
Chapter 13

The “large angle” analysis

The so called “large angle” region of the HARP detector is the zone covered just by

the TPC and the barrel RPCs. In this region, the angular range for particles emerging

from the origin is from 0.38 to 2.47 radians as sketched in figure 13.1. This angular

range is however slightly modified for runs with 100% interaction length targets.

An analysis is performed, discussed below, which uses information coming from the

0.38 rad0.67 rad

Figure 13.1: The “large angle” region.

beam instrumentation, the TPC, the barrel RPCs and the Inner Trigger Cylinder.
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13.1 Tantalum target at 3GeV/c beam momen-

tum

The first target material analysed is the 73Ta for a beam momentum of 3GeV/c. Data

obtained in the 2001 run with 2% and 100% interaction length target were collected.

They were reconstructed using a preliminary version of the software, available in May

2002. Since then, several improvements to the various algorithms were implemented

but, unfortunately, no production with the new reconstruction code was possible at

the time of writing and and there is not yet possibility to identify particles.

The analysis is focused on interactions caused by protons. The first step is hence

their selection, which is particularly important because, at low momentum, the T9

beam is highly contaminated by electrons and other particles, as shown in figure 9.2.

At 3GeV/c, the beam protons are identified by their time-of-flight while electrons

are vetoed by the beam Cherenkov counter “A”.

13.1.1 Over lay interactions

At low momentum, out-of-time interactions are often observed. They are produced

by the interaction of a beam particle which arrives inside the 30µs time window of

the beam particle that triggered the data acquisition.

These tracks are reconstructed with an incorrect z position because of their time offset

and are cut in the analysis requiring an RPC signal matching the track extrapolated

from the TPC.

13.1.2 Preliminary cuts

A set of preliminary cuts is applied to select tracks:

• there must be an ITC hit for the event, what defines a large angle interaction

• no numerical error nor error flag should be associated with the track
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• the tracks must have at least 10 hits to ensure an accurate fit

• the particles have Pt > 10MeV/c, in order to reject passing through particles

and noise

• there is a TPC-RPC match to cut out-of-time tracks and to ensure a greater

accuracy

• the transverse momentum should not exceed 1GeV/c and the longitudinal mo-

mentum should be in the range -1-2GeV/c because of kinematical constraints

The last cut is derived from the hypothesis of an incoming proton interacting with

a proton at rest and yielding a final state with a proton at rest and a proton and a

pion sharing the remaining energy.

13.2 Impact point reconstruction

The impact point of the selected tracks is reconstructed. The plots in figure 13.2 show

the absolute value of the impact parameter d0 and the z coordinate of the impact

point for the thin and thick target.(The dimensions of the thin target are 30mm

diameter in x− y and 2.2mm in z. It is located downstream of the origin of the axis.

The thick target has the same diameter of the thin one and a length of 170.1mm in

z. It is centred on z=0.)

The left plots in the figure show that the impact parameter distribution has the same

width for the thin and thick target, as expected. There is an excess in the region of

d0 ≈30mm, discussed below.

The z distributions reproduce the target dimensions. The small peak visible at around

300mm in the thin target data is due to interactions in the end-cup of the Stesalit

field cage. It is not visible for the thick target data since is masked by a greater

background.
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Figure 13.2: Absolute value of the radial coordinate and longitudinal coordinate of
the impact point for proton collisions on thin (upper) and thick (lower) Ta target for
a 3GeV/c beam momentum.

13.2.1 Investigation on the impact point shape

A closer look at the d0 distribution with its sign, shows that the anomalous excess of

events appears for negative d0 only (figure 13.3).
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Figure 13.3: Impact parameter for thin and thick Ta target data at 3GeV/c.
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Additional information can be obtained by looking at the correlation between d0

and the transverse momentum presented in figure 13.4.
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Figure 13.4: Correlation between the impact parameter and the transverse momentum
for negative (upper) and positive (lower) particles.

For negative particles, two distinct zones are visible, one symmetric around d0 = 0

with relatively low pt and the other asymmetric towards negative d0 values and at

larger pt.

For positive particles, a single zone is observed.

The effect may be interpreted as follows. The majority of the events occurs around

d0 = 0, both for positive and negative charges. However, for large transverse mo-

menta the track curvature is small and the experimental resolution can lead to charge

confusion, i.e. the negative charges might be identified as positive and vice-versa.
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Figure 13.5: Example of events showing the charge assignment problem.

At the same time, the wrong curvature shifts the events from small values of d0,

irrespectively of its sign, to large and negative values. An example of event showing

this charge assignment problem is shown in figure 13.5. This happens symmetrically

in the two charge cases, however, given the unbalance between the two distributions,

the contamination from positive charges on the negative charge distribution is visi-

ble, while the opposite is not true. The excess of events in fact is visible only in the

negative charge case, while , to a first approximation, the one for the positive charge

can be considered as the real one.

