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BEAM CHARACTERISTICS IN THE LAMPF_BIOMEDICAL CHANNEL"

M. Paciotti, J. Bradbury, H. Incue, O. Rivera and S. Sendford
Los Al amos National Laboratory
Log Al amos, New Mexico 87545

Summary

We report on techniques to determine the mon
comonent in the pion therapy beams at the Clinton P.
Anderson Meson Physics Facility bhiomedical chanael.
The objective 18 to provide input to the project’s
treatment planning code PIPLAN which uses measured
beam data to generate dose distriburions. In these
data it is importunt to 1idencify the particles
emanating from the channel by type, i.e., pion, muon,
or electron. Muons from decays in tlie latter portion
of the channel form a large "helo" around the pion
bean. As our plon field sizes hanve 1increased, tils
"halo” has become an increasingly larger fracticn of
the beam, Results from beam measurements and computer
similations are presented.

Chann2]l and Measuring Equipment

The channel has 1 magnetic elements in a
three-bend system (Fig. nt. The first section
collects plons and acts as a broad-band spectrometer.
It focuses a dispersed beam with large momentum spread
on a Be wvedge degradar which reduces the sprrad to 1.6
percent rms Ap/p. Following the degrader « 60° wedpe
focusing bend directs the beam vertically downward
into the bheamshaping section of five 35—cm bore
quadrupole magnets. Multiwire proportional chamjers
are located befure the last hend and above the
beamshaping section. The 1last hend serves as a
magnetic apectrometer, allowing momentum measurement
of euch particlc. Chamber planes at the channel exit
complete the system comprising a total of 10 planes {n
coincldence along with time-of-flight scintillators.

feature {4 that the particle
above and helow the
collnacted at reduced
proper  chamber

The important
tiajectory 18 determined
guadrupole Rection. Data 18
primary beam current to permit
performance.

Mme-of-F1ight Menrurements

Figure 2 ashows tine time-o -flight distribution
through the 11,7 m channel uring a chupprd proton beam
for which the micropulse separation is 40 ne instead
of the usual 5 na. The accelerator radlo frequency
sipnal provides the timing reference. The width of
*he electrun peak fndicatesn  that the overall
renolutfon in ahout 0.5 ns rms which contains
contributions from the micropulae  lenpth on  target,
renolut ion of the electronier, reintiliator nlze
¢ffectn, and path lenpth Hfterences through the
channel. A 102 reduction in width 1a observed when
the channel Aacceptance f{a antopped down  and {n
connistent with calculated path length differences.

The Intrinnic 0.5 ns width of the plon peak tn
further fnereaned by the large momentim spread of  the
heam in the 4.7 m before *he degrader.  The momentum
af rach particle before entering the wedge 1n acnnared
by 1ta focal plane position,’ limited in acourecy by
wedge ncattering. The momentum of  each particle Ain
divectly meamured after the vedge uning the lant bhend,
and therefore an accurate vime correction {a porsible
for the 7 w region to the end of the chennel.  After

*Work mupported hy US PHL grant CA-16127 from NGT, and
US Irpartaeat of Energy.

both corrections, the time width of the pions alone
can be reduced to the electron width.

Prior to the avallability of chopped beams,
time-of-flight was measured between two scintillators,
one 4.3 m upstream in the channel and one at the exit.
In addition, the 20] MHz reference signal was used to
get total flignt time 1in the channel as indicated
earlier. This spectrum alone cannot resolve plons and
muons since it 18 not known which micropulse initiated
the event. This ambiguity is approximately resolved
by taking into account the flight time between the two
scintillators. Figure 3 1s the piommuon region so
obtainnd. The chopprd beam data is preferred, and is
used for foliowing results.

Results of Time-Of-Flight Data

Electron
previcusly.’

contamination has been  discussed
Pion decays In the target reglon produce
so-called "cloud" mione which are also seen as a peak
in Fig. 2. Decays along the charnel fill the wvalley
between the cloud mion and pion peaks. Within the
pion peak are mions from decavs in the latter part of
the channel.

