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DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California.
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SUMMARY OF THE RESEARCH PROGRESS MEETING OF MARCH 29, 1951
" Bonnie E., Cushman

September 10, 1951

I. MassvSpecffograph -~ Wm. Glenn.

The instrument, described in a previous reportT(UCRL-636);fis'based on
a time of flight principle and is similar to the»SmythésWilson Isotron at-
PrihcétOﬂg Jons from a thermal source are accelerated.by a paral;el elec-
tfostatic field down a drift tube (see Fig. 1) and their timé of flight, which
varies with mass, is measurédo The ions arrive in bunches at the end of tﬁe
tube whefé'they ére separated by the pulse applied to the second grido‘ ?he
iength of the tube must be known accurately in order to determine the transit
éiﬁeo

- Since the‘grids are only 5 mils apart there is trougle withmarcing°

Their diameters must be about 1.5 inch in order to handle the beam, and to
prevent loss of ions; the wires must be spaced very closé together. 0. 5-1
ﬁil tungsten wire was used.

85 and Rb87 illustrates the resolution obtained by the

The graph of Rb
instrument (Fig. 2). The width is determined primarily by the thermal
velocity of the ions and since this;quantity stays fairly constant, so does
ihe widthAof the peak; the resolution is better, therefore, with the heavier
elements, ‘

The problem of unionized particles hitting the collecting plate is

vsolved-by using a deflector which will deflect only charged particles. A

better ion source is needed since thermal emission is not constant; a bombard-

ment source will be tried for abundance ratio worke.
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Another problem concerns harmonics, which causes a certain ambiguity
in the results obtained. This cén be corrected by using.a high geometry
poor resolution spectrometer in cascade with the time of flight instrument,
or by using only one pulse each transit'time,balthough this latter ﬁethpd
would reduce the colléction efficiency of the spectrograph soméwhgt. At |
present the collection is 30 percent of the ions formeds It should be possible
tq reéch.BO pércenﬁ theoretically.

The advantage of this_spéctrograph over the magnetic kind is that_it
has no hystérisis problems. The only factors to be measured are the léngth

of the tube, the accelerating voltage and the pulse timing.

| ‘ Répélling ’
Saw tooth voltage voltage (V # 100 volts)

N4

Thermal| | l

|
Source ‘——~— L ' — _5

- Field rings = Pulse

- | :
] I

E _,.% - R//,—ColleCtor
i i |

Fig. 1

J]

2/3 mass unit -

Fig. 2
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II. Present Status of Time of Flight of Apparatﬁs for the Detection of

High Energy Particles -(A) Lee Neher, and§B) James Carothers
(4) In identifjing high energj particlés, one wbrks with the quantities of
mass, charge and velocity and the several'relationships used for thisvdeter—
mination are as follows: |

lo Hp.= mv/e - »

2, Range = f(m,e,v)

3. Specific Ionization, dE/dx = f(e,v)

Lo Velocity selector or time of flight machine = f(v)

The apparétus under discussion employs methods 1, 2, and h,»but_noﬁ 35
since the deteptors duﬁiﬁg short periods are non-linear. Recent applications
of the timé.of flight apparatus weré'discussed,' |

1, Measurementlof the neutron spectrun from the cyclqtronol 3AQ,M¢Y~4
protons bombérded a 2=in§h beryllium target. The velocity selector consistgd
of twohécintillétqr:and phqtomultiplier tube arrangements. (Fig. 3) and sin¢e
the-#elécity of the!pulse in the cable is known? the prbtqn‘s-t%meﬂof'f}igpt
between the‘cqﬁnpers cah pe;measuredo Then E =vEp/cosz'9° The resolutipn of
thejinstrument depénds on the coﬁnter separation distance (Fig. hj, in this -

vcasev15-feeto Ten counts per minute wére received. The method seeﬁs quité

good for determining total neutron cross sections.

Velocity Selector

No. of
Counts

80 Mev 5

S

280 Mev
Resoclution of the instrument = 50 Mev

Fige 3 | Fig. 4
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26 Deteétion of n~ mesons‘at the cyclotron. Arrangement and spectrum are
givén in Figures 5 and 6. A target‘in/target out ratio of 50/1 was obtained
but a number of eléctrons were observed too. These were easily distinguished
from the mesons since their veloéity is c¢ whereas v is only 0;7 Co .It has

not yet béen determined where.theée electrons are coming from; they are much

too numerous to be explained by n° decay.

_ | —
i Range Detector

L

External
proton beam

> U A

l/L;'.'
Pb Target _
Magnetic Field
' p
Fig. 5
Noo
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(B) 3. Meéon detection at the synchfotrono The time of flight apparatus
provides a method éf meson counting which does not depend on the n~ properties°
Furthermore, both n~ and n* can be counted with the same instrument. The
geometry is shown in F:Lg° 7; the most convenlent working angle was 135%, The
resolutlon of the 1nstrument was obtained by observ1ng the electrons produced
from a copper target; then the meson spectrum may be extrapolated (F?g°,§)°
Réhge-measurements have t=en taken? but they are not very satisfactory because
bep decay in the channel= |

The.réte is low —- 20—30»counts/hf - and'the.solid angleslérgilow dqemto
the separatiqn between the counters. The numBer of counters has_beenmdgubled'
but theyvcannot be brought closertogether becauae of their resolving time, nor
cioser to the synchrotron beéause the analyzing magnet interferes-with the
synchrotron operation. It is planned to shield the pair magnet so thét the

30 foot separation may be reduced and the counts brought up to 80-100 per hour.

v e 30 feet \
, ‘ 150 Counters
Y Beam - ‘ Pair
‘ Magnet
rotron
>Counters 150 cm

Fig. 7
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N

1.0

| - R .
| No. of 0.75-1(x10" " sec
\ J . »Countso 5 cm of cable

be

“ » | K

3 : 30 cm of cable
=1 B =0.65

Figo 8 |

Proton counts from-Y-p reactions. The apparatus consisted simply of a

twg—crystal telescope pointed.at the target. Fige 9 shows the speétrﬁm obtained.

' Tﬁé cdunting rates are good -- 3-4 per minute -- and the spectrum can be easily

analyzed. Further evidence that it is protons which are observed is foundvby

plotting number vs proton energy. A straight line is given in agreement with

Livinthal's thesis.

-

Electrons

140 Mev Protons
with 3/8" Cu

Mesons

Fig. 9
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