
 

 

 University of Groningen

Strangeness photoproduction on the deuterium target
Shende, Sugat Vyankatesh

IMPORTANT NOTE: You are advised to consult the publisher's version (publisher's PDF) if you wish to cite from
it. Please check the document version below.

Document Version
Publisher's PDF, also known as Version of record

Publication date:
2007

Link to publication in University of Groningen/UMCG research database

Citation for published version (APA):
Shende, S. V. (2007). Strangeness photoproduction on the deuterium target. s.n.

Copyright
Other than for strictly personal use, it is not permitted to download or to forward/distribute the text or part of it without the consent of the
author(s) and/or copyright holder(s), unless the work is under an open content license (like Creative Commons).

The publication may also be distributed here under the terms of Article 25fa of the Dutch Copyright Act, indicated by the “Taverne” license.
More information can be found on the University of Groningen website: https://www.rug.nl/library/open-access/self-archiving-pure/taverne-
amendment.

Take-down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.

Downloaded from the University of Groningen/UMCG research database (Pure): http://www.rug.nl/research/portal. For technical reasons the
number of authors shown on this cover page is limited to 10 maximum.

Download date: 25-05-2023

https://research.rug.nl/en/publications/3014c494-e021-4bc7-b7a4-6fdeb7331d91


Chapter 5

Particle Reconstruction and Analysis

In this thesis photonuclear reactions on the deuteron are studied, where the
channel of interest is γd → K0Σ+n. Since the K0 and Σ+ have very short

life time, they can’t be detected directly by our detector set-up. Instead the
decay particles (γ and proton) are measured. Our detector system is ideal for
detection of photons and protons. In this chapter we will present the method
used for particle reconstruction in the Crystal Barrel and TAPS. Subsequently the
analysis technique used for reconstructing the kinematical variables is discussed.

5.1 Reconstruction of particles in TAPS

A high-energy photon does not deposit its full energy into one single crystal, but
will share some energy with the neighboring crystals. In order to read the full
energy we need to form a cluster of the relevant detectors and determine the
total signal in the cluster.

5.1.1 Energy reconstruction (clustering) in TAPS

A cluster is the largest possible group of adjacent BaF2 crystals of TAPS in which
an energy greater than the CFD threshold was registered. The deposited energy
of the particle is calculated by the integration over all modules in the cluster. The
crystal that recorded the highest energy in the cluster is referred to as the central
crystal. A cluster-finding algorithm was used to scan over all the modules and
to identify such clusters. The average CFD threshold was set to 10 MeV and the

59
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Figure 5.1: Schematic drawing of the error caused by the particle entering TAPS at an
angle α and forming a shower after entering a distance d into the detector. This causes
the distance between the entry point and the beam axis to appear as Y but the correct
distance is Y ′. The reconstruction routine corrects for this effect by calculating d using
the energy of the particle.

crystals with an energy deposit of less than that were discarded by the software.
Sometimes a group of crystals is identified by mistake as a separate cluster even
though it should be part of the main cluster. This effect is caused by fluctuations
of the electromagnetic shower and is called a “split-off”. In order to reduce split-
offs, the clusters with a total energy deposit less than 25 MeV are discarded by
the reconstruction routine.

5.1.2 Position reconstruction in TAPS

The X and Y position of the particle in TAPS is reconstructed by a weighted sum
of the position of individual BaF2 crystals which participate in the cluster. The
positions are given by (see figure 5.1):

−→
X =

∑
i
wi
−→xi∑

i
wi

,
−→
Y =

∑
i
wi
−→yi∑

i
wi

(5.1)

The weights wi are based on the energy Ei deposited in a single crystal,

wi = MAX
{

0,
[
W0 + ln

Ei∑
i
Ei

]}
(5.2)

The value of the constant W0 = 4 is found from GEANT simulations [63]. When
the reconstruction assumes that the electromagnetic shower starts at the front
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face of the TAPS detector. In reality the photons penetrate some distance into the
crystal material before the shower development starts and energy is deposited.
As shown in figure 5.1, this effect causes an error on the position. To correct for
this error the impact depth d is calculated, which depends on the crystal material
and energy deposited as:

d = X0

(
ln(

E

Ec

) + 1.2
)

(5.3)

where X0 is the electromagnetic radiation length and Ec is the critical energy for
the crystal, E is the shower energy. In our case, for BaF2, X0 = 2.05 cm and
Ec = 12.78 MeV. The new values of X′ and Y′ are used for the particle position
reconstruction. The final angular resolution for photons obtained in this way is
0.022 rad.

