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Tagger Tracking

Caution:


Proton and pions go at high momentum and 
PID can’t be performed.


Monitoring is based in kinematics: Angle correlations 
Meson Mass



Part I: Plugin

Based in three concepts:


1. Only three tracks events: 2 positive and 1 negative  

2. The particles have a probability > 0 to be a proton, pi+ and pi-, 
based on tracking fitting. Since there are many events can have a 
probability for both positive tracks to be proton and pi+, both 
hypothesis are stored.  

3. A vertex fit is performed and the events with CL > 0 of having the 
three particles from the same vertex are stored. 



Part I: Plugin

Based in three concepts:


1. Only three tracks events: 2 positive and 1 negative  

2. The particles have a probability > 0 to be a proton, pi+ and pi-, 
based on tracking fitting. Since there are many events can have a 
probability for both positive tracks to be proton and pi+, both 
hypothesis are stored.  

3. A vertex fit is performed and the events with CL > 0 of having the 
three particles from the same vertex are stored. 

Output:


Root file with position, momentum and energy information of all hypothesis 
and beam (photon) energy and timing. 



1. Location of the plugin:


https://github.com/JeffersonLab/halld_recon/tree/master/src/plugins/
Analysis/src-ct/1p2pi

2. How is it run?


It is run automatically with all the other Monitoring plugins.  
It takes a few hours to get the results, when in the Incoming Data ver 
01 is available in the plot browser,

the root files will be available. 


3. Location of the output (root files):


/cache/halld/offline_monitoring/
RunPeriod-2021-08/ver01/tree_1p2pi/


 

https://github.com/JeffersonLab/halld_recon/tree/master/src/plugins/Analysis/src-ct/1p2pi
https://github.com/JeffersonLab/halld_recon/tree/master/src/plugins/Analysis/src-ct/1p2pi


Part II: Reconstruction

Goal: Take the raw information from rho, proton and beam and  
form high level plots: t, Kmiss, …..



Part II: Reconstruction

Goal: Take the raw information from rho, proton and beam and  
form high level plots: t, Kmiss, …..

1. Reconstruct the rho events


• Mass of the reconstructed rho:  [GeV] 

• Coplanarity between  and p:  deg  

• Reconstructed Energies in the range that are expected for  
 


• Only selects the single hypothesis that follows these requirements. If both hypothesis 
get the requirements, the event is discarded. 

0.5 < mρ < 2.

ρ 160 < Δϕ(ρ − p) < 200

Eγ > 7GeV
Eρ + Ep > 7GeV



Part II: Reconstruction

Goal: Take the raw information from rho, proton and beam and  
form high level plots: t, Kmiss, …..

1. Reconstruct the rho events


Done by the script: protonrho_candidates.C


Output:


Rootfiles with all the information of the event: Momentum, t, s, u, Kmiss, Pmiss, ….


Location:


/work/halld2/home/src-ct/offline_monitoring/RunPeriod-2021-08/ver01/proton_rho0


After this is generated 
The simulation has shown many misidentified proton - pip



2. Final Selection


• 1 < -t < 10 GeV2, -u > 2 GeV2


•  : This cut was based on studies of the simulation. It cleans the 
sample of misidentified events.
ω > m2

π−p /10 − 0.3

Example of simulated events reconstructed by purposely  
exchange of PiPlus <-> Proton

 is the angle in the Van Hove Plotsω



2. Final Selection


• 1 < -t < 10 GeV2, -u > 2 GeV2


•  : This cut was based on studies of the simulation. It cleans the 
sample of misidentified events.
ω > m2

π−p /10 − 0.3

Example of simulated events reconstructed by purposely  
exchange of PiPlus <-> Proton

 is the angle in the Van Hove Plotsω

Warning

Empty Cell data seemed to match  

simulation, but we need to study more 
during the run period



2. Final Selection


• 1 < -t < 10 GeV2, -u > 2 GeV2


•  : This cut was based on studies of the simulation. It cleans the 
sample of misidentified events.


• Energy Balance 

• Mass of the reconstructed rho:  [GeV]


Output:


Pdf file with a summary of all the plots


Location:


/work/halld2/home/src-ct/offline_monitoring/RunPeriod-2021-08/ver01/proton_rho0

ω > m2
π−p /10 − 0.3

|ΔE | < 1GeV

0.6 < mρ < 1.



