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Update

* The event selection has been optimized and tested with all 6 GeV
data (reco2 production).

* It provides enough statistics and purity for a significant dEdx
measurement.

- Firsts dEdx vs Residual Range plots are ready.
* They could be used as a control sample for a systematic error.

- Starting to think about a XS measurement.

Previous talks: September CM, 22/07/2021, 16/06/2021, 26/05/2021
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https://indico.fnal.gov/event/46504/contributions/224219/attachments/147475/188981/2021_09_22_DUNE_CM_secondary_kaon_migue.pdf
https://indico.fnal.gov/event/50078/contributions/219862/attachments/145264/185186/2021_07_22_protoDUNE_hadron_secondary_kaon_migue.pdf
https://indico.fnal.gov/event/49508/contributions/217440/attachments/144526/183622/2021_06_16_protoDUNE_analysis_secondary_kaon_migue.pdf
https://indico.fnal.gov/event/49251/contributions/216055/attachments/143572/181698/protoDUNE_analysis_secondary_kaon_migue.pdf

Event selection optimization

* The selection has been optimized by maximizing the product
Efficiency*Purity.

* The optimization process has simplified the selection.

* The optimization has allowed to avoid cutting on the kaon CNNSs,
which could have biased the dEdx measurement.

* All plots that are being shown use all 6 GeV data (reco2 production)
and all 6 GeV MC
(PDSPProd4a_ MC 6GeV_gen_datadriven_recol sce datadriven vl
_0)
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Preselection in a nutshell

* Secondary kaons are produced in hadronic reactions generated by
the beam particle -~ beam PDG = 211, 321 or 2212.

2-body decay!

.3 +
* Kaon main decay channel (63%) KT — Ho vy

provides a way of identifying decaying kaons: they must have a single
reconstructed daughter (track-like).

* Muon (daughter) kinematics can be used to identify the decaying
kaon.

* Preselection summary: we are looking for non-primary particles
with a single daughter (track-like) in beam hadron events.
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Daughter Chi? cut

| Integral 52455

before.
1000

* The discrepancies data-
MC are due to broken 500
tracks on APAs (seenext L. . 1+ B T
slide) T e 2 e e s S 0

. vy 3000 candidatedaumuon
* Decaying kaon’s 3 - —— Data
S B other 5.23 %
daughter should be a 3 2500 p 18.15%
P * - K 1.86 %
muon and this is reflected - - 598D
on the Chi2 (muon 2000 e° 219%
. . . . — w{other) 14.69 %
hypothesis distribution). - “(n)_0.75 %
1500 | pk™) 1.829%
* More restrictive cut than - 7

Candidate's Daughter X2 .,
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Daughter Chi? cut

Excluding tracks starting/ending around APAs border we can see a
better agreement data-MC

| Integral 46212

[Integral  93113] 2 13007
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Exclude this tracks from the selection for the moment. It should
be possible to fix this difference with a weight systematic.
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Daughter mom by range

* Kaon decay is a two-
body decay so muon
momentum is very well
defined.

* Very good agreement
data-MC.
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Miguel Angel Garcia Peris, IFIC(UV)-Valencia

7 (\ NEUTRINO



Cos(candidate-daughter)

| Integral 1569

107 H- candidateparticle
u — Data
1.20 %
0.04 %
22.10 %
0.81 %
1.97 %
0.15%

* Kaon decay Is at rest so
kaon-muon angle
distribution should be
Isotropic and we can
focus on the backward
part.

#events/0.04

OF x & o T

ol (=]
other 4.10 %

0.6 0.8 1
Candidate-daughter cos

L}
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Distance candidate-daughter

* This cut removes a [Tnfegral 838
: E L candidateparticle
recons.trucltlon errprs on S Hf"; Y Data
scattering interactions. £ - wo021%
o = e 0.07%
2 _ T 19.21%
kK 0.70%
p* 0.35%
True = et 0.14%
ﬂ'+ o
k* 39.62%'
— 4] 13. -]
1 other 5.21%
Reco