5.2 Reconstruction of particles in the Crystal Barrel

The reconstruction of particles in the Crystal Barrel is similar to that of TAPS, but
with some modifications. The energy deposited in a single crystal must be higher
than 13 MeV for the crystal to be added to a cluster. The clusters with a total
energy below 20 MeV are discarded. If multiple local maxima are found within
a cluster, that cluster is split and the energy in the cluster is divided over the
different sub-clusters. These sub-clusters are known as Particle Energy Deposits
(PED’s).

In figure 5.2, each square is a single crystal and non-white crystals are those
in which a particle has deposited energy. If multiple maxima are found (crystal A
and B in figure 5.2), the routine forms two PED’s corresponding to two maxima.
The energy deposited in that crystal, which only has one of the local maxima as a
direct neighbor, is added to the PED, which corresponds to that local maximum.
For example in figure 5.2, crystals C and D are added to the PED corresponding
to crystal A, and crystal E is added to the PED corresponding to crystal B. There
are some crystals F, G and H, which have both maxima as neighbor. In these
cases the energy deposited is shared by both PED’s. For both maxima, the ratio
between the energy of the central module to the central module plus its eight
neighbors is calculated. The energy deposited in the modules common for both
maxima (F, G and H) is split up between both PED’s using determined ratios as
weighing factors. The appropriate weights are determined for both maxima by
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Figure 5.2: A situation in the Crystal Barrel where two clusters are overlapping. The
reconstruction routine looks for local maxima within the cluster. If two local maxima
occur, the cluster energy is divided among the two overlapping showers.

taking the ratio between the energy of the central module and the energy of this
module and the eight direct neighbors. The energy deposited in crystals that
have none of the local maxima as a neighbor (I and J in the figure) are added
to the corresponding PED’s. Thus the PED’s and not the cluster contain the in-
formation about energy and position of the particle. The position reconstruction
for each PED is the same as in the case of TAPS, using the logarithmic weighting
procedure that is outlined in section 5.1.2, but with W0 = 4.25 instead of 4.0
MeV.

5.3 Simulation

The complete data reconstruction and analysis has been incorporated in a Monte
Carlo simulation using GEANT 3.21. GENBOD [64], a phase space event gen-
erator is used to generate the events. The simulation package is maintained by
[66]. The geometry of the experimental setup has been included as accurate
as possible. The simulated experimental setup is shown in figure 5.3. The In-
ner detector, Crystal Barrel, TAPS, CPV detector are shown in the figure. Any
other relevant matter which is placed in the path of the reaction products such
as beam pipe, target cell was also added into the simulation. About 10 million
events have been simulated for the γd → K0Σ+n → 3π0pn → 6γpn reaction
channel. The momentum distribution of the nucleon inside the deuteron is de-
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Figure 5.3: The geometry of the experimental set up included in the GEANT simulation.
In this picture the Crystal Barrel and TAPS crystals have been made visible. For simplicity,
details such as support structures are not shown.

fined by the Paris model [65] and implemented into the simulation. To analyze
the simulation data, the same reconstruction routine and analysis method is used
as for the experimental data.

5.4 Proton identification

5.4.1 Proton identification in TAPS

A proton in the TAPS detector is identified using the CPV detector information.
The geometry of the CPV detector is explained in section 3.1.6. When the proton
passes through the CPV plastic scintillator, it produces a signal. This signal is
used to identify the proton candidate as a charged hadron. The proton detection



CHAPTER 5. PARTICLE RECONSTRUCTION AND ANALYSIS 64

efficiency has been studied by [34] and it is found to be about 80%.

5.4.2 Proton identification in Crystal Barrel

Identification of a proton in the CB detector is done by using the Inner detector.
More information about the geometry of the Inner detector is given in section
3.1.5. The Inner detector has three layers of scintillating fibers. When a charged
particle traverses the scintillating fibers they produce a signal because of energy
loss in the fibers. These signals are then used to determine the particle position
and whether the particle is charged (or neutral). Because of some inefficiency
sometimes one of the fibers doesn’t register a hit but the other two register. So,
any of the two fibers, which has registered a hit, is considered for the identifi-
cation. The position of the charged hit in the Inner detector is reconstructed. A
matching of the Inner detector with the corresponding CB crystal is performed.
In this method a straight line is constructed between the target center and the
impact position on the Inner detector. If the corresponding hit in the CB is found
then this particle is marked as charged.

