
g12 status 

Lei Guo, Florida International University, g12 group 

•  g12 group review ongoing (second round) 
•  Key issues: 
•  MC/Data Comparison 
•  Normalization 

•  Key results 
•  Road forward 
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the with the listed conditions reduced the event yield by 81.91%. Simulating the trigger and cutting on
the events with the listed conditions reduced that event yield to 69.48%. This indicates that the trigger
simulation is properly mimicking the trigger configuration used when data is collected.

6 Comparison of Data to Known States and Cross Sections
In this section we show a series of figures depicting known resonances with the data. The reader is
encouraged to compare the masses and widths measured with the PDG[19]. The masses of the narrow states
in g12 are all measured to be consistent with the known values, such as η in Fig. 94 using the missing mass
technique, π reconstructed using two photons Fig. 95, ρ/ω reconstructed using two leptons Fig. 96, as well
as Ξ from the reaction of γ π K K ( ) shown in Fig. 97. Fig. 98 shows the invariant mass of the K
from K [π ]. In addition to these missing masses, we have already shown a good signal from π π in
Fig. 59 on page 69. The , shown in Fig. 98, and the shown in Fig. 99, are also spot on when
compared with the PDG values.
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Figure 94: Missing mass off proton showing the η resonance with a measured mass of 548 MeV.
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Figure 99: invariant mass spectrum in the reaction , where all particles are detected by CLAS.
The line indicates the PDG value of mass.

103

Data quality: Mass positions  
 

•  All known narrow states are 
   within ~1MeV of the PDG value 
  (using missing mass, invariant mass;  
  strange states or non strange states; 
   hadron/lepton decays) 
•  Mass resolution (Ks) from MC 
     reproduces data (within 1MeV)   



MC/Data comparison 
                  

Included: TOF knockout (Dead/Bad paddles); Wire efficiency map (gpp) 
Good agreement between data/simulation (Dead/inefficient areas correctly simulated) 
Simulation: phase space 

γ p→ pπ +π −



TOF knockout 
•  Dead paddles (occupancy) •  Unstable  (resolution/shifting) 
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•  The combined list has small 
statistical impact 

•  Most are in the backward region 



Normalization 
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Figure 83: Gaussian fit to 60 and 65 nA data shown in Fig. 82. The error on themean indicates a systematic uncertainty
of 0.5%. The sigma of the Gaussian fit indicates a statistical uncertainty of approximately 10%.
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Flux normalized yields (ω) do not show inefficiency at high currents (60nA) 
Overall uncertainty in normalization (from 60nA/65nA comparison) ~6% 
 



Dynamic Track-dependent Efficiency Map (MK) 
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Figure 100: vs. plot showing the over-efficiency of simulating the π with z-vertex cm
and momentum GeV from a 2 charged track reaction.
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Figure 101: vs. plot showing the over-efficiency of simulating the proton with z-vertex
cm and momentum GeV from a 2 charged track reaction.
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Figure 102: vs. plot showing the over-efficiency of simulating the with z-vertex cm
and momentum GeV from a 2 charged track reaction.

107

γ p→ pπ +π −
•  Methology:  
      Use                          and compare MC/Data  
      Reconstruction efficiency compared 
•  MC found to have over-efficiency; 
•  Correction derived for 
•  Functions of z, momentum, angles  
•   Derived with and without multiple photon 

p,π +,π −
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and 106. The g12 data employed tight timing and fiducial cuts to minimize systematic uncertainty at the
expense of larger statistical uncertainty and very low statistics at high energy and large angle.

In this analysis,
γ p [Λ] Κ p π K (22)

was simulated with a -slope off the K set to unity. The divisions in polar angle were fine enough so that the
acceptance was approximately linear in each bin. All three final state particles (p π K ) were reconstructed
and the trigger was modeled to require two particles to be in two different sectors for the high-energy part of
the tagger and three particles in three different sectors for the low-energy part of the tagger. Additionally,
the tagger was populated with noise generated from the data using ’s option (see Sec. 5.2, page 91).
An associated start counter hit was required for each final-state particle and a timing cut against the was
set to .
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Figure 105: Differential cross section of Λ K photoproduction in red with a comparison to g11a with the black line
and yellow band at of their quoted statistical uncertainty.

