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Stopping kaon analysis

Feasibility study
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Previous work

Anselmo Cervera studied the feasibility of analysing stopping kaons
from the beam,

https://indico.fnal.gov/event/13110/contributions/17509/attachments/116
55/14865/stoomanaon 131016.pdf

Alexander Izmaylov studied the feasibility of analysing secondary
stopping kaons,
https://indico.fnal.gov/event/10641/contributions/4416/attachments/
3108/3716/Kaon_24 01 2017.pdf
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https://indico.fnal.gov/event/13110/contributions/17509/attachments/11655/14865/stoppingKaon_131016.pdf
https://indico.fnal.gov/event/13110/contributions/17509/attachments/11655/14865/stoppingKaon_131016.pdf

Motivation

* Understanding energy loss of low momentum K in liquid argon. This
could be use afterwards for a XS measurement

* Relevant for proton decay searches in DUNE FD. P ~ 340 MeV
p— KTu

* Develop a kaon PID in protoDUNE-SP.

®* Beam runs have provided few (none) low energy kaons, so
secondary kaons are studied instead.

® This analysis has been done with the 17k files of
PDSPProd4 MC_6GeV _recol sce datadriven vl 00.
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Secondary kaons
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Summary from arXiv:1004.1889

p-p collisions
For 7 GeV expect ~1%

(e.g. Nucl. Phys. B123 (1977)

361)

Produced in hadron interactions
(generated by protons, pions and
kaons from the beam)

Lower momentum
Larger multiplicity for nucleus

Stangeness conservation - produced
with A and =

Since our scope for the moment is
studying dEdx, higher order kaons
(tertiary, etc) can also be considered,
so from now secondary = non-
primary
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Secondary Kaons: abundance

x10° [Integral 647346 0
E 120 _ [ ] @ 0.30 % Only 5% of the beam
e = All reco particles length | pum e 011%| events generate secondary
- - ] n° 0.00%| kaons.
@ 1004 k 0.14 %
& = u 1.00%| Lessthan 1% of the
2 8o ] e" 1.45%| reconstructed non primary

. " oo :f particles are kaons

sol=— — . —
]

other 41.77 %
no truth 9.75 %

40

v
Complicated selection!
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The reconstruction efficiency of secondary kaons is 35%
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Secondary Kaons: kinematics
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Secondary Kaons: kinematics

_ [ Integral 6329 [ Integral 6328
- FTHE unknown 0.00 % . . > 500 allendprocess
Z 350007 primary  0.00 % inelastic 8 i K* true mom B unknown 0.00 %
e T | decay 46.52% i~ B primary 0.00 %
R 30007 K Inel 53.48 % S 400— Bl  decay 46.52%
- K Inel  0.00 % 3 L K" Inel 53.48 %
2500_— - nlnel 0.00 % E . k Inel 0.00 %
C had Inel  0.00 %  s00l— - nlnel ~0.00 %
2000 n Capture 0.00 % ** C had Inel0.00 %
C oS B n Capture 0.00 %
- plnel 0.00 % B plnel 0.00 %
1500 Il " Inel 0.00 % 200 B el 0.00%
C - w Inel 0.00 % B [ o Inel 0.00 %
1000 | W Capture 0.00 % L j,l, Caplure 0.00 %
E tinel 0.00% 100 __ tinel 0.00 %
500 [ | other 0.00 % B .. [ | %
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- [ Integral 6328
4%—\‘!5‘6'_— allendprocess
- ) - I unknown 0.00 %
Reconstruction problem? Beam - K* true end mom primary 0,00 %
- o [ ] decay 46.52 %
particle broken. See backup. S < Inel 5348 %
1000 k Inel  0.00 %
i s B ninel 000%
Decaying kaons apparently decay at 2 w0 had el 0.00%
. —l n Capture  0.00 %
rest (the end mom is non zero 0 == plel 000
* Inel .00 %
because it has been evaluated in the W cinel 0.00%
) ] ] 400 w Capture  0.00 %
tinel 0.00 %
penultimate point of the trajectory). o T e 000
1 1 1 | 1 __I _I_\_I\_ | 1 1 1 1 | 1 1 1 1 | 1 1 1 oL I 1 1 I__I | 1 1 1 1
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Stopping kaons: identification strategy

