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Why no ionization chambers?

- High charge
- High mass
- “Low” energy (MeV)

Bethe-Bloch formula
≈ m z2/E
m = projectile mass
z = projectile charge number
E = projectile energy

--> Low range

High energy resolution required (< 1%)
Particle identification often not needed

--> Solid state 
detectors are favoured

Ion energy [MeV/amu]
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SRIM example

Energy loss

Longitudinal and 
lateral straggling
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The GEANT4 stopping power problem

protons alpha’s

8Li
11B

Energy: 5.5 MeV, Target: Helium @ STP, red = SRIM, blue = GEANT4

38
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Motivation
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The Gamow peak
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- The Gamow peak is usually far below the
   Coulomb barrier

- Therefore, cross-sections are very small

- This requires a high beam current
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TRIUMF

exhausted, gravity is strong enough to cause the core to
collapse which generates a flood of neutrons. This
touches off the r-process which is a series of rapid neu-
tron captures in which seed nuclei like that of iron are
pummelled with the neutrons from the collapse.
Heavier nuclei are rapidly built by successive neutron
captures and ultra fast beta decays (a beta decay is the
emission of an electron leading to a change in the ele-
ment) via the reaction route indicated by the green line
in the figure on the previous page. Once the process has
run its course the nuclei have a chance to decay into nor-
mal stable heavy elements.

The rp-process occurs on the surface of a burnt out
star known as a white dwarf. This type of star has about
the mass of our sun packed into roughly the volume of
the earth. All stars less than 8 solar masses are believed
to eventually end up as white dwarfs, a fate that awaits
our sun. As can be imagined the gravitational field
around the star is very intense. In many cases the white
dwarf has a red giant companion star. The red giant’s at-
mosphere is quite extended, vacuous and composed
mostly of hydrogen. Part of this atmosphere comes un-
der the intense gravitation attraction of the white dwarf
and is sucked onto the surface of the dwarf where it is

compressed to unimaginable pres-
sures and subjected to unbelievable
temperatures. This hydrogen forms a
dense atmosphere around the star and
mixes with the dwarf’s surface mate-
rial which is mostly carbon and oxy-
gen. Eventually a flash point is
reached and the hydrogen explosively
reacts with the carbon and oxygen.
Heavy nuclei are rapidly built up
along the red path in the figure on
page 13, in a proton version of the r-
process. The atmosphere of the star
is blown off into space in a violent
luminous cataclysm known as a nova.
Unlike a supernova, a nova leaves the
original star intact and the process can
be repeated. The light output of a
nova is about 10,000 times less in-
tense than that of a supernova.

Theoretical studies of explosive
events have reached the stage where
sophisticated and time-consuming
computer models can follow the evo-
lution of these stellar cataclysms up to
and beyond the resultant explosion.
However, for the results of such com-
plex and intensive calculations to
have any validity they must be based
upon experimental data for a number
of key reactions. Without this infor-
mation, these programs may work
correctly, but still produce inaccurate
results. (Garbage in - garbage out!)
For example, using our current exper-
imental knowledge, these models
have predicted that nova explosions
should result in the production of cer-

TRIUMF Financial Report 2000-2001

John D’Auria and Patrick Walden

NUCLEAR ASTROPHYSICS WITH DRAGON AND TUDA AT ISAC

14

:The CNO, hot CNO, and NeNa cycles of helium synthesis from hydrogen.
These cycles are explained in the text. The red boxes indicate the stable
nuclei, and the yellow the unstable ones. Green arrows indicate reactions
thought to initiate the runaway explosive rp-process. Directional arrows
indicate the type of nuclear reaction occurring between the boxes. The
symbol (x,y) means particle x hit the nucleus and particle y was ejected.
Other symbols are p:proton, !:

4
He, and !:gamma. Beta decays, indicated

with a ", are ejections of electrons, positive and negative, which turn pro-
tons into neutrons and vice versa.

