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Figure 2.4: Schematic of the photomultiplier tube operation showing the photo-
cathode, amplification stages and anode output.

The xSAL photomultipliers were shielded from magnetic fields by a mu-metal
covering and the plastic scintillators were covered with black tape to eliminate
external light. Each xSAL telescope was well shielded from room background with
lead. A cylindrical collimator was placed in front of each AFE counter to define

the acceptance.

X s
(a) One of the xSAL telescopes collimator (b) The back view of an xSAL detector
inside its lead shielding showing the photomultiplier base with

high-voltage and signal cables connected.

Figure 2.5: Views of an xSAL telescope with lead shielding and collimation in
place.
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2.3 Data Acquisition

The anode signals from each xSAL counter were recorded by a VME-based QDC
module, to provide energy information, and a CAMAC-based TDC module, to
provide timing information. The data acquisition and trigger logic electronics was
configured to provide the event trigger to initiate the data readout by the data
acquisition computer. This electronics also provided additional information (both
energy and timing) for each event that could be used in the latter data analysis

to identify the pion events in the data. This is discussed in detail in section 3.4.

2.3.1 Event Trigger Electronics

To be recorded by the data acquisition system (DAQ), a particle was required
to pass through both the AE and E counters of one of the xSAL telescopes.
The signal from the AFE counter was first sent through a passive splitter, which
divides the input signal to produce two outputs. One signal was sent directly to
a charge-to digital converter (QDC) module that integrated the analog pulse over
a user-defined period (known as the gate). This results in a digital value that
is proportional to the energy deposited in the AFE detector *
from the AE was sent through a linear Fan-In-Fan-Out (FIFO) module, which

also creates multiple outputs, but without changing the signal amplitude T. One

. The other signal

of the copies was sent to a constant-fraction discriminator (CFD) which produced
a logic output only if the input exceeded a user-defined threshold. This logic signal
was sent to a three-fold coincidence unit which generated a valid-event signal for
the particular xSAL telescope. The other copy of the AF signal from the FIFO
was sent to another FIFO operated in Fan-In mode, which added the AE and F
signals from the same telescope to produce a sum-signal (ESUM). This sum-signal
was sent to another CFD module, the output of which was sent to the previously
mentioned three-fold coincidence unit. This sum-signal eliminated much of the
low-energy electron background.

The E-counter signal was also sent through a passive splitter, with one signal
sent directly to a QDC with a long integration time and the other to a second
passive splitter. One signal from the second passive splitter was sent to another

QDC, this one with a short integration time. The third copy of the E-counter

*There is a constant background current that is integrated as a pedestal. This pedestal
corresponds to the zero-energy reference point in the QDC spectrum.

tThe linear FIFO modules introduced additional noise in the output which distorted the
signals, for this reason passive splitters were used for all signals used for energy measurements.
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signal was sent to a linear FIFO. One output of the FIFO was sent to the ESUM
FIFO to be added linearly with the AE signal. The other outputs were sent to
two CFDs, denoted high and low; these were used to identify pions in the data,
see section 3.4 for more details. The CFD-high output was also sent to the three-
fold coincidence unit that generated the valid-event signal. The valid-event signal
signal from each xSAL detector was sent to a logic-OR unit to produce an xSAL
event trigger that initiates the event read-out by the data acquisition computer.

A schematic of the trigger logic for the xSAL telescopes is shown in Fig. 2.6.

2.3.2 Pion Identification Electronics

It is crucial to be able to separate pion events from other events in the data. To do
this, the E-counter energy signal was sent to two QDCs with different integration
gates. Each event will have the same signal in both the short-gate QDC and the
long-gate QDC, but pions that decay into muons in the E-counter will produce an
extra signal in the long-gate QDC (see Fig. 3.2. Consequently, pion events can be
identified in the analysis by comparing the signal recorded in the long-gate QDC
with the signal recorded in the short-gate QDC. Those events with extra energy in
the long-gate QDC are candidate pion events and can be analyzed further. This
method provided a pion identification based on the energy. Complementing this
is a pion identification technique based on timing information.

The signals produced by the CFD-high and CFD-low modules were used to
examine the time distribution of the candidate pion events. The CFD-high output
was delayed by 20 ns and stretched to be 160 ns wide, while the CFD-low output
was undelayed and narrow (15 ns wide). Both signals were sent to a logic AND unit
which requires a coincidence to generate an output. The CFD-high and CFD-low
outputs resulting from the initial event in the E-counter will not be in coincidence
and will not trigger the AND unit. However, a second signal in the E-counter
will produce another the CFD-low output which will be in coincidence with the
delayed CFD-high output, this will trigger the AND unit. The output from the
AND unit was sent to a time-to-digital converter (TDC) module, referred to as the
muon TDC. This is started by the initial event and stopped the by second event
and therefore measures the time distribution of the second event in the E-counter,
if this is a muon from the 7 — p decay then it must match the 26 ns lifetime of
this decay.

The analysis of the energy and timing information for pion identification is

discussed in detail in section 3.4.
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Figure 2.6: Schematic of trigger logic for the xSAL telescopes. This electronics
produced the event trigger (X-Trig) which was sent to the VME-based data ac-

quisition computer. It also produced energy (QDC) and timing (TDC) and scaler

signals (for rate measurements in each xSAL counter.
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2.4 Data Collection

The production data taking for experiment NP014 (pion photoproduction mea-
surements) began on June 3, 2009 and continued until June 22, 2009. Data was
taken on a number of targets, CHy, carbon and tantalum as well as target empty
to measure background rates. Throughout the production run period, tagging ef-
ficiency runs were made once a day using the focal-plane OR trigger. Frequent
tagging-efficiency runs were necessary to monitor the stability of the photon beam
characteristics.

