vy, CCim™
interactions on
Carbon
(FGD1) with
41t acceptance
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Increase of 5% in the BWD efficiency with

CC |nCIUS|Ve EﬁlClency respect to the one reporter in TN-245

0.85
+ Total + Total & Total
0801 & FWD F 0801 & FwWD 0801 & FWD :t+_
ogs ® BWD o5 ® BWO * BWD -
751 e HAFWD 27 & HarwD 0751 & HarwD >,
- g
0.70{ ® HABWD ¥ 0.70{ ® HABWD i 0704 ® HABWD -,
-, - -
0.65 s F 0.65 4 - 0.65 4 -
2r29 v 2r43 > | 2r43 >
-
v2r RO . v2r st v2r .
- > o
ToF-6K - | = ToF-6M ToF-test
— - — - 2 — - -
o o o es
0.50 - - F 0.50 4 - 050 1 - -
> -- - > -+ - > --
Zo4s g 0.45 1 3 -
g . * § - 500
g o - ke -
£ 0.40 - E 0.40 4 - £ 0404 -
w
0.35 * . L 0.35 1 hd - 0.35 1 - *
-
0.30 - 0.30 030 - -
-
0.25 - 3 0.25 - *
} .25 4 0.25 o, -
-+ -
- -
0.20 L 0.201 0201 oo, Tooe
Ho- + et Ho- e i o - -
- - e 2] e e o - . -
0.15 R s - -, +&, s 0.15 e, -+ +, 0.15 1 - *. - T e
S P - - - -+, e o -, ...+4-+ +++ - -, - - -,
. = . -
0.10 s gt - -+ - L 0104 + o0 * . - -+ - 0104 Ty ot -
o b 2 - e 11 -, - - -.-'.'... ++f.- H'.'.‘. - e
- - - -
005 -t . +_._++++ -o-_._+ | 0.051 +++“' e ++ * . +_._+ 0.05 4 +++ ™ +* o +_._+ L
- - - . - -0
RTINS S S ISR L 5, 2 A 1 | 0gotaaaatlasnos ‘A-‘f*‘q*fu‘.----‘.----r---t oeemacatt ot e aasseatontety, |, —aaa . S

100 —0.15 050 025 0.00 0.25 050 0.5 100 -1.00 ~0.75 -0.50 -0.25 0.00 0.25 0.50 0.75 1.00 -1.00 -0.75 ~0.50 -025 0.00 0.25 0.50 0.75 1.00
true cosd, true cosé, true cosé),

Old (6K) New (6M) Muon cosine of theta efficiency for
=2 = An Ao CC inclusive. Using highland2 v2r29
with ToF-6K (left), v2r41 with ToF-
6M (center) and v2r43 with ToF-test.
Selection NumuCC4piMultiPi vOr0

kPOD_FGD1 ToF MC_TrueFwd_Track
kPOD_FGD1 ToF MC_TrueBwd_Track
kPOD_FGD1_ToF Sand_Track
kPOD_FGD1 ToF_MC_TrueFwd_Shower
kPOD_FGD1 ToF_MC_TrueBwd_Shower
kPOD_FGD1_ToF_Sand_Shower
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Signal and Efficiency

Software:
v nd280Highland v2r43

v" ToF Correction

v" Test correction: mix between 6M and
6K

v Prod6T for NEUT MC (Flattrees)

v’ 2air, 2water, 3air, 4air, 4water, 8air
and 8water

Signal:

v 1 muon (in 4w acceptance)

v 17t (FGD, TPC and ECal)

v" ME tagging

v ¥ ECal veto

v' Contamination of my CC1z* sample:

Efficiency

0.25

0.20 1

o
=
"

e
=
o

0.05 4

______ N

Vy+p-op +mti+p
v, +n —ﬂ\u‘ + 7+ n

— - —

CCln* Efficiency

L U N

Total
FWD
BWD
HAFWD
HABWD

CCn

0.25

CClnm* Efficiency

0.20 1

Efficiency
o
-
w

e
=
o

0.05 4

LR N N

Total
FWD
BWD
HAFWD
HABWD

CCother and CCOrr.

v Contamination of protons in the pion “o
sample for FGD and ECal.

true P, [MeV] true cosé,
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Number of True Event vs. Cut

Events

105 4..... . .............................. _., .............................. , .............................. ......

