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& POSSIBLE STOPPING 7~ BEAM
. FOR CANCER THERAPEUTICS

WM. Awschalom

. February 14, 1972

. Introducticn
CIn this note an estimate of the yian dé%%_ffﬂm a stopping :
g™ beam is nade.  Dose rates of 15 Xrad-gram/min are obtaified .

- These are adequate for ¢linical use.

Digoussion

- The present 200 MeV linac i$ r@gar@é§ ag an inﬁeéﬁmx o
_ af%$$$ﬁer'wf about 400 to 500 MeV. The final energy is chosen
5 maximize 7 production in the &0 to §ﬁ M&$ pion energy range.
_fﬁh& aaéu&i gnergy wili depend on actual t&xg@t_gegmetximﬁ-&nd'
methods o minimize mmmm:&mﬁ clectron contaminakion of the pion
" beam.
_QuThggﬁxameﬁéfs as energy bite and solid angle amc@@tanuéﬁ
5m§_tﬁeﬁhéam transport system have been takeén from the &%ﬁPF

study of Langham and @ﬁ@QQ@1

- Although the typé of booster is not specified, the one in
" mind a4t this time is a side coupled linad¢. In this estimate,
 the capture efficiency of the booster is assumed to be one

Cnundred per cent.
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| The target material is aseumed ﬁd‘ba-graphite; A low=~Z

- material will reduce electron contamination and in this case’

it will grmﬁmma.ﬁittl@_r@man@nt radicactivity and it will be
able to dissipate large amounts of energy.

The pien beam transport system is visualized as achromatic
and symmetric and consisting of a focusing doublet, two bending
magnets, and a second focusing doublet. A focus would exist
betwean the bending magnets. At this focal @m&nt slits and a
lead filter may be located to controi the beam Shgga.ﬁnd reduce
the electron contanmination, The beam would be located at abdut

zero degrees. The acceptance of the transport line is qﬂﬁtadl

as 0.025 sterradians.

The momentum bite is takenl ag *11% {or an energy bite of

+22%Y .

The doubly difﬁerénti&l cross section for the p + € » w7 +
anything, is taken from Liiienthunz as xeycrteﬂ'by W,'Hixtgg
These measurements were carried out at 21.5°. Hence, the zero
degree yield may beé slightly underestimated in this calculation.

d%c/arde = 5.0 ub/MeV sr

The linac and the bBooster are assumed ﬁa operate at 15 Hz,
120 psec wide pulses, 70 mA peak current, with a duty cycle of
3 seconds every 4 seconds.

With these parameters and a six meter lw&g_pimn transport

‘system, an average dose rate of 15 krad-gram/min is estimated.



TM-3448
1182.201

mgg'

o For treatments in which 60 to 100 rads are delivered
“to a tumor, irradiation times would last between 4 and 13
minutes {assuming 1 to 2 kg of tissue).

Future Pogsible Inprovements

It might be possible to widen the paiﬁe'iéngth to 180
microseconds and the pulse current to 140 mA. This type of
Qp&ratiﬂn'wiil now be referred to as the hoped-for-beam.
Then, the dese rate would be trebled and the tieatmenﬁ time
would decrezse to 2 o 4 minutes.

Comparison With the LAMPF Beam .

The LAMPF beam is nominally one milliampere. However,
there are various users and the blological target hasg beén
promised only 50% of the beam. This makes the LAMPF beam an
effective 0.5 mA beam from the point of view of clinical usé.
Alsc, the pion production cross section is down by about EG%, at
750 @evgg then the plon yield would correspond to a proton

current of 0.4 mA at 400-500 MeV. The hoped-for-beam is 0.4 ma too.

- Conclusions

A 400-500 M&V proton accelerator is proposed.: This accel-
erator would use the present NAL lin&c &s an indectdr. The
protons would be used to produce steopping 7~ beams for biological
- purposes. such #8 cancer therapyv. Adeguate dose rates are expectad.
These dose rates may be comparable or egual to those expected

at LAMPE.
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. APPENDIX
Caleoulations
1. proton current = (3/4}x{120x107°% sec)x(70X10™7 Amp)

%15 Hz/1.63:1071% coul /proton
= 5,9x%x10" protons/sec
production cross Sectidn = (5.0%107%b/MeV sr)}x(25x107  sr)
{2 EMav
= 3.5 ub
non-elastic crosy 3€Cti0ﬁé.x'ﬁwr54b

target length = one non-elastic mean free path

it

vield {1=-e" 1% (3.5%107 %) /(0.254b)Y T7/p
= §.7x107° 77 /incident proton
pion current at target = (8.7x107% 77 /pix(5.9x10' *p/sec)

.= 5.1x10% 17 /sec
decay length = 8m at 65 MeV

transport system lendgth = 6&m
stopping pions at patient = (5.1x10° 77/sec) sexp(~6m/8m)
= 2.4x%10° 17 /sec
flux~to~-dose conversion factafﬁ = 1.1x10” "rad/stopping pion

dose rate = {(2.4x1¢° Wf/gﬁmﬁx{lﬁlﬁlﬁwwrméfﬁ“}

H

2.6x10%rad-gram/sec

i

15 krad-gram/min
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