The π differential cross-section, shown in Figs. 107 and 108, was measured in the reaction

γ p p [π ] p e e [γ] (23)

where the detected final state particles were one proton, one positron and one electron, while the final state

111

Cross section results (Johann):  
 γ p→ K +Λ→ K +pπ −

g12 results in very good agreement 
With g11. 



Cross section results (Zulkaida):  
 

1.55 < E < 1.60

+ : g11

+ : g12
1.60 < E < 1.65

+ : g11

+ : g12
1.65 < E < 1.70

+ : g11

+ : g12
1.70 < E < 1.75

+ : g11

+ : g12
1.75 < E < 1.80

+ : g11

+ : g12

1 0 8 0 6 0 4 0 2 0 0 2 0 4 0 6 0 8 1

1.80 < E < 1.85

+ : g11

+ : g12

1 0 8 0 6 0 4 0 2 0 0 2 0 4 0 6 0 8 1

1.85 < E < 1.90

+ : g11

+ : g12

1 0 8 0 6 0 4 0 2 0 0 2 0 4 0 6 0 8 1

1.95 < E < 2.00

+ : g11

+ : g12

1 0 8 0 6 0 4 0 2 0 0 2 0 4 0 6 0 8 1

2.00 < E < 2.05

+ : g11

+ : g12

0 8 0 6 0 4 0 2 0 0 2 0 4 0 6 0 8 1

2.05 < E < 2.10

+ : g11

+ : g12

2.10 < E < 2.15

+ : g11

+ : g12
2.15 < E < 2.20

+ : g11

+ : g12
2.20 < E < 2.25

+ : g11

+ : g12
2.25 < E < 2.30

+ : g11

+ : g12
2.30 < E < 2.35

+ : g11

+ : g12

2.35 < E < 2.40

+ : g11

+ : g12
2.40 < E < 2.45

+ : g11

+ : g12
2.55 < E < 2.60

+ : g11

+ : g12
2.60 < E < 2.65

+ : g11

+ : g12
2.65 < E < 2.70

+ : g11

+ : g12

-110

1

10
-110

1

10
-110

1

10
-110

1

10
-110

-1 -0.5 0 0.5 1-1 -0.5 0 0.5 1-1 -0.5 0 0.5 1-1 -0.5 0 0.5 1-1 -0.5 0 0.5 1

cm ωθ cos

 b
)

µ
 ( θ

 /d
co

s 
σ

 d
 

γ p→ pω→ pπ +π −(π 0 )
2.70 < E < 2.75

+ : g11
+ : g12 2.75 < E < 2.80

+ : g11
+ : g12 2.80 < E < 2.85

+ : g11
+ : g12 2.85 < E < 2.90

+ : g11
+ : g12 2.90 < E < 2.95

+ : g11
+ : g12

1 0 8 0 6 0 4 0 2 0 0 2 0 4 0 6 0 8 1

3.20 < E < 3.25
+ : g11
+ : g12

1 0 8 0 6 0 4 0 2 0 0 2 0 4 0 6 0 8 1

3.25 < E < 3.30
+ : g11
+ : g12

1 0 8 0 6 0 4 0 2 0 0 2 0 4 0 6 0 8 1

3.30 < E < 3.35
+ : g11
+ : g12

1 0 8 0 6 0 4 0 2 0 0 2 0 4 0 6 0 8 1

3.35 < E < 3.40
+ : g11
+ : g12

0 8 0 6 0 4 0 2 0 0 2 0 4 0 6 0 8 1

3.40 < E < 3.45
+ : g11
+ : g12

3.60 < E < 3.65
+ : g11
+ : g12 3.65 < E < 3.70

+ : g11
+ : g12 3.70 < E < 3.75

+ : g11
+ : g12 3.75 < E < 3.80

+ : g11
+ : g12

-310

-110

10
-310

-110

10
-310

-110

10
-310

-1 -0.5 0 0.5 1-1 -0.5 0 0.5 1-1 -0.5 0 0.5 1-1 -0.5 0 0.5 1-1 -0.5 0 0.5 1

cm ωθ cos

 b
)