Figure 13.6 shows the d0 distributions separately for positive and negative particles

and for different transverse momentum slices. At low momentum, an excess on the

negative d0 side is visible both for positive and negative particles. It can be due to

e+e− pairs generated by photon conversions on the target surface. The tracks cor-

responding to these pairs have in fact negative impact parameter. Going at higher

momenta, where the track reconstruction is more difficult due to the little sagitta
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Figure 13.6: Impact parameter at different Pt values for negative (upper 4 plots) and
positive (lower 4 plots) particles.
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value, for the negative particles the peak of the tracks with wrong charge assign-

ment and negative impact parameter becomes more and more high. The effect is not

clearly visible for the positive particles given the already mentioned unbalance of the

relative abundances.

To remove this systematic effect, only tracks with low absolute values of the im-

pact parameter are considered in the following, and, in particular, particles with

0mm< d0 < 2mm are retained. In this way, tracks with wrong charge assignment

are rejected without yielding any bias in the momentum distributions.

Applying this cut, the distribution of z reported in the plots 13.7 are obtained. There

is no substantial difference with the result obtained before the cut on d0, what proves

that there is no correlation between the z coordinate of the impact point and possible

charge assignment confusion.

For further analysis, an additional selection on the z coordinate of the impact point
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Figure 13.7: z coordinate of the impact point after the cut on d0.

is applied, to cut tracks not originating from the target region and to eliminate the

background.

195



13.3 Momentum distributions

The transverse momentum distributions for the thin and thick targets are displayed

in figure 13.8. The mean pt is around 365MeV/c for both target length.

The maximum kinematically allowed pt is of about 0.7GeV/c but a small fraction of

the events is beyond this value, compatible with the error in the momentum recon-

struction of about 200MeV/c.

The transverse momentum region below 100MeV/c is more populated by negative

particles than positive. Particles with valence antiquarks must originate from gluon

0

20

40

60

80

100

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

ID
Entries
Mean
RMS

              4
           3807

 0.3642
 0.1881

Thin Target

-Total
-Positive charge
-Negative charge

Pt (GeV/c)

0
20
40
60
80

100
120

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

ID
Entries
Mean
RMS

              7
           5575

 0.3647
 0.1943

Thick Target

-Total
-Positive charge
-Negative charge

Pt (GeV/c)

Figure 13.8: Transverse momentum distributions with the Tantalum targets and beam
momentum of 3GeV/c.
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radiation whose emission probability is peaked at low energy. Gluons, in turn, convert

into qq̄ pairs that give rise to soft, charge symmetric particles. In addition, π0 decay-

ing into two photons may create electron-positron pairs that contribute to restore a

charge symmetry. The two cases will be distinguished when it will be possible the use

of the RPCs to identify the particles by time-of-flight. In addition, in the momentum

region below 100MeV/c, the TPC should permit electron/pion separation via dE/dx

measurements.

Longitudinal momentum distributions are shown in figure 13.9. The maximum visible
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Figure 13.9: Longitudinal momentum distributions with Tantalum target and a pro-
ton beam momentum of 3GeV/c.

pz is restricted by the request of large angle interaction that forbids particles in the
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forward direction within a cone of ±0.38 radians around the beam line. Therefore,

the kinematic limit of the order of 1.7GeV/c can not be reached. Indeed, the kine-

matic limit compatible with the angular cut turns out to be around 1.1GeV/c. In

the backward direction, the limit for negative longitudinal momentum is ≈ 250MeV.

The observed distributions are in good agreement with these kinematic limits.

The charge asymmetry increases with the longitudinal momentum because of the

onset of the leading particle effect that gives more momentum to particles with the

same charge of the projectile. This effect would be clearly visible including the for-

ward region in the acceptance.
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Figure 13.10: Correlation between transverse and longitudinal momentum obtained
with the thin (upper plots) and the thick (lower plots) Tantalum target and a proton
beam momentum of 3GeV/c. Positive and negative particles are separated.
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The histograms in figure 13.10 show the pt−pz correlation for positive and negative

particles and are bounded by the large angle cuts that are of the form pt/pz < C,

where C is a different constant for the forward and backward zone. The plots indicate

for the forward region C ≈ 0.4 and for the backward region C ≈ 1.0, in agreement

with expected values. The plots indicate a mild correlation.

13.4 Positive to negative particle ratio

The positive to negative particle ratio summed over all momenta is 6.2 for the thin

target and 5.2 for the thick one. The detailed momentum distributions show that it

is a function of the particles momenta that tends to 1 for soft particles. The thickness

dependence can be attributed to the re-interaction that tends, for thicker targets, to

equalise negative and positive charges in the final state.

13.5 K2K target

K2K [89] is a long baseline experiment which aims to confirm the growing evidence

of neutrino oscillations. A proton beam of 12GeV energy is shone on an Al target.

