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Abstract

The following project work presents a treatment about the improve-
ment of time resolutions by so-called walk corrections in nuclear phys-
ical experiments. The accuracy of such time resolutions are often in-
sufficient to obtain useful results out of the measured data. With a
walk correction, time resolutions can essentially be improved.
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1 Introduction

In measurements of the photoproduction of mesons with tagged photon
beams an excellent time resolution is important for two reasons: suppression
of random background arising from chance coincidences between production
detector and tagging system. Another point is the distinction between pho-
tons and massive particles (recoil nucleons, charged particles, ec.) in the
production detector via time-of-flight or time-of-flight versus energy.

One effect limiting time resolution is the so-called ’walk’ of the time sig-
nal, which is a shift depending on the amplitude of the signal. If a particle
incides into a detector, it produces scintillation light, which is converted into
an electric signal (charge). The discriminator produces a logic output signal,
when the charge input crosses the threshold. The measured time is the time
at the crossing point. This happens a little bit later than the incident of
the particle. This time difference is called twalk, depends on the energy of
the particle and can be determined in a fitting process. twalk is afterwards
subtracted from the measured time and the ideal time is obtained, which
the walk effect is extracted at.

2 Theoretical Background

The study of nucleon resonances plays an important role for the understand-
ing of the nucleon structure. Only limited tests of model assumptions can
can be obtained from the study of the excitation spectrum alone. Much
more crucial tests come from the investigations of transitions between the
states which are more sensitive to the model of wavefunctions. Photopro-
duction of mesons and pion scattering reactions are excellent tools for the
study of nucleon resonances. While pion induced reactions profit from the
large hadronic cross sections, they do not allow to study electromagnetic
transition amplitudes.

Complementary to these reactions, photoproduction on the free proton con-
tributes to the determination of the basic properties of nucleon resonances
like the excitation energy, decay width, spin and the coupling of the photon.
Photoproduction from light nuclei, in particular from the deuteron, reveals
the isospin structure of the electromagnetic excitation of the nucleon. Since
there are a lot of resonances, only the ∆(1232) resonance shall be treated
shortly. It is the best known excited state of the nucleon.
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Figure 1: resonances of the proton and the neutron

The excitation occurs in two ways. In the electromagnetic case, one
quark is spin-flipped by the absorption of a magnetic dipole M1-photon,
which for pion production corresponds to the M1+-multipole. The excitation
can also proceed via the absorption of an electric quadrupole E2-photon,
corresponding to the E1+-multipole, where the photon is absorbed on a
quark pair correlated by gluon or meson exchange currents resulting in a
spin-flip of the pair.

Figure 2: the two possibilities to excite a nucleon

E2-transition is also possible, when the ∆ or the nucleon has a non-
vanishing d-state component in its wavefunction. The E2 admixture in the
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amplitude is sensitive to the internal structure of the nucleon. The quantity
of interest is the ratio:

REM =
E

(3/2)
1+

M
(3/2)
1+


W=M∆

(1)

Out of this ratio, the determination e.g. of the magnetic moment of the
∆-resonance or the helicity dependence of pion photoproduction is possible.
The experiment, that needs the walk correction the most, is the determina-
tion of the magnetic moment. The ∆-resonance is excited by a real photon,
and decays within its final width via an electromagnetic M1-realignment
transition. Finally, the resonance deexcites by emission of a π0-meson to
the nucleon ground state.

Figure 3: excitation of the proton

The reaction can be written in the following way: p(γ, π0γ′)p. A clean
identification of the γ′, which is sensitive to the magnetic moment, is based
on a good time resolution.
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3 Experimental Setup

There are two essentially different techniques applied to produce photon
beams: bremsstrahlung and compton backscattering: In Mainz, bremsstrah-
lung is used for the photoproduction. In this case, the electron beam from
the accelerator impinges on a radiator (usually a thin metal foil). The scat-
tered electrons produce bremsstrahlung and are momentum selected with
magnetic fields and detected in the focal plane of the magnetic spectrome-
ters called TAGGER.

Figure 4: production of the photon beam

The energies of the photon and the scattered electron are correlated via
the known incident electron energy.

Etot = Eγ + Ee− (2)

The essential reaction happens in the Crystal Ball detector, that con-
sists of 720 single NaI-scintillators. The incident photon excites a proton.
The obtained ∆(1232) resonance deexcites under production of a pion, that
decays in two photons, which are detected in Crystal Ball. Therefore, three
events are counted in Crystal Ball: the recoiling proton and the two gammas.

An essential point is the fact, that an incident photon produces an elec-
tromagnetic shower, which expands to the scintillators in the neighborhood.
These events are denoted as one cluster. To get the energy of the incident
photon, one has to sum over the energies of all the single events belonging
to the cluster. The time of the cluster is taken at the central event, since
the other events are delayed by the movement of the particles to the side.

There are two more detectors in this setup. The TAPS, the Two Arms
Photons Spectrometer, which consists of 500 single BaF-scintillators and
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completes the Crystal Ball, since this one is not closed on its back. Addi-
tional, there is the PID, the Particle Identification Detector, in the middle of
the Crystal Ball. The PID is not a calorimeter and particles just fly through
it. It does not detect uncharged particles, but charged particles like protons
or charged pions produce a ∆E-signal which allows separation of neutral
and charged particles.

