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Antiproton slowing down, capture, and decay in low-pressure helium gas
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Data onp slowing down and capture in helium at 1 and 0.2 mb at room temperature are presented and
compared to the corresponding previously publicated data in molecular hydrogen and deuterium. A Monte
Carlo simulation containing a low-energy extrapolation of measpreléctronic stopping power in helium gas,
screened Rutherford collisions, and simple cascade mechanisms is able to reproduce the gross features of the
data, but cannot explain some nontrivial details of the measured distributions.

DOI: 10.1103/PhysRevA.70.032501 PACS nuniber36.10—-k, 34.50.Bw

The energy release by a particle crossing matter is one afapture features of an antiproton beam in an extended target
the most studied subjects of physics, starting with the semifilled by low-pressure gas, with events distributed in a 75
nal paper by Bohr in 191B1] and Bethe’s theory2] with its ~ -cm-long region.
several extensiong8-11]. In Bethe’s theory, the energy loss  |n a previous work18] by this collaboration ESP fqu in
per unit path length{stopping power is attributed to long- gaseous hydrogen and helium was reported, for energies as
range interactions with the target electrons leading to excitasmall as 500 eV. Here ESP can be well fitted by the relation
tion and/or ionization of the target atoms or molecules. Thissgp=,E5, whereE is the kinetic energy of th@. An ex-
mechanism will be named electronic stopping poWesP  (an0lation of this relation at lower energies was not suffi-

in the following. This mechanism is supposed to present aRjeny (o explain the annihilation scatter plot.
adiabatic lower cutoff, which suppresses its effectiveness at In a further work[19] the scatter plot op at rest annihi-

decreasing projectile energ?es below a few keV. What exaCtIYations in molecular hydrogen and deuterium gases at 0.2 mb

ha[())pne ?hs ea;tig(r:hh:r?gr%te 3 elirggtsi%%meprg[rzy tﬁ?gp e‘ ct of copressure was presented, together with Monte Carlo reproduc-

lisions with the nuclei gives an increasing contribution to thet'onz ?f thelsg dat(;’" The S|mduFI2atlﬁn 'anUdeclj ESP EIII'S extrapo-
ated from[18] and screened Rutherforenucleus collisions

energy loss of a heavy projectile. This mechanism has be i . ;
called nuclear stopping powetNSP. Several models that caused trajectory deflections and beam energy loss in the

[12-16 and a few experimental measuremeifg-19 exist ~ laboratory frame. To reproduce the scatter plot, a random
for p NSP. decay process with lifetimes of 2s for H, and 2.8us for

In the OBELIX experimenf17] the antiproton beam pro- D2 Wwas added after the slowing-down and capture processes.
duced at the low-energy antiproton ring LEARERN) was A good reproduction of the data in the whole scatter plot
degraded by a suitable thickness of Mylar and entered a tagonfirmed that below 500 eV the stopping power is domi-
get with a continuous energy spectrum from a maximum tonated by NSP, that this NSP can be reproduced by the sim-
zero. Among the other ones, measures were taken with thalest available model, and that a large part of the formed
cylindrical target (useful length=75cm, diameter exotic atoms are characterized by decay processes with the
=22-30 cm filled with hydrogen and deuterium at 0.2 mb above lifetimes.
and helium at 1 and 0.2 mb. Here we presenfz,t) data for annihilation of antiprotons

As explained in Refs[17,18, one of the main peculiari- in helium at pressures 1 and 0.2 mb, collected in the same
ties of our apparatus was the possibility of measuring forexperiment. A Monte Carlo simulation based on the same
each event both the annihilation tinteslated to the incom- technique is, in this case, less effective, as discussed below.
ing p signa) and the vertex coordinates, in particular the In fact, despite some features of these data being reasonably
depth in the target. In the following we name scatter plot similar to the H and D, cases, there are some peculiarities
the set of(z,t) coordinates for annihilation events. This al- that cannot be interpreted as easily as there.
lows for a very detailed analysis of the slowing down and The experimental scatter plot for the collection (aft)
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FIG. 1. Experimentaja) and Monte Carlab) scatter plot of the annihilation time versus projected path length at 1 mb helium target
pressure. Monte Carlo simulations have been performed with many different choices for the parameter values; see Fig. 5 and text. This
scatter plot has been simulated with the same parameter values as iridkrig. 5

