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Data Quality Check before merging all the runs
-Position Cut, beam XY cut
 Data/MC Comparison using Sungbin’s fit on TPC FF

Heng-Ye Liao | ProtoDUNE hadron-argon cross section measurements, 2022/07/21



:Oct 12 03:54 2018 (0.61 hrs)0Run 5219: t

5− 0 5 10
 Z [cm]

0

10

20

30

 C
ou

nt
s

:Oct 12 03:54 2018 (0.61 hrs)0Run 5219: t

350 400 450 500
 Y [cm]

0

10

20

30

40

50

 C
ou

nt
s

80− 60− 40− 20− 0 20
 X [cm]

0

10

20

30

40 C
ou

nt
s



:Oct 12 05:20 2018 (0.80 hrs)0Run 5225: t

5− 0 5 10
 Z [cm]

0

20

40

60 C
ou

nt
s

:Oct 12 05:20 2018 (0.80 hrs)0Run 5225: t

350 400 450 500
 Y [cm]

0

20

40

60

80

 C
ou

nt
s

80− 60− 40− 20− 0 20
 X [cm]

0

20

40

60

 C
ou

nt
s



:Oct 12 09:08 2018 (1.02 hrs)0Run 5235: t

5− 0 5 10
 Z [cm]

0

20

40

60

80

100

120

 C
ou

nt
s

:Oct 12 09:08 2018 (1.02 hrs)0Run 5235: t

350 400 450 500
 Y [cm]

0

50

100

150 C
ou

nt
s

80− 60− 40− 20− 0 20
 X [cm]

0

20

40

60

80

100

120

 C
ou

nt
s



:Oct 12 10:35 2018 (0.45 hrs)0Run 5240: t

5− 0 5 10
 Z [cm]

0

20

40

60

80

 C
ou

nt
s

:Oct 12 10:35 2018 (0.45 hrs)0Run 5240: t

350 400 450 500
 Y [cm]

0

20

40

60

 C
ou

nt
s

80− 60− 40− 20− 0 20
 X [cm]

0

20

40

60

 C
ou

nt
s



:Oct 12 11:09 2018 (0.69 hrs)0Run 5244: t

5− 0 5 10
 Z [cm]

0

20

40

60

80 C
ou

nt
s

:Oct 12 11:09 2018 (0.69 hrs)0Run 5244: t

350 400 450 500
 Y [cm]

0

20

40

60

 C
ou

nt
s

80− 60− 40− 20− 0 20
 X [cm]

0

20

40

60

 C
ou

nt
s



:Oct 15 09:00 2018 (2.24 hrs)0Run 5308: t

5− 0 5 10
 Z [cm]

0

100

200

300

 C
ou

nt
s

:Oct 15 09:00 2018 (2.24 hrs)0Run 5308: t

350 400 450 500
 Y [cm]

0

100

200

300

 C
ou

nt
s

80− 60− 40− 20− 0 20
 X [cm]

0

50

100

150

200 C
ou

nt
s



:Oct 15 11:30 2018 (8.41 hrs)0Run 5311: t

5− 0 5 10
 Z [cm]

0

200

400

600

800

1000

 C
ou

nt
s

:Oct 15 11:30 2018 (8.41 hrs)0Run 5311: t

350 400 450 500
 Y [cm]

0

200

400

600

800

1000

 C
ou

nt
s

80− 60− 40− 20− 0 20
 X [cm]

0

200

400

600

800

 C
ou

nt
s



:Oct 16 03:20 2018 (2.37 hrs)0Run 5315: t

5− 0 5 10
 Z [cm]

0

10

20

30 C
ou

nt
s

:Oct 16 03:20 2018 (2.37 hrs)0Run 5315: t

350 400 450 500
 Y [cm]

0

10

20

30

40 C
ou

nt
s

80− 60− 40− 20− 0 20
 X [cm]

0

10

20

30

40

 C
ou

nt
s



:Oct 16 09:59 2018 (3.56 hrs)0Run 5338: t

5− 0 5 10
 Z [cm]

