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EXPERIENCE 111TH A DOUBLE-COMPENSATING BEAM CALORIMETER

Nelson Jarmie, Ronald E. Brown, R. A. Hardek$pf, and R. Martinez
Loe Alamoa Naticnal Laboratory

Los Alamofi, New Mexico 87545

Summary Introduction

In an experlmert to measure the D(t,Q)n cross In an experiment to measure low-energy nuclear

section at beam energies of 10 to 120 keV, we have cross sectiona,2-5 we have constructed a particle beam

developed a double-compensating beam calorimeter, calorimeter based on a deaignl by Thomann and Berm of

based on :( Swiss Designl to measure the particle beam the Univcraity of ZUrich, Switzerland. OUT motive

intensity, A Faraday cup ia not useful becauae of cornea from the considerable charge exchange taking
considerable charge exchange in che target gas at such place in the 10- to 100-keV negative-charge deutcron

low beam energies, Ne calibrated the calorimeter and trlton beama when pasaed through our gaa targets
both with 10- and 3-MeV protons (comparing with a (usually deuterium). The charge exchange precludes
F~raday-fup measurement of the beam flux) and with the the use of a conventional Faraday cup to measure the
heat generated in a precision reaiator. Both methods beam current.
agree and give a calibration accurate to fO.013% over a Our system is similar to the Swi8a unit In
range of 10 to 890 rnW beam power. Beam powera as
aa 5 mW may be used, but with lees accuracy.
beam energy must be known in order to calculate
particl~ intensity. Some difficulties with
peculiarities of the device are discuaaed.

low physical and electronic deaigu but differs in that we

The uae a larger device, a different calibration nethod,
the and very low input-beam powers. We find that we can

and meaaure the beam power to an accuracy of fO.08% over a
range of 10 to !700 mW, The energy of beams with a
power from 5 to 10 mkl can be meAsured with leas
accuracy, around 1%.

BEAM CALORI METER

BEAM

‘,v“’:/”” cHAM~~R

,,
!,,

THERMOELECTRIC---- COOLING
COOl, EFI - WATER



+
~ ~-–-;vl--------------------------l “eatin9-

.

Fig.

r

The

~-_–’!!2_________ __A____I Al
—--- ---—- -)

2. Block diagram of the electronics. The elements with a single-headed arrow are
❑eters and those with double-headed arrows are thermiatora. Elements outside
the dashed line are in the physical calorimeter.

Methad

The basin method ia the following. The beam 1s
captured by a tungsten disc in a copper cup (see Fig.
1). The cup is electrically insulated co act a6 a
Farad~j cup for -alibration purposes. Heat from the
cup flows down silver bands to a Peltier thermoelectric
cooler, a Cambfon Model 801-3965-01. The heat flow in
monitored by thermistors 42 and #3; a 25K temperature
difference across the uilver b,~l,ds (S kept precisely
constant. The cup ia kept near the temperature of
the heavy copper body of ihe calorimeter by compensat-
ing the cooling with heat from a Motorola 2N5!.91
transistor. In actual practice the temperature of
both the cup (T2) and cooling block (T ) are referred
to the temperature of the copper body /Tl). A block

diagrum of the electronic circuit that controls T2 and

T3 in shown in Fig. 2.
When a beam strikes the beam cup, the circuit

cottpenantea by reducinC the heating current in the heat-
jng transistor. We then integrate the time history of
the trnnsiator power to Ret the total beam energy
deposited. To facilitate thIa, the trhnqistlr current
(jt) lN ccnvrrtcd hy a reference resistor (R) and n
volt{lgr-to-froqurncy co~..crtor (VFC. AIhliOlf Dcvicea
Mudel 4’,(lK) into a Hvqtlenrc of 10KIc pulncs, the frr-
qucl)ry of ul]icll {N pruportinaal to thr aupplierl power.