annihilation points is presented in Figs@aland 2a) for  time has been the shortest. The MB, especially on the prompt
helium at room temperature and at pressure 1 mb andse, is qualitatively similar to the JHand/or D, cases pre-
0.2 mb, respectively. More detailed time distributions corre-sented inf19].
sponding to 2-cne slices in the scatter plot are shown in  Both in the 1-mb and 0.2-mb helium data, the most strik-
Figs. 3 and 4. Some peculiarities of these figures are generahg differences with respect to-Hand D, data concern the
Thez=0 region is characterized by entrance wall annihi-region of annihilation timeg(z) >t,c,(2). The fraction of
lations. The data were collected using a temporal ggteve  points that are present in this region is much larger in He
300 ns and 450 ns, respectively, at 1 mb and 0.2.mb than in H, and D,. This is especially visible at intermediate
For 1-mb data, the vertical belt at largein the target times(i.e., not corresponding to long-time cascade }aiis
represents end wall annihilations. In the 0.2-mb case it is nathe 1-mb case the intermediate time enhancement is particu-
present because in this case the target wessel was longer dady evident, since one can approximately identify a “back-
the end wall was out of the region covered by the detectorsward belt” (BB). This BB is visible both in the full scatter
Apart from wall effects, most in-gas annihilations are con-plot and in thez slices. It amounts about 10%-20% with
centrated in a reasonably defined belt which crosses the scatspect to the MEfor the meaning of this estimation see
ter plot from the origin to the right side. We name it the below).
“main belt” (MB). It includes those antiprotons that have  The 0.2-mb scatter plot represents a sort of 5-times zoom-
been faster than the other ones in reaching a giyeapture  ing a small region near the origin of the 1-mb scatter plot.
point and whose cascade process has not been too slow. lindeed, both the length of the precapture path and the time
eachz slice, the MB corresponds to the region surroundingneeded for post-capture cascade are, roughly speaking, pro-
the time distribution peak,e.(2). The t<t,., side of this  portional to the helium density. For this reason the BB can-
peak(the “prompt risej should correspond to those particles not be fully visible in the 0.2-mb scatter pl@he data taking
that have been the fastest in gettingziand whose cascade was limited to 10us). Despite this, also in this case a large
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FIG. 2. Experimentala) and Monte Carlab) scatter plot of thes annihilation time versus projected path length at 0.2 mb helium target
pressure. Monte Carlo simulations have been performed with many different choices for the parameter values; see Fig. 6 and text. This
scatter plot has been simulated with the same parameter values as irclig. 6
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FIG. 3. Experimental annihila-
tion time distribution at different
2-cmzbins in a 1-mb-pressure he-