n
XX are symbols for the elements

where n is the total number of neutrons and protons in the nucleus. The
axes indicate the number of protons Z, and the number of neutrons N in
each nucleus. Note that the type of element depends on Z only.
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18Ne(a,p)21Na (HCNO breakout) t1/2 = 1.7 s

8Li(a,n)11B (r-process) t1/2 = 0.84 s

11Li(p,t)9Li (halo nucleus study) t1/2 = 8.5 ms

- Targets with half-lifes of less than a few second are very
   difficult or impossible to produce

- Therefore, the target has to be the projectile and must
   be produced on-line

--> ISOL concept (Isotope separation on-line)

Some typical reaction involving radioactive nuclei
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5 ISAC Beams

The interest in direct measurements of reactions involving radioactive nuclei has lead to
the development of radioactive beams facilities. Elaborated ion sources provide a number
of different, even short-lived, isotopes for nuclear physics experiments. Meanwhile the ac-
celerator technology has proceeded, so that high intensity pulsed beams with low energy
dispersion and narrow emittance become available.
The DRAGON experiment is situated in the new isotope separator and accelerator facility
ISAC (fig. 10) recently commissioned at TRIUMF, Vancouver in Canada [LAX01].

Figure 10: Layout of the ISAC hall

Stable beams are available from an off-line 2.45 GHz microwave source, with intensities
of the order of 10 pnA, while radioactive ion beams are produced online employing the
ISOL (isotope separator online) method. In this case, a 500 MeV proton beam of up to
100 µA intensity from the TRIUMF main cyclotron hits a heated target. In the case of
21Na beams, this consists of a stack of silicon carbide pellets or foils. Through spallation
reactions, various stable and radioactive nuclides are formed and, upon heating to roughly
1500 degrees Celsius, leave the source material by diffusion. The atoms are fed into a
subsequent surface ion source, ionized, extracted and mass analyzed in a high resolution

20
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- As RIBs are secondary beams, the intensities are
   usually very low

- So we have low cross-sections and low beam currents

- This opens again the possibility of using an ionization
   chamber as target and detector
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Heavy Ion detectors

reaction vertex

To recoil 
mass 
separator

beam

One light ejectile (usually γ): DRAGON

Two heavy ejectiles: TUDA

reaction vertex

beam

silicon detectors

Problems
- Only a small solid angle is covered by detectors
- One detector for each angle
- Only poor information about charge in energy sensitive detectors

2
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6 The DRAGON Facility

The DRAGON facility [HUT02] includes a windowless gas target with densities of the or-
der of 3 ·1017 atoms/cm3 over a geometrical length of 11 cm. Here, the beam ions interact
with the target material. The gas target is tightly surrounded by a 30 BGO detector array
to monitor the prompt reaction γ-ray. Two surface barrier detectors, at 30 and 55 degrees
inside the target chamber, observe beam intensity fluctuations. In addition, radioactive
beams are monitored by a beta-detector, measuring the beta activity of the decaying beam
at the mass dispersive focus, about 10 m downstream. The target is followed by a double-
stage recoil separator of roughly 21 m length, to isolate the recoils of interest from the
initial beam. At its end, at the final focus, the recoils are registered in a double sided
silicon strip detector (DSSSD).

Figure 12: Perspective layout of the DRAGON set-up

22

Examples for radiative capture:
21Na(p,g)
12C(a,g)
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two LEDA silicon 

detector arrays
heavy-ion detection

4He gas target

P ~ 100 – 200 mbar

17F

beam

p

~ 3 cm

silicon strip
detectors

angle-integrated 

proton yield

Nuclear reactions with both ejectiles nuclei

Example: 14O(a,p)17F
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9Be(! ,n)12C reaction have been well measured "23–27#.
The 9Be(! ,n)12C reaction is similar to the 8Li(! ,n)11B re-
action in terms of the Q value (Q8Li(! ,n0)

11B(g.s.)!6.63 MeV,

Q9Be(! ,n0)
12C(g.s.)!5.7 MeV$ and the level structure, as shown

in Fig. 2. The details of the individual apparatus are de-

scribed in the following.