I e
1 ® BWD : :
t ® HAFWD o S
1 ® HABWD ® ® "

Muon Direction CClpi

Common Vertex
Cut

Pion Charge

ECal Pi0 veto

Number of true CC1xt*t events in the reco CClr*

alone and in the reco CCinclusive (CClr*+

CCother + CCOn)

CCirt CClr™* + CCother + CCOn
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Muon Kinematics

CClm*, Branch(es) 1, 4, 7, 10

g, 93.72%
4000 - u*, 0.10%
m e, 0.23%
mm et, 0.04%
wm t, 1.27%
3500 - . T, 4.39%
p, 0.23%
3000 -
u~ purity of ~94%
2500 A H .
£ Impurities:
2 e o ~4%
< 2000
@

1500 A

1000 A

500 +

4000

0 1000 2000 3000
reco P, [MeV]

Muon momentum distribution for CC1nw* (4n
acceptance) using true particle ID

5000

Events per bin

CCln*, Branch(es) 1, 4, 7, 10

CCOom, 8.29%
CCln*, 70.53%
CCother, 15.54%
BKG, 3.51%
OOFV, 2.14%

8000 1

CC1m* purity of ~ 71%

6000 - Impurities:
 CCother ~ 16%
« CCOm~8%

4000 A

2000 A

—-0.25 0.00 0.25 0.50 0.75 1.00
reco cos 8,

0 T T
—1.00 —-0.75 —0.50

Muon cosine of theta distribution for CC1n™* (4n
acceptance) using true topology

D. Vargas

Neutrino Group Meeting

(2020/04/02)




Muon Kinematics

CCln* FWD, Branch(es) 1 " CCln* BWD, Branch(es) 4 CClm* FWD, Branch(es) 1 CCln* BWD, Branch(es) 4
1
-, 94.45% -, 63.64% = CCOm, 6.50% . CCOm, 32.17%
30004 u*,0.02% u*,023% . CCInt, 72.24% " . CClnt, 20.75%
= e, 0.16% 1404 o, 0.00% g000 | ™= CCother, 16.40% CCother, 3.73%
- et 0.00% - et 023% = BKG, 3.51% . EKG, 2.33%
2500 1 o T, 0.65% 120 L. T, 24.71% . OOFV, 1.34% = OOFYV, 41.03%
Impurities: -, 462% Impurities: -, 530% 40
p. 0.08% p. 5.36% e . e .
£ 2000 - £ 1004 6000
= e 7 ~5% £ o 7t ~25% : Impurities: s Impurities:
o o H =
2 1500 5 ® « p~5% g ¢ CCother ~ 16% g * OOFV~41%
[ [ c c
: fa . 1 ~5% faol o CCORM~T7% . CCOm ~32%
20
1000
40
2000
500 1 10
20 1
[ |
o 2000 3000 4000 °s 1000 2000 3000 4000 5000 0 - v ‘ - - 0 ¥ - =
-100 -075 -050 -025 000  0.25 0.50 -100 -075 -050 -025 000 025 050 075 1.00
reco Py [MeV] reco P, [MeV]
reco cos 8y reco cos 6,
+ +
CCln™ HAFWD, Branchies) 7 CCln™ HABWD, Branchies) 10 CClm* HAFWD, Branch(es) 7 CClm* HABWD, Branches) 10
7001 . g, 90.71% . o, 90.03% 140 4
it 106% 140 "t 027% . CCOm, 21.99% = CCOm, 33.69%
e + +
- 106% - 108% . CCln .5239:% 354 . CCln ,45.29;%
600 4 -t 0.38% 120 -t 051% 120 4 CCother, !i?ﬂ/n CCother, Su.lzf’n
— 3075 -t 5.66% == BKG, 3.76% w0l m BKG, 2.96%
<00l N - 173% ol - - 216% o = OOFV, 3.17% == OOFV, 12.94%
. Impurities: PLIO% | Impurities: P.0.27% 25 |
o =1 c c
5 400 ° + - A0 @ go | ° + _ RO S gy ' . s 1ti .
i T ~4% T ~6% 5 Impurities: %50 Impurities:
c [=
¢ 3004 g ° - ~ 720 8 ]
HES m~2% tw o CCOm~22% * CCOm ~ 34%
] w154
200 2] * CCother ~9¢ * OOFV ~13%
40 10l
100 201
204 5]
04 : y ‘ . 04 . : . ; .
0 1000 2000 3000 4000 5000 0 1000 2000 3000 4000 5000 o . i - 0
reco P, [MeV] reco P, [MeV] -100 -075 -050 -025 000  0.25 050 075 100 -100 =075 -050 -025 000 025 050 075 1.00