5.4.3 Proton energy in TAPS

High energy protons (more than 400 MeV) can not deposit all their energy into
the TAPS crystals. These are called punch-through protons. A correction for the
energy of such protons is required. In figure 5.4, the energy deposited by the
proton is plotted as a function of its time-of-flight. The left-side picture is for the
simulation and the right-side is plotted for the data. It is clearly seen that the
fast protons (time-of-flight < 2 ns) do not deposit their full energy. Slow protons
(time-of-flight > 2 ns) do deposit the complete energy (shown by the tail in the
figure). In our analysis, for slow protons we used the deposited energy. The
correction of the energy for punch-through protons is based on missing energy
and missing momentum. The correction procedure assumes that the neutron
energy and momentum is zero. First, the missing energy for the proton (EPA

)is
calculated using the energy balance and ignoring the neutron:

EPA
= Ebeam −

6∑
i=1

(Eγi) (5.4)

Second, the missing energy for the proton (EPB
) is calculated from missing
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Figure 5.4: Time-of-flight vs energy deposited by protons into TAPS. Left: for the simu-
lation. Right: for experimental data.

momentum:

Px = Pxbeam
−

6∑
i=1

(Pxγi
)

Py = Pybeam
−

6∑
i=1

(Pyγi
)

Pz = Pzbeam
−

6∑
i=1

(Pzγi
)

EPB
=
√
Px

2 + Py
2 + Pz

2 (5.5)

The average of the two calculated proton energies ((EPA
+ EPB

)/2) is used
for further analysis. This procedure of calculating the proton energy has been
tested using the simulation. In figure 5.5 the proton energy correction is shown.
The left-side picture shows the correlation between the deposited energy and
the simulated energy of the proton. A nice correlation can be seen upto the
proton energy 400 MeV. Above 400 MeV the protons punch through the TAPS
crystal and do not deposit their complete energy. The deposited energy for these
punch-through protons is corrected using the procedure explained above (using
equation 5.4 and 5.5). These protons are identified by inspecting the time-of-
flight information. As shown in figure 5.4, the punch-through protons have time-
of-flight less than 2 ns. So a cut on time-of-flight has been done to select these
fast protons. The right-side picture in figure 5.5 shows the correlation of the
corrected energy of protons with the simulated energy. A good correlation has
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Figure 5.5: Proton energy correction for the simulation (explained in text). Left : de-
posited energy of the proton is correlated with the generated energy. Right : corrected
energy is correlated with the generated energy.

Figure 5.6: Time-of-flight vs corrected energy for protons in TAPS. The correction is
applied as explained in the text.

been observed. The energy resolution (σ) of 21 MeV is obtained after the proton
energy correction.

In figure 5.6, the corrected energy of the proton is plotted as a function of
time-of-flight. The fast protons are nicely aligned along the curve. A vertical
edge separating fast protons and slow protons can be seen at 2 ns in the picture.
This is due to the cut we made in order to select only fast protons. The corrected
proton energy is reliable and can be used for further analysis.
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5.5 Analysis method

The channel under investigation is γd → K0Σ+n → (π0π0)(π0p)n → 6γpn. In
the final state we have 6 photons, 1 proton and 1 neutron. Since the neutron
detection efficiency for our detector set up is very low, we decided to calculate
the four-momenta of the neutron instead of measuring it. Since four-momenta
of all the photons and a proton are measured, the energy and momentum of the
neutron can be calculated.

Preselection of the data has been done before the analysis begins. Seven-PED
events have been preselected from all the events. About 5% of the total number
of events have been found to contain seven hits. Subsequently the proton has
been identified using the procedure discussed in section 5.4. Out of 6 measured
photons in the final state all possible combinations of two photons have been
made. The 2γ invariant mass is plotted for all the combinations. Figure 5.7
shows the 2γ invariant mass for all combinations of two photons. Only the
events which form 3π0 from 6 photons have been selected for further analysis. A
window of 80 MeV about the pion mass has been made as shown in figure 5.7.