A. Low-energy RI beams

8Li and 9Be were produced through a projectile-

fragmentation reaction with an incident 12C beam on an 832

mg/cm2 thick 9Be target. The 12C was accelerated to an

energy of 70 MeV/nucleon, with an intensity of 60 pnA, by

a four-sector ring cyclotron (K!540), following an AVF
injection cyclotron (K!70). The RIPS has three focal

planes: the first %F1$ is the momentum-dispersive focal plane
between the two dipole magnets %D1 and D2$, where the
achromatic degrader is located; the second %F2$ and third
%F3$ are achromatic focal planes, with a triplet magnetic
quadrupole lens %TQ3$ system between F2 and F3. The other
focusing elements, quadrupole magnets and sextupole mag-

nets have been installed to correct higher-order beam optics.

The 8Li and 9Be isotopes were separated from other nu-

clides by the RIPS and collected in the second focal plane

%F2$ of the RIPS, where a 7 mm-thick Al plate for 8Li and a
4 mm-thick Al plate for 9Be were placed to degrade the

energies of 8Li and 9Be down to 2–4 MeV/nucleon from

&45 MeV/nucleon. The thickness of the Al plate traversed
by the beam was adjusted by changing the angle of the plate

with respect to the ion beam. The energy-degraded 8Li and
9Be were selected and collected on the third focal plane %F3$
with rigidity specified by TQ3. The beam energies were

measured by the TOF method between F2 and F3 with plas-

tic scintillators. Finally, the 8Li and 9Be beams were in-

jected into the MSTPC with an intensity of 1 –2

"103 s#1. Figure 3 shows a TOF-energy plot of the 8Li

beams injected into the MSTPC. The horizontal axis is the

TOF and the vertical axis is the energy measured by a Si

solid-state detector %SSD$, placed at the entrance of the
MSTPC, for this calibration. The density plot and the solid

curve indicate the measured data by the SSD and the calcu-

lated value corrected for any energy loss through the 64

'm-thick F3-plastic scintillator, respectively. The energies
determined by the TOF system were consistent with the en-

FIG. 2. Level schemes and

properties of the nuclei involved

in the 8Li(! ,n)11B and
9Be(! ,n)12C reactions. The verti-
cal axis shows the reaction energy

of the entrance channel and the

excitation energies of the interme-

diate compound state or exit chan-

nels in unit of MeV. The respec-

tive ground states of the

intermediate compound nuclei are

set to be 0 MeV.

FIG. 3. TOF-energy plot of the 8Li beam injected into the

MSTPC. The solid curve shows the energies derived from TOF

measured by the plastic scintillators placed at F2 and F3 of RIPS

%see Fig. 1$. The scatter plot shows the energies that were measured
by the Si solid-state detector placed in the MSTPC and were cor-

rected for the energy losses suffered in passing through the F3

plastic scintillator and the window film of the MSTPC entrance.

MEASUREMENT OF THE 8Li(! ,n)11B REACTION AND . . . PHYSICAL REVIEW C 62 065801
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above A!12; namely, the abundances predicted by the IM’s
are much larger than those of the SM prediction by orders of

magnitude, because neutron-rich nuclides play important

roles in synthesizing heavier elements in an IM universe.

The main path up to 12C in IM nucleosynthesis is

1H!n ,"#2H!n ,"#3H!d ,n #4He! t ,"#7Li!n ,"#8Li!$ ,n #

11B!n ,"#12B!%&#12C,

where 8Li, whose half-life is 840 ms, is the key element.

The three-body reaction 3$→12C is the main path to 12C in

SM nucleosynthesis.