reco cos 6 reco cos 6y

Muon momentum distribution for CC1x* using Muon cosine of theta distribution for CC1m™
true particle ID using true topology
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Event Migration: OOFV

side view of OOFV events in CC1r*, Branch(es) 4 side view of OOFV events in CC1ln™*, Branch(es) 10
2000 4 : SIHEL | i 2000 1 | =SMED | i
1500 1 E=ReébESst— ] 1500 1 |
1000 4~ i 1000 1+ .

E‘ E‘ e —

= 500 + g £ 500 + .

|| e N HESEea A

= s - -

g 500 T - & B - g -500T | -
-1000 T - ~1000 T ]
-1500 1 f ! BrECal l -1500 1 | || BrECal .

] | | [
~2000 - . . , , , , , —2000 1 . — . . : :
—-4000 -3000 -2000 -1000 0 1000 2000 3000 4000 -4000 -3000 -2000 -1000 0 1000 2000 3000 4000
true vtx z [mm] true vtx z [mm]

BWD

HABWD

v" In the BWD region, the OOFV is a huge problem because it represents ~ 41%.
v" In the HABWD region the OOFV represents ~13%.
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Events per bin

Event Migration: CCother

CC1ln* Event Migration: CCother, Branch(es) 1, 4, 7, 10 Muon momentum diStribUtion for CC].T[+ (47T
== CCOM1p, 0.00% acceptance) that are true CCother events based on true
ccon(N = Lp/n, 0.00% composition. This represents ~ 16%.
400 - H CClrmt*1 p/n, 0.00%
(N = 1) , 0.00%
e Caman e e 0% ~31% are CC(N > Drrt
CCln*1n®, 25.46%
350 1 W CC(N>1)n*, 31.39% ~ 26% are CC 17‘[+ 1™
B CCOm*(N>0)n—, 4.10%
CCOom* (N>0)m, 6.01% _ 0 + 0
300 - B CCOm*(N>0)K® *-~/n, 2.87% 25 /0 are CC 177'- 177'-
CCrest, 4.20%
- BKG, 0.00% The ECal =° veto already reduced the CCother event
- e OORY: 0.00% migration from ~30% to ~16% but we can see that a large
contribution came from n°.
200 - CCn
150 A
100 -
50

0 1000 2000

3000 4000 5000
reco P, [MeV]
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Event Migration: CCother

CCln* Event Migration: CCOm, Branch(es) 1, 4, 7, 10 Muon momentum diStribUtion for CC17T+ (47C
m= CConlp, 63.73% acceptance) that are true CCOx events based on true
CCon(N = 1)p/n, 36.27% iti i ~ Q0
200 — " 1 o 5009 composition. This represents ~ 8%.
_— i i 000 ~ 64% are CCOnlp (CCl7™)
CClm*1n% 0.00%
o oo ~ 36% are CCO(N#1)p ( )
o s 2 o Because of true protons that are identified as positive pions
CCrest, 0.00% (mainly in FGD and ECal).
Bl BKG, 0.00%
s OOFV, 0.00%
g 250
E‘ 200
150 A

