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ProtoDUNE-Single Phase

The protoDUNE single-phase apparatus is one of the two large scale prototypes of the far detector module of DUNE.

% Several goals:
» Cryostat design validation (electronics, high voltage, LAr purity) ik
> Data acquisition and storage Feedthrough | Fecitrouohs
> Detector performance characterisation =~ ProtoDUNE-SP APA
» Event reconstruction and analysis

Liquid Argon TPC

-----

Cathode
Plane

rl’%ﬂ!

pions r*, kaons K*, protons p,

muons gt and positrons e*
(with momentum from 0.3 to 7 GeV/c)

Eqrift /
/7114 .
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Previous talk

Analysis Flowchar (AR 0 p

MC

— MC sample: PDSPProd4a_MC_1GeV_recol_sce_datadriven_v1l_00-09
— Data sample: 70% of 1GeV data

Data

1.Beam PDG cut (PDG = 211)

2.Pandora slice cut (track/shower like)

3. Cola size cut (reco_beam_calo_wire.size() != 0)
4. Beam quality cut

5. APA3 cut (remove broken tracks)

6. Michel socre cut (remove muon)

7.Median dEdx cut (remove secondary protons)

1.Beam PDG cut (PDG = 211 && -13)

2. Pandora slice cut (track/shower like)

3.Cola size cut (reco_beam_calo_wire.size() != 0)
4.Beam quality cut MC Beam
5. APA3 cut (remove broken tracks) Selection
6. Michel socre cut (remove muon)

7.Median dEdx cut (remove secondary protons)

Data Beam
Selection

Pion Beam
Events

YES
<«——YES
Michel selection

Michel Electron

Candidates

1. Shower score > 0.5

2. Number of hits > 80

3. Shower distance* between 2 & 90 cm
4.Impact Parameter* < 15

Shower

1. Track score > 0.5 Track Final State
Candidates

2. Number of hits > 40 Candidates “ YES Particle Selection
Track selection Shower selection

v v v

At least 2 showers
1. Chi2/NDF < 50 Energy/Momentum Pi0 Showers Kinematic
Correction (MC-driven) Fitting

2. Trancated mean dEdx > 3.5
Combine two showers

YES

Pion 1t+ Proton

Candidates

Candidates

)

\A

J

Energy/Momentum
Correction (MC-driven)

Neutral Pion -

> rotons l { |

[ At least 1 proton

vy [

No Pion Tt+ TKI Analysis
Event Sample
No Michel
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https://indico.fnal.gov/event/52313/contributions/230294/attachments/150415/193996/Pion%20TKI%20Analysis%20in%20ProtoDUNE.pdf

Shower Selection & Reconstruction

4 17/01/2022 Kang Yang | ProtoDUNE-SP Neutral Pion Reconstruction




Shower Selection
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+» Shower score can be used to select shower
like particles.

% Most protons and pions have shower score
less than 0.5

Candidates
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Shower Score

“* Rec. particles are counted as a shower if :
1. Number of hits > 80

2. Shower Score > 0.5
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Why nHits > 80 (Shower Selection)

Column normalized

1.2

* This is the Completeness VS nHits after
select particle with shower score > 0.5

2 ool
(] - . . .
S I “* Select nHits > 80 will reject those very
+ 0.6— .
2 low completeness rec. particle.
£ oal-
S 04: Column normalized

- 1.2

0.2_—
u 1

2000 300 400 500 600 700 800 900

Number of Hits 0.8

Purity

* The max. completeness is about 0.8.

0.6

0.4

¢ Best cut would be nHits > 200, but will 04
reduce the sample size dramatically.

0.2

+» We can see that the rec. showers are not
completed, 20% of hits are missing.

00 100 200 300 400 500 600 700 800 900 1000

Number of Hits
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Shower Energy Reconstruction

Column normalized

| e T e B o i B U .
08 = | “* A very large rec. bias is found in shower
°oE E N energy (- 15%) in 0.2 — 0.7 GeV.
— 04— —] '
£ o E W “ Lower energy region has even larger
2 E bias.
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“* We have a MC-data discrepancy for S — .
energy below 0.2 GeV. so0l : e
— i
% Can apply the energy correction = E—E 1 ]

0 0.2 0.4 0.6 0.8 1

Rec. Shower E (GeV/c)

IVERSITY OF

_ | | VY E
7 17/01/2022 Kang Yang | ProtoDUNE-SP Neutral Pion Reconstruction WARWICK XFORD (\



Shower Energy Correction

» A MC-driven method can be used to

correct the bi

as in the reconstruction.