In order to investigate IM’s, the abundances of the ele-

ments must be calculated for entire reaction chains. How-

ever, the neutron-rich nuclides which occur in IM nucleosyn-

thesis are mostly unstable against % decay; therefore, the

experimental cross section data that are needed to calculate

the nucleosynthesis are limited, because it is difficult to per-

form such cross-section measurements.

Two experiments designed to study the 8Li($ ,n)11B re-
action have been performed, in spite of the difficulties

caused by the short lifetime of 8Li !840 ms#. One experiment
using the inverted reaction, 11B(n ,$)8Li, was performed by
Paradellis et al. '13(, which provided an excitation function
of the 8Li($ ,n)11B(ground state) reaction. Other experi-
ments involving an inclusive measurement of the
8Li($ ,n)11B reaction, with a multiple-sampling ionization

chamber !MUSIC#-type detector '14(, were performed by
Boyd et al. '15( at RIKEN, and Gu et al. '16( at the Notre
Dame–Michigan–Ohio State radioactive-beam facility.

These experiments provide an excitation function of the
8Li($ ,n)11B reaction to all 11B states. The observed cross
section of the latter works is five times larger than that of the

former at energy regions where their cross sections overlap.

The discrepancy between them is attributed to the difference

in the population of 11B states involved; Ref. '13( measured
only the ground-state reaction, while in Refs. '15,16(, in
principle, reactions into excited states of 11B were also ob-

served. However, the latter measurements did not observe

the separate individual final states of the 8Li($ ,n)11B reac-
tion.

In addition, Kubono et al. '17,18( and Mao et al. '19,20(
measured the branching ratio from the excited states of the

intermediate nucleus, 12B, to the various states of 11B

through the 9Be($ ,p)12B*(n)11B reaction. These experi-

ments observed neutron decays from specific levels of 12B*
near an excitation energy of 10.6 MeV, which is within the

Gamow peak for T9!1, but the agreement between the two
experiments is not good. In addition, their experiments may

not populate all of the intermediate states relevant to the
8Li($ ,n)11B reaction.
Although there are some inconsistencies concerning the

enhancement factor of the total cross section compared with

the ground-state cross section derived from these experi-

ments, it is reasonable to assume that the enhancement is

caused by the population of excited states of 11B. Therefore,

in order to obtain the cross section of the 8Li($ ,n)11B reac-
tion without ambiguity, exclusive measurements are needed.

Hence, we performed, for the first time, such measurements

with the multiple-sampling and tracking proportional cham-

ber !MSTPC# '21(, which has been designed to measure re-
actions involving unstable nuclides in the low-energy region.

II. EXPERIMENT

The experiment was carried out using the RIKEN

projectile-fragment separator !RIPS# '22( at the RIKEN Ac-
celerator Research Facility !RARF#.
The experiment was designed for exclusive measurements

of the 8Li($ ,n)11B reaction in order to determine the

branching ratio to the various excited states as well as to the

ground state of 11B. Figure 1 shows a schematic view of the

experimental setup, which consisted of an apparatus for pro-

ducing low-energy radioactive isotope !RI# beams and detec-
tors for measuring the reaction products. The former con-

sisted of a fragment separator !RIPS# and an energy

degrader, and the latter consisted of a time-of-flight !TOF#
system for measuring the beam energy, neutron counters and

the MSTPC filled with He gas which serves both as the

target and the detector gas.

In order to verify the present experimental procedures, the
9Be($ ,n)12C reaction was also measured by the same sys-
tem. The excitation function and branching ratios of the

FIG. 1. Horizontal-plane schematic view of

the experimental setup. The 8Li beam was pro-

duced by the fragment separator, RIPS, and in-

jected into the MSTPC with an energy of about 3

MeV/nucleon and an intensity of 1 –2

"103 s#1. The MSTPC was filled with the 4He

gas, which served both as a detector gas and as a

target. The neutron counters surrounding the

MSTPC covered forward angles.