Experimental responsibilities were handled in eight-hour shifts, mostly by the
undergraduate International Research FEzperience for Students (IRES) program
participants; Colleen Allen, Jason Lemrise and Matty Litwack. The shift respon-
sibilities included creating run reports in both the experimental log and electronic
log, monitoring the beam intensity, looking for discrepancies in the data, monitor-
ing the detector performance and writing shift summaries. Fach run was logged in
a general run list with information such as target, run type (production, tagging
efficiency, calibration), size of the data file, start/stop times, and comments for
convenient future reference.

Problems occurred occasionally throughout the run period, requiring the af-
fected data runs to be considered “junk” runs. One of the most significant problems
involved the failure of the abort kicker in the MAX-I beam storage ring. This de-
vice prevents to earliest part of the beam pulse from the accelerator from being
stored and results in a better extracted beam with more constant intensity. The
immediate identification of this problem allowed for the DAQ electronics to be
modified to “ignore” the first part of the extracted beam, ensuring the DAQ was
free to trigger on and record events during the good part of the beam. Other prob-
lems included failures of some electronics modules, the runs used to troubleshoot
these issues were also labeled “junk”. Detector xSAL-2 did not work properly

throughout the experiment and was ignored in analysis.
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Table 2.1: Project Timeline (2009)

May 23, 2009

Arrive in Lund

Week of May 25, 2009

Orientation at MAX-lab

May 30 — June 6, 2009

Set up of the xSAL detectors and targets
in the MAX-lab experimental area

June 6 — June 24, 2009

Data acquisition shifts at MAX-lab

July 1 — August 30, 2009

Create and refine the data analysis code.
Weekly progress meetings with advisor

Sept 1 — Oct 4, 2009

Continue development of the analysis code

Week of Oct 5, 2009

Process all data files from runs
with carbon and CH2 targets.

Week of Oct 12, 2009

Wrote draft of section describing
the pion photoproduction experiments
and data analysis

Week of Oct 19, 2009

Wrote draft of section describing the
MAX-lab facility and photon tagging
system

Week of Oct 26, 2009

Wrote draft of section describing run-period
responsibilities and refining analysis code

Week of Nov 2, 2009

Completed testing analysis code producing
raw data plots and muon energy cuts

Week of Nov 9, 2009

Performed analysis of all data runs

Week of Nov 16, 2009

Determined pion band cuts
and muon TDC fits

Week of Nov 23, 2009

Analysis of pion misidentification from
analysis cuts

Week of Nov 30, 2009

Revisions of first draft of thesis
Practice research presentation

Dec 8, 2009

Honors presentation at UMass Dartmouth

Dec 14, 2009

Presentation to Physics Department at
UMass Dartmouth

Dec 16 — Dec 23, 2009

Final exam period




Table 2.2: Project Timeline (2010)
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Dec 24, 2009 — January 25, 2010

UMass Dartmouth Winter Break

Week of Feb 1, 2010

Preparing poster for Spring meeting
of the American Physical Society in
Washington, D.C.

Week of Feb 8§, 2010

Completed poster

February 14, 2010

Presented poster at APS meeting

Feb 22 — Mar 12, 2010

Revisions of thesis write-up

Week of March 15, 2010

Preparing presentation for defense
at Lund University

Week of March 22, 2010

Final preparations for thesis defense

March 26, 2010

Presentation to Physics Department
at Lund University




Chapter 3

Analysis

3.1 Nuclear Cross Sections

The concept of cross section in photonuclear experiments is as a measure of the
probability of a particular reaction occurring during the interaction of two parti-
cles. By considering the following situation, the term cross section can be defined.
Suppose a beam of particles is incident on a target, but broader than the target.
In this case we can consider the flux of incident particles and define the differential

cross section in the following manner [7].

do 1 dN,

0B =5

(3.1)

where:
F' is the flux of incident particles
E is the energy of the incident particles
dS? is the solid angle for the outgoing scattered particle
dN, is the average number of scattered particles per unit time
do

98 1s the average fraction of particles scattered into d) per unit time per unit flux

As shown by the equation, da/dQ is dependent on both the energy of the
reaction and the scattering angle. A total cross section of scattering would be

defined as an integral of 40 /dq of one particular energy over all solid angles|7].

do
o(B) = [ dold (3.2)
where o is the total cross section.

For a particular nuclear reaction which involves some target nucleus Y inter-
acting with a beam of incident particles X and producing reaction products a and
b the experimentally measured quantities can be related to the differential cross
section in the folloing manner.

do N, (E,Q)

— (X +Y —a+b) =—F—— 3.3
dQ( ) Nx(E)pyty ( )

18
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where:
N, is the yield of outgoing particle a into solid angle df2
Nx is the number of incident particles X with energy E
py is the density of target nuclei Y
ty is the thickness of the target

Additional terms may be needed to account for detector efficiencies being less

than 100% and other measurement effects.

3.2 Experiment NP014

The goal of experiment NP014 is to collect data on the angular distribution of the
~v+p — 7t +n reaction for photon energies from 150 to 180 MeV. The differental
cross sections determined for the results of these measurements will be compared

with the predictions from various quark-based models.