10 Candidate-daug hter1gizstance [cm]

T~
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Event Selection result

* The event selection has [ntegral 615
almost 50% purity, and % 15(‘13— +cand|datepartlcleData
both distributions (signal = W 0.09%
and background) canbe  ~ "°F e %
clearly differentiated in 120 — K 0.94%
data and MC. o 4 O

* Good agreement data-MC. g ? e

* We have about 300 kaons, 60— mhe'? 253 %
enough for a significant o
measurement. We still -
have to add 7GeV runs, so 28
a final population of 500- (JEEIE

) 300 350 400 450 500
600 kaons is expected. Candidate’s X7

=
n
=
=
o
Ln
=
Mg
=
=

* The current selection does not cut on the CNN of the kaon candidate. In that way
we avoid a potential dEdx bias.
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Efficiency and Purity
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Most of the decaying kaons are lost because they are not reconstructed or because
they are not properly reconstructed (no daughter associated)

Efficiency o Zoom
Purity e

Efficiency
Purity
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Overall efficiency below 1%
Overall purity 48.5%
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True Candidates

Cut (EFf %) Purity (%)
Beam PDG 87747 1.1%
Candidate Exists 6921 (7.9%) 2.9%
Daughter track 5297 (6.0%) 3.1%
Daughter Chi? 1705 (1.9%) 7.0%
Daughter Mom 702 (0.80%) 22.5%
CosllerlE] e 567 (0.65%) 38.8%
mother)

DUt 540 (0.062%) 47 5%

mother)
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dEdx vs Residual range

6 GeV data
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dEdx vs Residual range

dEdx [MeV/cm]

Changing color range

6 GeV data 6 GeV MC
10 80 = 10 —16(
o
=
] 2 9 —14(
8 % 8 [ | [ |
w
o 12(
7 7
6 6 10(
5 5
4 4
3 3
2 2
1
1 n! I 1 1L 1 1
o ok L A LLI
DIIII||||||||||||IIIIIIIIIIIIIIIIIIIIIIII DIIIIIIII||||IIIIIIIIIIIIIIIIIIIIIIII||||
0 10 20 30 40 50 60 70 80 90 100 0 10 20 30 40 50 60 70 80 90 100
Residual Range [cm] Residual Range [cm]
Miguel Angel Garcia Peris, IFIC(UV)-Valencia ! A o DEEP UNDERGROUND
JHELANS W 14 ':M\ & e ecenmen



dEdx vs Residual range

—

dEdx [MeV/cm]

Cutting on kaon Chi2 < 100

6 GeV data
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dEdx vs Residual range

True kaons
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dEdx extraction

5 < Residual Range [cm] < 7.5

= 10 %2 / ndf 36.88 / 28
§ 9 14(¢ 700 LG Width  0.1389 + 0.0263
g C LG MP 5.606 + 0.054
g 8 6004 LG Area 402.3 £ 15.1
% R L LG GSigma 0.7922 + 0.0503
>
7 C L Area 4017 £ 231.3
10C 500 Cl L MP 1.63+0.02
6 L LSigma  0.1571+ 0.0066
400H
5 B
s 3001 Landau
, 1T Langaus
200f
2 —— 5
L 1004~
| LE_HI
1 . i,
oL Ll e e e e b e 0 o)L I I I N A A
0 10 20 30 40 50 60 70 80 90 100 14 16 18 20
Residual Range [cm] dEdx [MeV/cm]

* In order to separate signal and background and present dEdx vs
Residual Range measurements properly, | divided the 2D histogram in
Residual range slices of 2.5 cm.

* For each slice a 1D dEdx histogram is generated, and fitted to a
background+signal distribution.