The events which survive after the cut on π0 mass are passed through the
kinematical fit routine (explained in section 5.6). Before reconstructing K0 and
Σ+ particles, one more cut on the η mass has been applied in order to reduce
physical background. However since we would like to observe the effect of the
kinematical fit on the η mass and resolution, we allowed all these events to
pass through the kinematical fit. Therefore, the η-rejection has been applied
just before the K0 and Σ+ reconstruction. The results from kinematical fit are
explained in the next chapter. The flow chart of the analysis procedure is given
in figure 5.8.

5.6 Kinematic fit

A kinematic fitting procedure is used to calculate the four-momenta of the neu-
tron. Kinematic fit is a least-square fit with constraints, performed on an event-
by-event basis. It makes use of the measured parameters of the particles i.e
energy and polar angles (θ and φ) of all the photons and the proton. Except
for the proton energy the corrected energy is used. The constraints are formed
by conservation of energy and momentum and the masses of the intermediate
particles. It is possible to calculate the unknown parameters using the known
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Figure 5.7: The 2γ invariant mass for all combinations of 2 photons from 6 photons per
event. The two vertical lines shows a window about the π0 mass.

parameters from some of these constraints. If η1, η2, ..., ηn are the measured pa-
rameters and x1, x2, ..., xr are the unknown parameters, they can be represented
in vector form as:

η0 =


η1

η2

...
ηn

 , x0 =


x1

x2

...
xr


where η0 is the set of measured parameters and x0 is the set of unknown pa-
rameters. The unknown parameters have been calculated using some of the m
constraint equations and are used as a first approximation for the kinematic fit:

fj(η, x) = 0 j = 1, 2, ...,m (5.6)

The measured parameters contain measurement errors which are stored in the
error vector δ. The vector of measured values η0 differs from the vector of real
values η by an error δ.

η = η0 − δ (5.7)

x = x0 − ξ (5.8)

The kinematic fit tries to find new vectors η and x that fulfill the constraints
exactly by varying the values of the measured parameters. The limit to the vari-
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Figure 5.8: A flow chart used for the analysis in this work. The branch on the left
side (light arrows) shows the path for the experimental data. The right-side branch
(dark arrow) is the path for the K0Σ+ phase space simulation. The paths for data and
simulation are common at the begining which points to the fact that the simulation and
data are treated in the same manner. From the data the K0 counts were determined.
The simulation was used to determine the acceptance, which at the end was used to
determine the cross section.
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ation of the measured parameters is given by the error on the parameters. We
require that the functions fj can be approximated by linear functions. The con-
straints can be made linear by making an expansion around the initial values η0,
x0 as:

fj(η, x) = fj(η0, x0)

+

(
∂fj

∂η1

)
η0,x0

(η1 − η01) + .....+

(
∂fj

∂ηr

)
η0,x0

(ηr − η0n)

+

(
∂fj

∂x1

)
η0,x0

(x1 − x01) + .....+

(
∂fj

∂xr

)
η0,x0

(xn − x0r) (5.9)

There are m such constraints. We can define in above equations

A = [a]m×r =


( ∂f1

∂x1
) ( ∂f1

∂x2
) · · · ( ∂f1

∂xr
)

( ∂f2

∂x1
) ( ∂f2

∂x2
) · · · ( ∂f2

∂xr
)

...
... . . . ...

(∂fm

∂x1
) (∂fm

∂x2
) · · · (∂fm

∂xr
)

 ,

B = [b]m×n =


(∂f1

∂η1
) (∂f1

∂η2
) · · · ( ∂f1

∂ηn
)

(∂f2

∂η1
) (∂f2

∂η2
) · · · ( ∂f2

∂ηn
)

...
... . . . ...