Figure 5: reaction in the Crystal Ball detector

4 The Programming of the Walk Correction

4.1 How does the Walk Correction work

If a particle is detected in a calorimeter, it produces scintillation light which
is converted into an electric signal. The discriminator decides, if the signal is
counted or not. Therefore, a energy threshold is given by the discriminator.
The energy of the signal is distributed over a short time. It first rises steeply
from zero to maximum and then falls off slowly. An incident particle is
detected, when the energy crosses the threshold and not, when the energy
starts rising, as it ideally should be. This time difference is called the twalk

and depends on the energy of the particle. The bigger the energy, the smaller
is twalk. Different signal amplitudes have different twalk. A constant shift in
time would not influence the time resolution. The peak just would look the
same as before but now shifted in time.
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Figure 6: energy distribution over time of two incident particles with differ-
ent energies

tideal can be calculated in the following way.

tideal = tmeasurement − twalk (3)

twalk can be expressed in a term of the energy. It is

twalk = p1 + p2E
p3 (4)

This formula has been found empirically, p1, p2 and p3 are parameters, that
can be determined in a fit. But this is described later. In the following,
a loop is done over all TAGGER- and Crystal Ball-channels. One hit in
TAGGER and one in Crystal Ball make a count, that belongs to a time
difference ∆t = tCB − tTAGG. If now a histogram is plotted with ∆t on the
x-axis and the number of counts N on the y-axis, the result is a symmetric
peak. That shows, that the events in both detectors are correlated. If there
would not be any coincidence, the number of counts would be uniformally
distributed.

4.2 Identification of the Main Process

Beside the main process described in the experimental setup, there can
occur other reactions, e.g. the production of two pions, that decay into
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four photons. These reactions complicate the analysis and are therefore cut
out. This selection is done to get a clean set of data, so that the correction
can be performed precisely. In regard to this, the analyzed events must
fulfill all of the following three conditions.

• There are exactly three cluster-events detected in Crystal Ball and
none in TAPS. There is one from the proton and two from the photons.
If there are more or less than three events, the program cuts out this
reaction.

• If the projection along the incident photon beam is regarded, the pro-
ton moves in the opposite direction of the pion, because there is not a
third particle. The difference of their azimutal angle must be between
170 degrees and 190 degrees. Otherwise the program cuts out this
reaction too.

• The last point is the identification of a π0. Since processes with more
than three events are cut out before, other decay modes than the
(π0 → 2γ)-channel are no longer considered and the decay into two
photons can be looked at. The sum of the squared four-momentum of
the two photons must be the the square of the invariant mass of the
π0. This is given by the formula of the relativistic energy.

E2 = p2c2 + m2c4 (5)

The cut is done between 100 MeV and 160 MeV, whereby the mass of
π0 is about 135 MeV.

4.3 The Fit of the Data

As mentioned in the chapter 4.1, twalk depends on the energy of the particle
E in the way described in (4).

The parameters p1, p2 and p3 can be determined for each of the 720 crystals
in a fit of the E(tCB)-diagram. Of course, the crystals are not fitted by
hand each, but a loop is done over all the fits, since it is too much expense.
Therefore a 3-dimensional diagram is created with E on the x-axis, tCB on
the y-axis and the crystal number N on the z-axis. In the following, the
3D-diagram is cut into slices along the z-axis at each crystal number. The
result is 720 E-tCB-diagrams one for each single detector.

But these diagrams cannot be fitted yet. They consist of bins in a grid
pattern and each contains the number of hits at a certain time and energy.
At a certain energy, there are hits found at a few times.
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Figure 7: 3-dimensional diagram with E(MeV) on the x-asix, t(ns) (negative
numbers) on the y-axis and the crystal number N on the z-axis

Figure 8: fit of an E-t-diagram, additional is shown the bins in grey
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But to fit a diagram, just one time is needed to an energy. Therefore
the time with the most hits is taken. The new diagram can now be fit-
ted. The fitting of the plots is done by Root, a data analysis framework
based on the object-oriented language C++. The whole process of fitting is
written in a macro and the fitted parameters of each Crystal Ball detector
are written in a data file, which is used later on. Instead of fitting all the
parameters, p3 can be set to -0.5 for all the detectors. This value is found
empirically. This way is more efficient with regard to the numerical expense.

Another possibility to fit p1, p2 and p3 is to replace tCB by the difference
between the proton time in the PID tPID and the tCB. Again, p3 can be
fixed at a certain value for all the crystals. In this case, p3 is set to -0.33,
which is found empirically too.

5 Results

Once the parameters of all the crystals are fitted and written in the data
file, the measured data can be analyzed. A histogram is drawn with ∆t =
tCB − tTAGG on the x-axis and the number of counts on the y-axis, again
as described in (4.1). The difference is, that the used tCB is now corrected
and twalk is already subtracted from the former tCB. The result is a peak,
that has a much smaller FWHM than before.

Figure 9: Best result: These Data has been fitted with the tPID-tCB. It is
∆t on the x-axis and the number of counts on the y-axis.
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Figure 10: peak before the walk correction: The peak has a FWHM of about
20 ns. The hits beside the peak is the background from TAGGER.

Figure 11: peak after the walk correction: The peak has a FWHM of about
2.5 ns. The time resolution has been improved about a factor 8. Additional
the ratio of prompt to coincident hits r = Nprompt

Ncoic.
has also been improved

about a factor 10.

11



This means, that the time resolution has been improved. The best
FWHM has been reached, when tPID − tCB has been taken instead of tCB

in the fit. By using the PID, one avoids the coincident hits occuring in the
TAGGER. The fit with tPID− tCB achieves a FWHM of 2.5ns ± 0.2ns. The
fit with tCB achieves a FWHM of 3.5ns ± 0.2ns.
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