After momentum correction, the pion peak s
Caussi{an-fitted, and a cut is made at 2.% o toward the
muon reglon pseparating out plons and mions from late
decays from the identifiable mions. The Fractions of
the total beam for cach component are given in Tahle I
for three momenta. The plonmuon division ]
dependent  on resolution for a particular run so these
numbers are not excactly the same for every run of the
8 aie momentum.

Detection of Decays in Latter Part of Channel

As  particle trajectories are measured before and
after the beam section where decays are not fdentified
by time, {t {8 easy in principle to fdentify late
decays. The matrix tranaformation from the upper wire
chambera to the lower wire chamber predicts the output
trajectory from the measured trajectory at  the upper
chambera. We form thewe differences for cach event:

by = xmvnnurml - xpred'rted
AU - Umrnnurml - oprt-dlrtml
AY - Ym(-nnurc-xl - Yprodlrlml
AQ " %aeannred " ¢pr|-(|lrtml

The ‘fatrtbutions of the A'a are Gaursian with
leng tadle that are tdentiffod ax mions {from decayn In
the region between the chambers. The widths of the
plon central reglons are typleally 1-2 cm rma  and
10-20 mr row. Multiple scattering due to materi{sl in
the heam murh an the wire chamboru themne Iven
contrihute to the widtha. The channel has no vacuim
nyntew and hat He bagn most  of the length of  the
channe.,

Figure 4 in n mcatterplot of A, VK.
time—of-f 1{ght. The plon reglon nhown long lnlsu due
to decavs In the 4 m  hotween the npper and lowver
chambern; the tatle rre mich amaller {o the cloud mon
and  electron regtonn, The talls are thus scen an
evidence tor kins In the trajectoriesn and are



ideatified as mions. A eimilar scatterplot can be
made for a pion beam with a small spot size 1if X 18
plotted directly against time. The usual mion halo is
then evident. Using the J1's just makes this halo
visible for wide beams. The muons identified by kinks
have the Bsame momentum distribution as thelir
predecesso~ pions for which the mom2ntun was measured
through the last bend.

Computer Similation

The mion decay problem has begen aimilated with
the ray-tracing code DECAY TURTLE? which was modified

for this particular problem. Quantities exactly
equivalent to the A‘s were calculated includ'ng
appropriate multiple-gcattering in the channel

provided by TURTLE in the usual way. The A’s observed
in the channel are fitted by a Gaussianmweighted
moment calculation. The muon talls are effectively
ignored. The widths of these fits are largely
explained by the mltiple-scattering 1in the TURTLE
calculations.

Aother question anawered by TURTLE refevs to the
muons unseen within the plon time-of-fligl : peak,
i.e., thoce particles within 2.5 o of the pim peak.
Specificallv, how many of these mions origira‘'e prior
to the upper wire chambers? In these {nstir:es the
kink method is not applicable. Depending orn momentum,
only 3-5% of the mions {nseparanle by tine, orizinate
between the wedge degrader and Lhe upper wire
chambers.

With decays turned on, the &°s caleculated in
TURTLE contain the long tails from the mion events.
The same Gaussianwefghted fitting is done to obtain
the widths of each A. Events outmside 22.5 ¢ on any of
th four 4’s are flagged ar mions. The widths of the
experimental AR can &lso be used without substantial
change in the result. How many mions would be minsed
by this procedure? Extreme backward or forward decavs
fall into this class. The result 18 that 3-5% of the
muons  detected in the wire chambers but not separable
from plons by  time-of-flight will not exhibit
sufficient kinks to he flagged as mions.

kesults of TURTLE Calculations

Table T1 giver the TURTLE remults for mions that
hit the 40 x 40 ¢m time-of-flight counter but are not
separable from plons by  time-of-flight. Coluan 5
giver the u/» ratio for those particles for nscveral
Lypes nf  tunes. Thia {information completes the
pleture of beam composition. For example, the 71X » +
W at 190 MeV/e¢ 10 Table I becomes 602 n and 112
urfng u/n = 0.18.

In addition, a large nmber of mionn mina the
time—of-flight counter entirely, In  the 150 MeV/c
example, thia component {m equal to the number glven
tn column 5, leaving (he total componsition barely over
50% pltone In this rane. There extremely wide mionm
should he atopped prior te "he patient bhut are not
othervise any prohlem.