0

20

40

60

80

100 C
ou

nt
s

:Oct 16 09:59 2018 (3.56 hrs)0Run 5338: t

350 400 450 500
 Y [cm]

0

20

40

60

80

100 C
ou

nt
s

80− 60− 40− 20− 0 20
 X [cm]

0

20

40

60

80

100

 C
ou

nt
s



:Oct 17 12:31 2018 (11.67 hrs)0Run 5387: t

5− 0 5 10
 Z [cm]

0

200

400

600

800

1000 C
ou

nt
s

:Oct 17 12:31 2018 (11.67 hrs)0Run 5387: t

350 400 450 500
 Y [cm]

0

200

400

600

800

1000

1200

 C
ou

nt
s

80− 60− 40− 20− 0 20
 X [cm]

0

200

400

600

800

 C
ou

nt
s



:Oct 18 09:01 2018 (3.33 hrs)0Run 5423: t

5− 0 5 10
 Z [cm]

0

20

40

60

80

 C
ou

nt
s

:Oct 18 09:01 2018 (3.33 hrs)0Run 5423: t

350 400 450 500
 Y [cm]

0

20

40

60

80 C
ou

nt
s

80− 60− 40− 20− 0 20
 X [cm]

0

20

40

60 C
ou

nt
s



:Oct 18 12:56 2018 (4.39 hrs)0Run 5424: t

5− 0 5 10
 Z [cm]

0

50

100

150

200

250 C
ou

nt
s

:Oct 18 12:56 2018 (4.39 hrs)0Run 5424: t

350 400 450 500
 Y [cm]

0

100

200

300 C
ou

nt
s

80− 60− 40− 20− 0 20
 X [cm]

0

50

100

150

200

250

 C
ou

nt
s



:Oct 18 17:57 2018 (7.00 hrs)0Run 5426: t

5− 0 5 10
 Z [cm]

0

100

200

300

400

500
 C

ou
nt

s
:Oct 18 17:57 2018 (7.00 hrs)0Run 5426: t

350 400 450 500
 Y [cm]

0

100

200

300

400 C
ou

nt
s

80− 60− 40− 20− 0 20
 X [cm]

0

100

200

300 C
ou

nt
s



:Oct 23 05:12 2018 (1.40 hrs)0Run 5455: t

5− 0 5 10
 Z [cm]

0

5

10

15

20

 C
ou

nt
s

:Oct 23 05:12 2018 (1.40 hrs)0Run 5455: t

350 400 450 500
 Y [cm]

0

10

20

30

 C
ou

nt
s

80− 60− 40− 20− 0 20
 X [cm]

0

5

10

15

20

25 C
ou

nt
s



:Oct 23 06:49 2018 (0.89 hrs)0Run 5456: t

5− 0 5 10
 Z [cm]

0

10

20

30 C
ou

nt
s

:Oct 23 06:49 2018 (0.89 hrs)0Run 5456: t

350 400 450 500
 Y [cm]

0

10

20

30

 C
ou

nt
s

80− 60− 40− 20− 0 20
 X [cm]

0

10

20

30

 C
ou

nt
s



:Oct 23 07:54 2018 (0.70 hrs)0Run 5457: t

5− 0 5 10
 Z [cm]

0

5

10

15

20

25

 C
ou

nt
s

:Oct 23 07:54 2018 (0.70 hrs)0Run 5457: t

350 400 450 500
 Y [cm]

0

5

10

15

20

25

 C
ou

nt
s

80− 60− 40− 20− 0 20
 X [cm]

0

5

10

15

20

 C
ou

nt
s



:Oct 23 09:13 2018 (5.59 hrs)0Run 5458: t

5− 0 5 10
 Z [cm]

0

100

200

300

 C
ou

nt
s

:Oct 23 09:13 2018 (5.59 hrs)0Run 5458: t

350 400 450 500
 Y [cm]

0

100

200

300

 C
ou

nt
s

80− 60− 40− 20− 0 20
 X [cm]

