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MC Momentum Reconstruction Study

๏ MC sample: 2018 HMDY MC for current HMDY cross-section analysis. 

‣ Geant4 version: geant4.10.02.p02 

‣ TGEANT revision: master - commit c07ed0ad014662c59d3141287bd00e10ceb9968a (Dec 20 2019) 

๏ Selection criteria: same as 2018 UAs analysis but w/o BDMs cut. (NH3 only) 

๏ Checking quantities: , , also  

๏ Method to get  : PaTrack -> PaParticle -> PaTPar. 

๏ Method to get  : PaTrack -> iMCtrack() -> PaMCtrack. 

‣ For true beam track: px = ‒P(0), py = ‒P(1), pz = ‒P(2) ➠ “one has to invert signs of beam's momentum 
components, as in simulation beam goes upward” 

‣ For true muon track: px = P(0), py = P(1), pz = P(2)

Δp = prec − pgen
Δp
|p |

=
prec − pgen

|prec |
Δpx, Δpy, Δpz

prec

pgen
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Δp/|p| v.s. |p| for π‒ track (LL only)
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Beam Track Association

๏ The discrete distribution in  is coming from existence of negative  momentum. 

๏ In the fact that one has to invert the sign of beam momentum in PHAST level, the one possibility 
to get this negative  might be the wrong MC track association. (associate w/ not-beam track) 

๏ We have confirmed that the discrete distribution in  is cause by this issue.

pz pz,gen

pz,gen

px

4

True Pz distribution of π– track

w/ CORAL beat primary vertex → 2%
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Beam Track Association