3.3 Particle Identification

After the run period, the recorded data was analyzed to identify the pion events in
each xSAL telescope. Usually, different particle types can be identified by looking
at the energy deposited in a thin (AFE) counter compared with the total energy
E of the particle. Such a plot, known as a AFE vs. E or stopping power plot will
show different bands for different particle types. This occurs because the rate of

energy loss of a particle depends on the mass and energy of the particle.

dE  —dmnz® [ ¢€? ? 2m.c*3? 9
Az me23? (47?6()) [ln (I(l — 52)> —b ] (3:4)

where:
n is the number density of the stopping material
m, 18 the electron mass
I is the mean ionization energy of the stopping material
z is the charge of the incident particle (units of e)
[ depends on the speed vy, of the incident particle, with § = Vinc/.

and the other terms have their usual meanings.

The rate of energy loss depends on the nature of the material the particle is

passing through, the charge of the particle and the speed of the particle (3). The
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speed depends on both the mass and energy of the particle, therefore particles
with the same energy but a different mass will have a different energy loss rate.
When a stopping power plot is produced for the data from an xSAL telescope
it. shows separated bands for electrons and protons, However, because the rate for
pion production from the v+p — 7" +n reaction is considerably smaller than the
rate for the proton and electron backgrounds, these bands overwhelm the middle
pion band. Consequently, it is necessary to use additional techniques with better

discrimination between pions and background events to identify the pion events.

Raw dE vs E Deposited Energy
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Figure 3.1: Stopping power plot showing the energy deposited in the thin AFE
counter against the energy deposited in the E-counter. Particle bands for protons
and electrons are clearly seen, however the pion band is overwhelmed by these
background events.

3.4 Pion Identification

To isolate the pion events, an analysis script was created and refined to filter the
events and create new histograms with different energy and timing cuts. This code
is shown in Appendix A. The steps for identifying candidate pion events requires

an understanding of the experiment trigger electronics.
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3.4.1 Pion identification — energy method

The data acquisition system recorded the energy deposited in the E-counter for
two different integration periods. The signal from the E-counter was split and sent
to two separate QDC modules. One of these (referred to as the short-gate QDC)
had an integration gate 60 ns wide which encompassed the full pulse width of the
initial signal coming from the counter. The second QDC (referred to as the long-
gate QDC) had an integration gate 160 ns wide, which included the initial signal
and any later signal from the counter. See section 2.3.2 for additional details. All
events produced the same signal in the short and long gated QDC, but pions that
decay in the E-counter produce an extra signal due to the 7 — u decay (the muon
has an energy of 4.12 MeV) that was recorded by the long-gate QDC. Candidate
pion events are selected by identifying those events which show extra energy in
the long-gate QDC.

Wecay n
(4.12MeV)

short gate long gate
60 ns 160 ns

Figure 3.2: Schematic illustration of the two QDC integration gates and the E-
counter signals due to a pion to muon decay.

A histogram was made that plotted the value recorded in the short-gate QDC
against the value recorded in the long-gate QDC. This is shown in Fig. 3.3. The
majority of events lie along a narrow line corresponding to the same recorded
energy in both long- and short-gate QDCs *. A small number of events appear in
a line above and parallel to the major line. These are events that have deposited
extra energy in the long-gate than the short-gate (presumably from the 4.12 MeV

muon). These can be considered candidate pion events.

*The different values from the two QDC modules comes from the reduction in the pulse height
from the second passive splitter used to create the signal for the short-gate QDC.
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Short Gate Deposited Energy vs Long Gate Deposited Energy
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Figure 3.3: Short-gate QDC versus long-gate QDC showing dominant line due to
background events (with same energy recorded in the two different QDC integra-
tion gates) with weaker line above and parallel to the dominant line. The events
in this weaker line correspond to extra energy recorded in the long-gate QDC and
were selected as candidate pion events.

These candidate pion events were selected through a cut on the short-gate QDC
versus long-gate QDC histogram and a new AFE vs. E histogram was created for
these events. This is shown in Fig. 3.4. This histogram show a distinct pion
band with some small background coming from proton and electron events that
“leak” through the candidate pion cut. This contamination is most likely due to an
uncorrelated second particle that hits the E-counter during the integration time
of the long-gate QDC.
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dE vs E with Muon Energy Cut
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Figure 3.4: Stopping power plot showing the energy deposited in the thin AF
counter against the energy deposited in the E-counter for events selected as candi-
date pion events based on long- vs. short-gated QDC information. A pion bands
is clearly seen with some small background contamination.

3.4.2 Pion identification — timing method

In addition to the energy method for identifying pion events, the experiment trigger
electronics provided for the time distribution of the second signal from the E-
counter to be recorded, see section 2.3.2. This provided a final cross-check of the
pion identification by examining the decay curve for the candidate pion events and
comparing this with the known m — pu decay lifetime.

The time distribution of the second E-counter signal recorded by the muon-
TDC module was plotted for the candidate pion events and shown in Fig. 3.5.

The latest fits, assuming an exponential form, to the muon TDC spectrum for
each xSAL telescope produce decay times of 27.1 4 1.8 ns for xSAL-0 (located at
90°) and 26.2 4+ 2.6 ns for xSAL-3 (located at 135°). These are in good agreement
with the known 26.0 ns lifetime for the 7 — p decay, giving great confidence that
the analysis method reliable identified pion in the data.

The third xSAL telescope, xSAL-1, was located at a forward angle (45°) and
the exponential fit shows a decay time significantly larger than 26 ns. This is

understood to be due to significant electron contamination coming from the very
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Figure 3.5: The time distribution of the second E-counter signal for events identi-
fied a candidate pion events. An exponential fit was made to the data, shown by
the solid line.

large cross section for atomic processes that will produce forward-going electrons.
This contamination is seen in the stopping power histogram even after the long-
vs. short-gate QDC cut. The final event selection cuts need to be optimized for
this detector.



