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I. Introduction

We present in this paper an alternative utilizat’ n of the gaseous
ionization chamber in the detection of energetic heavy ons, which we
call Bragg Curve Spectroscopy {BCS). Conceptually, BCS involves using
the maximum data available from the Bragg curve of the stopping heavy
ion (Hl) for purposes of identifying the particle and measuring its
energy. A detector has been designed that measures the Breag curve with
nigh precision. From the Bragg curve we determine the rang: from the
length of the track, the total energy from the integral of t e specific
ionizatinn over the track, the dE/Jdx from the specific ionization at the
beginning of the track, and the Bragg peak from the maximum of the
specific ionization of the HI. This last signal measures the atomic
number, Z, of the HI unambiguously.

Several advantages are realized in this type of Hl detector. The
detector is relatively insensitive to radiation effects. Large solid
angles are easily achieved. The resolution for identifying particles is
intrinsically high because all the measurements are made in one medium
eliminating window or dead layer effects. Particle identification can
in principle be achieved over a large dynamic range in energies and
particies.

This paper presents some of our first experiences with the BCS

concept. We shall not compare this detector with alternative concepts.
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We shall emphasize the interpretation of our results and point out some
of the remaining problems to be explored.
-II. Detector Design

The detector design is an ionization chamber with a Frisch grid to
cathode distance longer than the range of the particles to be stopped.
The anode to grid spacing is shorter than the lowest range HI of
interest. The particles enter through the cathode and leave an
ionization wrack parallel to the electric field. The electrons along
the track are drifted through the grid and viewed as an anode current.
The anode current as a function of time is proportional to the specific
jonization along the track. The more important parameters of the
detector used in this paper are presented in Table I.

We have used conventional NIM electronics to realize the results
presented in this paper. The anode signal is viewed with a charge
sensitive preamplifier. The preamplifier is connected in parallel to
the electronics which yields the energy, the Bragg peak, the range, and
Je/dx of particle. The energy signal is obtained using a shaping
amplifier with a time constant long compared to the current pulse length
(8us). The Bragg peak signal is obtained using a shaping amplifier with
a time constant approximately equal to the electron transit time between
the grid and the anode. This signal when viewed on the oscilloscope
should be representative of the Bragg curve. It is also useful as a
diagnostic of what is happening to the electrons as a function of
position in the detector. This shaping amplifier is followed by a peak

stretcher that yields the Bragg peak signal ready to be digitized. The
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range or length of the track is measured by delay 1ine shaping the Bragg
peak signal. The Bragg peak signal is used to start a TAC. The
negative (and trailing) portion of the delay line shaped signal is used
to stop the TAC. The output of the TAC measures the range of the HI.
The negative portion of the delay line shaped signal is also dt/dx. We
do not present results of this last signal in this paper.

In Fig. 1 we pictorially describe the signals we use in 8CS.

Figure 1 shows the specific ionization as a functijon of position along
the track of a stopping HI. The area under the curve is the total
kinetic energy. The length of the curve determines the range of the
HI. The Bragg peak is the maximum of the speciiic ionization. The
dE/dx is the value of the specific ionization at the beginning of the
track.

In Fig. 2 we show the experimental geometry used for testing this
detector design. HI beams from both the 88" cyclotron and HILAC of LBL
were used. Neon (5 MeV/amu), Argon (5 MeV/amu), Iron (8.5 MeV/amu), and
Xenon (8.5 MeV/amu) beams impinged upon carbon and gold targets. Both
elastically scattered particles and projectile fragments were used to

probe the response of the detector.

ITI. Results and Discussion

The energy response of the detector was measured by elastically
scattering 100 MeV Ne ions at 10 degrees from a .150 mg/cm2 Au target.
The detector had an angular acceptance of 0.003 radians. We measured a

best energy resolution of 0.7% FWHM. Contributions to this resolution
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from straggling in the target and detector window, from statistics, from
kinematics and from the beam were estimated to be less than 0.25%. The
screening inefficiency was calculated t. be 0.2%. However, the value
for the screening inefficiency implied from the Bragg peak energy
dependence is about 4 times higher and possibly accounts for our
measured energy resolution. Figure 3 shows a typical energy spectrum.
The detector pressure was 300 torr for the Ne data.

A Bragg peak spectrum is shown in Fig. 4 for 100 MeV Ne ions. A
resolution of 1.2% FWHY is measured. Calculating the energy straggling
using Vavilov and assuming an effective charge of 7 we estimate a
resolution of 1% FWHM at the Bragg peak.

The BCS range measurements as a function of energy is shown in Fig.
5. Note that the highest energy oxygen and carbon jons are passing
through the counter at 300 torr. This range coincides with a distance
of 28 cm. The lowest range observed was limited by the 3 cm grid to
anode distance. A three dimensional view of this same data is shown in
Fig. 6. Note that counts/channel is scaled logarithmically.