|dentify K* by its decay products (63% BR) 4 4 2-body decay!
+ additional cuts in the kaon K — M 1Y
candidates biasing as less as H

ossible in dEdx measurement.
P The muon momentum should be

[ | " .
s F T m ora—esme centred in ~ 235 MeV (K* decay at
& TF W true mom p 0.00% £ :
] / 0,00 9% rest in many occasions).
=) = n*  0.00 % } ) )
@ 350F ] e 0.00% This makes the reconstruction chain
s . E u* 100.00 % : :
§ 300F — € 0.00% even more compllc_ated. at least
2501 - . ggg ” three tracks (the primary, the
200~ Bl v 000% stopping kaon, and the final muon)
150~ have to be properly reconstructed
100F- and related.
50:—
S T Muons from a kaon decay have a
% 01 02 03 04 05 06 07 08 08 1 0 ici i
Decay muon true mom [cev] 0970 €CO efficiency (which does not
mean a correct matching with the
kaon).

Miguel Angel Garcia Peris, IFIC(UV)-Valencia 8



Stopping kaons selection

| Beam:
Hadron filter

Only consider events generated by hadrons, PDG = 211, 321, 2212
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Stopping kaons selection

Beam: Primary particlf
Hadron filter Should exist

Only look for kaons generated by the beam patrticle.
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Stopping kaons selection

Hadron filter

Beam: \ Primary particl
Should exist

N

Candidates should have only
one daughter

#events/1

Problem: several decaying

r/f

i

Kaon candidates

Have a single

daughter

+ +
K" — u'y,

K* # reco daughters [Tntegral 6317
allendprocess

B unknown 0.00 %

primary 0.00 %

B decay 46.60 %

k' Inel 53.40 %

k Inel 0.00 %

kaons (~2/3) have no B ninel 0.00%
reconstructed daughters! Either gad tlnel gggi
. n Capture 0.00 %

the parent-daughter matching = « F’f nel  0.00 %

. 2000 —

fails or both tracks are = B < lnel 0.00%
1500 — ] n Inel  0.00 %

reconstructed as one (see - i Capture  0.00 %
backup). We are trying to 1000 & tinel 0.00 %
recover some of them. ol B  oher 000%
DEIIII|IIIIIIII|IIIIIIII|IIIIiIIIIiIIIIiIIIIlIIII
0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5

Reco secondary kaons number of daughters
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Stopping kaons selection

Beam: J Primary particl Kil(;?,::\ngif;t:s’ Daughter shouﬂj
Hadron filter Should exist el Be track-like

Candidate’s daughter object type [Integral 49188

‘E 25000 — candidatedaumuon
£ | . other 20.25 %
ﬂ}'} ~ - P 36.82 %
£ 300001~ k" 0.81%
: | nt 16.29 %
Muons are usually track-like i\ Fimm o  572%
objects C|mm e’k 0.10%
- | u*(other) 0.66 %
2000000 s K'(x') 0.30%
— | nk J 1.28 %
15000 0.09 %
~ | n' 12.81 %
10000 N e 0.17%
u e w040 %
EDUD:— no truth  4.29 %
D: 1 | | 1 | | | | | 1 1 1 1 1 1 | 1 1 1 1
0 0.5 1 1.5 2 2.5 3
Candidate's daughter object type
0 = unknown 1 = shower 2 = track

A
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Stopping kaons selection

P N
\

Beam: Primary particl Kz:l?’::n;:flalt:s Daughter shoul
Hadron filter ~ Should exist g Be track-like