(∂fm

∂η1
) (∂fm

∂η2
) · · · (∂fm

∂ηn
)

 , and cm =


f1(η0, x0)

f2(η0, x0)
...

fm(η0, x0)


Using equation 5.8 we can write equation 5.9 in the form :

Aξ +Bδ + c = 0 (5.10)

To solve this system of equations using the method of least-squares we need
to minimize the following equation :

δTGyδ = min (5.11)

where Gy is the weight matrix of the measurement, defined as the inverse of
the covariance matrix. This minimization under constraints is done using the
method of Lagrange multipliers. For this we introduce a m-vector µ of the La-
grange multipliers. Then the Lagrange function, L, is given by:

L = δTGyδ + 2µT (Aξ +Bδ + c) (5.12)
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The total derivative of equation 5.12 with respect to δ and ξ must vanish.
This is equivalent to:

Gyδ +BTµ = 0 (5.13)

2µTA = 0 (5.14)

By solving these two equations and using equation 5.9 we get the values for
δ and ξ as:

δ = −Gy
−1BTGB(c− A(ATGBA)−1ATGBc)

ξ = −(ATGBA)−1ATGBc (5.15)

where

GB = (BGy
−1BT )−1 (5.16)

The new estimates for η and x are given by equations 5.7 and 5.8. If the
equations 5.6 are linear, then the relation 5.9 already gives the final result. In
the nonlinear case, the values obtained are considered as input for the next it-
eration as a good approximation. Again new matrices A, B and vector c are
computed and better approximations are obtained by using them in the rela-
tion 5.13 through 5.16. This iterative procedure is repeated until the results
converge. This fitting procedure is adopted from [15] and [67].
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5.6.1 The hypothesis

To perform the fit we need some set of equations, called the hypothesis. In this
case seven constraints (1 for the energy balance, 3 for the momentum balance,
3 for the three π0 invariant masses) have been used:

Ebeam − Eprot −
6∑

i=1

Eγi − Eneut = 0

px,beam − px,prot −
6∑

i=1

px,γi − px,neut = 0

py,beam − py,prot −
6∑

i=1

py,γi − py,neut = 0

pz,beam − pz,prot −
6∑

i=1

pz,γi − pz,neut = 0 (5.17)

E2
γ1 − p2

x,γ1 − p2
y,γ1 − p2

z,γ1 + E2
γ2 − p2

x,γ2 − p2
y,γ2 − p2

z,γ2 = M2
π0

E2
γ3 − p2

x,γ3 − p2
y,γ3 − p2

z,γ3 + E2
γ4 − p2

x,γ4 − p2
y,γ4 − p2

z,γ4 = M2
π0

E2
γ1 − p2

x,γ5 − p2
y,γ5 − p2

z,γ5 + E2
γ6 − p2

x,γ6 − p2
y,γ6 − p2

z,γ6 = M2
π0 (5.18)

The first four equations are used to calculate the neutron energy and mo-
mentum. The other three equations are used to improve the resolution in the
particle reconstruction. To make an expansion of each of the above equations
(ref. equation 5.9), the partial derivatives need to be calculated. As an ex-
ample, the derivatives of the constraint on the momentum in the x direction
(px(θγ1, φγ1, Eγ1), one of the equations in 5.17) with respect to θγ1, φγ1 and

√
Eγ1

of one of the outgoing photons (γ1) are :

∂px(θγ1, φγ1, Eγ1)

∂
√
Eγ1

= 2 ·
√
Eγ1 cos θγ1 sinφγ1

∂px(θγ1, φγ1, Eγ1)

∂θγ1

= (
√
Eγ1)

2 cos θγ1 cosφγ1

∂px(θγ1, φγ1, Eγ1)

∂φγ1

= (
√
Eγ1)

2 sin θγ1 sinφγ1 (5.19)

In a similar way the other derivatives have also been calculated. In this cal-
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culation there are in total 189 derivatives involved in one iteration.

5.6.2 Input values

The initial values for the fit are the measured energies and angles of all the pho-
ton and a proton. For the fast protons, the corrected energy was used (see section
5.4.3), because protons with a kinetic energy above 450 MeV punch through the
TAPS detector. This means not all of its energy is deposited in the detector, and
the energy measured by the detector is wrong. For the incoming photon, the
energy used by the tagger was used. The neutron was a free parameter and its
energy and momentum were determined from the constraint equations in the
kinematic fit. One important thing to note is that neither the K0 nor the Σ+

mass is used as constraint in the fit.

5.6.3 Input errors

During the kinematic fit the measured parameters of the particles are modified
within an error on that parameter. The resolutions on the measured values are
carried by the matrix with the diagonal elements are given by inverses of the
measurement resolutions. The other elements of the matrix were set to zero.
Approximations for the resolutions on the energy and direction of photons mea-
sured in the Crystal Barrel have been taken from earlier analysis [68]. An esti-
mation of the resolutions on the angles θ and φ of the photon measured by TAPS
has been determined using a Monte Carlo simulation, and it is found that those
resolutions can be approximated by:

δθ = 0.022 rad

δφ =
2.0

tan θ ·R
rad (5.20)

where R = 118 cm is the distance from the front plane of TAPS to the target
center. The resolution for the energy measurements of photons in TAPS have
been used from the earlier analysis [15].