Y. MIZOI et al. PHYSICAL REVIEW C 62 065801

065801-2

Mizoi et al., Phys. Rev. C 62, 065801 (2000)

8Li(a,n)11B measurement

2000 / s

+ 10% isobutane

530 mbar
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Fig. 1. Cross-sectional view of the MSTPC. The MSTPC has three components: a "eld cage for providing a uniform vertical electric
"eld, an anode wire for multiplying the charges and cathode-pad cells for detecting induced charges.

Fig. 2. Illustration of how to measure the three-dimensional
trajectories and the energy losses along with these trajectories
for reactions involving multiple particles. For a better view, the
grid wires are not drawn.

comparing the two cases of "eld wire con"guration.
The left side shows the case to be wound singly and
the right side shows the case to be wound doubly. It

is found that the uniformity of the latter is better
than that of the former.

The position resolution of the vertical (drift) di-
rection depends on the drift velocity of the gases;
a typical value is around 1mm (FWHM).

2.2. Cathode pads, anode and grid wires

In the case of a low-energy nuclear reaction, the
multiplicity is at most two or three. Thus, the highly
segmented cathode pad used in ordinary TPC for
high-energy experiments is not needed. The cath-
ode pad of the MSTPC is segmented only in the
transverse direction against the beam direction.

At "rst, a resistive ceramic-cathode pad was in-
stalled for horizontal position tracking in the
prototype MSTPC [6], and was tested. Although
the position resolution and linearity were as good
as the backgammon-type cathode-pad, the time
di!erence, which depends on the horizontal posi-
tion between both sides of cathode pad, was not
small (max 1!s). This time di!erence, which may
be due to the di!usion time of the charges in the

114 Y. Mizoi et al. / Nuclear Instruments and Methods in Physics Research A 431 (1999) 112}122
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Fig. 1. Cross-sectional view of the MSTPC. The MSTPC has three components: a "eld cage for providing a uniform vertical electric
"eld, an anode wire for multiplying the charges and cathode-pad cells for detecting induced charges.

Fig. 2. Illustration of how to measure the three-dimensional
trajectories and the energy losses along with these trajectories
for reactions involving multiple particles. For a better view, the
grid wires are not drawn.

comparing the two cases of "eld wire con"guration.
The left side shows the case to be wound singly and
the right side shows the case to be wound doubly. It

is found that the uniformity of the latter is better
than that of the former.

The position resolution of the vertical (drift) di-
rection depends on the drift velocity of the gases;
a typical value is around 1mm (FWHM).

2.2. Cathode pads, anode and grid wires

In the case of a low-energy nuclear reaction, the
multiplicity is at most two or three. Thus, the highly
segmented cathode pad used in ordinary TPC for
high-energy experiments is not needed. The cath-
ode pad of the MSTPC is segmented only in the
transverse direction against the beam direction.

At "rst, a resistive ceramic-cathode pad was in-
stalled for horizontal position tracking in the
prototype MSTPC [6], and was tested. Although
the position resolution and linearity were as good
as the backgammon-type cathode-pad, the time
di!erence, which depends on the horizontal posi-
tion between both sides of cathode pad, was not
small (max 1!s). This time di!erence, which may
be due to the di!usion time of the charges in the

114 Y. Mizoi et al. / Nuclear Instruments and Methods in Physics Research A 431 (1999) 112}122

Fig. 3. Field calculations for the drift space. The x and z-axes are de"ned in Fig. 2. The solid lines show the equipotential surfaces. The
right (doubly wound) has better uniformity than the left (singly wound). The wall of the vacuum chamber is x"15 cm and grounded.

Fig. 4. Schematic view of the backgammon-type cathode-pad
cell. The cathode-pads surround the anode wire. The ground
layer is put between the cathode-pad layers to prevent cross talk.

resistive ceramic, is comparable to the drift time in
the gas, and it is very confusing to determine each
drift time for multiple tracking.

In order to avoid this problem, the backga-
mmon-type cathode-pad, which can be made of
a good conductor and can be used for a position
determination, is employed.