Appendix A

Pion Analysis Code

#include <stdio .h>
#include <stdlib .h>

#include "TFile.h"
#include "TTree.h"
#include "TROOT.h"
#include "THIF.h"
#include "TH2F.h"
#include "TClonesArray.h"

#include "XEvent.h"
#include "ScalerEvent.h"

#include "XHist.h"
#include "ScalerHist .h"

//List of runs to be analyzed

#define MAX RUNS 300
char DATAFILE[MAX _RUNS|[256] = {
"../Data/Data940.root",

//CH2 target

../ Data/xSAL986.root ",
"../Data/xSAL987.root",
"../Data/xSAL988.root",
"../Data/xSAL989.root",
"../Data/xSAL998.root",
"../Data/xSAL999.root ",
"../Data/xSAL1004.root",
"../Data/xSAL1006.root",
"../Data/xSAL1007.root ",
"../Data/xSAL1008.root",
"../Data/xSAL1015.root ",
"../Data/xSAL1017.root",
"../Data/xSAL1028 .root ",
"../Data/xSAL1029.root",
"../Data/xSAL1030.root ",
"../Data/xSAL1033.root",

25



../ Data/xSAL1034.
../ Data/xSAL1035.
../ Data/xSAL1036.
../ Data/xSAL1037.
../ Data/xSAL1040.
../ Data/xSAL1041 .
../ Data/xSAL1182.
../ Data/xSAL1184.
../ Data/xSAL1185.
../ Data/xSAL1186.
../ Data/xSAL1190.
../ Data/xSAL1191.
../ Data/xSAL1192.
../ Data/xSAL1193.
../ Data/xSAL1194.
../ Data/xSAL1264.
../ Data/xSAL1265.
../ Data/xSAL1280.
../ Data/xSAL1285.
../ Data/xSAL1294.
../ Data/xSAL1295.
../ Data/xSAL1296.
../ Data/xSAL1303.

C target

../ Data/xSAL1043.
../ Data/xSAL1044 .
../ Data/xSAL1065.
../ Data/xSAL1066 .
../ Data/xSAL1067.
../ Data/xSAL1068.
../ Data/xSAL1069.
../ Data/xSAL1095.
../ Data/xSAL1096 .
../ Data/xSAL1097.
../ Data/xSAL1098.
../ Data/xSAL1099.
../ Data/xSAL1101.
../ Data/xSAL1117.
../ Data/xSAL1118.
../ Data/xSAL1119.
../ Data/xSAL1120.
../ Data/xSAL1121.
../ Data/xSAL1167.
../ Data/xSAL1168.
../ Data/xSAL1169.

root",
root",
root",
root",
root",
root",
root",
root",
root",
root",
root",
root",
root",
root",
root",
root",
root",
root",
root",
root",
root",
root",
root",

root",
root",
root",
root",
root",
root",
root",
root",
root",
root",
root",
root",
root",
root",
root",
root",
root",
root",
root",
root",
root",
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"../Data/xSAL1324 . root ",
"../Data/xSAL1325.root",
"../Data/xSAL1326.root",
"../Data/xSAL1327.root",
"../Data/xSAL1328 .root",

// Ta Target

"../Data/xSAL1172 . root ",
"../Data/xSAL1173.root",
"../Data/xSAL1174.root ",
"../Data/xSAL1178 . root",
"../Data/xSAL1179 .root ",
"../Data/xSAL1180.root",
"../Data/xSAL1181 .root",
"../Data/xSAL1305.root",
"../Data/xSAL1307.root",
"../Data/xSAL1308.root",
"../Data/xSAL1309.root",
"../Data/xSAL1310.root",
"../Data/xSAL1311.root",
*
/

nn
7

}s
int main(){

THIF xhvtsum xSAL|[4];

THIF shvtsum penergycut [4];
THIF xhvtsum penergy badcut|[4];
THIF shvtsum linecut[4];

//THIF sxhvtsum pioncut[4];

THIF sxhvtmult cut[4];

THIF +hdE[4];

THIF xhE short[4];

THIF «hE_ long|[4];

TH2F «hdE_E long prompt [4];
TH2F xhdE_E short prompt [4];
TH2F «hE long short prompt[4];

TH2F +hdE_E_long[4];
TH2F +hdE_E_short [4];
TH2F «hE long short[4];

THIF shdE_prompt|4];



THIF xhE_ short prompt|[4];
THIF «hE_long prompt[4];

TH2F «hdE_E _short multcut [4];
THIF «hE short multcut[4];

THIF xhE long ped prompt[4];
THIF «hE_short ped prompt[4];
THIF xhdE ped prompt|[4];

TH2F «hdE_E _short mucut [4];

TH2F xhdE_E long best[4];
TH2F «hE long short cut[4];
TH2F xhdE_ E short multcuts|[4];

TH2F xhmu adc_v_Eshort[4];
THIF shmu adc[4];

THIF xhmu tdc_ prompt [4];
THIF shmu_tdc_pioncut [4];

THIF +E_calib [4];

Int _t bit_lo[4] = {80,100,95,100};

Tnt_t bit_hi[4] = {100,120,110,120};

/*

//For runs 940 \& 941

Double t p0[4] = {—261.5,—-135.0,-213.0,—-781.2};
Double t pl[4] = {4.500,3.262,3.485,9.256};

by

/*

//For runs 981 + after

Double t p0[4] — {—264.0,-267.7,—-368.4,—286.5};
Double t pl[4] = {4.520,4.630,4.956,4.609};

o

//For runs 981 + after

Double t p0[4] {—-263.5,-265.9,—-358.9,—-283.8};
Double t pl[4] = {4.519,4.610,4.891,4.593};