100 A1

50

0 1000 2000 3000 4000 5000
reco Py [MeV]
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Positive Pion Kinematics

CClr™*, Branch(es) 1, 4, 7, 10 CClnm*, Branch(es) 1, 4, 7, 10
., 0.19% 3500 1 mmm CCOm, 2.40%
5000 A B p*,5.80% = CClnt, 74.53%
mmm e, 0.06% CCother, 17.23%
. et,0.31% mmm BKG, 4.30%
mawm mt, 90.63% s OOFV, 1.54%
= T, 0.12% 3000 1
p. 2.88%
4000 A
2500 A
CC1m™ purity of ~ 75%
£ 3000 -£ 2000
2 Impurities: 2 Impurities:
2 - ut~6% g *  CCother ~17%
1500 A
c p~3% « BGK~4%
1000 A
1000 A
500 1
0 _ — . . N . . . .
6] 1000 2000 3000 4000 5000 —1.00 —0.75 —0.50 —0.25 0.00 0.25 0.50 0.75 1.00
reco TPC P,+ [MeV] reco TPC cos O+
TPC positive pion momentum distribution for TPC positive pion cosine of theta distribution for
CC1mt (4n acceptance) using true particle 1D CC1nt (4n acceptance) using true topology
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Events per bin

Positive Pion Kinematics

CCln*, Branch(es) 1, 4, 7, 10 CClmr*, Branch(es) 1, 4, 7, 10
100007 e, 2.59% mEm CCOrm, 18.05%
| Ht, 1.09% N CClnt, 64.15%
e, 1.49% 600 + CCother, 12.36%
s et,1.32% s BKG, 2.08%
mawm mt, 68.63% s OOFV, 3.36%
HEEm 7, 3.87%
8000 ~ p, 21.00%
500 +
CC1m™ purity of ~ 64%
6000 A e 4007 .
Impurities: < Impurities:
* p~21% 2 « CCOm~ 18%
e m ~4% § 3001 * CCother ~12%
4000 | hd OOFV ~ 3%
200 +
2000 A1
100 -
0 CI) 10IOO 20I00 30I00 4OI00 SOIOO £)1.00 —OI.75 —OI.SO —O'.25 0.00 0.25 0.50 0.75 1.00
reco FGD P,+ [MeV] reco FGD cos 65+
FGD positive pion momentum distribution for FGD positive pion cosine of theta distribution for
CC1mt (4n acceptance) using true particle 1D CC1nt (4n acceptance) using true topology
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Positive Pion Kinematics

80 4

CCln*, Branch(es) 1, 4, 7, 10

s o, 0.34%
ut,0.11%
mam e, 0.80%
s e, 0.46%
707 mmm 1+, 55.40%
I 7 ,161%
p, 41.26%
60
50 A
= T4 .
5 Impurities:
& 0
40 ° ~
5 p~41%
[
>
w
30 A
20 A
10 A1
0 - T T T
—1.00 —0.75 —0.50 —0.25 0.00 0.25 0.50 0.75

reco ECAL cos 6+

ECal positive pion cosine of theta distribution for
CC1mt (4n acceptance) using true particle ID

Events per bin

80

70 A

60 1

[
o
1

B
o

30 1

20

10 ~

0
—-1.00

CCln*, Branch(es) 1, 4, 7, 10

CCOn, 30.02%
CCln*, 48.74%
CCother, 17.35%
BKG, 2.28%
OOFV, 1.60%

CC1m™ purity of ~ 49%

Impurities:
* CCOm~ 30%
 CCother ~17%

.1 Ny ] W

—-0.75 —0.50 —-0.25 0.00 0.25 0.50 0.75
reco ECAL cos 6+

ECal positive pion cosine of theta distribution for
CC1nt (4n acceptance) using true topology
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Special Angular Variables

The angle between the muon and the pion will be:
ky * kg

e ] + [l

cos 0, =

Definition of the Adler’s Angles at the nuclear level 1s
Illustrated in the figure below. The momenta of the
particles are defined in the § = p, — p,, rest frame.