0

50

100

150

200

 C
ou

nt
s



:Oct 23 15:33 2018 (9.55 hrs)0Run 5460: t

5− 0 5 10
 Z [cm]

0

200

400

600

800

 C
ou

nt
s

:Oct 23 15:33 2018 (9.55 hrs)0Run 5460: t

350 400 450 500
 Y [cm]

0

200

400

600

 C
ou

nt
s

80− 60− 40− 20− 0 20
 X [cm]

0

200

400

600

 C
ou

nt
s



:Nov 07 11:22 2018 (8.40 hrs)0Run 5809: t

5− 0 5 10
 Z [cm]

0

200

400

600
 C

ou
nt

s
:Nov 07 11:22 2018 (8.40 hrs)0Run 5809: t

350 400 450 500
 Y [cm]

0

200

400

600

 C
ou

nt
s

80− 60− 40− 20− 0 20
 X [cm]

0

100

200

300

400

500

 C
ou

nt
s



:Nov 07 19:57 2018 (2.57 hrs)0Run 5810: t

5− 0 5 10
 Z [cm]

0

50

100

150

 C
ou

nt
s

:Nov 07 19:57 2018 (2.57 hrs)0Run 5810: t

350 400 450 500
 Y [cm]

0

50

100

150

200

 C
ou

nt
s

80− 60− 40− 20− 0 20
 X [cm]

0

50

100

150

 C
ou

nt
s



:Nov 08 04:03 2018 (5.41 hrs)0Run 5814: t

5− 0 5 10
 Z [cm]

0

50

100

150

200

 C
ou

nt
s

:Nov 08 04:03 2018 (5.41 hrs)0Run 5814: t

350 400 450 500
 Y [cm]

0

50

100

150

200 C
ou

nt
s

80− 60− 40− 20− 0 20
 X [cm]

0

50

100

150 C
ou

nt
s



:Nov 08 12:21 2018 (3.58 hrs)0Run 5816: t

5− 0 5 10
 Z [cm]

0

100

200

300

400

500

 C
ou

nt
s

:Nov 08 12:21 2018 (3.58 hrs)0Run 5816: t

350 400 450 500
 Y [cm]

0

100

200

300

400 C
ou

nt
s

80− 60− 40− 20− 0 20
 X [cm]

0

100

200

300

 C
ou

nt
s



:Nov 08 17:11 2018 (7.52 hrs)0Run 5817: t

5− 0 5 10
 Z [cm]

0

200

400

600

800

1000

1200

 C
ou

nt
s

:Nov 08 17:11 2018 (7.52 hrs)0Run 5817: t

350 400 450 500
 Y [cm]

0

200

400

600

800

1000

 C
ou

nt
s

80− 60− 40− 20− 0 20
 X [cm]

0

200

400

600

800

 C
ou

nt
s



:Nov 11 15:18 2018 (6.02 hrs)0Run 5842: t

5− 0 5 10
 Z [cm]

0

200

400

600

800

1000

1200

1400

 C
ou

nt
s

:Nov 11 15:18 2018 (6.02 hrs)0Run 5842: t

350 400 450 500
 Y [cm]

0

200

400

600

800

1000

1200

 C
ou

nt
s

80− 60− 40− 20− 0 20
 X [cm]

0

200

400

600

800 C
ou

nt
s



:Nov 11 21:32 2018 (1.43 hrs)0Run 5843: t

5− 0 5 10
 Z [cm]

0

20

40

60

 C
ou

nt
s

:Nov 11 21:32 2018 (1.43 hrs)0Run 5843: t

350 400 450 500
 Y [cm]

0

10

20

30

40

50 C
ou

nt
s

80− 60− 40− 20− 0 20
 X [cm]

0

10

20

30

40 C
ou

nt
s



:Nov 11 23:05 2018 (1.91 hrs)0Run 5844: t

5− 0 5 10
 Z [cm]

0

100

200

300

 C
ou

nt
s

:Nov 11 23:05 2018 (1.91 hrs)0Run 5844: t

350 400 450 500
 Y [cm]

