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ANALYSIS OF THE EMPTY CELL RUNS

INCLUDING COMPARISON WITH 

SIMULATION

γp → ρp → π+π−p



Data Selection
Part 1

2

Runs: 30333, 30334, 30336, 30337, 30564, 30728, 40903, 41386, 41615, 51011, 51013, 51556



• Location: /w/halld-scifs17exp/halld2/home/nathaly/test/
halld_recon/src/plugins/src-test/2pi1p


• Generates a root file with the information of all candidates: 
*Position, Momentum, CDC, FDC, TOF .. information


• The most relevant characteristics are described in the following 
couple of slides

Reconstruction Plugin
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• Only 3 Charged  Tracks and No Showers events:


• Particle Hypothesis are determined by the GetHypotheses function:

1. Hypothesis Selection
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GetHypotheses(ch_tracks,targetParticles,emptyHypothesis,hypothesisList);

Definition:

vector<const DChargedTrack*>ch_tracks;

loop->Get(ch_tracks);

Hypothesis accepted if probability > 1E4  
based in the timing information.



• For each Hypothesis the Vertex Fit is performed:

2. Vertex Fit

Only includes the charged tracks hypothesis.

Example of PiMiums  tracking information (same apply for the other hypothesis):
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Final Events 
Selection

Section 2
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Runs: 30333, 30334, 30336, 30337, 30564, 30728, 40903, 41386, 41615, 51011, 51013, 51556

Macro can be found in: 
/w/halld-scifs17exp/halld2/home/nathaly/test/scripts/read_2pi1p_candidates.C



• Mass of the reconstructed rho:  [GeV] 

• Coplanarity between  and p:  deg  

• Reconstructed Energies in the range that are expected for  
 

0.6 < mρ < 1.

ρ 160 < Δϕ(ρ − p) < 200

Eγ > 7GeV
Eρ + Ep > 7GeV

1. Reconstructed candidates selection
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2. Photon information
•  GeV (only events above that energy were taken to select the in-time and off-time photons). 


•  GeV, where  


• Final Candidates: 
    TLorentzVector pPim(pX_pim,pY_pim,pZ_pim,E_pim) 
    TLorentzVector pPip(pX_pip,pY_pip,pZ_pip,E_pip) 
    TLorentzVector pP(pX_p,pY_p,pZ_p,E_p)	  
    TLorentzVector Ep(0,0,bmE[j],bmE[j]) 
    TLorentzVector rho = pPim + pPip 
     s =  (pPim+pPip+pP)*(pPim+pPip+pP) 
     t  =  -(Ep-rho)*(Ep-rho) 
     u  = -(Ep-pP)*(Ep-pP);

Eγ > 7

|dE | < 1 dE = Eγ + mp − Ep − Eπ+ − Eπ−

• In-time Photons 


 Time from the vertex fit

 Time  from the beam to the center of the target:  

      vector<const DBeamPhoton*> beam_ph;  
      loop->Get(beam_ph);     
      beam_ph[ii]->time();


 Z position from the vertex fit

 Z position from the center of the target  (65 cm)

Δt = t − (tRF +
Zvtx − ZCenter

29.9792458 ) < 2ns

t :
tRF :

Zvtx :
Zcenter :

• , t > − 1GeV2 u > − 1GeV2
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• The miss-reconstructed Pi+ and Protons are suppressed by 
using:  GeV   
 

m2
π−p > 5 2

2. Miss-reconstructed PiPlus and Proton

M2
π−p[GeV/c] M2

π−p[GeV/c]

ω ω

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

 is the angle in the Van Hove Plotsω
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3. Accidentals Subtraction

 [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:
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Example:

After  
Accidental  
Subtraction

Accidentals

Accidentals

All In-time Photons

All In-time Photons

After Accidentals 
Subtraction

After Accidentals 
Subtraction
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4. Comparing data with simulation
Note: The simulation is area normalized to match the data
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+ Data

MF+SRC Simulation


MF Simulation

SRC Simulation

Macro of the plots can be found in: 
/w/halld-scifs17exp/halld2/home/nathaly/test/scripts/plots_data.C
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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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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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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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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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+ Data

MF+SRC Simulation


MF Simulation

SRC Simulation
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Simulation
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• Generated for 

• Two components Mean Field (MF) and Short Range Correlation (SRC) 

• Uses hdgeant4

• All events in the simulation was from the center of the target. 

• The simulation events have been selected using the same logic than the 

data.  (Requirements for the event selection)

4He

 
SIMULATION

γp → ρp → π+π−p
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σ =
N

ϵℒ
:    Cross section

:    Efficiencies


:  Luminosity


σ
ϵ
ℒ

Amorphous radiator Amorphous radiator

Used an amorphous radiator, since the data was taken with an amorphous radiator. 
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1 2

Endcaps

100 
Kapton

μm 25 
Al
μmScale the cross section from He to Kapton and Al4

Scale it by :

   ( He) =0.117 g/cm    

   (Kapton) = 2.7 g/cm  

   (Al) = 1.42 g/cm  


(0.2* (Al)+0.8* (Kapton))/  ( He) = 14.32

ρ 4 3

ρ 3

ρ 3

ρ ρ ρ 4

Nev = σ ⋅ f lux ⋅ thickness ⋅ 14.32

18



Flux Target 
Thickness

Total Flux: 1.55E+12  on target for the 
empty cell run

Data is normalize by the Total Flux and 
then scaled by the

Expected flux 2E7  /s

γ

γ

Thickness 

[cm] / % X0 Atoms/cm2

4He 30 / 4 5.68E+23
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ϵ =
Nreconstructed

Nthrown

Monte-Carlo based: Assumes the simulation  
reproduces the data.

Efficiencies
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Rate Estimates 

Comparison data with simulation
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