5

0 0.5 1 1.5 2
)c| (GeV/-πx,|p

10−

5−

0

5

10| - π
x,

/|p - π
x,p

Δ

Entries  29427
Mean x   0.21
Mean y 0.05− 
Std Dev x   0.09
Std Dev y   0.48

Entries  29427
Mean x   0.21
Mean y 0.05− 
Std Dev x   0.09
Std Dev y   0.48

) < 4.56 2c(GeV/ µµM4.30 < 

0 0.5 1 1.5 2
)c| (GeV/-πx,|p

10−

5−

0

5

10| - π
x,

/|p - π
x,p

Δ

Entries  30407
Mean x   0.21
Mean y 0.05− 
Std Dev x   0.09
Std Dev y   0.47

Entries  30407
Mean x   0.21
Mean y 0.05− 
Std Dev x   0.09
Std Dev y   0.47

) < 4.90 2c(GeV/ µµM4.56 < 

0 0.5 1 1.5 2
)c| (GeV/-πx,|p

10−

5−

0

5

10| - π
x,

/|p - π
x,p

Δ

Entries  31601
Mean x   0.21
Mean y 0.04− 
Std Dev x   0.09
Std Dev y   0.48

Entries  31601
Mean x   0.21
Mean y 0.04− 
Std Dev x   0.09
Std Dev y   0.48

) < 5.39 2c(GeV/ µµM4.90 < 

0 0.5 1 1.5 2
)c| (GeV/-πx,|p

10−

5−

0

5

10| - π
x,

/|p - π
x,p

Δ

Entries  30807
Mean x   0.21
Mean y 0.04− 
Std Dev x   0.09
Std Dev y   0.44

Entries  30807
Mean x   0.21
Mean y 0.04− 
Std Dev x   0.09
Std Dev y   0.44

) < 6.19 2c(GeV/ µµM5.39 < 

0 0.5 1 1.5 2
)c| (GeV/-πx,|p

10−

5−

0

5

10| - π
x,

/|p - π
x,p

Δ

Entries  28877
Mean x   0.21
Mean y 0.03− 
Std Dev x   0.09
Std Dev y   0.43

1

10

210

310

410

510

C
ou

nt
s /

 0
.0

40Entries  28877
Mean x   0.21
Mean y 0.03− 
Std Dev x   0.09
Std Dev y   0.43

) < 8.50 2c(GeV/ µµM6.19 < 

189.7 189.8 189.9 190 190.1
)c| (GeV/-πz,|p

4−

2−

0

2

4

| - π
z,

/|p - π
z,p

Δ

Entries  29427
Mean x  189.91
Mean y 0.01− 
Std Dev x   0.05
Std Dev y   0.02

Entries  29427
Mean x  189.91
Mean y 0.01− 
Std Dev x   0.05
Std Dev y   0.02

) < 4.56 2c(GeV/ µµM4.30 < 

189.7 189.8 189.9 190 190.1
)c| (GeV/-πz,|p

4−

2−

0

2

4

| - π
z,

/|p - π
z,p

Δ

Entries  30407
Mean x  189.91
Mean y 0.01− 
Std Dev x   0.05
Std Dev y   0.02

Entries  30407
Mean x  189.91
Mean y 0.01− 
Std Dev x   0.05
Std Dev y   0.02

) < 4.90 2c(GeV/ µµM4.56 < 

189.7 189.8 189.9 190 190.1
)c| (GeV/-πz,|p

4−

2−

0

2

4

| - π
z,

/|p - π
z,p

Δ

Entries  31601
Mean x  189.91
Mean y 0.01− 
Std Dev x   0.05
Std Dev y   0.02

Entries  31601
Mean x  189.91
Mean y 0.01− 
Std Dev x   0.05
Std Dev y   0.02

) < 5.39 2c(GeV/ µµM4.90 < 

189.7 189.8 189.9 190 190.1
)c| (GeV/-πz,|p

4−

2−

0

2

4

| - π
z,

/|p - π
z,p

Δ

Entries  30807
Mean x  189.91
Mean y 0.01− 
Std Dev x   0.05
Std Dev y   0.02

Entries  30807
Mean x  189.91
Mean y 0.01− 
Std Dev x   0.05
Std Dev y   0.02

) < 6.19 2c(GeV/ µµM5.39 < 

189.7 189.8 189.9 190 190.1
)c| (GeV/-πz,|p

4−

2−

0

2

4

| - π
z,

/|p - π
z,p

Δ

Entries  28877
Mean x  189.91
Mean y 0.01− 
Std Dev x   0.05
Std Dev y   0.02

1

10

210

310

410

510

C
ou

nt
s /

 0
.0

08Entries  28877
Mean x  189.91
Mean y 0.01− 
Std Dev x   0.05
Std Dev y   0.02

) < 8.50 2c(GeV/ µµM6.19 < 

0 0.5 1 1.5 2
)c| (GeV/-πx,|p

10−

5−

0

5

10| - π
x,

/|p - π
x,p

Δ

Entries  30101
Mean x   0.21
Mean y   0.02
Std Dev x   0.09
Std Dev y   0.68

Entries  30101
Mean x   0.21
Mean y   0.02
Std Dev x   0.09
Std Dev y   0.68

) < 4.56 2c(GeV/ µµM4.30 < 

0 0.5 1 1.5 2
)c| (GeV/-πx,|p

10−

5−

0

5

10| - π
x,

/|p - π
x,p

Δ

Entries  31110
Mean x   0.21
Mean y   0.02
Std Dev x   0.09
Std Dev y   0.66

Entries  31110
Mean x   0.21
Mean y   0.02
Std Dev x   0.09
Std Dev y   0.66

) < 4.90 2c(GeV/ µµM4.56 < 

0 0.5 1 1.5 2
)c| (GeV/-πx,|p

10−

5−

0

5

10| - π
x,

/|p - π
x,p

Δ

Entries  32287
Mean x   0.21
Mean y   0.02
Std Dev x   0.09
Std Dev y   0.66

Entries  32287
Mean x   0.21
Mean y   0.02
Std Dev x   0.09
Std Dev y   0.66

) < 5.39 2c(GeV/ µµM4.90 < 

0 0.5 1 1.5 2
)c| (GeV/-πx,|p

10−

5−

0

5

10| - π
x,

/|p - π
x,p

Δ

Entries  31494
Mean x   0.21
Mean y   0.03
Std Dev x   0.09
Std Dev y   0.64

Entries  31494
Mean x   0.21
Mean y   0.03
Std Dev x   0.09
Std Dev y   0.64

) < 6.19 2c(GeV/ µµM5.39 < 

0 0.5 1 1.5 2
)c| (GeV/-πx,|p

10−

5−

0

5

10| - π
x,

/|p - π
x,p

Δ

Entries  29459
Mean x   0.21
Mean y   0.03
Std Dev x   0.09
Std Dev y   0.62

1

10

210

310

410

510

C
ou

nt
s /

 0
.0

40Entries  29459
Mean x   0.21
Mean y   0.03
Std Dev x   0.09
Std Dev y   0.62

) < 8.50 2c(GeV/ µµM6.19 < 

189.7 189.8 189.9 190 190.1
)c| (GeV/-πz,|p

4−

2−

0

2

4

| - π
z,

/|p - π
z,p

Δ

Entries  30101
Mean x  189.91
Mean y   0.04
Std Dev x   0.05
Std Dev y   0.30

Entries  30101
Mean x  189.91
Mean y   0.04
Std Dev x   0.05
Std Dev y   0.30

) < 4.56 2c(GeV/ µµM4.30 < 

189.7 189.8 189.9 190 190.1
)c| (GeV/-πz,|p

4−

2−

0

2

4

| - π
z,

/|p - π
z,p

Δ

Entries  31110
Mean x  189.91
Mean y   0.04
Std Dev x   0.05
Std Dev y   0.30

Entries  31110
Mean x  189.91
Mean y   0.04
Std Dev x   0.05
Std Dev y   0.30

) < 4.90 2c(GeV/ µµM4.56 < 

189.7 189.8 189.9 190 190.1
)c| (GeV/-πz,|p

4−

2−

0

2

4

| - π
z,

/|p - π
z,p

Δ

Entries  32287
Mean x  189.91
Mean y   0.04
Std Dev x   0.05
Std Dev y   0.29

Entries  32287
Mean x  189.91
Mean y   0.04
Std Dev x   0.05
Std Dev y   0.29

) < 5.39 2c(GeV/ µµM4.90 < 

189.7 189.8 189.9 190 190.1
)c| (GeV/-πz,|p

4−

2−

0

2

4

| - π
z,

/|p - π
z,p

Δ

Entries  31494
Mean x  189.91
Mean y   0.04
Std Dev x   0.05
Std Dev y   0.29

Entries  31494
Mean x  189.91
Mean y   0.04
Std Dev x   0.05
Std Dev y   0.29

) < 6.19 2c(GeV/ µµM5.39 < 

189.7 189.8 189.9 190 190.1
)c| (GeV/-πz,|p

4−

2−

0

2

4

| - π
z,

/|p - π
z,p

Δ

Entries  29459
Mean x  189.91
Mean y   0.03
Std Dev x   0.05
Std Dev y   0.28

1

10

210

310

410

510

C
ou

nt
s /

 0
.0

08Entries  29459
Mean x  189.91
Mean y   0.03
Std Dev x   0.05
Std Dev y   0.28

) < 8.50 2c(GeV/ µµM6.19 < 

remove negative  pz,gen



03 Jul 2020 Yu-Shiang Lian / 10

Δp/|p| v.s. |p| for μ+ track (LL only)
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‹Δp/|p|› on XY plane
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‹Δp/|p|› on XY plane
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‹Δp/|p|› on XY plane
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‹Δp› on XY plane
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