7=
L ZXp,
J= =0t
|z % py|
g=jgxz / °

6000 A

5000 -

4000 -

Events per bin
w
o
o
S]

2000 A

1000 A

CClm*, Branch(es) 1, 4, 7, 10

I CCOnlp

CCOn(N = 1)p/n
CCln*1 p/n
CClm* (N = 1) p/n
CClntlnm~
cCint*1n®
CCIN=>1)n*
CCOn* (N=>0)m~
ccon* (N>0)n®
CCOm*(N=>0)K% * —/n
CCrest

BKG

OOFV

Bun [radians]
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Special Angular Variables

The asymmetry between BWD and FWD muon

and pion production with respect to the direction of
the incident v,

Ncos 6>0 Ncos 0<0

App =
Ncos 6>0 + Ncos 0<0

The asymmetry between left and right pion
production with respect to the direction of the
Incident v,
4. = Ny, — Ng
RN+ Ny

Preliminary

RIGHT
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=t B N
Highland2 I I Cross section covariance
I matrix of model parameters
I Running toys - obtained from NIWG group
W ‘
Generate splines using T2KReWeight

I to see how different parameters Flux covariance matrix I
I effect number of events > Obtained from beam group J

= I 2. Detector Covariance matrix

1. Selection of Data + MC events :
using xsllhDetVar I

*.;;_1-

eConve

e ——1

Binning

1. Best fit parameters for template, cross section, flux and detector
2. Post fit covariance matrix

Running toys, l 1. Cross section

=

varying parameters 2. Covariance + errors in p, @ binning

ETH:zurich

Caspar Schloesser
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Flux Covariance Matrix

0.020

Flux Covariance Matrix

17.5 0.015

15.0 0.010

12.5

0.005
10.0
0.000
7.5
—0.005
5.0
—-0.010
2.5
—-0.015
0.0
vy Flux —0.020

Flux covariance matrix for muon neutrinos!!!
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Detector: Systematics S—

nteg [T
E z.i:—”_IIIIIII”I”II“III”II”I T __:12 E ,m__"'|"'|"'|"'|"'|'"|"'|---|--;|---_Eu5
Weights Weights Variations E :fz E - :
2 n 3 2 140 | —o.s
FWD ;
15 [~ _51‘4 - c —:u.4
TpcClusterEff FgdECalMatchEff MomScale E g Jos
1.0 E N i
o Jo.s " .
- —zu.s " R
TpcFgdMatchEff ECalTrackEff MomRangeResol °r — Ea : Joa
B Jdo.z e ]
MichelEleEff ECalPiZeroVetoPileUp FgdPid cos By € %
FgdMass SIPion ECalEMScale s Wi - s wp Jho
X . HABWD(] -
SandMu FluxWeight m 1 Wk 1
v’ 30 systematics o 1
a0 ;— — .
/ 300 toys (ll_l'.l I—I(II.:-‘: —(Il.‘. —(I-l- I—I(Iﬂﬂl I Iil.l_'-‘I I :II.I-J.I I Iil.ll.‘uI I:II.I:-tI I II.I'.=IH:r (ll.l'.l —I(II.:-‘: I—I(II.I.‘: I—IlIII.-l: I—I(II.l: I :II.II I I[I.!_'-‘I I III.I-I-I I III.I.‘ul il.:-:I I.IgJ
v" Memory problem when running systematics study: o= B O
« all_syst configuration with more than 300 toys, _ o N
* single systematics configuration with more than 10 Muon cosine of theta distribution for CC1m
toy% y g (black line) and the relative error in % (red line)
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Detector: Signal, Sample and Binning