Examples 
Empty Cell vs simulation



 [ns]Δt

In-time Photons

 
Accidentals


1
6 ∑ Out − time − Photons

Only in-time photons are selected 

Of all variables that required the beam energy, the accidentals are subtracted:

15



After  
Accidental  
Subtraction

Accidentals

Accidentals

All In-time Photons

All In-time Photons

After Accidentals 
Subtraction

After Accidentals 
Subtraction
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Note: The simulation is area normalized to match the data

0

0.5

1

1.5

2

2.5

3

1− 0.8− 0.6− 0.4− 0.2− 0 0.2 0.4 0.6 0.8 1
X Vertex [cm]

1−

0.8−

0.6−

0.4−

0.2−

0

0.2

0.4

0.6

0.8

1

Y 
Ve

rte
x 

[c
m

] XYvertex
Entries  87
Mean x  0.2097
Mean y 0.03001− 
Std Dev x  0.1743
Std Dev y  0.1525

76 78 80 82 84 86 88 90 92 94
Z Vertex [cm]

0

10

20

30

40

50

60

Zvertex
Entries  87
Mean    82.86
Std Dev     2.082

0.5 0.6 0.7 0.8 0.9 1 1.1 1.2 1.3 1.4 1.5
- π+ πM

0

10

20

30

40

50

60

70
massrho

Entries  87
Mean   0.7799
Std Dev    0.08899

0 1 2 3 4 5 6
p [GeV]- πMass 

0

5

10

15

20

25

30

35

40
masspimp

Entries  87
Mean      3.2
Std Dev    0.5083

0 1 2 3 4 5 6
p [GeV]+ πMass 

0

5

10

15

20

25

30

35

40
masspipp

Entries  87
Mean    2.768
Std Dev    0.6523

0

2

4

6

8

10

12

14

0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5
]2 [GeV- π+ π 2Mass

0

2

4

6

8

10

12

14

16

18

20]
2

p 
[G

eV
+  

π 
2

M
as

s

massrho2D
Entries  87
Mean x  0.6162
Mean y   8.087
Std Dev x  0.1419
Std Dev y   3.517

Mπ+π−[GeV ]

0

0.5

1

1.5

2

2.5

3

1− 0.8− 0.6− 0.4− 0.2− 0 0.2 0.4 0.6 0.8 1
X Vertex [cm]

1−

0.8−

0.6−

0.4−

0.2−

0

0.2

0.4

0.6

0.8

1

Y 
Ve

rte
x 

[c
m

] XYvertex
Entries  87
Mean x  0.2097
Mean y 0.03001− 
Std Dev x  0.1743
Std Dev y  0.1525

76 78 80 82 84 86 88 90 92 94
Z Vertex [cm]

0

10

20

30

40

50

60

Zvertex
Entries  87
Mean    82.86
Std Dev     2.082

0.5 0.6 0.7 0.8 0.9 1 1.1 1.2 1.3 1.4 1.5
- π+ πM

0

10

20

30

40

50

60

70
massrho

Entries  87
Mean   0.7799
Std Dev    0.08899

0 1 2 3 4 5 6
p [GeV]- πMass 

0

5

10

15

20

25

30

35

40
masspimp

Entries  87
Mean      3.2
Std Dev    0.5083

0 1 2 3 4 5 6
p [GeV]+ πMass 

0

5

10

15

20

25

30

35

40
masspipp

Entries  87
Mean    2.768
Std Dev    0.6523

0

2

4

6

8

10

12

14

0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5
]2 [GeV- π+ π 2Mass

0

2

4

6

8

10

12

14

16

18

20]
2

p 
[G

eV
+  

π 
2

M
as

s

massrho2D
Entries  87
Mean x  0.6162
Mean y   8.087
Std Dev x  0.1419
Std Dev y   3.517

Mπ−p[GeV ] 0

5

10

15

20

25

30

35

40

45

0 1 2 3 4 5 6 7 8 9 10
Proton |P| [GeV]

0

20

40

60

80

100

120

 [d
eg

]
θ

Pr
ot

on
 

thetamomproton
Entries  87
Mean x   1.205
Mean y   56.76
Std Dev x  0.4883
Std Dev y   12.52