Langaus = landau-gaussian convolution
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dEdx extraction

DATA MC
0 < Residual Range [cm] < 2.5 0 < Residual Range [cm] < 2.5
_ %2/ ndf 77.02 /50 22 [ ndi 81.18 /50
_ LG Width 1435+0.156 | 1000— LG Width 1.714 0.08
500 _“L LG MP 8.105 + 0.233 LG MP 6474 + 0.124
_ LG Area 557 +22.4 I LG Area 887 + 265
: LG GSigma 2614 £0.423 800 :_ LG GSigma 8.2448-07 + 7.149a+00
400H L Area 2939 +£179.7 | L Area 6308 + 372.2
I L MP 1.648 £+ 0.019 | L MP 1.588 + 0.014
| L Sigma 0.1844 £ 0.0100 I L Sigma 0.1565 + 0.0075
I G Area 16150550 | B00H G Area 70.82 % B.89
3001~ G Mean 45+00 i G Mean 45200
G Sigma  0.02481+ 0.04241 I G Sigma 0.8469 + 0.1077
200 4001}
100 200}
U-I N BTN B R e s = S B SO ol |t| AR B R A S A e e s T ) B PR UOPYORY
5 10 15 20 25 30 5 10 15 20 25 30
dEdx [MeV/cm] dEdx [MeV/cm]

This third peak is caused by low energy
kaons that interact
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dEdx extraction

DATA MC
2.5 < Residual Range [cm] < 5 2.5 < Residual Range [cm] < 5
¥2 / ndf 78.55 /33 800~ %2 | ndf 125.6 / 33
400 LG Width  0.4168 + 0.0667 C LG Width  0.2348 + 0.0293
; LG MP 6.654 + 0.088 ?00: T LG MP 6.319 + 0.052
350 - LG Area 333.2+125 C LG Area 608.4 + 15.8
L LG GSigma 1.336 £ 0.145 B LG GSigma 1.124 + 0.061
300 C 1 L Area 2545 + 185.8 600 L L Area 5534 + 364.9
N L MP 1.726 £ 0.009 B 1 L MP 1.712 £ 0.006
250 - LSigma 01499+ 00109 | 500 L Sigma  0.1214 + 0.0068
200 :_ 400 :—
150 1 300
100 2001
50 100 :—
B . B
U:jl Lvvv v v v v by g |"|'|+ Uj‘:' | T e I S
2 4 6 8 10 12 14 2 4 6 8 10 12 14
dEdx [MeV/cm] dEdx [MeV/cm]
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dEdx extraction

DATA MC
5 < Residual Range [cm] < 7.5 5 < Residual Range [cm] < 7.5
¥/ ndi 36.88 / 28 ¥/ ndf 38.05/29

700~ LG Width  0.1389 + 0.0263 - LG Width  0.05741% 0.00995

- LG MP 5.606 + 0.054 - # LG MP 5.511+ 0.027
6004 LG Area 402.3£15.1 11000 LG Area 755.3 £ 20.1

B LG GSigma 0.7922 + 0.0503 B LG GSigma  0.6098 + 0.0229

- L Area 4017 + 231.3 - L Area 6446 + 266.8
500 L MP 163+ 0.02 | 800 L MP 1.649 £ 0.012

- L Sigma 0.1571+ 0.0066 B L Sigma 0.1644 + 0.0050
400H I

- 600(
300+ I ¥

. 400H
200:— i
100} 2007

I N

D | | L 11 | L1 | L1l A R ST BT R [ | | | N T T T |
0 | L 11 L1 1 L1 1 et L.l 1
2 4 6 8 10 12 14 16 18 20 2 4 6 8 10 12 14 16 18 20
dEdx [MeV/cm] dEdx [MeV/cm]

Distribution is wider for data than for MC
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dEdx extraction

DATA
27.5 < Residual Range [cm] < 30
22/ ndf 51.54 / 21
250 B LG Width  0.03859 = 0.01434
- LG MP 3.066 + 0.033
: 1 LG Area 10159
200 LG GSigma  0.3412 £ 0.0353
i L Area 1340 £ 65.1
_ L MP 1.688 = 0.011
- LSigma  0.1347 + 0.0069
150
100
5o |
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27.5 < Residual Range [cm] < 30

%2/ ndf 112.4 /23
LG Width  0.062596 £ 0.00695
LG MP 3.058 £0.012
LG Area 2409x7.3
LG GSigma  0.2125 £0.0148
L Area 2320+ 82.8
L MP 1.688 £ 0.007

L Sigma 0.1188 £ 0.0036

-

e

2

2.5

3

3.5

4

45 5 55 6
dEdx [MeV/cm]