0

100

200

300

 C
ou

nt
s

80− 60− 40− 20− 0 20
 X [cm]

0

50

100

150

200 C
ou

nt
s



0

1

2

3

4

5

6

7

8
:Oct 12 03:54 2018 (0.61 hrs)0Run 5219: t

50− 40− 30− 20− 10−
X [cm]

410

420

430

440
Y

 [c
m

]

bx_by
Entries  424

Mean x 31.4−  

Mean y   422.2

Std Dev x   3.771

Std Dev y   3.593

:Oct 12 03:54 2018 (0.61 hrs)0Run 5219: t



0

2

4

6

8

10

12
:Oct 12 05:20 2018 (0.80 hrs)0Run 5225: t

50− 40− 30− 20− 10−
X [cm]

410

420

430

440
Y

 [c
m

]

bx_by
Entries  650

Mean x 30.82− 

Mean y   421.9

Std Dev x   3.807

Std Dev y   3.538

:Oct 12 05:20 2018 (0.80 hrs)0Run 5225: t



0

2

4

6

8

10

12

14

16

18

20

:Oct 12 09:08 2018 (1.02 hrs)0Run 5235: t

50− 40− 30− 20− 10−
X [cm]

410

420

430

440
Y

 [c
m

]

bx_by
Entries  1349

Mean x 31.13− 

Mean y   422.1

Std Dev x    3.93

Std Dev y   3.495

:Oct 12 09:08 2018 (1.02 hrs)0Run 5235: t



0

2

4

6

8

10

:Oct 12 10:35 2018 (0.45 hrs)0Run 5240: t

50− 40− 30− 20− 10−
X [cm]

410

420

430

440
Y

 [c
m

]

bx_by
Entries  615

Mean x 30.98− 

Mean y     422

Std Dev x   3.907

Std Dev y   3.609

:Oct 12 10:35 2018 (0.45 hrs)0Run 5240: t



0

2

4

6

8

10

12
:Oct 12 11:09 2018 (0.69 hrs)0Run 5244: t

50− 40− 30− 20− 10−
X [cm]

410

420

430

440
Y

 [c
m

]

bx_by
Entries  723

Mean x 30.98− 

Mean y   422.1

Std Dev x   3.872

Std Dev y   3.527

:Oct 12 11:09 2018 (0.69 hrs)0Run 5244: t



0

5

10

15

20

25

30

:Oct 15 09:00 2018 (2.24 hrs)0Run 5308: t

50− 40− 30− 20− 10−
X [cm]

410

420

430

440
Y

 [c
m

]

bx_by
Entries  2766

Mean x 31.09− 

Mean y   422.1

Std Dev x   3.912

Std Dev y   3.564

:Oct 15 09:00 2018 (2.24 hrs)0Run 5308: t



0

20

40

60

80

100

120
:Oct 15 11:30 2018 (8.41 hrs)0Run 5311: t

50− 40− 30− 20− 10−
X [cm]

410

420

430

440
Y

 [c
m

]

bx_by
Entries  9790

Mean x 31.07− 

Mean y   422.1

Std Dev x   3.896

Std Dev y   3.544

:Oct 15 11:30 2018 (8.41 hrs)0Run 5311: t



0

1

2

3

4

5

6

7

8
:Oct 16 03:20 2018 (2.37 hrs)0Run 5315: t

50− 40− 30− 20− 10−
X [cm]

410

420

430

440
Y

 [c
m

]

bx_by
Entries  355

Mean x 31.02− 

Mean y   422.2

Std Dev x   3.925

Std Dev y   3.504

:Oct 16 03:20 2018 (2.37 hrs)0Run 5315: t



0

2

4

6

8

10

12

14

16
:Oct 16 09:59 2018 (3.56 hrs)0Run 5338: t

50− 40− 30− 20− 10−
X [cm]

410

420

430

440
Y

 [c
m

]

bx_by
Entries  1069

Mean x 31.2−  

Mean y   422.1

Std Dev x   3.847

Std Dev y   3.596

:Oct 16 09:59 2018 (3.56 hrs)0Run 5338: t



0

20

40

60

80

100

120

:Oct 17 12:31 2018 (11.67 hrs)0Run 5387: t

50− 40− 30− 20− 10−
X [cm]