< daughter

Daughter should be muon-like
Chi2, CNN, range momentum

| Integral 31251
£ 2500— Candidate’s daughter candidatedaumuon
a ~ \ th 7.35 %
= [ | chimdr —— N
@ B k" 1.09%
. . H EDGD_— n 20.07 %
Cut on candidate’s daughter a " ——J- 267 %
Chi2/ndf to clean up the sample. - Bl (k') 004%
- 1500 p*(other) 0.79 %
This removes part of the - W) 0.39 %
protons but not the pions - Bl kY 1.69%
1000 k  0.14%
__ ] T 16.62%
— e 0.08%
500 I w 0.529%
no truth  4.07 %
D '_I |_l_|_|—| | | — |-

0 10 20 30 40 50 60 70 80
Candidate's daughter X7, ../ndf
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Stopping kaons selection

Y 2N Ve \

Beam: \ Primary particl Kz:l?’:znglr:ialt:s | Daughter shoul
Hadron filter Should exist 9 Be track-like

< daughter

£

Daughter should be muon-like
Chi2, CNN, range momentum

Candidate’s daughter CNN [Integral 11461
g 500 candidatedaumuon
e B other 6.62 % -
@ p 23.59 % i =
S =00 k' 1.17 %
5 nt 29.28 %
: * e* 2.07 % v
Cut on candidate’s daughter 400 = et(k")  0.04 % - .
CNN trackscore u*(other) 1.20 %
pH(r*) 0.69 % —» B -
SO ptkhH 277% =3
k 0.18% -
200 I n 26.87 % _ N
e 0.04% =
] o 1.04%
100 no truth  4.43 % e

0 01 02 03 04 05 068 07 08 09 1
Candidate's daughter CNN trackscore
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Stopping kaons selection

Beam: JPrimary particl Kz:l?,::ln:ifﬁ?s ’Daughter shoul
~Hadron filter ~ Should exist g - Betrack-like

daughter

Daughter should be muon-like
Chi2, CNN, range momentum

Candidate’s daughter range mom [Integral 7033

8 - candidatedaumuon
) o -  m B other 0.78 %
Cut on candidate’s daughter & ¢ - p 19.29%
| o 000 k" 1.56 %
range momentum to Se eCt é:; - ot 34.08 %
particles with momentum * 500 mm - 0.00 %
- T - B - I e*(k") 0.01%
compatible with ~235 MeVs. ol Wlother) 1.39 %
. : - 0.95 %
These three variables (chi2, = — +{(k ; 373 0
CNN, range momentum) are 800 i K 0.24 %
- I T 31.34%
probably po_rrelated. However, 2001 c 0.00%
more statistics are needed to - ] o141 %
perform 2D cuts. 100~ notruth 4.317%
DD 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

Candidate's daughter range momentum
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Stopping kaons selection

Beam: Primary particl K?_l(:",:zn:ifa:fs Daughter shoul
Hadron filter Should exist 9 Be track-like

daughter

Daughter should be muon-like Kaon candidate
Chi2, CNN, range momentum CNN

Candidate CNN score [integral 1297

. o« FTH i 0.08%
After cutting in the = - | . e 0.00%
daughter, come back to the £ & Il n’ 0.00 %
candidate to keep cleaning &  [|FE k' 0.54%
i D 5o ut 0.23 %
up the sample. Try to bias * T et 0.93 %
as less as possible. Does 1o | T 28.53 %
CNN use ‘energy’ - | T k* 14.11 %
information? If so, how e p 16.89 :fn
much would it be biasing |l other 36.78 %
: - no truth  2.62 %

the final measurement? ool

10

0 0.1 0.2 0.3 0.4 05 0.6 0.7 0.8 0.9 1
Candidate CNN trackscore
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Stopping kaons selection

N

Beam: Primary particl KZZ?,:?;I:;?S Daughter shoul
Hadron fllter/) Should exist i \ Be track-like