The thrrmi$tnr’ rrsfstancra arc rt]nvrltert to voltaRe
#ignaln with ~1 mrrrlif’led hridgc circuit, nn~l thv T2 and

T? voltngcfi nrr comparod with thv Tl voltrig? usinH
hiKh Rntn op:, rationnl amplifiers; tht* reatllt!ng rt if-
fvrvrrcu @lAnnl@ drive the heating tranniHtor or thn
Peltirr (.c.oiing block, rr,lprrtfve]y. 111 Ari(fitlon, rho

diffrrclltlnl dl’l/dt prcducco a “drift” currc$rrt (j(l)

thnt iM ouhtrnctcd from !ho hoat!ng trtrnni~tor :.urrt,nl.
‘Inn curro~lt cnmpennntvn for the ●xtrn i,eot Irft in
Ihr bcnm ctl~ l~y wny nf lLn hcnl rnpnrlty duc to a
dr{ft in l], 1}10 elrrlric f[rcultn woro wrll vol)-
tllnt@d t[~ prevent rrror duo to Iargr Loml,,$tnttire
clwnxrrn [}f tl]r oloctrt~[]fc clrruft ,lrmellt. t.

<l~)r {lt~vf[,e hnn n Ironm-ctlp dinmvlet of 2.’~4 cm
(cl,mpnrr,l wltlt !hr. l-rim !;wlnn mt,tlr l), ntl(l (I best
cnp,lrlty of tlm bvnm {IIp ()! 4[) .!/K, Wlll(h lm rrbolll

five tlmcn fl)nt ()! tlo Swl Hr4 Ilnl’ . rho tfmr cwIntnni
,tl Illo hoam rtil) lti nbntlt 7(1 clot (Swluu: ‘, MO(.) ,,,,! t~nn
delorml not! by !1)0 nfre nllll I ~nt l.olldt!ct Ivlty of [111.
1,41s(, of t 110 l.llpo Ttlo :Ii’lmnl t Im- rnnntmut of tt,,.
lll!llfll~ (’r\) ~’~~1’illt In nh,,llt 4 mln; ugnlll Il\fn tn
(l PtPr’nll Ilo[l hv the Ilent flow flt tll@ mflt~llml~,. ~h p

,Ilfft-(, ii,. (llt r.let. t ra,nlr Ill!. [,, )nat ,al\t IN I nr<.
Slli(llmn were mddn to (Iotcrmftr 11)7 Rain nellltl~n III
1110 Illlfrlrllt c.lt I. IIllm tllnt WIJIII,: Mlvr tlIo mt~nl nolIttt -
t Ive *II! a{(~ir.ate {tlwratllln wltll:)llt tlir ●ynfrm RI Ilnjf

fnl(l [In{ Illnt toll. Um rnvervd tl;o cn![,rlmrter Itn,,lt
0111) arvc.lnl ,enl lm:~lo:~ {If lna Ill IJt lOI\, l.llt tile IInlt

wan II(11 tlw}mtilly Innlllalvtl fr<)m t 118. nlllttoll[l~
i,hnmlx) .

We can observe a short term temperature change of

2 mK (milliKelvin) in the calorimeter body (Tl)t and

can take account of values of dT1/dt as sm~l~ aS 3.7
lJK/aec. We feel our drift correction ia accurate co
about 15% giving a lower limit of error of i3(31.Iw, the

same as in the Swiaa unit (see below)

Calibration- —.

We used two methods of calit,ration. We used a
particle beam, as did Thomnnn and Ifenn, to compare
with Faraday cup current integration. We first used
a 10-MeV nrrd iater a 3-}!eV proton beam with a

Brookhaven Model-1000 current integrator that was

calibrated to t0,05%. Secondly, we attached to the

cup a precision 5000 iO.005% Ohm (1 ppm temp. coeff.)
realtitor to the benm cup, nnd with a 4-wire conneccinn,
meaaured the voltage acroaa the \eaistor when it was
being used an a heat source. The resistor heat
source, besides providing a calibration, was inval-
uable in the ntudy of thr ov<rull reuponsc of the
calorimeter. The result of the calibr~tion i!I showu
in Fig. 3. The tuo ❑ethodn are it. excellent ngrev-
ment nnd gave n calibration congtant fief 97.Ro + ().()8
mfcroJoulea per output pulse over a rnnge of 1[) tu
800” mW. With care the calorimeter 1s usnhlc {n thr
rnnge u! 5 tn 10 mW with nn nccuracy nf 1%, Thr !Intt
in limited on the high frowcr airtr hy the mnxlmurn o~tt-
put of the cnoling c!re~lit nod nt very low powrrti hy
flucturitions of tllc hcnm-t~ff hnrrr.line. ‘f ’Iwnr rew{llt o
agree with tile expcrienra of Thomnnn rind Bonn WI II)

