which de-lonized water flowed
in the alrection opposite to the incidant beam. The
physical properties of the target and water ave
summarized in Table I.

BEAMLINE ILEWENTS
I THE PROXIMITY oOP
NEUTRINO PRODUCTION TARGET

Fig. 1. The end of the nsutrin. beamline [s ahown
schematically, Details of the conductivity monitors
fn thoe water targst are shown {n the insert.

Three conductivity monitors were placed along
the lLenyth of the pipe at 4t.cm (ntervals {n ovder te
obtain information on the beam location throughout
tha target. Fach monitor consisted of a probe
mounted on an insultated feerd.thru extsnding radially
into the center of the pipe such that the
conductivity was measured between the prcbe and the
tavget plpe wall. Tha probes were made of CERAMASEAL
high vacuum fesed-thrus (cat. no. 8CaB3230-1). Fach
had an MHV connector outaida and a ceramic inaulazed

pin 0.38-inches long by 0.092-inches diameter on the
inside. We soldered a brass rod ontc this pin to
extend the probe to the center of the water pipe.

The feed-thru was welded through a hole in a vacuum
blank-off which was sealed using a standard Varian
mini-con-flat vacuum flange. The center pin of the
MHV conuector was soldared to the center conductor of
a mineral-insulated coax signal cable, while the
braided wire sheath of the cable was grounded to the
target pipe wall.

TABLE I
Bhysical Properties of the Pure Waterx Target

Target dimensions 100 cm-long x 2.54-cm

digmater
Wall thickness (5§ 321) 0.025 cm
Water temperature 36% ¢
Water pressure 185 psi

Water flow rate 0.5 cm/msec

Proton interaction length 67 cm
Averags fonization potential 68 eV

Ionic activation onor;y* -3 kcal/mol of Y0

ylelds 1.004x10°"
mcl of lons/liter

lonic recombination rate (kk)' l.ﬁxloll liter/mol-s

"For the reaction 2H20->H30’¢0H'. see Ref, 1.

To measurs the conductivity, s smail DC voltage
van applied across the probe through a 50 kOhm
resistor placed in parallel with {t. The change i(n
the voltage acroas "he resistor was vieved on an
oscilloscope. Whan the heam struck the target, there
was a sharp drop in the voltage indicating an
increase in water couductivity. This was followed hy
a mure gradual return to chn original voltage which
ve interpreted to be due to the production and
subsequent recombination of i{nduced fons {n the
water. Because of the nmillisecond time scala over
which the signal occurred, the effect could not bhe
dus to capacitive charging, etc., in the target.

DATA _AND ANALYS1S

Data was taken under dif{srent beam condlicionw
to make compar{sons and to draw conclusions about the
bahsvlor of the conductivity monitors when heam was
on the target. A representarive oscilloscope trace
taken during the expariment Ls shown in Fig. 2 and
vur results are summarized in Teble II. Noute that
monitor 1 {s at the upstream end of the target.

As can be seen from the oscilloscope trace the
monitor measured a progressive Increaze in wvater
conductivity durl g the time that the beam struck the
target. Just aftar the beam pulne ended, the
conductivity decvoased exponeantially with a



TABLE II

Measuzements Taken with Beam on Target

Beam Pul se Water Monitor 1 Monitor Z Mgnitor 3
Current® Widch Res1s. Ai’ :l‘* A, £, Ay €y

Run I 10.0uA 5350us 2. 7kOhm 17.5mv 15ws
Run 2 15.7uA 200us 2.7kChm £0.0mY S5ms 50.0mV .13 12mV 1.5