//"line" cut on hdE vs Eshort
Double_t 10[4] = {—261.5,800,-213.0,—-781.2};
Double t 11[4] = {4.500,0.44444,3.485,9.256};

//"pion box" cut on dE vs Eshort
Double t low [4][2] =

{ 1450,650),{500,800},{200,300},{400,550} };
Double t high[4][2] =

{ 1650,850),{700,1000},{100,200},{650,800} };
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Double t Ep CD2[4][31] = {
{78.20, 78.32, 78.45, 78.57, 78.70, 78.82, 78.95, 79.07,
79.20, 79.32, 79.45, 79.58, 79.70, 79.83, 79.95, 80.08,
80.20, 80.33, 80.45, 80.57, 80.70, 80.82, 80.95, 81.07,
81.20, 81.32, 81.45, 81.57, 81.70, 81.82, 81.95},
{105.45, 105.64, 105.84, 106.03, 106.23, 106.42, 106.61,
106.81, 107.01, 107.20, 107.40, 107.59, 107.79, 107.99,
108.18, 108.38, 108.57, 108.77, 108.97, 109.16, 109.35,
109.55, 109.75, 109.94, 110.14, 110.33, 110.53, 110.73,
110.92, 111.12, 111.32},
{78.20, 78.32, 78.45, 78.57, 78.70, 78.82, 78.95, 79.07,
79.20, 79.32, 79.45, 79.58, 79.70, 79.83, 79.95, 80.08,
80.20, 80.33, 80.45, 80.57, 80.70, 80.82, 80.95, 81.07,
81.20, 81.32, 81.45, 81.57, 81.70, 81.82, 81.95},
{58.20, 58.28, 58.36, 58.44, 58.52, 58.59, 58.67, 58.75,
58.83, 58.91, 58.99, 59.07, 59.15, 59.23, 59.31, 59.39,
59.47, 59.55, 59.62, 59.70, 59.78, 59.86, 59.94, 60.02,
60.09, 60.17, 60.25, 60.33, 60.41, 60.49, 60.57},

b
Double t p cut[4][2] =

{ 110,100}, {400,500}, {10,100}, {20,50) }:
Double t p_badcut[4][2] =

{ 110,100}, {500,1800}, {10,100}, {20,50} }:
Double t muadccut|[4] = { 750, 760, 500, 735 };

Double t ped[4] = {96,98,106,107};

//Int _t prompt[2] = {1992,2008};
Int _t prompt|[2] = {1960,2030};

Int t xSAL Offsets[4] = {2025,2030,2048,2053};
int i,j,k;
TROOT simple("simple", "offline ");

// Create a new rootfile for the results
TFile sxoutput = new TFile("outputCH2.root", "RECREATE");

XEvent sxevent = new XEvent();

ScalerEvent #scalerevent — new ScalerEvent ();
TClonesArray *xvtdc;

TClonesArray *vq;

ScalerHist sscalerhist = new ScalerHist ();



XHist xxhist = new XHist ();

TTree xTX;
TBranch sxxbranch;

TTree «TS;
TBranch xsbranch;

// Create the histograms
xhist —CreateHistograms ();
scalerhist —CreateHistograms ();

//

// Histograms

//
char hname[256], htitle [256];

THIF shvt|[64];
03

for( i = i< 64 ; i++)
{
sprintf( hname, "hvt %d", i);
sprintf( htitle, "fp tdec %d", 1i);
hvt[i] = new THIF( hname, htitle , 4096, 0, 4096);
}

THIF xhvtsum;

sprintf( hname, "hvtsum");

sprintf( htitle, "fp tdc sum");

hvtsum = new THIF( hname, htitle , 1024, 0, 4096);

THIF «hvtsum allOffsets;

sprintf( hname, "hvtsum allOffsets");

sprintf( htitle , "hvtsum w/ tagger");

hvtsum allOffsets = new THIF( hname, htitle , 1024, 0, 4096);

THIF +hvtsum penergycut_ all =
sprintf( hname, "hvtsum penergycut all");
sprintf( htitle, "hvtsum w/ proton energy cut");
hvtsum penergycut all =

new THIF( hname, htitle , 4096, 0, 4096);

THIF xhvtsum pioncut;
sprintf( hname, "hvtsum pioncut");
sprintf( htitle, "hvtsum w/ pion cut");
hvtsum penergycut all =
new THIF( hname, htitle , 4096, 0, 4096);



// for each xSAL telescopes
for (1 =0; 1 < 4; i++){
sprintf( hname, "hvtsum xSAL %d",i);
sprintf( htitle , "fp tdc sum");
hvtsum xSAL[i]| =
new THIF( hname, htitle , 1024, 0, 4096);

sprintf( hname, "hvtsum linecut %d",i);
sprintf( htitle , "fp tdc sum subject to line cut");
hvtsum _linecut[i]| =

new THIF( hname, htitle , 2048, 0, 4096);

sprintf( hname, "hvtmult cut_ %d",i);
sprintf( htitle , "fp multiplicity ");
hvtmult cut[i] =
new THIF( hname, htitle , 64, —0.5, 63.5);

sprintf( hname, "hvtsum penergycut %d",i);
sprintf( htitle , "fp tdc sum");
hvtsum penergycut|[i] —

new THIF( hname, htitle , 4096, 0, 4096);