0

2

4

6

8

10

12

14

16

18

0 1 2 3 4 5 6 7 8 9 10
PiPlus |P| [GeV]

0

20

40

60

80

100

120

 [d
eg

]
θ

Pi
Pl

us
 

thetamompiplus
Entries  87
Mean x    3.78
Mean y   7.573
Std Dev x   1.731
Std Dev y   4.125

0

2

4

6

8

10

12

14

16

0 1 2 3 4 5 6 7 8 9 10
PiMinus |P| [GeV]

0

20

40

60

80

100

120

 [d
eg

]
θ

Pi
M

in
us

 

thetamompiminus
Entries  87
Mean x   4.873
Mean y   9.771
Std Dev x   1.808
Std Dev y   3.819

120 140 160 180 200 220
 - p) [deg]ρ(φ Δ

0

10

20

30

40

50

deltaphi
Entries  87
Mean      180
Std Dev     7.969

120 140 160 180 200 220
 - p) [deg]+ π(φ Δ

0

2

4

6

8

10

12

14

16

18

20

22

24
deltaphipimp

Entries  87
Mean    175.1
Std Dev     22.43

0 50 100 150 200 250 300 350
 - p) [deg]- π(φ Δ

0

5

10

15

20

25

30

deltaphipipp
Entries  87
Mean    163.3
Std Dev     44.32

Δϕ(ρ − p)

0

0.5

1

1.5

2

2.5

3

1− 0.8− 0.6− 0.4− 0.2− 0 0.2 0.4 0.6 0.8 1
X Vertex [cm]

1−

0.8−

0.6−

0.4−

0.2−

0

0.2

0.4

0.6

0.8

1

Y 
Ve

rte
x 

[c
m

] XYvertex
Entries  87
Mean x  0.2097
Mean y 0.03001− 
Std Dev x  0.1743
Std Dev y  0.1525

76 78 80 82 84 86 88 90 92 94
Z Vertex [cm]

0

10

20

30

40

50

60

Zvertex
Entries  87
Mean    82.86
Std Dev     2.082

0.5 0.6 0.7 0.8 0.9 1 1.1 1.2 1.3 1.4 1.5
- π+ πM

0

10

20

30

40

50

60

70
massrho

Entries  87
Mean   0.7799
Std Dev    0.08899

0 1 2 3 4 5 6
p [GeV]- πMass 

0

5

10

15

20

25

30

35

40
masspimp

Entries  87
Mean      3.2
Std Dev    0.5083

0 1 2 3 4 5 6
p [GeV]+ πMass 

0

5

10

15

20

25

30

35

40
masspipp

Entries  87
Mean    2.768
Std Dev    0.6523

0

2

4

6

8

10

12

14

0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5
]2 [GeV- π+ π 2Mass

0

2

4

6

8

10

12

14

16

18

20]
2

p 
[G

eV
+  

π 
2

M
as

s
massrho2D

Entries  87
Mean x  0.6162
Mean y   8.087
Std Dev x  0.1419
Std Dev y   3.517

Mπ−p[GeV ]

+ Data
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MF Simulation

SRC Simulation
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t = − (Pγ − Pρ)2 u = − (Pγ − Pp)2 s = (Pρ − Pp)2

Figure 4: dE before (left) and after (right) accidental subtraction for run 73137.

where pmiss = pp + p⇡+ + p⇡� � p� , this variable should have a large
peak around the proton mass for the MF events and the SRC events will
appear in the lower side. Figure 5 shows the distribution for p�miss. It
can be noted in the data (left) that a smaller peak appear in the far
left side of the main peak which corresponds completely to the protons
with momentum above 1 GeV. It can also be seen that according to the
simulation (right), we shouldn’t expect a peak in that region.

Figure 5: p�miss for the data (left) and the simulation (right). The lines in the
simulation is the generated (truth) and the points the reconstructed values.

• There are di↵erent ways of reconstruct s, t and u distributions, from the
incoming and outgoing particles. The resolution is di↵erent depending the
flavor is chosen to reconstruct the variables. However, it falls in the same
ranges in Figures 9, 11 and 10 for the simulation.