rtntc nn arcurncy of to.07Z ? IOIIW. A detn!lrd dln[,ttw-
~f[>n [~f the illt~.rnnl crr[~r contrilulttnnn lN Kiv{$il [11
Ref. 1 rind ia Arnernlly vn lid for uur tln[t extr,pl tll;lt
nilr clwrmhcr wnn not fillcfl with l~ydr{)hcn nn[l r’m1 WIIII

n vrtrtl(lm rf 1 o-” T[)rr. M(,#t UI ni,r rxl>crlrnen!nl r,,,l,l
were Ionp, s,i Lllfiil 30 mln, nll,l w- fntlnd, nfi {lid Ill<)m:t!ll)
And BC11O, that error (Iut, t~~ f Itl(,t tlnf l{)nu of t I)CS I)t,<(m
Int .nrl!ty wn~ ill F${Rllff t~llllt ,

Nrmlill n nl,d SIlgge,lf t,>tln l:l~r Im],r(tvc+mc,ll!.—

W!tll cnrv, <j~lr t.nlnrlmrtcr Rlvrtl (c)llrtlfi:ot! u1l(I
rolfohlr rentlltn, moanutillg I Ill, (11. p(llllt I.(I Cllt. lglt,tl <If

!K$. ,It,t, of n I IIW tnlu.i’(lnmlw~rt~tl I II t Ilr t II! IKI- I,f 10 t,, l;~()

k,.v, wltl! n!] r:r(}r III I(.Nu III(III 1).IZ. :;tll(r W,$ ,1 I ,/(1

mCnfl Ut’l-d tl10 bfllll t’llelgv !() It$ldtl Illtill , 10 ,\, , t Ill,

(rlltlt I’Illllt 11)11 t () t 11P f Illitl ntltllllllt u I*lttll (’LI. L2) l,!
t III- mvanttrr.tf;)’”’~ 1)(’ ,(1)11 1. I’II?lvI Ill<’t t,lllll W,IM 11!11111 1 I, V4+II

*t !11{, lIIwI*nt h,)mhnrtlttlx eIIot~y I)f I:o’I hIs V. 0111

Rrontcflt ll!!~hlon, WHII Il~nl tlIo t!r. v{tc. .!IIII,I I)t. VI*IV

I rmlw. tmetllnl WIIII II t Iiere W*. IV f mat t r.ml)r. trittltr trlltlllti~’n

Ill t II** nml)lettl tiltlt.ml)c~tnttbtvrrll(tof III!,Illtlllllfl
writer. Tllcno !’,, I ltlltln Wtlllltl ,iitln,, !11,. It.,. clhlt<l(

(’III 11!1 n I () Iw<,,mr I),)nt al, le. [),1 n 4.IIH r t II, (tll(ls.1 u o

mtj!l[tt,t-Cl I k t f,,,,, }li,,l,,l~ ,,f I he v,,t,,c,~ ,)1 I h,. ,)(11 I,tat
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Fig. 3. Chart of tile calorimeter calibration, R, va the power depo~ited in thecalorimcter.

frequency, Lhe cooling circuit temperature T~, and the

copper caac tempcrnture T1 tO oharrvc anY unstahl~’
operation. If we winbed to have Rrcotrr sensitivity
Iind reliability for Iowcr powern, the mnln lmprovcmcnt
tn the ~yatrm would be to thermully insulate the uniL
frnm the scn Lterlng chnmhcr, to imprOVc the ~n9L11at~011

t,f the CJHI. fr,)m Lhe nmhirnt air, and to ntflbiliz~’ t}}e
c<]()) { ;)): w,ttr, r trmpv rat !lre. In addition, thr Cal[)ri-

mclvr [’(1111 r{)] clr{tl! t r’[IiIld IJIJ rchui IL Ln accr)mmodnle
lnwer p{]wurs hy llslllp, n lnr;{rr rcfcrcnrc reRi~t[Jr nnd
d fimnllvr tlo~ll flnw to the l’clLler ronlcr. Yhr Swl ntl
],,lp.r gjVVR nddltion,il H(lggestlonfl fnr improvcmcnt~.

Wr c(, nstructc(f our RNM t~trxp! @yntrm R() t~~nt t!
4,1H cJcr Lr. cilll Y iIIHul(Ilrd, ho PIn R tklt w!lll CJ1rl’f(ll
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