sprintf( hname, "hvtsum penergy badcut %d", i);
sprintf( htitle , "fp tdc sum");
hvtsum penergy badcut|[i] =

new THIF( hname, htitle , 4096, 0, 4096);

sprintf( hname, "hdE %d",i);
sprintf( htitle , "hdE %d",i);
hdE|i] = new THIF( hname, htitle , 4096, 0, 4096);

sprintf( hname, "hE long %d",i);
sprintf( htitle , "hE long %d",i);
hE long|[i] = new THIF( hname, htitle, 4096, 0, 4096);

sprintf( hname, "hE_ short %d",i);
sprintf( htitle , "hE short %d",i);
hE short|[i] = new THIF( hname, htitle, 4096, 0, 4096);

sprintf( hname, "hdE_E long prompt %d",i);
sprintf( htitle , "hdE_E long prompt %d",i);
hdE_E long prompt|[i]| —

new TH2F( hname, htitle , 1024, 0, 4096, 1024, 0, 4096);

sprintf( hname, "hdE_E _short prompt %d",i)
i

sprintf( htitle, "hdE_E _ short prompt %d",i);



hdE_E short prompt|[i| =
new TH2F( hname, htitle , 1024, 0, 4096, 1024, 0, 4096);

sprintf( hname, "hdE_E_short mucut_ %d",i);
sprintf( htitle, "hdE_E_short mucut %d",i);
hdE_E short mucut|i]| =

new TH2F( hname, htitle, 1024, 0, 4096, 1024, 0, 4096);

sprintf( hname, "hdE E_ short multcut %d",i);
sprintf( htitle, "hdE E_ short multiplicity cut_%d",i);
hdE_E _ short multcut|[i] =

new TH2F( hname, htitle, 1024, 0, 4096, 1024, 0, 4096);

sprintf( hname, "hE short multcut %d",i);
sprintf( htitle , "hE_ short_ multiplicity cut_%d",i);
hE short multcut|[i] =

new THIF( hname, htitle , 4096, 0, 4096);

sprintf( hname, "hdE E short multcuts %d",i);
sprintf( htitle , "hdE E_ short multiple cuts %d",i);
hdE E_short multcuts|[i] —
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new TH2F( hname, htitle , 1024, 0, 4096, 1024, 0, 4096);

sprintf( hname, "hE long short prompt %d",i)
sprintf( htitle , "hE long short prompt %d",i
hE long short prompt|[i] =

)

new TH2F( hname, htitle, 1024, 0, 4096, 1024, 0, 4096);

sprintf( hname, "hdE_E long %d",i)
sprintf( htitle, "hdE_E long %d",i
hdE E long|i| =

)

new TH2F( hname, htitle , 1024, 0, 4096, 1024, 0, 4096);

sprintf( hname, "hdE E_short %d",i)
sprintf( htitle, "hdE_E_short %d",i
hdE E short|[i]| =

)

new TH2F( hname, htitle , 1024, 0, 4096, 1024, 0, 4096);

sprintf( hname, "hE long short %d",i);
sprintf( htitle , "hE long short %d".,i);
hE long short[i] =

new TH2F( hname, htitle , 1024, 0, 4096, 1024, 0, 4096);

sprintf( hname, "hdE prompt %d",i);
sprintf( htitle , "hdE_ prompt %d",i);
hdE_prompt|[i] = new THIF( hname, htitle, 4096, 0, 4096);



sprintf( hname, "hE long prompt %d".,i);
sprintf( htitle , "hE_ long prompt %d",i);
hE long prompt[i] =

new THIF( hname, htitle , 4096, 0, 4096);

sprintf( hname, "hE_ short prompt %d",i);
sprintf( htitle , "hE short prompt %d",i);
hE short prompt|[i] =

new THIF( hname, htitle , 4096, 0, 4096);

sprintf( hname, "hdE ped prompt %d".,i);
sprintf( htitle , "hdE ped prompt %d",i);
hdE_ped prompt|[i]| =

new THIF( hname, htitle , 4096, 0, 4096);

sprintf( hname, "hE long ped prompt %d",i);
sprintf( htitle , "hE_ long ped prompt %d",i);
hE long ped prompt|[i]| =

new THIF( hname, htitle , 4096, 0, 4096);

sprintf( hname, "hE_ short ped prompt %d",i);
sprintf( htitle , "hE short ped prompt %d", i)
hE short ped prompt|[i]| =

new THIF( hname, htitle , 4096, 0, 4096);

sprintf( hname, "hdE_E long best %d",i);
sprintf( htitle , "hdE_E_long %d" i):
hdE_E long best|[i] =

33

new TH2F( hname, htitle, 1024, 0, 4096, 1024, 0, 4096);

sprintf( hname, "hE long short cut %d",i)
sprintf( htitle , "hE long short cut %d",i
hE long short cut|[i] =

)

new TH2F( hname, htitle, 1024, 0, 4096, 1024, 0, 4096);

sprintf( hname, "hmu adc_v_Eshort %d",i);
sprintf( htitle , "mu adc vs Eshort %d",i);
hmu ade_v_Eshort|[i] =

new TH2F( hname, htitle , 700, 0, 1400, 700,

sprintf( hname, "hmu adc %d",i);
sprintf( htitle , "hmu adc %d",i);

hmu adc|i]| = new THIF( hname, htitle , 1400, 0, 1400);

sprintf( hname, "hmu tdc_ prompt %d" ., i);

sprintf( htitle , "mu_ tdc prompt cut on xSAL%A",i);

hmu_tde prompt|[i] =
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new THIF( hname, htitle , 2048, 0, 2048);

sprintf( hname, "hmu tdc_ pioncut %d",i);
sprintf( htitle, "mu_ tdc pion cut on xSALIdA".,i);
hmu tdec pioncut|[i] =

new THIF( hname, htitle , 2048, 0, 2048);

sprintf( hname, "E calib_%d",i);
sprintf( htitle, "energy calibration spectrum xSALZ%d",i);
E calib[i] = new THIF( hname, htitle , 4096, 0, 4096);