Fig ¢
resporise of monitor 1 to the pasiage of an 600-MaV

A cample oscilloscope tiaze {s showvn of the

proton beam through the target The time zcaie [s

1 ms:cm  The sharp dacrease in the trace showing an
increase in water conductivity olturs over the Lean
pulse width and is dus to the praluction of stable
tons  The gradual recovery of thy trace is due to
the recombinacion of these i{2ns aid rhe
characteristic decay time is rela ed to the lonic
concentracion

craracteristic time coistant of atout 15 msec
Areributing this behavior to the ;roduction of srable
ions 1n the water ard .nelr subsec.ent recombinatlion
the {onic concentration of charge -arriers
contributing to conductivity was cilculated using an
expresuion for the {nconhlnaclon tine found in

Ref 1.t ~ (2kpC)® Using the vilue for the
recombinacion rate ikgj listed In fable I ang the
measurcd valua for ¢t ve found C =1 % x 1077 mol -l

This concentration c¢f ions w.lch produced the
csnductlvity change 1n the water 1 .d{cated tlat rhe
beam created one lon pair for ever 20 MeV of energy
ceposited in the tatget This s a surprisingly small
con:entration considering that 't r qulres on avarage
only 6% eV to ionite tha water atoms directly
However the {cn palrs which resulr f-ou elecrtron
emigsion recombine very rapldly and do not affact the
long lifetime conductivity tirat we observed Ln this
experiment Our result requ.rea morv stahle fona
such as OH and H]O’ as charge carrierrs  Using jusr
the effect of tha local herting of tho wvater “y tra
beam we can esuimate the concenrration of stable icns
producad using the thermal actjva“len onergy given In
Table | This vields a recambins lon tine larger hy

only a factor of th-ee from what we measured Trus
the proceas contributing to the cbserved conductiviry
i{s very inefficient. invclves only a small fraccion
of the energy depositad by the beam and could be aue
in part to lscal heating of the vater caused b, rhe
bean

We frund that the ionic concentraricn increases
proportionately with an increass in beam current
Furchermore. in Table *I wve note that che reiative
amplitudes batwean the conductivity monitors reflects
this effect We expect the response from the
upstrean monitor to e greater than the respunse cf
the downstream monirtors because partizie interacticns
in rhe ctarget reduce the beam threughout ics length
Comparing Monitor { with 3 in Table Il we sse that
the aaplituda dccressed 2xponentially as expected
after taking intos account the interaction length
along the target (63 cm) However che response of
Monitor 2 did not exhibit quite as dramatic an
exponenrial decrease

SUNCLUSIQNS

Our calcularions &nd measursmencs indicate thac
ths production of the long-l1ived Lons GH™ and H,G" in
the target water caused _he obsarvad changes 1in
conductivity wvher the target was struck by the protsn
bean V¢ found *hat rhe conductivi:y changea
linearly with the amcunt of beam current atriking tha
target During the coursa of the neutrino experimenc
we used the conductivity monitors in conjunction wirn
other standard beam monitors such as harps and
secondary emission foils :o align the beam onto the
ctargat. We did tris by optimizing the amplituae of
the responser for- each conductivicy monitor as
observed on an os:llloscere  Therefors. the
conductivity monitors ver- an inlegral .omponenc f
cur nonitaring svstam particularly as they Indi-ates
directly the bsam pogition inajde the rarger

An (nteresting phenomencn damcnatrated by cur
results wvas the large diffecencs Detwvesn the energv
deposited in the target bv the beam «nd the small
amoun: of thils energy =hat went 1nto the [n Mg(isn ol
stabie lons This wap ever mnre surprising when
compared with the nurbar of lon palrs created hy
slectron emission which was many crders of magnir ira
larger This inefficlency in zhy product - rf
sctable fons suggests that there may have beGh -ne ny
more {ntermediate ateps by whi:ch the heam creqred
then This is not un.ike a phenomansn ahyerved n
hubble chambers where the praduction rf Lubbles al g
& particle track was found ta be very (neffir,ent
when compared to the amount of energy -depcsl. e
Suhseyuent wick on the hubble formarior process
shawed that |t proces-lad !hrn-..h the sa-nr-lary
interaction of delta rave producad aleng the sarri le
track
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