/

Daughter should be muon-like Kaon candidate cos(candidate-daughter)
| Chi2, CNN, range momentum | CNN | 9

| Integral 390
| | ~ F[Em  ® 02%6%
As the kaon is decaying at S *F e 0.00% Candidate-daughter
rest the distribution of the 2 b/ n° 0.00 % cos()
cosine should be isotropic ° k= 0.77%
3 asE W 0.00 %
— | e" 0.00%
3057 nt 27.18%
E/EE k' 30.26% - .
= p 13.59 %
200 WM other 25.64 % E 1
155 no truth 2.31 %

-0.8 =0.6 =0.4 =0.2 0 0.2 0.4 0.6 0.8 1
cos(candidate-daughter)
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Stopping kaons selection

After all the cuts, we have a final population of 71 kaons with a purity of 65%.

The main source of contamination are m* and = (15% and 15% respectively) and

protons (5%).

In the dEdx vs Residual range plot we can clearly appreciate the kaon signal and the

pion contamination.

Candidates Length after cuts [meg

110

#events/(10 cm)

w  0.00%
e 0.00%
0.00 %
k 0.00%
0.00 %
* 0.00%
nt 15.45%
k' 64.55 %
P 5.45%
other 14.55 %

@

50 100 150 200 250 300

350 400 450 500
Candidate Length [cm]

dEdx [MeV/cm]

ho
=" - . o ™ ™ [Enmes 3s00| |
g | - = m |Meanx 251264 | __log
— - - - Meany 3.13793
8 - - * StdDevx 141364 | —l4g
Std Devy 1.54824
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Stopping kaons selection: efficiency

Two kind of true candidates are considered for the efficiency computation:

1.True kaons that decay into a muon

K Tk K u

True Reco

2.Chain of true kaons decaying into a muon

K+ K* U + K+ u +

True Reco

This is generating an underestimation of the efficiency for chains, because the
definition is not unique. This is being studied for having more realistic values of the
efficiency.
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Stopping kaons selection: efficiency
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Stopping kaons selection: feasibility

The MC used has 73000 primary pions, 12000 primary protons and 4000 primary kaons.
So the selection efficiencies respect to the number of trigger events are, respectively,
0.08%, 0.02% and 0.3%.

Considering all the good runs at 6 GeV, 415 kaons are expected.
Considering all the good runs without comments at 6 GeV, 210 kaons are expected.

Considering all the good runs at 7 GeV and assuming same efficiency than at 6 GeV, 360
extra kaons are expected.

The stopping kaons analysis is difficult but not impossible.
There are also several expected improvements:
* The shown selection has not yet been optimized. PD information could be used?

Larger statistics will allow to exploit correlations between variables, so cuts will be more
efficient.

* Secondary kaon multiplicity is expected to increase with energy, so at 7 GeV runs the
available number of kaons should be larger.

* Probably some of the kaons without daughters could be recover.
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Next steps

P (GeV) Datan MC n Needed
Triggers events

6 210k 73k (5-10)x210k

7 344k 5k (5-10)x344k

More MC statistics are needed to improve the selection. A good start point would be
having the same MC as available data.

It would be good to repeat the analysis at 7 GeV since the multiplicity of kaons is
expected to be larger and there is more data. Unfortunately, the available MC is low at
that energy (<2k files from production 2).

Start looking at data to see the effects of the reconstruction (broken tracks between
APAs, etc.).

Miguel Angel Garcia Peris, IFIC(UV)-Valencia 22



Backup
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Beam particles reconstructed as daughters
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Kaon and muon reconstructed together

This can be clearly seen on the dEdx vs ResRange plot.
Could it be possible to separate this events? | hand scanned 100 of them and only 5%
looked clearly separable, and that would mean 100 additional candidates.
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Kaon and muon not matching

Y-Z true Y-Z reco
600 600
I K* I K*
500 500
400 400 —_—
300 300
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100 100
0|_IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII| 0_II|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII
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