FIG. 4. Experimental annihila-
tion time distribution at different
2-cmz bins in a 0.2-mb-pressure
helium target.
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fraction of annnihilations at intermediate and long times ison the lower side by atomic capture. Also the amount of
present. As was done with molecular hydrogen and deutespread inp directions should be connected one to one to the
rium, we have tried to fit to each time distributi¢ior anyz  energy, because in Rutherford scattering large-angle deflec-
slice) a function which is a convolution of a Gaussian and antions are rare ag>300 eV. Atz large enough for equilib-
exponential decay: rium to be established, the scatter plot distribution should
becomez independent, apart from an obvious kinematical
t (T-1y)? t-T) displacement towards larger times. This is strikingly evident
F(t) = nf eXP - TS (X T dT, (1)  in the Monte Carlo—simulated scatter plots, which assumed
- constant energy distributions at the entrance for
. . E.<E<6 keV (see later (E. is the capture energyln the
yvhgren, to, 7, andrare,_respectwely, the G"?‘“SS.'a'? normal'e>c<perimental cf’;\se, we )s,((eecan equilibeium distri%ﬁtion in the
Ization _fact_or, mean, V\{'d.th’ and exponenual lifetime. Thehydrogen cas¢l9]. As shown in Fig. 7 in helium at higher
underly}ng idea of this fitis a Gaus;mn spread dup path pressures4, 8.2, 50, and 150 mb, analyzed [i8]) we see
fluctuations and an exponential tail because of the cascadgyigent equilibrium forz larger than few centimeters. As
Such a fit is unable to reproduce the time distribution of anypreviously remarked when speaking of the density-related
of the heliumz slices. For each slice we have to dEC|de“Zooming effect” such data Correspond to what we could see
whether to fit correctly the region of short and intermediatein the 1-mb case for much largerthan the available ones.
times (which gives too abundant fits at long timesr the The actual entrance energy distribution is the one deter-
region of short and long timesvhich largely underrates the mined by degrading materials upstream the target. It has
number of events on the right side of the peékor the 1  been seen to be regular, with a slow increase, on a keV
-mb case, a better solution is a fit with a sum of tw() energy scale[21]; however, the distribution in the
functions [Fig. 5a)]. Despite of the lack of an immediate E<100 eV region is not known with high precision. This
physical interpretation, one can follow the evolution of this energy range is critical because large-angle scattering is most
fit through the different slices and see how the BB is reab- effective here, and the cascade time is supposed to depend on
sorbed by the MB at increasing [as evident in Fig. @  the exact energy at which capture takes place. The dear
too]. In Fig. &a), 0.2-mb helium data are fitted by a simple dependence of the experimental scatter plots shows that
fit of Eqg. (1). In Tables | and Il we report, for example, equilibrium, if any, is only reached in the last portion of the
typical values of the fit parameters for 1 mb and 0.2 mbtarget. This makes the analysis of the data complicated, but
helium pressures, respectively, at the different 2zdoms of ~ at the same time it can potentially represent an open window
Figs. %a) and @a). In the 1-mb case the fraction of points on the energy dependence phelium interactions near the
reproduced by the secorfé(t) function is that 10%—20% capture region.
about which we spoke above. Solid Mylar, gaseous molecular hydrogen, and gaseous
Before going further, we want to remark that expressiondielium are all different degraders but concerning the capture
like “long times” do not refer to metastable states in all of €nergy region probably the largest difference is between My-
the following text. A long cascade time alone is unable tolar and helium, since helium has a much more compact elec-
explain the above time distributions, becausein eachz  tronic structure than both. So the difference between the tar-
slice this would reflect in a proportional enhancement at inget gas equilibrium distribution and the entrance beam
termediate and at long times, with a steadily positive seconomposition is probably larger and more effective in the he-
derivative of thet distribution at intermediate and long times; lium target case than in the hydrogen target case, where we
(i) comparing differentz slices we should find a roughly see experimentally that equilibrium is fastly reached.
z-independent shape of the event decrease on the right side For the Monte Carlo simulation, a collinear beam of
of the peak. Both these features are evident in the Montd80 000p with constant energy distribution was assumed. To
Carlo simulations in Figs. (6)-5(g), where no fluctuation be more precise, the distribution functié(E) for the initial
interrupts the positive trend of the second derivative at interenergy of the antiprotons injected into the targef(i)=0
mediate and long times, and the shape of the distribution judor E<E. andE>6 keV, f(E)=const forE,<E<6 keV.

t translates compactly for increasiagBut they are contra- Deflections and nuclear stopping power were associated
dicted by the data in Fig.(8). with elastic scattering on a screened Coulomb potential of
The fact that thet distributions change at changirg randomly distributed helium atom@screened Rutherford”

(apart for the time shift of the prompt rise due to obviousfrom now on, withv =vceuiemb fOr I <I'screening- EaCh trajec-
kinematical reasonsan perhaps be related to the dominancetory was subjected to a continuous energy loss of electronic
of different cascade modes at differentr to multiple scat-  origin given by the relation &E/dx=aEf, with o and 8
tering. In both cases, however, this leads dependence of default values taken as the ones suggestefllBy Actually
the shape of the distributions only in the presence of a there is no well-established determination for electronic stop-
different energy spectrum in thgbeam at differenz values.  ping power aE <500 eV, so the use of the above relation at
Starting with constant energy spectrum from zero to sevall energies is an extrapolation. As discussed below, also dif-
eral keV at the target entrance, we could imagine that, afteferent possibilities were attempted. Forpaatom distance
some path in helium, a kind of “equilibrium” beam distribu- larger than sreeningn0 directp-atom interaction was consid-
tion is reached, foE<1 keV. In this distribution, the energy ered. The phenomenological electronic stopping powmEf
distribution is enriched from the higher side by the antipro-includes in itself the effects of long-distance interactions,
tons that lose energy in electronic interactions and depletedespite the fact that we are presently unable to relate this
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FIG. 5. Experimentala) and Monte Carlgh)—(g) annihilation time distribution at different 2-cembins in a 1-mb-pressure helium target.
(a) Superimposed is the best fitting functigee Table)l (b) Capture energ.=40 eV, default electronic energy logk3], no cascade time.
(c) Capture energ¥.=40 eV, default electronic energy logk8], two cascade times: 0,1s (33%) and 0.6us (66%). (d) Capture energy
E.=40 eV, default electronic energy logE8], two cascade times: 0,2s (33%) and 1.0us (66%). (e) Capture energ¥.=30 eV, default
electronic energy losgL8], two cascade times: 0,2s (33%) and 1.0us (66%). (f) Capture energ¥.=40 eV, constant electronic energy
loss below 600 e\(see text, two cascade times: 0.4s (33%) and 0.6us (66%). (g) Capture energ¥.=40 eV, constant electronic energy
loss below 600 e\(see text, two cascade times: 0,2s (33%) and 1.0us (66%).