410

420

430

440
Y

 [c
m

]

bx_by
Entries  10678

Mean x 31−    

Mean y   422.1

Std Dev x   3.921

Std Dev y   3.564

:Oct 17 12:31 2018 (11.67 hrs)0Run 5387: t



0

2

4

6

8

10

12

14

16
:Oct 18 09:01 2018 (3.33 hrs)0Run 5423: t

50− 40− 30− 20− 10−
X [cm]

410

420

430

440
Y

 [c
m

]

bx_by
Entries  766

Mean x 30.87− 

Mean y     422

Std Dev x   3.898

Std Dev y   3.535

:Oct 18 09:01 2018 (3.33 hrs)0Run 5423: t



0

5

10

15

20

25

30

35

:Oct 18 12:56 2018 (4.39 hrs)0Run 5424: t

50− 40− 30− 20− 10−
X [cm]

410

420

430

440
Y

 [c
m

]

bx_by
Entries  2964

Mean x 30.96− 

Mean y   422.1

Std Dev x   3.929

Std Dev y   3.552

:Oct 18 12:56 2018 (4.39 hrs)0Run 5424: t



0

10

20

30

40

50

:Oct 18 17:57 2018 (7.00 hrs)0Run 5426: t

50− 40− 30− 20− 10−
X [cm]

410

420

430

440
Y

 [c
m

]

bx_by
Entries  4149

Mean x 30.88− 

Mean y   422.2

Std Dev x   3.955

Std Dev y   3.563

:Oct 18 17:57 2018 (7.00 hrs)0Run 5426: t



0

1

2

3

4

5

6
:Oct 23 05:12 2018 (1.40 hrs)0Run 5455: t

50− 40− 30− 20− 10−
X [cm]

410

420

430

440
Y

 [c
m

]

bx_by
Entries  232

Mean x 30.89− 

Mean y   421.9

Std Dev x    3.91

Std Dev y   3.533

:Oct 23 05:12 2018 (1.40 hrs)0Run 5455: t



0

1

2

3

4

5

6

7
:Oct 23 06:49 2018 (0.89 hrs)0Run 5456: t

50− 40− 30− 20− 10−
X [cm]

410

420

430

440
Y

 [c
m

]

bx_by
Entries  310

Mean x 31.61− 

Mean y   422.1

Std Dev x   3.977

Std Dev y   3.408

:Oct 23 06:49 2018 (0.89 hrs)0Run 5456: t



0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

4.5

5.0
:Oct 23 07:54 2018 (0.70 hrs)0Run 5457: t

50− 40− 30− 20− 10−
X [cm]

410

420

430

440
Y

 [c
m

]

bx_by
Entries  225

Mean x 30.97− 

Mean y   421.8

Std Dev x   4.126

Std Dev y   3.519

:Oct 23 07:54 2018 (0.70 hrs)0Run 5457: t



0

5

10

15

20

25

30

35
:Oct 23 09:13 2018 (5.59 hrs)0Run 5458: t

50− 40− 30− 20− 10−
X [cm]

410

420

430

440
Y

 [c
m

]

bx_by
Entries  2559

Mean x 31.13− 

Mean y   422.1

Std Dev x   3.893

Std Dev y   3.579

:Oct 23 09:13 2018 (5.59 hrs)0Run 5458: t



0

10

20

30

40

50

60

70

:Oct 23 15:33 2018 (9.55 hrs)0Run 5460: t

50− 40− 30− 20− 10−
X [cm]

410

420

430

440
Y

 [c
m

]

bx_by
Entries  6982

Mean x 31.1−  

Mean y   422.1

Std Dev x   3.883

Std Dev y   3.538

:Oct 23 15:33 2018 (9.55 hrs)0Run 5460: t



0

10

20

30

40

50

60

70

:Nov 07 11:22 2018 (8.40 hrs)0Run 5809: t

50− 40− 30− 20− 10−
X [cm]

