DEEP UNDERGROUND NEUTRINO EXPERIMENT

Data-driven Background Measurement

» Outline
- Reco efficiency study
- Background measurement
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Reco Efficiency Study

» Truncation method:
- Method developed by Yinrui & Tingjun
- Select long tracks, truncate them to given lengths

. - _ _# of reconstructed tracks
Reco efficiency= # of selected long tracks I

» Selection cuts for long tracks:
[1] Beam quality cuts:
Beam instrumentation cut (data)/PDG cut (MC) to select protons
+ Pandora slice cut + CaloSize cut + Position cut + Cos© cut
[2] Track length cut to select long tracks: 75-140 cm

» Configurations:
- Data: protodune-sp_runset 5387 reco2 v09 30 00 _vO
- MC: PDSPProd4a_ MC_1GeV recol sce datadriven vl 08
- Statistics of selected long track events:
+ Data: 2696
+ MC: 3743



Event Display (Data)
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Event Display (MC)

File Edit Window Help File Edit Window Help

| < Previous| Next—>| >| Reload | | [Run/Event=| 457226+[674 ﬂ Print | < Previous| Next—>| >| Reload| | (Run/Event]=| 457226674 Go| Print

XZ View ﬂ'i— —= — T T T T — T T T T T T XZ View 10— T T T T T T T T T T T T T T T T ™

Unzoom = \ﬂ\ x g 1 Unzoom E .

4 _ L i Q ) _ap— .

|_1 il Marker Size B B r'{ﬁ |_1 fl Marker Size - @ T

< - i3 oo 3

L 7 S0 Oy L e d —

£ A s 3 C .0 ]

= = 3 o =

2 T E @O g N z e, J

£ LS. : P E P i =

& F N - - ¥y % = i b, 7

= a0 — -~ . - * 50— o —

= 3 E Bl , -

= & - = M) =

250 , = 0 ] a =

—300— + ~T0 5 ’ —

S . o 43 C - : . 7

—350— - 3 E & , =

e A e e e b e = =, 1 1 | 1 1 1 L 1 L | | L | L T

40 60 80 100 120

2 0cm}

VZ View 6-1]]I YZ View R BT £ B DU B L B B I I A

Unzoom [ Unzoom 30— ] _;? T

: 500! : F ) § =

1 | Marker Size (= Marker Size = s -

EI ) :I 420 —

400 3

= 410 —

¢ 3“"':'__ g 100 _

2008, 390 =

E: 380 —

10— E

70— g 2 8 —

Ty g - VT O T e T T A T O A SO O A A A B

I ] TNy 500 EIT) in 40 50 60 70 B0 90 ({11] L0 120

2 (cm) & em)

Before truncation After truncation




Reco Efficiency: Protons
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» Truncated lengths: 5 cm, 8 cm, 10 cm, 20 cm, 30 cm
» Error definitions in reco efficiency:
ox: Standard devitation
oy: 1-0 boundaries for the Clopper-Pearson interval
» Reco efficiency: MC> Data
- Larger discrepancy between 10 to 25 cm (plan to have more points)
- Less than 5 cm, data/MC agree better




Background Measurement
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» Main backgrounds in the proton XS analysis:
- Elastic scattering protons (El)
- Secondary protons (MislD:p)

» Use background-rich samples to constrain backgrounds




MisID:P-Rich Sample

100 DUNE:ProtoDUNE'SP

Protons (1 GeV/c
—————

~

B } Data

- e MC (before reweighting) - x%dof:36.08/30
80 [ MC (after reweighting) - x%/dof:37.27/28

[ [l Inel B misID:cosmic
60 [ misID:p B misID:n B misID

misiD:e/y [ misID:other

40

20

PP R ST

III|III|III|III|III

o

20 40

60 80 100 120
Proton Track Length [cm]

140

O T T T T T T T T T T T
S 6 - | | | |
% l Before reweighting i
= - — After reweighting .
B <Data/MC>: 0.89+0.21 7
4 \— ]
2 [ I —
AN
i |'1'I11 ]
0 MR R .II PR T T S T NS SR T NN ST S S N ST S
0 20 40 60 80 120 140

100
Proton Track Length [cm]

» C0s6<0.9 to select MisID:P-rich
events

» Nearly elastic-free after 10 cm
— Good to constrain other non-El
backgrounds

» Before any correction,
<Data/MC> = 0.89+0.21
[over-estimation of MC]

» MisID:P correction factor
- a:=Best fit for Data-h1-a*h2
h1l: All MC except misiD:p
h2: MC misID:p

- 0=0.68+0.19 (best-fit)




MisID:P-Rich Sample
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» Before any correction,

<Data/MC> = 0.89+0.21

» El. correction factor

- B, y:=Best fit for Data-h1l-a*h2-y*h3
h1l: All MC except MisID:P&lnel
h2: MC MisID:P
h3: MC Inel

0=0.77+0.36
y=0.14+9.24

» Big uncertainty on Inel component

using simultaneous fit
— Safe only using a correction,
not (a,y) correction




El-Rich Sample
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El-Rich Sample (After a Correction)
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» Apply a correction,
<Data/MC> = 1.03+0.02
(Improvement after a corr.)

» El. correction factor
- B:=Best fit for Data-h1-a*h2-f*h3
h1l: All MC except MisID:P&EI
h2: MC MisID:P
h3: MC El

- 0=0.68+0.19 (derived from
9 MisID:P-rich sample)
L B=1.0010.02 (best-fit)

» It seems that after o correction,

we do not have to make correction
on El. background
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Inel-Rich Sample (Sighal Channel)
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Inel-Rich Sample (Sighal Channel)
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» Apply proton corrections on

the signal channel
(a, B)=(0.68+0.19, 1)

» After proton corrections,
<Data/MC> = 1.01+0.03

(Improvement after o corr.)
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Inel-Rich Sample (Sighal Channel)
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Summary on Data-driven Proton Correction
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Channel

MisID:P-rich

El-rich
El-rich with
o corr.

Inel-rich
(signal
channel)

Inel-rich with
o corr.

Inel-rich

Data/MC

0.89+0.21
0.89+0.21
1.05+0.02

1.03+0.02

1.03+0.03

1.01+0.03

1.08+0.03

Proton Correction Factor

a
(MisID:P)

0.68+0.19

0.77+0.36

0.68%+0.19

0.68+0.19

1.65+0.50

B
(EL)

1.03+0.02

1.00+0.02

0.96+0.31

Y
(Inel.)

0.14+9.24



Summary & Outlook

» Reco efficiency:
Larger discrepancy between data and MC for
track length between 10 cm and 25 cm

» Background measurement:
- Data/MC has good agreement for track length>30 cm
- Proton correction:
Scaling factor of MisID:P: 0.68+0.19

> Next:
- Include background subtraction in the XS analysis
- Proton KE
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