The BCS Bragg peak measurements as a function of range is shown in
Fig. 7 and is from the same data set as shown in two previous figures.
Note the oxygen and carbon ions that have ranges longer than the grid to
cathode distance (28 cm) give Bragg peak signals which are too low but
are easily identified in the range measurement. The merging of the
Bragg peak signals at the lowest range is for particles whose range is
less than or equal to the grid to anode distance (3 cm). Note that the
Bragg peak signal is measuring the Z of the particle unamtiguously. The

slight slope in the Bragg peak response as a function of range is
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believed to be due to the screening inefficiency and is an energy
dependent correction. Figure 8 shaws a three dimensional plot of these
same data. If one accepts with a gate those particles having ranges
between 3 cm and 28 cm in this detector and corrects the Bragg peak
signal for the screening inefficiency we observe the Bragg peak spectrum
shown in Fig., 9. This signal appears to be linear in Z to within 7%.
The projected charge resalution in this spectrumisAZ = 0.16 FWHM at a
7 =10.

In order to study the response of the BCS detector at higher atomic

56Fe from ]97Au near the grazing

numbers we scattered 8.5 MeV/am
angle (54°). For these data the detector was operated at a pressure of
270 torr and 100 V/cm electric field between cathode and grid.
Instantaneous counting rates of between ]03 and 104 events/s were

used in taking the data.

The BCS energy/range signal should scale approximately as the
atomic number, Z. Figure 10 shows a BCS energy/range spectrum in the
mass 56 region. The charge resolution is sufficient to identify the
2lements near Z = 26, These data along with Bragg peak data yield a
redundancy in the Z measurement. For this reason we study the Bragg
peak as a function of energy/range for each event. Figure 11 shows a
three dimensional plot of the Bragg peak as a function of energy/range.
Note the relatively clean separation between elements in this mass
region. Figure 12 shows a logarithmic counts/channel scale of the same
data. We show the contour plat of the same graph in fig. 13. Here it
is important to note that the best charge resolution “3 obtained along

an axis through the elements having Z< 26. These are primarily



projectile fragments having velocities near the projectile velocity
whereas those fragments above Z = 26 have much lower velocities and the
energy/range signal appears less sensitive in the Z measurement. In
order to achieve better Z resolution we will take a weighted average of
the Bragg peak signal and the energy/range signal. Using this technique
we see that the resolution will improve for Z <26 and will become worst
for Z > 26.

Figure 14 shows the 8ragg peak spectra (no gates) and the effect of
both the screening correction on the elemental resolving pover and the
effect of a weighted average signal optimizing the charge resolution.
The peak to valley ratios of the Bragg peak spectra are clearly enhanced
using these two corrections.

The same data are seen in Fig. 15 with an event gate turned on.
This gate consists of requiring that the range X Bragg peak/energy be
approximately a constant value. This removes particles outside the
range limits of 3 and 28 cm. It also removes to some extent reactions
in the detector.

An additional energy gate accepting only deep inelastic events
yields the Bragg peak spectra shown in Fig. 16. Note that peak to
valley ratios of 50:1 are observed between the elements in the mass 56
region. We measure a best charge resolution of 1.4% FWHM at charge of
26. This is to be comparad with a calculated value of 0.6% FWHM using
Vavalov energy straggling theory and an effective charge of 18. The

linearity of the charge measurements is within 7% in this mass region.
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1V, Summary

The Bragg Curvey Spectroscopy concept has been demonstrated to
yield energy and charge measurements having resolutions of 0.7% and
1.2-1.4% FWHM respectively for heavy ions lighter than cobalt. The
Bragg peak signal is seen to measure the charge unambiguously and would
lend itself to the possibility of a fast charge gate. The Bragg peak
signal appears to be linear in charge to within 7% for 2 < 26.

Some of the problems to be solved in future work are as follows:
What is the response of HI having Z > 26?7 What sort of mass resolution
can the BCS concept achieve? What is the response to HI having energy
less than 1 MeV/amu? Can the straggling be minimized in t"- Bragg curve

by selecting a more appropriate ionization chamber medium?
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Table 1

Design Parameters for BCS Detector

Cathode to grid distance 28 cm
Grid to anode distance 3 cm
Grid wire diameter 40 ym

wire spacing 560 um
Electric field ratio (grid to anode: grid to cathode) 2.5

Cathode window, aluminized hostaphan

Voltage divider pitch 2 em-!

Gas: 93% Ar + 7% CHy
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Figure Captions

Fig. 1.
Fig. 2.

Fig. 3.

Fig. 4.

Fig. 5.

Fig. 6.

Fig. 7.

Fig. 8.

Fig. 9.

Fig. 10.

Fig. 11.

Fig. 12.

Bragg Curve Spectroscopy signals.

The geometry used in testing the Bragg Curve Spectroscopy
concept .

BCS energy spectrum.

8CS Bragg peak spectrum

Two dimensional contour plot of correiation between BCS
signals, range vs, energy. Mass 20 region.

Three dimensional plot of correlations between BCS signals,
range vs. energy vs. logarithm of counts. Mass 20 region.
Two dimensional contour plot of correlations between BCS
signals, Bragg peak vs. range. Mass 20 region.

Three dimensional plot of correlations between BCS signals,
Bragg peak vs. range vs. logarithm of counts. Mass 20 region.
BCS Bragg peak spectrum, corrected for screening
inefficiency. Mass 20 region. Range gate accept§ events
stopping between 2.1 mdl9£n@km?