410

420

430

440
Y

 [c
m

]

bx_by
Entries  5756

Mean x 31.07− 

Mean y   422.3

Std Dev x   3.836

Std Dev y   3.466

:Nov 07 11:22 2018 (8.40 hrs)0Run 5809: t



0

5

10

15

20

25

:Nov 07 19:57 2018 (2.57 hrs)0Run 5810: t

50− 40− 30− 20− 10−
X [cm]

410

420

430

440
Y

 [c
m

]

bx_by
Entries  1608

Mean x 30.93− 

Mean y   422.3

Std Dev x   3.778

Std Dev y   3.523

:Nov 07 19:57 2018 (2.57 hrs)0Run 5810: t



0

2

4

6

8

10

12

14

16

18

20

22

24
:Nov 08 04:03 2018 (5.41 hrs)0Run 5814: t

50− 40− 30− 20− 10−
X [cm]

410

420

430

440
Y

 [c
m

]

bx_by
Entries  1914

Mean x 31.16− 

Mean y   422.2

Std Dev x    3.86

Std Dev y   3.505

:Nov 08 04:03 2018 (5.41 hrs)0Run 5814: t



0

10

20

30

40

50

:Nov 08 12:21 2018 (3.58 hrs)0Run 5816: t

50− 40− 30− 20− 10−
X [cm]

410

420

430

440
Y

 [c
m

]

bx_by
Entries  4195

Mean x 31.29− 

Mean y   422.2

Std Dev x   3.906

Std Dev y   3.593

:Nov 08 12:21 2018 (3.58 hrs)0Run 5816: t



0

20

40

60

80

100

:Nov 08 17:11 2018 (7.52 hrs)0Run 5817: t

50− 40− 30− 20− 10−
X [cm]

410

420

430

440
Y

 [c
m

]

bx_by
Entries  10198

Mean x 31.3−  

Mean y   422.1

Std Dev x   3.898

Std Dev y   3.556

:Nov 08 17:11 2018 (7.52 hrs)0Run 5817: t



0

20

40

60

80

100

120

:Nov 11 15:18 2018 (6.02 hrs)0Run 5842: t

50− 40− 30− 20− 10−
X [cm]

410

420

430

440
Y

 [c
m

]

bx_by
Entries  11083

Mean x 31.15− 

Mean y   422.2

Std Dev x   3.941

Std Dev y   3.596

:Nov 11 15:18 2018 (6.02 hrs)0Run 5842: t



0

2

4

6

8

10

:Nov 11 21:32 2018 (1.43 hrs)0Run 5843: t

50− 40− 30− 20− 10−
X [cm]

410

420

430

440
Y

 [c
m

]

bx_by
Entries  538

Mean x 31.27− 

Mean y   422.4

Std Dev x   3.962

Std Dev y   3.593

:Nov 11 21:32 2018 (1.43 hrs)0Run 5843: t



0

5

10

15

20

25

30

:Nov 11 23:05 2018 (1.91 hrs)0Run 5844: t

50− 40− 30− 20− 10−
X [cm]

410

420

430

440
Y

 [c
m

]

bx_by
Entries  2737

Mean x 31.13− 

Mean y   422.1

Std Dev x   3.916

Std Dev y   3.585

:Nov 11 23:05 2018 (1.91 hrs)0Run 5844: t



You Inst Logo

Time Variations: Positions & Beam XY 
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Global Cuts
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KE using New Fit
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Data using all 1 GeV/c runs
KE at TPC front-face using Sungbin’s fit on RR:
- Good performance on the elastic-scattering protons
- Wider distribution for the inelastic ones
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Energy deposition
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Calo reco: Data has good agreement with MC
Range reco: MC needs reweighting to catch up with data
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KEend - Calo
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KEff estimation using the new fit
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KEend - Bethe-Bloch
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Partial data used for KEend (Bethe-Bloch) for the study
Elastic KE has ‘oscillation’ pattern → Could be related to the range 
estimation