+ —r-—

it
.

e

Rec./Truth -1

% For the energy < 0.18 GeV, the fractional bias distribution
cannot be fitted by a Cauchy function

% Still have very poor resolution in low energy region

Column normalized
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Shower Energy Correction

» A MC-driven method can be used to

correct the bias in the reconstruction.

+ —

it
.

e

Rec./Truth -1

% For the energy < 0.18 GeV, the fractional bias distribution
cannot be fitted by a Cauchy function

% Still have very poor resolution in low energy region
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0.0-0.7 GeV in 9 unequal bins
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Before/After Energy Correction

=y

Column normalized Column normalized
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s After applying the energy correction for showers, the bias in the shower
reconstruction is reduced.

+» Correction function works well.
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0.2
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Reconstructed Neutral Pion

* The two photon invariant mass looks
great after the energy correction.

180

Truth 7% mass 10 signal

0 Ll « The spread in the mass distribution is
140 Bl non-n* beam . . .
20 —— data quite large in signal

100

* Apply the kinematic fitting to further
iImprove the shower energy or opening
angles

Candidates

NN NN

e e « KF is used to improve the rec. 7°
momentum and energy

m,, (GeV)

*See back-up slides (page 27) for signal definition
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Analysis Flowchart

MC

Data

1.Beam PDG cut (PDG = 211 && -13)

2. Pandora slice cut (track/shower like)

3. Cola size cut (reco_beam_calo_wire.size() != 0)
4. Beam quality cut

5. APA3 cut (remove broken tracks)

6. Michel socre cut (remove muon)

7.Median dEdx cut (remove secondary protons)

Data Beam
Selection

MC Beam

Selection

Pion Beam
Events

YES
«———YES
Michel selection

Michel Electron

Candidates

YES Final State YES.

Track
Candidates

1.Track score > 0.5

2. Number of hits > 40 Particle Selection

Track selection Shower selection

v v

7wt n(**Ar)—nl p

1.Beam PDG cut (PDG = 211)

2.Pandora slice cut (track/shower like)

3. Cola size cut (reco_beam_calo_wire.size() != 0)
4. Beam quality cut

5. APA3 cut (remove broken tracks)

6. Michel socre cut (remove muon)

7.Median dEdx cut (remove secondary protons)

1. Shower score > 0.5

2. Number of hits > 80

3. Shower distance* between 2 & 90 cm
4.Impact Parameter* < 15

Shower
Candidates

\

1. Chi2/NDF < 50
2. Trancated mean dEdx > 3.5

Pion 1t+ Proton

Candidates

Candidates

)

At least 2 showers
Energy/Momentum A
Correction (MC-driven) e

\A

Energy/Momentum
Correction (MC-driven)

> roi

/ At least 1 proton

No Pion 1t+

J

Combine two showers

Kinematic
Fitting

Neutral Pion -

. - P

TKI Analysis

vy [

Event Sample

No Michel

12 17/01/2022 Kang Yang | ProtoDUNE-SP Neutral Pion Reconstruction

vy
WARWICK

THE UNIVERSITY OF WARWICK

UNIVERSITY OF

'OXFORD




Y Kinematic Fitting
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TMinUit DOUbIe Minimisation Previous talk

“my, = 2E,E,(1 — cos(6))
« We could use two TMinuit object to achieve the minimisation.

* We are using the “MIGRAD” algorithm.

Variables in red are varying in the process

x> =M\ *{2%EE;[1—cos(0)] —my,}+ (a—ap)Vy ' (a—ap) -

Call
TMinuit *LambdaMin » =

Inside Lambda FCN

Call MIGRAD
TMinuit *CoreMin SetFCN( =
/ a : a vector of optimized

2 2 1 variables
X~ = A {2 * ElEZ [1 o COS(H)] o myy} + (CI o aO)VaO (CZ _ aO) a : a vector of the expected
a:[Ey, E,, 0] value of the measurements

Update a

MIGRAD (loop)

s \
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https://indico.fnal.gov/event/51664/contributions/227169/attachments/148838/191372/Kinematic%20Fitting_v5.pdf

Leading Shower Energy

Column normalized
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400 — Entries 2625 ~ i em
= Mean -0.0582 B Meany 005457 ]
0 StdDev  0.2618 gl - i e -
3001 Post Fit < f .
250 == Entries 2625 N B 7
= Mean  —0.0582 5 o B
- ~ -
150 — | 8 L ]
c Leading Shower E; U 05— —
100 o B ]
50— B i
E _1_I 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 II_
0— 05 0 05 1 0 0.1 0.2 03 0.4 05 0.6 0.7 0.8
Rec./ Truth -1 Truth Leading Shower Energy (GeV)
o : .
“* The reconstructed leading shower energy is pretty good.
% Fix it in the process of kinematic fitting
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Kinematic Fitting Results