BCS energy/range spectrum. Mass 56 region.

Three dimensional plot of correlations between BCS signals,

Bragg peak vs. energy/range vs. counts. Mass 56 region.
Three dimensional plot of correlations between BCS signals,
Bragg peak vs. energy/range vs. logarithm of counts. Mass £6

region



Fig. 13.

Fig. 14.

Fig. 15.

Fig. 16.
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Two dimensional contour plot of correlations between BCS
signals, Bragg peak vs. energy/range. Mass 56 region.
Contours biased to favor low counts.

BCS Bragg peak spectra showing effects of screening in
efficiency and energy/range averaging corrections. No gates.
Mass 56 region.

BCS Bragg peak spectra showing effects of screening in
efficiency and energy/range averaging corrections. Event gate
is on. Mass 56 region.

BCS Bragg peak spectra showing effects of screening
inefficiency and energy/range averaging corrections. DOeep

inelastic gate is on. Mass 56 region.
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BRAGG CURVE SPECTROSCOPY

}

Q.
m

|

[
] \R
>
x.

Area = Total kinetic energy (A,Z)
Length = Range (A,Z,7)

£ (z.p
Bragg Peak (Z) [2]

XBL 813-8715

Fig. 1



-12-

81/8-€18 18X

IYNSIS INIHHAD

apoy4Dn?d

4 .mwu

Wv3g




2L98-ET8 78X

201

{ouuoyn

-13-

A9YH3N3

Mer *+ INgz

0i= g

ASW 00l

o
o
=

|ouunyy / squnoy

000¢




€/98-€18 78X

£201

t 614

|euuoyy

-14-

e

{
i
_
Wv3d 99ovud <“

001 = g
MY + WNoz A OO

4

leeia Lo

{

BITENE

)

IR )

0

{8uuDYy) /s1uNo)

<O



-15-

1 v
100 MsV  2°Ne + '%¢
[ . elnb = [0®

6 o0

RANGE

¢xg Tt

3 o0 .

XBL 813-8677

e'ee
ENERGY '°

Fig. 5



-16-~

j00Mev  2°Ne + 'ZC
©ap = 10°

XBL 813-8676

Fig. 6



BRAGG PEAK

EN ]

-17~

¢
€.00

RANGE *'* ™

Fig. 7

100 MeV  2%Ng + i2¢
Oy = 10°

FYRE
@.00

XBL 813-8678



-18-

IZC

20Ne +
=l0°
o
AL
/ 'O%
—
\\\:\:
\\:
\\

100 MeV

em \ A > /«Wﬂ\\d\\h-\. \\\ \
\ ) NMJ\M&#EW ~, — o \

AN

\“\
/

———

!

PEAR s

BRagg

XBL 813-8675

Fig. 8



o  Counis/Channel 3,

o0l

T LI L | LI A R B B | T
o
£
o
. 5
o<
°
P
~ Z
u—— o
+
e, . — I
I— — S o
L
I ————

6 "5u4

1£98-£18 18X

|ouubyy

2ls

e
— T e e
fowsirs  oim »-».__.——-_,_;—.—:h"—

AV3d 9OVu8

-6 l-




6£98-€18 18X
20l

-20-

oL 6Ly

Jguubyy

92

JONVY /ADY3N3

I

obg = g
Wie * 8dgg  ASW DL

L TN IR !

T

urifa g g

—_

7

-

00!

01

Ot

]

40!

jauunys /spunon



_21-

| 474 Mev 6re + '9Ta,

O = 54°

B.P. - 0.12E

EVENT GATE

XBL 813-8667



-22-

474 Mev SCFe 4+ 197,
Opp = 54°

EVENT GATE

XBL 813-8668

Fig. 12



B.P -0.12E

+ 474 Mev 6Fe + 'y
elch= 54°

-23-

E

Fig.

/R

13

EVENT GATE

XBL 813-8666



yL "BLd

y298-£18 18X

$201 {suuoyy

T T Toot
10l
]
01

! L T
01
20!
<O

I 1001
ol
A0
01
oz obg = g FF
4/362°0 + 3210 — g'g WWId 99VNG e *+2dgc AW biP {0

-24-

Iauunyy /syunoy



-25-

§L "biy

0898-€18 18X

2ig

[auuDYy)

00!

m

~

20
¢O!

T T %}Mﬂjﬁ T
v
T — _ T
/> %/,\%%zﬂ
" = L
§ >\<f r 31VO IN3AZ

¥/3620 +320~-ad oz  M¥3d 99vue

r
g

jauunyy /spunog



-26-

3
ul
o
o
< ]
M s
& e O
I} _-—='=_::1 '
L=
o T a

BRAGG PEAK

=]
X o
n -—
" ]
+ -—l - —
L e 2
<+ =

© @«
n 0 g

o
T 2
2 o

o
o f
< i a

| .

TS R T R N T SRR IR ST MR
‘e © %2 e =4 2 ° %

Puuby) /sunoy

512

Channel

XBL 813-8669

16

Fig.