Fractional componftion alone {8 not umefyl for
most purposen.  The phase space of each miou component
fan very different. The miona {n Table 1 have roughly

the phane apace of the plon henm. The mion
distribut{one due to decave late in the channel given
fo column » are hroad with large angles. CGolumn 6

givew the u/n rat{o at the center of the field for
theare miona  and reflectn the relative stees of plon
i mion disntrflait fonn.

The last two tune typec show reduced mion
fraction in the center cf the field. The patient is
sc.nnnfd beneath such beams in the dyn~mic treatment
mode. With \roper collimation, a large fraction ot
the mion halo cun be eliminated. :

Experimental Situation on K’nk Detection

The experimental situation for kink Jetection 1is
not as clean as the TURTLE result. The problem is
that a significant number of pions can be 1{-correctly
flagged a8 muons. That 1is, significant ~iuhers of
plons fall outside the 2.5 o cuts on the A’a. Direct
tests can be made for e and cloud ;v where kinks are
not expected. At 150 MeV/c only about 3% of the e and
cloud u would be flagged as having a kink using the
same procedure. However, at the higher momenta, the
fraction is up to 4% for e ard 10% for cloud u .

The saituation 1is improved by making the cuts on
the A's at *3 ag. 'Twice as many mons will be missed
but fewer pions will bc misidentified as mions. With
*} 0 the particles flagged as late decays are
approsi=ztcly the same as predicted by TURTLE in
numbe. and phase space distribution.

Conclusion

We have identified contamination fractions i{n our
beams but are not yet satisfied with correct
identification of mions within the pion time-of-flight
peank. Forward decays are the most difficult to
handle, and an additional signature for them such as
range discrimination {8 needed. However, the added
drift for such a measurement introduces more miouns.

The me thods described here are probably
sufficient to experimentally reject the late decay
component rather than to identify a pure sample. The
late decaysz would be then entirely calculated for
PIPLAN input, with the added advantage of giving
properly correlated momenta and polarizations.
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TABLE 1

Ream Comosition irom Time-of-Fi1ight Data.
Muonw from late decays are not meparated from plons.

Moment e ' oand w0 Cloud uoand o [
(MeV/¢e) Fram Lete  From M{d-Channel
Decayn Decayn
1%0 711 152 142
167 751 16Y 9

190 RIZ 12% Tx



Fig. 1

TABLE 11

TURTLE Results for Muons Within the Pion Time-Of-Flight Peak and
Hitting 40 x 40 CGm Scintillator

Beam Type-Treatment P’lnde?

Pion Beam

Size FwWwHM(cm)

X
Broad-Static 16
B-oad-3tatic 17
Broad-Static 16
Broad-Static 20
Broad-Static 18
Broad-Static 22
FamDynam{c 23
Spot-Dynamic 5
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Channel layout showing locat ions of multiwire
proport fonal ¢lmmbern.

Time-of -f1i{ght dutribution for 167 MeV/c

negat fve beam uatng 40 na chopped proton beam.

Width of pilon reglon fit in 0.75 na.

Y

Fig. 3

Momentum s plr
MeV/c " Orn Axis
150 0.18 0.051
150 0.18 0.074
167 0.19 0.060
167 0.18 0.092
190 0.20 0.094
190 0.20 0.14
167 0.18 0.025
167 0.21 0.018

i s

Time-of -flight distribution 167 MeV/c beam.
Shows n-p region only. Uses unchapped proton
bean and t ime-of-flight through 11,7 m channel.
Alro uses time between two mcintillators with
4.3 m separation to resolve amblgufty due to

5 nn cnaced micropu'ses. Width of pilon region
fit i{m 0.75 nn rms.

Scatte

plot of eventn in a rge thevapy beam.
Horfrontal axtie fa Ay, deviat fon of output
angle 0 from expected angle based on {ts tra-
fectory easlier in channel. Vertical axla (n
time-of - 11pht mhowing n~ " -e~ reglonm, PFlon
decayn in last 4 m ol channel show up as the
long talle extending out fyom the plon region.