250

I T T T 1 1 1 T 1T |1 T+ T T T T T ‘v T/—T T—a  EFrTTT I IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

n " PreFit 450 Pre Fit
B g Entries 2625 - Entries 2625
- . Before Fitting Mean  0.07538 400 . Before Fitting Mean 4.913
200 Std Dev 0.3508 350 Std Dev 15.45

AllotEIlNg Post Fit% AeEEMng Post Fi'[j
300

150 Entries 2625 Entries 2625
Mean 0.063 250 Mean 0.06097

Std Dev  0.3376

II|I|IIII|IIII|IIII|IIII|II]I TTTT IIII|IIII|I

100 - 200
Sub-Leading Shower E,
50 S 100
€ -1 -0.5 0 0.5 1 950 -40 30 -20 -10 0 10 20 30 40 50
Rec./ Truth -1 Rec. — Truth (deg.)

s After the kinematic fitting, the opening angle between two shower vectors is
improved a lot.

< Reconstruct 7° using leading shower E and opening angle

Std Dev 9.876

Opening Angle 6

‘I

NIVERSITY OF
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Kinematic Fitting Results
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5 E = StdDev  9.876
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s After the kinematic fitting, the opening angle between two shower vectors is
improved a lot.

< Reconstruct 7° using leading shower E and opening angle
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2

Reconstructed 7° Energy Fom Byt

: T m | T m m T L T m m T rr T T ' rrT A T . B | E3E B EE 1T 1T L T 1T EE T T T Al A I T 1 il 1
400 Pre Fit ! E | | z
- » Enties 2625 09E- e L
350:_ . Before Flttlng Mean _004495 > E Me:ny 005:22 E
- Std Dev 0.271 8 08 = StdDevx 01806 50
300 After Fitting - = o7 = o
Post Fit > = =
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Z Mean —-0.03322 Q - -
200 StdDev  0.2073 c 05 =
= - L - = 30
- - A4 —
150 — — ol: 0 = =
C 0 0.3 = 20
100 Reconstructed ©° Energy < E =
= = E 0.2— —
— - = £ 10
50— — — c . 3
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0
Rec./ Truth -1 Rec. " Energy (GeV)

< The reconstructed 7° energy looks pretty good after the fitting

*» The spread of the distribution is reduced and we have a sharper peak around 0.
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2

Reconstructed 7° Energy Fom Byt
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< The reconstructed 7° energy looks pretty good after the fitting

*» The spread of the distribution is reduced and we have a sharper peak around 0.
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Rec. 7° Theta 6 (Detector coordinates)

Column normalized Y Projection
50:"' B 7 LA L L L - £ L L L B L B L L L
40 ;_ E‘n:?swm;:: _i 1 400 i_ Et:t ::;OThelaFitRes_RES ;g;g _i
30 E_ z%zg‘i . lfig —E 350 f_ gtzalgev 3;?624; =
- = - = x2 / ndf 182.1/36 ]
P B & 00 ., =0 -
E 10 = - Constant 6369 +131.0 I
f . . _E 06 2505— —E
- = : = 200 — —
— -10— - — = .
I _205_ | 1 _E D4 150;_ _;
& b - = 100 =
o E = 3 —02 = =
40— - — — e -
_505...|...|...|...|...|...|...|...|. = 0E Bl rial poau Loves Loge 5lay onle e -
0 20 40 60 80 100 120 140 160 180 -50 -40 -30 -20 -10 0 10 20 30 40 50
Truth ° Theta (deg.) Rec. — Truth (deg.)
< The reconstructed =° theta 0 (detector coordinates) has a ~ 3 ° bias
% Need to think about how to use the improved opening angle values to corrected
the 7% momentum vector (i.e. it’s direction)
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Rec. 7° Phi ¢ (Detector coordinates)

Column normalized Y Projection
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< The reconstructed ° phi ¢ (detector coordinates) has a < 1° bias

“* Need to think about how to use the improved opening angle values to corrected
the 7% momentum vector (i.e. it’s direction)
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Summary and Outlook

% A MC based energy correction is applied for reconstructed shower candidates.

< ¥ mass reconstruction was improved after selecting good shower candidates and applying
the energy correction.