The energy resolution on the incoming photon beam is given by the tagger
system. To estimate the resolution the corresponding electron hit in the tagger
fiber is considered. The energy difference between the center fiber of a cluster
and both its neighboring fibers is determined. The average of these two dif-
ferences is used as an estimate for the resolution. The resolution is found to be
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Figure 5.9: The correction factor α determined by taking the ratio of life time to spill
time.

function of beam energy and vary between 15 MeV for low tagged photon energy
and 2 MeV for high tagged photon energy.

5.7 Photon flux determination

The total data set contains a certain number of events that has been recorded by
the detector system. The recorded number of events needs to be normalized to
the number of tagged photons Nγ passing through the target. This information
is directly proportional to the number of e− hits N fiber

Scaler measured by the tagger
system. Every recorded scaler event contains the number of hits in the tagger
fibers as well as tagger bars within a certain time window. Therefore, the number
of photons is:

Nγ = N fiber
Scaler (5.21)

This equation 5.21 is true if all the photons corresponding to electron hits in
tagger fibers pass through the target and if the detection efficiency of the tagger
is 100%. But in reality this is not exactly true. Therefore, equation 5.21 has to be
corrected for the tagging efficiency and the probability Pγ for the corresponding
photon passing through the target. The dead time of the detection system also
has to be taken into account. The fiber scaler registers events only within the
spill time 1. Since the fiber scalers were not life time gated, the number of scaler

1The beam of electrons is not delivered continuously by the accelerator, rather it is first accu-
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events must be multiplied by the correction factor alpha which connects spill
time and life time. Therefore equation 5.21 becomes:

Nγ = N fiber
Scaler · α · Pγ (5.22)

The distribution of the correction factor α is shown in figure 5.9. It is calculated
by taking the ratio of life time to spill time.

In order to determine the term Pγ, particular TaggerOR runs were taken dur-
ing the experimental run. In these runs the trigger is not generated by TAPS but
by the condition that at least one electron hit is measured by the tagger. During
the TaggerOR run the information on total number of photons is provided by the
MultiHit-TDC spectrum of the Gamma Veto detector (section 3.1.1). All detector
modules of this detector start recording the events at the same time (Common
Start). Then the first signal arriving after the Start signal provides the Stop sig-
nal to the first counter, while the second signal stops the second counter and so
on. In order to estimate the total number of photons measured by the Gamma
Veto detector in coincidence with the tagger, a proper time window for tagger
and Gamma Veto detector has to be selected. To do this we have to inspect the
TDC spectra of the tagger system. The tagger bars are equipped with single hit
TDC’s and provide the trigger while the tagger fibers are equipped with MultiHit
TDC’s. The time bases for both tagger bar and tagger fibers are different. So a
correct time window has to be determined in order to estimate the coincident
events between tagger and Gamma Veto detector. For tagger bars, the start sig-
nal is given by the trigger (Common Start) and the stop signal is given by the
individual detector. For tagger fibers, the start signal is produced by the individ-
ual detector and the stop signal is provided by the trigger. The TDC value for a
tagger bar and a tagger fiber is given by:

tagger bar TDC = tindividual tagger bar − ttrigger (5.23)

tagger fiber TDC = ttrigger − tindividual tagger fiber (5.24)

A typical TDC spectrum of the tagger bar is shown in figure 5.10 (left). The
events which are well in time can be seen under the prompt peak. The un-
derflow2 events appear as spike at 0 ns in the figure. To define a correct time

mulated by several filling cycles from the Booster-Synchrotron in the Stretcher ring, is accelerated
there up to the desired energy Ee− = 3.2 GeV and then is extracted into the experimental hall in
so called spills. Typically a spill has a duration of 5− 8 s.