µ
 ( θ

 /d
co

s 
σ

 d
 

pull
Entries  680
Mean   0.1467
RMS    0.2182

 / ndf 2χ  86.62 / 22
Constant  4.50± 69.38 
Mean      0.00876± 0.09762 
Sigma     0.0072± 0.1495 

g12/g11
-0.8 -0.6 -0.4 -0.2 0 0.2 0.4 0.6 0.80

10

20

30

40

50

60

70

80

90

pull
Entries  680
Mean   0.1467
RMS    0.2182

 / ndf 2χ  86.62 / 22
Constant  4.50± 69.38 
Mean      0.00876± 0.09762 
Sigma     0.0072± 0.1495 

pull distribution of g12/g11

•  Included: All corrections; 
•  Efficiency map: applied 
•  Not yet implemented: TOF knockout 
•  g11/g12 agrees well. Except at high energies 
•  g12 efficiency map is a dynamic, 
     track-dependent correction! 
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photon was identified through kinematic fitting. For the identification of the leptons, where the incident
photon beam energy was less than 3.6 GeV, the use of the trigger configuration 6 (see Table 3 on page 6)
was employed. To ensure proper simulation of trigger configuration 6, a trigger model was used which
mimicked the discrimination of low voltage from the Cherenkov and Electromagnetic calorimeter PMT’s.
Simulation was performed using to generate phasespace of 23. All incident beam photons that
were within 2.004 ns of the timed particles were analyzed, meaning if an event had 2 or more incident beam
photons that were in time with the detected particles within 2.004 ns, then each photon was analyzed as a
separate event along with the quantities of the detected particles.
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Figure 107: Differential cross section of the π up to a beam energy of approximately 2 GeV, using the lepton decay
channel.

To summarize, the g12 data set does not shown any significant beam-intensity-dependent inefficiency,
and the overall normalization, when all corrections documented in this note are applied, can be validated by
the consistency between the cross sections such as ω, π and Λ when compared with prior results.
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Cross section results (MK):  
 γ p→ pπ 0 → pe+e−(γ )

•  Cross section results fed  
     back to simulation(PLUTO) 
•  All photons analyzed, no  
     multiple photon correction 
•  g12 results consistent  
     with g1c (backwards) 
•  At forward angles, g12 
     has the highest statistics 
•  Across the whole range, 
    g12 agrees with world data 



Polarization measurements/uncertainty: 
beam helicity asymmetries 
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•  Charge  Asymmetry: ~0.002 
    (derived from single pion channels) 
•  Beam polarization uncertainty: ~5% 
•  g1c/g12 comparison: pulls~0.01  
     (Not exactly a fair comparison since the mean 
      values off φ are not the same) 
•  g12 is self consistent as well (FIU/FSU) 



Summary 
•  We would like to thank the review committee 
•  All corrections (standard/g12 specific) performed and systematics checked 
•  g12 cross sections (strange/lepton/hadron) all in good agreement with prior 

results 
•  Polarization measurements also consistent with existing results 
•  Multiple results ready for review (Thesis/Analysis/Paper draft written) 

–  π0 cross section (MK) 
–  Meson->KsKs (Schloka/Ken) 
–  Ξ- polarization (Jason) 
–  Ξ- cross section and Ξ-* upper limit (Johann) 
–  ρ/ω interference (MP) 
–  Many other analysis are in mature stage (PWAs, Asymmetries, ….) 