}
//

// Loop over runs
//

Ulnt_t run
Ulnt _t event 0;
Ulnt _t nentries = 0;
Double t qdc[192];

0;

// tag offsets
/*
//These are TDC offsets calculated using FP OR trigger
Int_t fpOffset[64] = {
993, 1067, 1051, 1039, 1043, 1053, 978, 1039,

1007, 1031, 1031, 1018, 1016, 998, 1037, 1015,
979, 1014, 1005, 1047, 1026, 1003, 1009, 1035,
1035, 1052, 1011, 1065, 978, 1015, 1031, 1020,
1015, 1039, 1059, 1027, 993, 969, 1042, 1015,
1253, 1020, 1006, 1020, 1043, 1052, 1020, 1000,
1000, 0, 976, 1023, 1014, 1023, 0, O
1

*/

//TDC offsets calculated using Pbglass singles trigger

Int_t fpOffset|[64] = {
1461, 1557, 1533, 1520, 1529, 617, 1432, 1511,
1504, 1527, 1494, 1489, 1509, 1507, 1482, 1490,
1475, 1510, 1512, 1491, 1491, 1455, 1519, 1479,
1440, 1484, 1477, 1535, 1503, 1466, 1482, 1518,
1516, 1540, 1480, 1556, 1427, 1479, 1508, 1483,
1483, 1512, 1544, 1500, 1455, 1414, 1529, 1484,
1728, 1488, 1479, 1484, 1524, 1527, 1491, 1462,
1472, 1, 1439, 1494, 1481, 1491, 1, 1

?



while (run < MAX RUNS \&\& DATAFILE[run |[0]) {
TFile f(DATAFILE[run|);
fprintf( stderr, "Processing %s\n", DATAFILE[run]);

/!

// Loop over events

/!

/!
// Scaler

/!

fprintf( stderr, "scaler ...%s\n", DATAFILE[run]);
TS = (TTreex)f.Get("TSC");

sbranch = TS—GetBranch("scalerbranch");
sbranch—>SetAddress(\&scalerevent );

fprintf( stderr, "into scaler ...%s\n", DATAFILE[run]);

nentries = TS—>GetEntries ();

printf ("Number of scaler entries %d\n", nentries);

for ( event — 0; event < nentries; event++) {
TS—GetEntry( event);
// Fill previously booked scaler histograms
scalerhist —>FillHistograms( scalerevent );

}

//
/] X
//

fprintf( stderr, "about to do X ...%s\n", DATAFILE[run|);
TX — (TTreex)f.Get("IXC");

xbranch = TX—GetBranch ("xbranch");
xbranch—SetAddress(\&xevent );

nentries = TX—>GetEntries ();
printf("Number of x entries %d\n", nentries);
for ( event = 0; event < mnentries ; event++) {
if ( event%10000 = 0)
printf("x entry No. %d\n", event);

TX—GetEntry( event);
//Fill the old histograms
//xhist—>FillHistograms( xevent );

Double t tdc|[64];
for ((j = 0; j < 64; j++ )
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tde[j] = 0;
for ( j = 0; j < 192; j++ )
qde[j] = 0;
vtde = xevent—>GetTagger ();
int n = xevent—GetNTagg();
for (1 =0; i < n; i++) {
TTagg *t = (TTagg #*)vtdc—>operator [|(1);
hvt|t—Index()]—> Fill ( t—Data());
hvtsum—>Fill ( t—Data() —
fpOffset [t—>Index ()] + 2000);

}

vq = xevent—>GetVqdce ();
int m= xevent—>GetNVqdc ();
for (1 =0; i <m; i++) {
TTagg *q = (TTagg *)vq—>operator [|(1i);
for (1 j = 0; j < 64; j++ ){
qdc|[q—>Index ()] = g—Data();
}

}

//
// 2D histograms

/!
for ((j = 0; j < 4; j++ ) {
if ( xevent—Getcl 13(j+4) > bit_lo[]j] &&
xevent—>Getcl 13(j+4) < bit_hi[j]){
for (1 =0; i < mn; i++) {
TTagg *t = (TTagg *)vtdc—>operator [|(1i);
hvtsum xSAL|j|->Fill ( t—Data() —
fpOffset [t—Index ()] — xSAL_Offsets[j] + 4000);
hvtsum allOffsets—Fill ( t—Data() —
fpOffset [t—Index ()] — xSAL Offsets[j] + 4000);
tdc[t—>Index ()] = t—Data() —
fpOffset [t—Index ()] — xSAL Offsets[j] + 4000;