2The tagger bars are working in Common Start mode where the start signal is provided by
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Figure 5.10: Left: Uncalibrated TDC spectrum of the Tagger bar. The prompt peak is
seen along with the underflow events. Right: The TDC spectrum of the tagger fibers
for the underflow events in the left picture. Peaks corresponding to prompt events and
underflow events are visible. The time difference between the two peaks is about 100
ns as shown by the dotted vertical bars.

window on the tagger fiber TDC spectrum, we must also consider the underflow
events. The tagger fiber TDC spectrum for these underflow events is shown in
figure 5.10 (right). Two peak structures are visible, one corresponding to prompt
events (start signal) and the other to the stop signal (given by OR between the
tagger bars). The time between these two peaks give the time base over which
the tagging efficiency should be determined. The two peaks cover the region
-188 ns to -88 ns which gives the time base of 100 ns.

We have to consider only those photons in the Gamma Veto detector which
are coincident with the hits in tagger fibers in the time range of -188 ns and -88
ns. The TDC value for Gamma Veto detector is given by:

Gamma Veto TDC = tindividual tagger bar − ttrigger (5.25)

The TDC spectrum of the Gamma Veto detector for this 100 ns wide time window
is shown in figure 5.11. As shown in this graph it consists of a number of regions.
The prompt peak corresponds to events for which a photon seen by the Gamma

the TaggerOR trigger. Once this signal arrives, the TDC becomes insensitive for short duration.
At very high rate it may occur that the next trigger signal arrives very soon even if the TDC is
insensitive because of the previous event. In this case the tagger bar TDC records 0 ns. This type
of situation is called underflow. These events might be valid events and the timing information
for these underflow events can be restored by inspecting the MultiHit TDC spectrum of tagger
fibers for these events.
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Figure 5.11: The Gamma Veto MultiHit TDC spectrum.

Veto is coincident with an electron seen by the tagger. On the right side of the
peak we find the uncorrelated events. On the left side of the peak we find good
events as well as uncorrelated events. To estimate the number of true photons
measured by the Gamma Veto, a 100 ns window has been applied on this graph
starting from the peak towards the left side of the peak. It covers a time region
from 40 ns to 140 ns. An estimate of the background on the left side is made on
the basis of the background level visible at the right side of the peak. Then the
term Pγ in equation 5.22 is simply given by:

Pγ =
Nγ

Ne−
(5.26)

where Nγ is the total number of photons seen by the Gamma Veto detector in the
time window of 100 ns, Ne− is the total number of e− measured by the tagger in
the 100 ns time window. In figure 5.12 the ratio from equation 5.26 is shown for
a period of six days from the Jan 2003 data taking period. A tagging efficiency
of about 80% is measured. More details about the procedure discussed here can
be found in [69] and [35].
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Figure 5.12: The tagging efficiency as a function of days for a period of a few days in
Jan 2003.

Figure 5.13: The calculated photon flux in this work. Left: this graph is for an e− beam
energy Ee− = 3.2 GeV. Right: this graph is for Ee− = 2.6 GeV. In both graphs the flux is
compared to the function given by equation 5.27.
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The total number of coincident photons according to equation 5.22 normal-
ized for each data taking period gives the information about the photon flux. This
flux has been calculated and is shown in figure 5.13. The graph shown on the left
side is for the e− beam Ee− = 3.2 GeV. The right graph is for Ee− = 2.6 GeV. A
bump structure around 1 GeV is visible in the right figure which is because of the
polarization of the beam. The polarized photon beam was obtained by exploit-
ing the coherent bremsstrahlung at an aligned diamond radiator. The coherence
condition produces an enhancement at the polarization energy as compared to
the 1/Eγ behaviour of the incoherent bremsstrahlung. This linearly polarized
photon beam was used for other experiments. The left figure does not show
such a peak since beam polarization was not present. The existence of atomic
electrons outside a nucleus produce two kinds of effects to the 1/Eγ distribu-
tion of the bremsstrahlung photon : (a) the Coulomb field which reduces the
strength of the electron and (b) the atomic electrons also serve as targets from
which the scattering takes place. Therefore a correction is required for these ef-
fects. The equation 5.27 [70] provides the shape of the bremsstrahlung spectrum
after these corrections.

flux ∝

{
4

3
− 4

3

(
Eγ

Eb

)
+

(
Eγ

Eb

)2}
1

Eγ

(5.27)

where Eb is the electron beam energy. The calculated flux is compared with the
above equation and shown in figure 5.13 by the solid line.