assumption to the physics @fatom interactions. Capture (b). We did not try to reproduce the regions near the entrance
was assumed as a sudden process taking place at the fiestd the end wall of the target, dominated by on-wall annihi-
‘p-atom collision forp energy belowE,, with E;.=10, 30, 40, lations. In Figs. tb) and 2b) we show the Monte Carlo
60, 90 eV in different Monte Carlo simulations. For the cas-scatter plots for 1-mb and 0.2-mb helium targets, respec-
cade process we have considered three possibili@sio  tively. In Figs. §b)-5(g) and &b)-6(h) we reported annihi-
cascade(b) an exponential cascade with lifetime with mag- lation time distributions producted with different Monte
nitude 1-5us, (c) a two-branch cascade with 1/3 atoms Carlo simulations.

decaying in a very short time, and 2/3 atoms decaying as in There are of course possibilities to improve this physics
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FIG. 6. Experimentala) and Monte Carlab)—(g) annihilation time distribution at different 2-cmbins in a 0.2-mb-pressure helium
target.(a) Superimposed is the best fitting functigsee Table 1l.(b) Capture energ¥.=40 eV, default electronic energy 10§$8], no
cascade time(c) Capture energ¥.=40 eV, default electronic energy l0§88], two cascade times: 0s (33%) and 3.5us (66%). (d)
Capture energ¥.=40 eV, default electronic energy logk8], two cascade times: 0,6s (33%) and 3.5us (66%). (e) Capture energ¥,
=30 eV, default electronic energy lo§$8], two cascade times: 04s (33%) and 3.5us (66%). (f) Capture energy.=30 eV, default
electronic energy logd 8], cascade time 2.@2s.(g) Capture energ¥.=40 eV, constant electronic energy loss below 600(&3£ text, two
cascade times: 0.4s (33%) and 3.5us (66%). (h) Capture energf¥.=40 eV, constant electronic energy loss below 600(g&& text, two
cascade times: 0.as (33%) and 5.0us (66%).

picture before going to really exotic possibilities. At the level ford multiple scattering is far smaller than the experimental
of sophistication employed here some perhaps general codlata spread. E.g., if the above-reported “Gaussian
clusions are possible. +exponential” fit is applied tor,=0 distributions for the

(1) As already evidentiated in the hydrogen c§%8], a 0.2-mb case, it reveals that the multiple-scattering spread
long cascade time; is necessary to reproduce the shape ofproduces a large-time tail corresponding to a fictitiays
the data. As shown in Figs(» and &b) where the cascade =0.5 us. An enhancement of the multiple-scattering proper-
time is suppressed, the data spread due to screened Ruthies within some model fop-He interactions may surely af-
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TABLE |. Fit parameters to three-bin different experimental TABLE IlI. Fit parameters to three-bin different experimental
annihilation time distributions of Fig.(8), with a sum of twoF(t) annihilation time distributions of Fig.(6), with a singleF(t) func-
functions(see texy, at a 1-mb helium target. Left, first function fit tion (see text, at a 0.2-mb helium target. The meaning of the pa-
parametersn, o, andty the Gaussian normalization factor, width, rameters is such in Table I.
and mean valuer the exponential lifetime; right, second function

fit parameters, with the same meaning. The lifetime dependsion z (cm) n o (N to (MS) 7(ns)

a way that cannot be justified by fluctuations of the fiting procedure:

For this fact we have suggested some explanatises text, but 13-15 91.8 298.6 1529.0 2523.0

have no final answer. 31-33 109.1 565.7 2234.0 3190.0
53-55 98.8 470.6 3211.0 2975.0

zicm) n o9 te(nsy 7(n9 n oy tg(ng 7(N9

13-15 72.2 139.1 5813 6571 43 1396 2320.0 162.3gxperimental shape of the rise is almost the same as with no
31-33 57.6 168.8 1110.0 272.6 26.4 299.8 1904.0 87.6cascade. For this reason we conclude that a non-negligible
53-55 99.6 262.6 1477.0 423.8 21.1 358.8 1831.0 102.3art of the atoms decay with very short average lifetime, and
only two-branch cascade Monte Carlo simulations are able to
reproduce both the short- and long-time regions. So both a
fect intermediate time distributions, but it seems hard tdong-r, and a shortr, component are present in our data. The
imagine it to produce a fictitious,~3—-5 us. The conclu- population of the long-time one seems larger, but magnitudes
sion is that a conspicuous part of the exotic atoms decayare similar.
according to a large time behavior éxp/7) with =, (3) Increasing the electronic stopping power leads to two
~0.5-1.5us at pressure 1 mb and 245 at pressure effects:(i) the derivative of line described by the MB in the
0.2 mb. In the Monte Carlo simulation, the cascade producezt scatter plot decreases, afitfluctuations(e.g., the time
a z-independent behavior of large time data in the scattewidth of the MB peak decrease. With default values of ESP,
plot, which does not correspond to our data. For this reasothe simulated MB derivative igslightly) larger than ob-
it is difficult to establish a unique value ef. served, but fluctuations are smaller than observed. So any
(2) In each of the simulated slices, both the post-peak change in the ESP improves one thing but worsens the other
tail and the pre-peak rise are affected by thechoice. As one. To understand the effects of an increase of the low-
one can see in Figs.(8-5(g) and &c)—6(g), adopting7,  energy ESP, we have first modified theand 8 parameters
values justified by large-time behavior produces a muctbelow 600 eV, and as an extreme case we have put constant
softer rise than experimentally observed. On the contrary, thenergy loss forE<600 eV. ForE>600 eV the stopping
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power has been determined elsewhgi® and we assumed sophisticated models for thp-atom interaction, together

it as fixed. A larger ESP is seen to be more effective inwith a precise reconstruction of the beam energy spectrum at
decreasing fluctuations than in decreasing the MB derivativehe target entrance. Even if our Monte Carlo reconstruction
with the overall effect of leaving default values as the mosiyiq reproduce perfectly data, our conclusions should be cau-
preferable. The reasons why the effects on the MB positioR;q s in front of the possibility of really drastic but correlated
are not large argi) ESP decreases bothandt for each - anges in some of the several sides of the involved physics
annihilation, but the time-space correlation remains the,sqmations. E.g., a resonance in elastic scattering at energy
tsamek,) at'_‘t‘ﬂ't') v_\{heln a_pou:';]ls mg\/eﬂ away af?t"t_her cortn(?s N__100 eV would lead to a much larger amount of time fluc-

o substitute it, leaving the shape as it is apart from_ : ; /

increasing the number of points in the entrance wall regiontuggogrsla/\g?'t%h dvggréis%e:hmelt C”;é;&gclri?;isnieth%:c’;vgr:ﬁ;?gte

The fluctuation-depressing effect is caused by the fact that;
pre-capture fluctuations originate in backscattering events ISappearance of ESP .below 100 e\/ would enhance th(_a ef-
ects of multiple scattering on large-time fluctuations, which

low energy. If the ESP is small at low energy, the low-energ X .
scatterech will complete a long distance with random direc- Presently we explain almost completely in terms of cascade
tion, before capture. As a matter of fact, we do see largdme- _
fluctuations. The conclusion is that ESP should not be much (7) As an example of explanation of the backward belt, let
larger than our default assumption. us assume the capture energy as distributed on a wide energy