Fig. 4 shows a schematic view of the back-
gammon-type [5] cathode-pad cell. The MSTPC
has 64 cathode-pad cells, and each cathode-pad cell
is 1 cm long, 1 cm high, and 20 cm wide. The
cathode-pad cell has an anode wire (30 !m-dia-
meter Cu}Be) and 2.5 mm spaced grid wires (80
!m-diameter Cu}Be).

The backgammon-type cathode pad has a speci-
"c geometry pattern to divide the charges for
encoding the position information. The charges in-
duced on the cathode pad are read out from the left
and right sides of the cathode pad and the horizon-
tal position of the trajectory is determined by the
ratio of the charges from both sides. The geometric
pattern of the cathode pad was designed on a PC
board. For protection against corrosion, the sur-
face of the cathode pad was electro-plated with
gold. In order to prevent cross talk between adjac-

ent anode wires, three planes of cathode pads sur-
round the anode wire, and the ground layer is put
between the cathode-pad patterns. In addition, by
covering the solid angle of about 3/4 around the
anode wire, the read-out charges are increased, and
hence the position resolution may be improved. By
increasing the read out charge, the acceptable
beam intensity increases, because the operating
gas multiplication can be decreased. Fig. 5 shows
the position resolution of the prototype of the

Y. Mizoi et al. / Nuclear Instruments and Methods in Physics Research A 431 (1999) 112}122 115
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ISAC II Experiments

E1055: two neutron correlations
p(11Li, 9Li) t  at 39.6 MeV

E1078: study of 10Li (an unbound subsystem of 11Li)
p(11Li, d)10Li at 55 MeV
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Active Target MAYA
- Because of 11Li is so precious, a detection system that can detect all particle in any 

direction is necessary. 
- Inverse kinematics requires a detection of very low energy particles thus limits the 

thickness of the target.
- MAYA is an active target in which the target gas works also as detector.

- This detector is developed at GANIL and shipped for the experiments from France.
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11Li beam

9Li

PPAC

MAYA target-detector

SSD and

veto SSD

C4H10 @ 0.5 atm

Range (11Li ) = 22.3cm
r = 29 mg/cm2
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MAYA principle

there is a beam detector
before MAYA, to start the
DAQ. cathode

anode:
amplification

area.

wall of Si
detectors

the projectile makes reaction
with a nucleus of the gas.

the product leaves enough energy to induce an image of its
trajectory in the plane of the segmented cathode.

the light scattered
particles do not stop

inside, and go forward
to a wall made of 20 Si
detectors, where they

are stopped, and
identified.

        segmented
cathode

t1
tn

we measure the drift time up to each
amplification wire. The angle of the reaction

plane is calculated with these times.

5 mm
COG over
3 axes

http://www.triumf.ca/tug/TUGSM2006/11_Savajols_MAYA.ppt
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MAYA resolution

Projected trajectories Range measurement

 Range resolution ~ 1 %  Position resolution ~ 1 mm 
 Angular resolution ~ 0.7 deg  Charge resolution ~ 10 %
 vertex resolution ~ 3 mm
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beam

ejectile

cathode strips or wires

ejectile

Schematic and simplified view of a tracking chamber
for nuclear reactions

anode strips or wires

drift electrons

+ Track reconstruction by drift time of the
 electrons

+ Energy loss by collected charge

pre-amp

.....

amp

ADC TDC

.....

Particle identification
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beam

ejectile

wires

anode strips

ejectile

drift region

pre-amp

.....
48 x

48 x amp

48 x ADC TDC

.....

