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Abstract—.—.—

A nwasurernent of the 16.7 HeV gamma production
in n D-T fumion planma wan performed, uninR M four
chnnnt-1 carbon dioxide RnM Cerenkov detector nyatrm to
measure the Grpnkrrv liRht R!?nerstrd by the Rnmm.s
conversion elect ronm prudwced in fi thin aluminum foil.

----------------

We report Iterc 011 the (1.,e of a fotlr chann?l
GCD system to momnurr the 16.7 HeV Ratmma o~!tput from a
I)-’f (Ilnion planmn,

A single GCfl channel in mhnwn nchemnticnlly in
FiR. 1. Incnmine RnmrIa rayrn ntrikr m thin fnil pro-
dtl CillR n npectrltm of “convera{rrn elect rnna”, Th( me
conv$, rn ion ~lectronn are mngnoticnlly de flertt. d our f,f
thr RIIIMIM iino l}f liRht intn a Ran chnmhor filled with
(:()?; tllnn~ Plectr, tnn with AII ~nor~y nh,)vn tllo (:erenknv
liRht prort~ict inn thrrnhnlrt produrm vinihlo nnrl IIV llRl)t
which i- COll@Ct@d #Illd fOCll II~d Olltl> a liRht @Pllfiiti V{,
dotcrtor for ,ecorflin R,

magnet (Iabolpd A, B, and C in FiR. 2), a fourth
“BCrai Rht throu Rh” channel (labeled D in Fip, . 2) wan
alno included in the nyntem, Thin wan done to n-e if
the deflecting maRnetn (which were uned primarily to

r-duce ponsibl~ low energy electron bnckp,round) wrre
absolutely neceeaary,
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Figure 1, Schematic diaRram of a typical G(:O cIIfiIINOl,

FiRllr@ 2. Phntn Rrapl! of tour channal Ran (:or-nknv doto tor nyatmm,



Aa the principle detail~ of the GCD aa a gamea
detector have been published elsewhere, [l] we diacusa

here primarily the experimental reaulta obtained w:th
the four channel CCD ayatem. As depicted in Fig. 2,
Che four channe 1 aysteer had three magnetically
deflected chanrtela with Cerenkov threaholda of 12 HeV
(A), Ifr PfeV (B), and 16 HeV (C) and one in line channel
with a Cerenl.ov threshold of 14 HeV (D). 3%0 original
throught in this design was to aet one mmgnetic channel
(5) for “nrrmina 1“ gaxma energy, one mRnetic channel
(C) for “high energy background” and one magnetic

channel (A) fnr “low energy background.” The in line
channel (D) wan alao net for “nominal” ,qarma ●nergy.
Although the D-T gamrra-ray energy of interest is 16,7

ttev , the approximately 3 ffeV lower threshold for the B
and D channela wan choeen to insure adequate light
output. This ia necessary since the light output at
ttlreshold in ve:y small, but rises rapidly with energy

above threshold (e.K., see Fift. 3). Aa will be
discussed nhortly, even this 3 t4eV threshold “offset”
in the nomi na 1 energy channelx wa a not enough to
adequately take into account the downgraded enerfty
spectrum produced in the Sa-a to electron conversion
Proceam.
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FiRtlr? ‘1. Gan Cer@nkrrv detector renponae curve for
threshold rnnrgy of 12 MeV.

In order to rf?terminn thrI Ranrma sensitivity of

nny of the four tXD rhanneln, on~ munt knnw tha d?tailn
o I the Rnmna tn rlectron converalnn process and th~
dotntln of the ● l@ctron to Caronkov light production
pr{tcenn. ‘Th@ trannminn(on of th? converakon electron
npectrurn through the magnetic deflection re~ion Ixuat
almo be rrrnnld~r-d for thone channeln containing a
m4Kn0t, The e!rctrnn to Cer*nkov light process has
boon cartfully meanwrmd ●t tlw KG6C Eipctron Lirrac
Farlllty {n Santa Ilarbara, California. Figure I ahow,e
a typical nrennurrd renprrrrne curv- of tho man ch~mbor
pnrtlon nf the GC13 ayatnnr. Th~ Rpnana to •l~ctron
cnnvvrnirwr procena tin n examln~rt by ?fontm Carlo
mlmulntlon unlnR a mortified v~rainn of Cyl\ran,121 ●

WOII pruv~tr rrhotnn el~ctron int~ractlon code, TIIP
prorflctpr! convfirsion ?~octrrtn ●nergy np~ctrum producwl
hy a monnenmrmp~lc 16. ) HaV garmna lnclr!ent on 16 mllo
of Al {n Riven in FiR, 4,

FiRure 4. Predicted conversion electron energy
spectrum from Cyltran Mont* Carlo aimulatioo for
16.7 NeV iocident garna on 16 mil Al foil.

In order to determine the tranamiaainn
propertied of the .iefle::iog magneta, careful field
maps of each of the MRneta used in the CC13 ayatem were
performed prior to final ●aaembly. Thefie field mapa
were then used in a 2-D electron trajectory ray trace

cnde to determi~e the phane apace trannmian ion of the

converaioo electrons an a funrtinn of electron coergy.
The calculated transmission of the charm-l A deflecting
magnet in ahown in Fig. 5. Note the error in aaauming
● uniformly filled trannverce momentum distribution an

compared to that calculated by Cyltran.
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Figure $. Calculatcrt phane npnce trannmimaion of
d@fiectinR wRnet uae~ on channel A of CCD ayatem.
Actual phaat #paca calculation refora to crrnvartion
el*ctron anRular apeetrun PI dictad in Monte Carlo
●lmulatlon.

Folding the rcaulta dincuaned abov~ tnR@th@r
with the act~lai dotoctor atrnaitlvitlaa wimlda the
overall cltmnnel aennitiv{ti~n Riv@rr {n F(R. 6. . ha
uncertalntien nf the #ennitlvlti#a dop{ctmd in Fin. 6

●ra tlw result nf th~ combined uncertainty in the Rrrm
to olectroo convaraion calculation, ugnet t anadaai.m



calculation, and electron to Cerenkov light gas

calibration. The relatively low sensitivity of the B
and D channels compared to the A channel is due to the
downgraded conversion electron spectrum (see Fig. 4)
folded with the rapidly changing response curve in the
neighborhood of threshold (see FiR. 3). Simply put,

the 3 FteV threshold offset discuseed earlier waa not
sufficient to produce mnximum aennitivity in the B and
D channels, since there are a o,, fficiently large number
of conversion electrons produced several HeV below the
incident .qamma enerRy, and i.t is in this region the

renponae curve ia falling moat rapidly.
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h: t4 MeV, 30 rlrIo
B: 16 MnV, 30 d~q
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Figllre 6. Calculated nennitivit ien nf the four GCfl
channeln+ %nnitiviti~s Riven in ntlmhmr of clectronn
produrcd at detector output per incident 16.7 MeV Ramma
at cnnverter foil.

Figurr 7 nhown n comlrnrinon nf thp nhnprveil
p$,lk dptectnr miRflAi~ nnd the predi.ted niRnnl v#lIIes
bnncd On thr n~nsitivities RiV~n in Fig. 6 nnd tllo
r./llclll*tdl3i D-T penk Rammn yipld. N’lto thm
cnlr~llnt~d pvnk Ctlrrptltn Rivf-n in Fig. 7 nnnti)mo n f3-T

RflMMn hr~nchinq rritio of 8,8 x 10-5 wllirh in in good
ntirn~,nf.nt with recent nroasurernrntn nf Cec i I nnd

Wilkinnnn, lhj
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