Miguel Angel Garcia Peris, IFIC(UV)-Valencia

21

(\ NEUTRINO




dEdx extraction
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~F

b b b b e T T T T e

x2 / ndf 23898/22
LG Width  0.07851£0.02010
LG MP 2.496 £ 0.045
LG Area 78.82+11.68
LG GSigma 0.2487 + 0.0440
L Area 974 £ 61.3
L MP 1.688 + 0.025
L Sigma 0.1399 £ 0.0159
T | I I L
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For larger residual ranges peaks are more diffused in data than in MC

47.5 < Residual Range [cm] < 50

2 ndf 43.21/23
:_ LG Width  0.09422 + 0.00763
C LG MP 2.555 +0.010
L LG Area 192.5+7.2
B LG GSigma 0.1103+0.0188
B L Area 2193 £ 85.8
B L MP 1,661+ 0.008
- L Sigma 0.1077 + 0.0039

I_.TI | 1 11 | [ | | | 1111 | L1111 | IT'TI |

tnlo

45 5 55 6
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dEdx extraction

60 < Residual Range [cm] < 62.5

60 < Residual Range [cm] < 62.5

%2/ ndf 35.04 / 41 7Z [ ndf 83.45/ 42
LG Width  0.05145 £ 0.03088 | 220/— LG Width  0.05764 + 0.00917
LG MP 2.453 + 0.048 5 LG MP 2.39 £ 0.01
LG Area 25972519 | 200 - LG Area 90.17 £ 5.42
LG GSigma  0.2007 = 0.0445 | {gpl— LG GSigma  0.1627 + 0.0225
L Area 514.1% 30.3 - L Area 1067 £ 52.5
L MP 1726 =0.022 | 160~ L MP 1,688 = 0.011
L Sigma 01682£0.0142 | 440l L Sigma 0.1148 + 0.0073
120
100
80
B0
40—
20
04TH-H|||||||||||||||||||||H'H1|| A B =2 e 2 T 0 AT 9
45 5 6 1 1 45 5 55 6
dEdx [MeV/cm] dEdx [MeV/cm)
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dEdx extraction

DATA MC
67.5 < Residual Range [cm] < 70 67.5 < Residual Range [cm] < 70
] 2/ ndf 58.56 / 39 2 +2 { ndf 62.52 /43
i LG Width  0.03046 £ 0.03925 0 - LG Width  0.08992 + 0.00907
L LG MP 2.33720.081 | 200 LG MP 2304 +0.012
100— LG Area 23.14 % 6.01 - LG Area 91.96 = 5.38
i LG GSigma  0.2174 +0.0408 | 180 LG GSigma  0.1094 + 0.0207
L L Area 515.6 £ 30.5 B L Area 1018 £ 508
160
80— L MP 1.72 £ 0.03 - L MP 1.687 £ 0.011
C LSigma  0.1402=00130 | 140 LSigma  0.1078 +0.0069
60— 120:— i
- 100
40 L 80
i 60
20| 40
L 20 C
i it : n
U—H'l'l-l_|||||||||||||II|-|_IIII|'|'IIII I<|_I|T|>n-|_m+-|-'-|_-l_--:-!'l""l"" 0*I+|+|||||||||||||||||||||||||||—l_rH-H:|'i-I_|'|'.—|_.-n"".'.-H“.:!-I_:+H—“=h=
1 15 2 25 3 35 4 45 5 55 6 1 15 2 25 3 35 4 45 5 55 6
dEdx [MeV/cm] dEdx [MeV/cm]

Miguel Angel Garcia Peris, IFIC(UV)-Valencia 24 (\ NEUTRINO



dEdx extraction

* There is good agreement
between data and MC.
However, the error in
data (width of the
distribution) is larger than
in MC.

dEdx [MeV/cm]