The pions produced in the collision decay into muons and νµ, which are detected in

a near detector, located approximately 250m downstream the target station. The νµ

beam travels 250 km to the SuperKamiokande detector, where the disappearance of

νµ is investigated (figure 13.11). In K2K the pion yield in the energy region below

1GeV/c is estimated at present using a Monte Carlo. Clearly the experiment would

benefit of a direct measurement of the pion production cross section. For that reason,

aluminium targets similar to that used in K2K and of other various thicknesses were

investigated in the HARP experiment, at a beam momentum of 12.9GeV/c.
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Figure 13.11: Outline of the K2K experiment.

13.6 The analysis of the K2K data

An analysis is reported on “K2K data”collected during August 2002 and based on an

improved version of the reconstruction software with respect to the Tantalum case,

albeit still incomplete and without particle identification.

Two targets are considered, a thin one, of 2% interaction length, and a thick one,

of 100% interaction length. As in the Tantalum case, the thin target position in the

HARP experiment is downstream of the origin while the thick one is centred in the

origin. The target length are 7.9mm and 394.4mm, respectively, while their diameter

is 30mm.

Beam protons are selected vetoing signals in both beam Cherenkov counters.

The same set of preliminary cuts used for the Tantalum is applied, with the exception

of those on the transverse and longitudinal momenta. To take into account the beam

momentum of 12.9GeV/c, the kinematical constraints read:

• transverse momentum below 2.5GeV/c
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• longitudinal momentum in the range −1÷ 6GeV/c

The cut on the longitudinal momentum is not very strict and considers the forbidden

forward and backward angles.

13.6.1 Impact point reconstruction

Figure 13.12 shows the absolute value of the radial and the longitudinal coordinates

of the impact point for the two different target thiknesses. The impact parameter

Figure 13.12: Absolute value of the radial coordinate and longitudinal coordinate of
the impact point for proton collisions on Al thin (upper plots) and thick (lower plots)
target at 12.9GeV/c beam momentum.

distributions have a Gaussian shape, and seem not to show the pathologic excess

observed in the Tantalum data. This is both due to the software improvement, and
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Figure 13.13: Impact parameter at different Pt values for negative (upper 4 plots)
and positive (lower 4 plots) particles.
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to the fact that the data sample is of the 2002 run, when the number of “dead”

pads substantially decreased. The z distributions reproduces well the target dimen-

sions. The shape for the thick target reflects the beam attenuation in z due to the

interactions. At z ≈300mm, the peak due to interactions in the Stesalite is observed:

in the following analysis, a cut on z filters out those events.

A more accurate analysis of the d0 distributions shows that, at high transverse mo-

mentum, when the measurement of the sagitta becomes more critical, the charge

assignment problem is still present, especially for negative particles, as shown in

figure 13.13. The impact parameter histograms show the superposition of two distri-

butions: a first one, peaked at zero, and relative to events correctly reconstructed,

and a second one, shifted towards negative d0 values. This second component be-

comes more and more evident with the increasing of the transverse momentum. The

problem affects only a small fraction of events with respect to the Tantalum case, as

can be also observed comparing figure 13.14, in which d0 is presented as a function

Figure 13.14: Impact parameter as a function of the transverse momentum.
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of the transverse momentum, with figure 13.4.

13.6.2 Momentum distributions

In order to compare the momentum distribution with those obtained in the Tantalum

case, the same cut on d0 has been applied. The mean transverse momentum is

around 410MeV/c while the longitudinal one is around 400MeV/c. Transverse and

longitudinal distributions, shown in figure 13.15 and 13.16, are within the expected

Figure 13.15: Transverse momentum distributions for the Al targets and beam mo-
mentum of 12.9GeV/c.

kinematics bounds and both present a change with momentum of the fractions
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of positive and negative particles. As in the previous cases, they suggest that low

momentum particles stem mainly out of pair production. The positive to negative

particles ratio, integrated over all momenta, is found to be 2.7 for the thin target and

2.5 for the thick one.

The transverse-longitudinal momentum correlation in figure 13.17 is confined by the

Figure 13.16: Longitudinal momentum distributions for the Al targets and beam
momentum of 12.9GeV/c.

curves dictated by the angular cuts: large values of pt/pz are only visible with the

statistics of the thick run.

At first sight, there are no major problems in the 12.9GeV/c run and there is an

205



Figure 13.17: Transverse momentum as a function of the longitudinal momentum for
thin (upper plots) and thick (lower plots) Al target and proton beam momentum of
12.9GeV/c.

overall better quality of the data when compared to the tantalum case.

Unfortunately, no further and deeper investigation of these data is possible as long

as all the needed software algorithms are implemented and the final calibrations of

several relevant part of the detector are completed.
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Merci à Christine, pour son amitié profonde, pour ses conseils et pour son encourage-

ment quotidien...
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