* The opening angle between two shower vectors was improved by the kinematic fitting
< ¥ energy reconstruction was also improved if we calculating it using E; and 8.
< Can correct the rec. % momentum vector from the improved opening angle 8

* Plan to apply all the presented procedures for all energy beams and make inclusive pi0
measurement (rt+ Ar - 0 +X)
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Thank you for your attention !
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Back-up
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MC Selections Efficiency
Cuts  [Al_____|Selected ___|Fraction ___|Total Fraction _

Pion Beam Selection

Beam PDG 358929 205219 57.2% 57.2%
Pandora Beam Type 205219 174724 85.1% 48.7%
Calo Size 174724 171519 98.2% 47.8%
Beam Quality 171519 123403 71.9% 34.3%
APA 3 123403 100303 81.3% 28.0%
Michel Score 100303 98272 98.0% 27.4%
Mean dEdx 98272 93871 95.5% 26.1%
Event Topology Selection
Protons (= 1) 93871 28712 30.6% 8.00%
Showers (= 2) 28712 947 3.3% 0.26%
No Pion r* 947 770 81.3% 0.21%
No Michel electron 770 710 92.2% 0.20%
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Data Selections Efficiency
Cuts Al [Selected ___|Fraction | Total Fraction _

Pion Beam Selection

Beam PDG 1192336 164415 13.8% 13.8%
Pandora Beam Type 164415 123906 75.4% 10.4%
Calo Size 123906 120507 97.3% 10.1%
Beam Quality 120507 82984 68.9% 6.96%
APA 3 82984 63209 76.2% 5.30%
Michel Score 63209 61606 97.5% 5.17%
Mean dEdx 61606 57941 94.1% 4.86%
Event Topology Selection
Protons (= 1) 57941 16211 28.0% 1.36%
Showers (= 2) 16211 680 4.2% 0.06%
No Pion r* 680 563 82.8% 0.05%
No Michel electron 563 516 91.7% 0.04%

NIVERSITY OF
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Truth Signal Definition

* Phase space cuts on protons and pions:
1. Leading proton momentum 0.45 - 1 GeV/c

2. Sub-leading proton momentum < 0.45
GeV/c

3. No cuts on pions

0.45 GeV/c is the reconstruction threshold, 1
GeV/c is limit where momentum by range is
reliable

« Beam type and Event topology cuts:

Incoming 7 beam

At least one proton

No ™

No background particles (r~and kaons,
doesn’t care about neutrons and nucleus)

’
2
3. Atleast one r°
4
)
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' Decay Kinematics "

* Invariant mass of two photons:
% ms, = 2E,E;(1 — cos(6))

* Minimizing (Full CVM): Opening Angle: a; +a, =0
e X2 =1 %{2%EE)[1—cos(0)] —ms} + (a— ag)Vy, ' (a — ap)

% where a =(E; E, 0)

Y2

a. [Eli Ez, 0]
% Vg !is the inverse of the full CVM matrix

* More familiar form (diagonal only CVM)
2
s x* =1 *{2%EE)[1—cos(0)] —ms,} + i(a; — Ofoi) /of

< we set the off diagonal elements to be 0
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Covariance Matrix

Text in the bin shows the entries

Need to make sure the

08 | T T . . .
8 120 entries in each bin are
070 similar.
N 110 - Each bin will have a set of
~ rec. quantities and a set of
<  F — (100 truth quantities.
o 05— 7000
O =
e = 90 « The expected value of the
R 04 measurements is the mean
= E 80 value of the truth
= 03 distribution in that bin.
= 70
0.2 — « For each bin, one can
E | 60 calculate the CVM.
0.1 —
0 | I | | | I I | | | I I | | | L
0 0.2 0.4 0.6 0.8 1 1.
Truth 0 (GeV)
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Reconstructed ° Theta

50 [T T T T T T T T T T T T T T T T T T T T T | T T T ] ]

40 f_ Enm-e :4 FWH,F;ESS;: _f 1 : X003hPiOThetaFtRes_RES_projY :
- = Meanx  79.43 s = Entries 2625
oo 30— Meany 07431 _ ] 500 — ) -]
S R : i
= ev X =] [ ev H ]
T 20 = - o
[ - 400 — —
S 10 = - .
- g - —
L — — —
— — 300 — ]
| =5 _ |- ]
. —10— —] - -
9 - & 200 .
o -20 = = B _
-30[— — - ]
- = -2 100/ — -
—40— —] : B
_50 : L 1 L | L 1 1 l 1 L 1 l 1 L 1 I 1 L L | L1 | L 1 L | L 1 1 1 1 L : : L1 11 | L1 11 | | S ) I | | | A 0 | I | - | L1 11 | 111 | | :

0 20 40 60 80 100 120 140 160 180 950 40 -30 -20 -10 0 10 20 30 40 50

0
Rec. " Theta (deg.) Rec. — Truth (deg.)

< The reconstructed =° theta (relative to the beam) has a 3 - 4° bias

“* Need to think about how to use the improved opening angle values to corrected
the 7% momentum vector (i.e. it’s direction)
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