}
}
}
for (j = 0; j < 4; j+t+ )
for ( k= 0; k < 64; k++){

if ( xevent—Getcl 13(j+4) > bit_lo|j]
&& xevent—>Getcl 13(j+4) < bit_hi[]]
&& tdc|k] > prompt[0]
&& tdc|k] < prompt[1l] ) {
hdE_E_long prompt[j|->Fill (qdc[4+j],qdc][32+j] );
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hdE_E_short prompt|j]—>Fill (qdc¢[36+]],qdc[32+]] );
hE long short prompt|[j]—>Fill (qdc[36+j],qdc[4+j]| );
hdE prompt[j]—>Fill (qdc[32+]j]);

hE_long prompt[j]—>Fill (qdc[4+j]);

hE_short prompt|j|—>Fill (qdc[36+]]);

hmu adc_v_Eshort|j|—>
Fill (qdc|[36+j],
(adel4+j]=(pl[j])*qdc[36+]j]) + 1000);
hmu_adc| j|—>
Fill ((qdc[4+j] — (pl[j])*qdec[36+j])+1000);
hmu_tde prompt|j|—>Fill ( xevent—>Getcl 11(4+j) );

if ((qde[4+j] — (p1[j])*qde[36+j]) > pO[j]){
hdE_E long best[j|—>Fill (qdc[4+j],qdc[32+]]);
hE long short cut[j]—>Fill (qdc[36+]],qdc[4+]] );
}
if ((qde[4+j]—(pl[j])*aqdc[36+i])+1000 =
muadccut [ j]){
hdE_E_short mucut|j|—>Fill (qdc|[36+j],qdc|32+]]);
//Pion box cut
if ?di[[?)?]ﬂH(lOW[J][0])/(10W[j][1])*qd0[36+j] >
low|[j |0
&& qde[32+j]+(high[j][0])/(high[j][1])*qdc[36+]] <
high[j][0] ){
hmu_tdc_pioncut|j]—>Fill (xevent—>Getcl 11(4+]));
s
¥
}

if ( xevent—>Getcl 13(j+4) > bit_lo|j]
&& xevent—>Getcl 13(j+4) < bit_hi[j]
& (qdc[4+j] — (pl[j])*qdc[36+j])+1000 > muadccut|[j]){
//Pion box cut
if qu[3[2+]f]]+ (low [j][0])/(low [j][1])*adc[36+j] >
low]|j ][0
& qde[32+j] + (high[j][0])/(high[j][1])*qdc[36+])] <
high[j][0] ){
hvtsum pioncut—>Fill (tdc[k]);
}

}

if ( (xevent—>Getcl 13(j+4) < bit_lo[j]

|| xevent—>Getcl 13(j+4) > bit_hi[j])

&& tdc|k| > prompt[0] && tdc[k| < prompt[1]){
hdE_ped prompt[j]—>Fill (qdc[32+j]);
hE long ped prompt|j|—>Fill (qdc[4+]]);
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hE short ped prompt|j|—>Fill (qdc[36+]]);

}

}

if ( xevent—>Getcl 13(j+4) > bit_lo|[]]

&& xevent—>Getcl 13(j+4) < bit_hi[j] ){
hdE[j]—>Fill (qdc[32+]]);
LE long[j]—>Fill (qdc[4+j]);
hE short|j]—>Fill (qdc[36+]]);
hdE_E_long[j]—>Fill (gde[4+j],qdc[32+i] );
hdE_E_short[j]—>Fill (qdc[36+j],qdc[32+i] );
hE long short[j]—->Fill (qdc[36+j],qdc[4+]] );

}

for (1 j = 0; j < 4; j++ )N

for (k= 0; k < 31; k++){

if ( xevent—Getcl 13(j+4) > bit_lo|j]

&& xevent—>Getcl 13(j+4) < bit_hi[]]

&& tdc|2xk]| > prompt|0] && tdc|2xk]| < prompt|1]

&ke qde[324§]+0.4444%qdc[361j] > 800){
E_calib[j]->Fill ((qdc[36+j]—ped[j])*

(Bp_CD2[ ] ][15])/ (Ep_CD2[ ] [K])):

hvtmult cut|j]—>Fill (n);

if (n>=12 ){
hdE_E_short multcut|j]—>Fill (qdc[36+]],qdc[32+]]);
hE _short multcut|[j]—>Fill (qdc[36+]]);
}
}

if ( xevent—Getcl 13(j+4) > bit 1
&& xevent—>Getcl 13(j+4) < bit_hi|
&k qde[324j] 411 [j]*qde[36+-j] > 10]

hvtsum linecut[j]—>Fill (tdc[2xk]

}

if ((qdc[36+]j]-ped[j])
«(Ep_CD2[j][15])/(Ep_CD2[j|[k]) > p_cut[j][0]
&& (qdc[36+j]—ped[]j])
«(Ep_CD2[j][15])/(Ep_CD2[j |[k]) < p_cut[j][1] ){
hvtsum penergycut|j]—>Fill (tdc[2x*k]);
hvtsum penergycut all—Fill (tdc|[2xk]);
}
if ( (qdc[36+j]—ped[]])
«(Ep_CD2[j][15])/(Ep_CD2[ |[k])



> p_badcut|j|[0]

&& (qde[36+j]—ped[j])
+(Ep_CD2[j][15])/(Ep_CD2[] |[k])

}

< p_badcut[j|[1] ){
hvtsum _penergy badcut|j]—>Fill (tdc[2xk]);
//hvtsum _penergycut_all—Fill (tdc|[2xk]);

if (tdc|2xk] > prompt|0] && tdc|2*k]| < prompt|1]
& qde[32+j]+11[j]*xqde[36+j] > 10[j]) {

}

}

hdE_E_short multcuts|[j]—>Fill (qdc[36+j],qdc[32+]]);

} // End loop over events

f.Close ();

run-+-+;

} // End loop over runs

output—>Write ();

delete
delete
delete
delete
delete

return

output;
xevent ;
scalerevent ;
xhist ;
scalerhist ;

0;
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