The wiggles in the Mandelstam variables when reconstructed with the
proton information are not related with the correlation between the proton
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Figure 3: Time di↵erence between the time of the charged particles projected
back to the vertex and the time that takes to the beam particles arrive �t = t
- tRF . The central peak corresponds to the in-time particles that are selected,
and the side peaks are the accidentals. In order to subtract the accidentals, the
three peaks on each side (skipping the ones next to the main peak in order to
avoid any possible smearing e↵ects) are averaged and subtracted from all the
plots that use the beam information. The plots correspond to run 51556.

2.1 Accidental subtraction

The electron beam has a bunch structure with a frequency of 249.5 MHz, which
means about 4 ns separation between bunches. For every event registered by the
trigger there are 60-80 hits on the tagger but only one corresponds to the photon
that triggered the event. The events that don’t correspond to the photon that
trigger the event are called accidentals.
In order to subtract the accidentals, the events (selected by using cuts that
don’t require beam information) are used to select the right photon by using
the timing information. In general, the main peak of the in-time photons, which
correspond to the events peak at 0 when the �t = t - tRF is plotted are the
events that are kept. Where tRF is the time that takes to the beam particles
arrive into the hall and t is the time of the charged particles projected back to
the vertex. However, there is a contribution from the accidentals in this peak
which is estimated by the out-time photons, as shown in Figure 3. For example,
Figure 4 shows the distribution of dE before and after background subtraction
for run 73137. This process is repeated run-by-run.

3 Results from data

Data has very small statistics requiring (s,|t| ,|u|)>2GeV2 to compare directly
with the simulation, but here are some remarks.

• There is a PID issue in the large momentum reconstructed particles, since
the Central Drift Chamber (CDC) and Forward Drift Chamber (FDC)
can’t really separate the charged particles (pions/protons) for large mo-
mentums. After the studies, the variable that seems to help the most
is:

p�miss = Epmiss
� Pz,pmiss

(1)

3

+ Data

MF+SRC Simulation


MF Simulation

SRC Simulation
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Figure 8: Correleation between the proton momentum and t (top) for the MF
and SRC, and Energy distribution for the protons (bottom).

amount of background in the sample. Figure 15 shows how cutting in slices
of t does not seem to make a big di↵erence, but when the cuts in s and u are
implemented, the potential miss-identification decreases (see green line).
The second variable corresponds to pmiss?, defined as:

pmiss? = (p⇡+ + p⇡� + pp � p�)? (2)

It can be seen in Figure 16 that the tail starting at about 0.3 GeV is where the
src contribution is about 80% of the total events. However, when looking into
the data, it can be seen that many of the events that were located in the lower
end of p�miss are actually in the tail of this variable pmiss?.
Finally, the last variable is kmiss, which is defined as:

kmiss = mp

s
p2miss,? +m2

p

p�miss(2mp � p�miss)
� 1 (3)
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It can be seen in Figure 16 that the tail starting at about 0.3 GeV is where the
src contribution is about 80% of the total events. However, when looking into
the data, it can be seen that many of the events that were located in the lower
end of p�miss are actually in the tail of this variable pmiss?.
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Figure 21: p+miss = Epmiss
+ Pz,pmiss

distribution for simulation (left) and data
(right).

Figure 22: m2
miss = p2rec = (2mp � Emiss)2 � p2miss distribution for simulation

(left) and data (right).

Figure 23: M2
inv = m2

⇡+ +m2
⇡� +m2

p distribution for simulation (left) and data
(right).
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Analysis script for rho0 is located in:


/w/halld-scshelf2101/halld2/home/src-ct/HallD_SRC-CT_Analysis/analysis_scripts/
proton_rho0


ifarm1801.jlab.org> ls

rootalias.h -> Input parameters for the final candidates
style.h -> Plotting style
Input_constants.h 
protonrho_candidates.h  -> Input parameters for the protonrho candidates

protonrho_candidates.C -> Produces the tree with the candidates

final_candidatesrho.C -> Produces the plots

rho0_src_events.txt -> has a summary of total and src events for all runs


run_rho0 -> runs all the scripts



How to run it:


sh run_rho0 Runnumber 

This values will be printed in the screen and have to be uploaded to the spreadsheet