+

-

+

-

Cylindrical chamber

drift electrons

+ No background from beam
+ Making use of rotational symmetry

- Still high noise from weak signals
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-
+

beam

ejectile

wires

anode strips

ejectile

drift region

GEM

48 x amp

GEM

48 channel
Flash ADC
VME board

Sampling rate 50-70 Ms/s
FPGA algorithm to extract 
time and charge
Needs good S/N ratio (at 
least 10)
Rise time should be large 
enough

+

-

+

-

drift electrons

50 µm

TACTIC
TRIUMF Annular Chamber for Trackingand Identification of Charged particles
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Raw data Information Resolution
Anode Strip No z position 5 mm
Strip segment No phi 2pi / 3
Drift time Radius 1 mm
Charge Energy loss --

z

Anode strips/segments

GEM (moved out)
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Stopping
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Problems

1. How is the GEM working with Helium?

2. What is the optimal geometry?
Length, diameter vs. pressure, kinematics

3. Pulse shapes, signal/noise ratio vs. pressure

4. How to suppress beam electrons?
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Testchamber

Cathode

Anode

GEM

Drift 
frame

-1200 V

+1600 V

Cathode

Anode

..... CS RS

RG

RA

GEM

20 mm

5 mm

50 µm, 450 V

Movable α source

HV
board

To amplifier board

He

CO2

Mass flow
controller

90%
10%

Mock
chamber

Reference
vacuum

Differential gauge
Mass flow
controller

The Gas Handling System
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- Track length
- Drift time
- Gain

The primary ionization or track 
length is known
The drift time is known to 
depend on E/p
The gain is not known so far



G. Ruprecht, TSI, July 16, 2007

-400 -200  0  200  400
-0.002

 0.000

 0.002

 0.004

 0.006

 0.008

 0.010

 0.012

time [ns]

V
o

lt
a

g
e

 [
V

]

Pulse shapes,
signal/noise ratio
vs. pressure

5.5 MeV a particles
with 18 µm Mylar foil

For the real case, the 11B
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LENuclearReactionDataSet

LENuclearReactionProcess G4HadronicProcess

G4VCrossSectionDataSet

LENuclearReactionInteraction G4HadronicInteraction

New and AddDataSet()

::

New and RegisterMe()

::

::
Provides the total
cross-section in order
to sample the 
occurence of the 
process

Defines the process 
to be associated with 
low energy heavy 
ions

Samples the direction 
of the ejectiles if the 
process has been 
selected to occur.

3 new classes to define the GEANT4 low energy nuclear 
reaction process

Mother classes
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Beam: 0.9 MeV/u 8Li
Target: 90%He, 10%CO2 @ 150 mbar
Ejectiles: 11B
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Beam: 0.9 MeV/u 8Li
Target: 90%He, 10%CO2 @ 150 mbar
Ejectiles: 11B
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Range of 11B from α(8Li,11B)n in 90% He 
10% CO2 gas mixture at STP

ground state

ground state

3. Level (5020 keV)

3. Level (5020 keV)

Ebeam =
1.125 MeV/u

Ebeam =
0.15 MeV/u

0.15 MeV/u
beam stop

1.125 MeV/u
beam stop
@ 98 mm
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What is the optimal geometry?
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Range of 11B from α(8Li,11B)n in 90% He 
10% CO2 gas mixture at STP

Ebeam =
1.125 MeV/u

Ebeam =
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What is the optimal geometry?
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Suppression of Beam Induced Electrons

-1800 V
-2000 V
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-1800 V
-2000 V

Suppression of Beam Induced Electrons
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Drift field potential w/o pads
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Drift field supported by 3 rings
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Drift field supported by 6 rings
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e- drift time

• assume

(approx. for 90% Ar + 10% CO2)

no pads 3 pads

*) from A. Peisert, F. Sauli: Drift and Diffusion of Electrons in Gases, Fig. 63, CERN, 1984

*)
0          0.5         1.0         1.5

E/p [kV/cm/atm]

w
 [

c
m

/!
s
]
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Future detectors

GANIL (AC) / DAPNIA  / CENBG 
CCLRC DARESBURY (FC)
U. LIVERPOOL (AC) / U. BIRMINGHAM *
U. SANTIAGO DE COMPOSTELA (AC) / GSI  / INP CRACOW *

(* associated participant)