(4) The lower edge of the MB contains the fastest par-fange, so that & <40 eV allp are captured, but capture is
ticles that have got to a certaim However, exploration of possible also at much larger energies—sayEat70 eV.
the Monte Carlo—simulated trajectories of the fastest parThis may occur if double ionization of the target atom takes
ticles revealed that no antiproton escapes a relegasie-  place in a collision and seems a more realistic model than the
crease related to Rutherford backscattering at energiesharp capture threshold used here. This capture energy
50-400 eV. So the prompt rise part of the MB is heavily spread has two consequencg@$:a wide (N,L) distribution
effected by the properties of thenucleus direct scattering. of the initial states of the exotic atom and idnand (i) a
In addition, differently from ESP, these collisions affect wide distribution of the recoil velocities, of A. We cannot
largely the MB position, because of the helium mass. In thesay easily about the consequences of p@intbut concern-
limit of an infinite-mass target, nuclear scattering would im-ing point (ii) we know that the average cascade time of a
ply no energy loss, so the sarh@nd a very differenz for ~ nonmetastablé is approximately proportional to the number
undeflected and deflected trajectories. So changing the feaf A-atom collisions. So we have roughtye 1/v, = 1/E..
tures of the poorly known low-energyatom close collisions  This phenomenon is enhanced if thenergy distribution at
would reflect heavily in the shape of the MB, also in thethe entrance is populated by antiprotons vtk 40 eV. We
prompt rise zone. The conclusion is that a good reproductioexpect this to happen in the first part of the target. In the
of the short-time side of the MB is a relevant test for modelssecond part of the target the high helium capture cross sec-
of the low-energyp-atom collisions. tion for E<40 eV will not allow many such antiprotons to

(5) The capture energl, is a critical parameter in repro- survive. The consequence would be a particularly wide dis-
ducing correctly the time distributions at all times tribution of cascade times as far asllvith E<30 eV have
[13-16,20. We recall that the captures in our Monte Carlo not disappeared. If, on the contrary, the explanation of the
simulations happen at the firptatom collision withE<E_ BB had to be searched in the high-energy capture events, a
in the laboratory frame. We have played with this parameterdetail that should be taken into account is the entrance en-
Extremes values of it like 10 or 90 eV change too drasticallyergy of thep involved in the BB. This energy ranges from
the shape of the distributions. Also 60 eV seems too muchzero to about 3 keV. Rare fluctuations apart, a larger en-
while 30 and 40 eV are almost equally good values, as ongrance energy leads fcapture arz values where the BB has
can see in Figs. 5 and 6. Within a sharp threshold model fobeen reabsorbed by the main belt. More difficult is to explain
capture, we do not think one can change this parameter tohe BB in terms of trajectory spread, because one would
much. On the other hand, we have not attempted nonshagxpect this phenomenon to be more effective at increasing
capture probabilities—i.e., factors of the kind My  oppositely to what is seen. In a not too evident form, this
-E)/Eg]—that would allow for large energy captures with- effect can be seen in the higher-pressure helium data and in
out affecting too much the shape of the scatter plot distribuhydrogen data. However, a backward belt associated with
tions. relevant straggling phenomena at snzlould be possible,

(6) The physics assumptions employed for the simulatiorfor example, if rare capture, no ESP, and only very small
do not exaust the problem, since a complete reproduction dmpact parameter collisions were presentEat 40 eV (see,
our data by fine-tuning our parameters was impossible. Cone.qg., [9]). This would imply large deflections accompanied
mon sense suggests that a clear-cut distinction between elday a long time delay before capture.
tron and nuclear stopping power is not justified at low ener- To summarize, we have presented #he scatter plots of
gies. Indeed, electron ionization in the long-range interactiorp-helium low-energy annihilations for helium pressure at 0.2
is adiabatically suppressed Bt~ 100 eV. Electron ioniza- and 1 mb. We have also presented the corresponding time
tion is possible in collisions where the penetrates deeply distributions for 2-cne slices. Both the scatter plots and the
the atomic electron cloud. These are also those processéme distributions show relevant qualitative differences with
wherep-nucleus interactions are stronger. A further evolutionrespect to the corresponding data in molecular hydrogen and
of the present work could be to simulate the effects of moraleuterium. Annihilation points are more abundant than ex-
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pected at intermediate times, where it is impossible for us tinere, with much smaller effectiveness. A discussion of the
distinguish between post-capture cascade effects and preffects of tuning the simulation parameters has been pre-
capture multiscattering effects. A previous Monte Carlo techsented, with qualitative conclusions concerning the effects of
nique, successful in reproducing,HD, data, was employed the different physical ingredients.
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