—
o

Error bars = langaus width
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dEdx extraction

o dEdx with mean error Sigma with sigma error
F=l -
S oF -
% 95 3+ —e— 6 GeV data sigma
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Clear difference data-MC! T
To Do: where is this difference coming from?
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dEdx dependence on Chi2 cut

| Integral 615
_ _ & _ candidateparticle
* Cutting on Chi? g 160 —— Data
o s L P 0.09 %
dlstrlbutlon could remove g 4 & 0.09 %
easily backgrounds. e T 19.85%
120 — k 0.94 9%
* How much is the . ue 047 %
. 100 — e* 0.19%
measurement biased by - © 2041 %
this? 80— ? k' 48.50 %
& p 6.93%
Eﬂ_— other 2.53 %
40—
20—
:I 5 S 75 U e 5 e g =
DD 50 100 250 300 350 400 450 500

Candidate's X2

pratan
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dEdx dependence on Chi2 cut

(i)

E !_ —8— RR <999 E SE —e— RR < 999 sigma
> - —8— RR =200 > i —es— RR < 200 sigma
= 8F AR < 180 =t RR < 180 sigma
= 90 —o— RR <160 = )
% L REA < 140 o 550 —e— RR < 160 sigma
L - —— RR <120 E:. TLE RR < 140 Sigma
© 7 RA < 100 n i —e— RR < 120 sigma
- - RR < 100 sigma
I 2r
o DATA |
- 15
Sl —_ i =
i 11—
M - [ =
3 - _=___ 0.5 — __
B — B = — ——
- oy [——— —_— P o, S
B — B Sl ™ Ry —
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dEdx dependence on Chi2 cut

E —&— AR <599
%‘ —&— AR < 200
RR < 180
E —i— RR <160
S RR < 140
w r —— RR <120
© ?__ AR < 100
6
51—
4
3 =
2_| L1 1 | L 111 | L 111 | L 111 | L 111 | L 111 | |
0 10 20 30 40 50 60

Residual Range [Ci

Sigma [MeV/cm]

%
>

I

1.5

|

—e— RR < 999 sigma
—es— RR < 200 sigma
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—e— RR < 160 sigma
RR < 140 sigma
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RR < 100 sigma

—— — O
B= e [ s |
=._—I__:F:‘__.

C,IIII

10 20 30 40 50 60 =" 70
Residual Range [cm]

* There are only significant differences on the first and the last points,
probably due to the complexity of the fit when background is present. The
sigma also decreases in such points when cutting on the Chi2.
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Secondary Kaon production XS

For a XS measurement the dEdx information of the Kaon could be used,
which will provide a high purity on the sample. Naive example:

dEdx selection [Tntegral 615 XS selection [Tntegral 327
& - candidateparticle & 80:_ candidateparticle

£ 160~ Data| £ "' Data

o = Wo009%| 2 L w017 %

= 140F e 009%| = m% e 0.00%

- n 19.85% = n 20.65 %

120— kK 0.94% 0L kK 1.37%

E ut 0.47 % . e 0.51%

100[— e* 0.19% S0 e 0.00%

- T 20.41 % - x 2270 %

80— ? k* 48.50 % 40— ¥ k" 44.03 %

. p 693% » p 7.34%

60— other 2.53 % 30— other 3.24 %
40— 20—
20— 10—

O 50 100 0 450 800 % 50 100 150 200 250 300 350 400 450 _ 500
Candidate's X2, Candidate's X qn

Considering only pion-like beam events and
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Secondary Kaon production XS
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Small population (~100 events) with high purity of daughters (kaons, 85%)
and beam particles (pions, ~85%).

Think about which type of measurement could be performed.
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Summary

* The secondary kaon selection has been optimized and applied to all 6 GeV data.
+ Data and MC show good agreement.

* The final selection has a purity of almost 50% and around 300 kaons, enough for a
significant measurement.

* 500 kaons are expected when 7 GeV data is also included on the analysis.

* dEdx vs ResidualRange plot can be extracted by slicing the 2D plot and fitting the
background+signal distribution.

+ Data and MC show good agreement, although data seems to have a more wider
distribution.

+ Cutting on the Chi? biases first and last points of the dEdx vs Residual Range plot. To
be studied.

* Next steps:
* Add 7 GeV data to the machinery.
* Develop a selection for a secondary kaon production XS measurement.

* Investigate the dEdx differences for data-MC and apply a systematic to the XS
selection.
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