CCln*, Branch(es) 0,1, 2,3,4,5,6,7,8,9,10, 11

5000

1000

4000
- 800
3000
< 600 Binning (75 bins) to be used for the 47 samples.
=
5. v Number of events per bin around 100 or higher,
7000 = v" No bins without signal events,
400 v The bin width must be greater than the
— resolution,
v' The efficiency should be flat within the bin
1000 200
0 0
-1.00 -0.75 -0.50 —0.25 0.00 0.25 0.50 0.75 1.00

COSI’ECO 6',(
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Events per bin

Detector: Signal, Sample and Binning

CClm*, Branch(es) 0,1, 2, 3,4,5,6,7,8,9, 10, 11

1.0

5000

0.8

’ . 4000 -

3000 - 0.6

Pirve [Mev]

° ; s é s s ;

1000 A

102 1

1 1

40 50
Bins

v Number of signal events per bin.

o]
—1.00

v' 2D efficiency for signal events within the 3 samples

—0.75 —0.50 —0.25 0.00 0.25 0.50 0.75

true
cos e,
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Detector Covariance and Correlation Matrix

Detector Covariance Matrix 0.15 Detector Correlation Matrix
. ; 1] , ' B AR L

1.00

.
. W

- .
-—

-'h
-
. |
i |

200 A 200 0.75

0.10

175 - : : 175 4

.
B— T LYWL .
.

0.50

150 PHERARR L. ﬁ.-. ...................... h. ....................... 0.05 150 EE S SR E N
: : e , : : 0.25
E E " vy ..lll'\";l T Ty "~ o — llnvbh-':r"r"‘v"“'-“ .n‘"
125 A ; ; 125 SR 4 RN, PR &
: : 0.00 e ‘=13 . i3 - 0.00

100 - : 100 | SEEE

§ ad

LU LR U
1

: % EE s | 3 —=0.25
B & = 4 4 : g =4 :
75 EEEEAE N L .. Jastsadadodets i .ﬁ". ........................ —0.05 75 AERRERNRTRER. .. . : o A : v

50 - 50 —0.50

-0.10

251 28 -0.75

CCother CCOom

CClm* CCother CCOn -0.15 CcClm* -1.00
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Post Fit Covariance and Correlation Matrix

Post Fit Covariance Matrix
250 1 - - ' - 250

0.010

Post Fit Correlation Matrix
FERF P PP PFERECF P

1.00

0.75

R

2004 i 200 0.50

itk bk bk kb B

4
1
e
T
1
.
3
-

.uuun!:t e EESEEE P B

bl ENERNE R SEENNRFR E-F SEEER: R F 0.005

;
-

v -
£ o

-

-t

-
';

2 m

;i 025
150 1 150 {igiet IEEEEE AL

Bha b aw HEELEEE B &

- 0.00

- 0.000
100_..? ..... .. ....................... 100 - o35
—0.005 e AR & P A A
E 50 E: E _..Mq_.-_ = & a4 d_.:_ _0.50
=0 3 b - =
: P R i SRS =
LR ; ...................... frsssssnssnnnnunnnnnnns R R E R R "Lf:' .'\ ' _0.75
. ~0.010 =3 “.".!.'.!.!.'.'.!'..'...5 ............
--.: ----- ? ---------------------- E ---------------------- -E ----------------------- O o 3 frehil s S BB = - 4 m—
0 T T T —_
Templux Detector Templux Detector 1.00
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Summary

v" The values of the ToF correction that we apply have a great impact on the
efficiency of the selection.

v Huge contribution (~41%) of OOFV events in the BWD direction coming
from POD ECal.

v' Common vertex cut removes a lot of OOFV. Can this cut be improved for the
BWD direction?

v' The contamination in the CC1rm™ sample comes from CCother and CCO7.

The CCother events are composed of CC(N > 1)n*, CC 1n* 1n~ and
CCln*t 1n°

The CCOm events are composed of CCOnlp and CCOr(N#1)p

v The main impurity in the pion sample comes from protons and is mostly in
FGD and ECal.

v’ Adler’s angles and the asymmetry studies.

v" Optimizing the binning for the samples.
v' T2KReWeight.

v Memory problem when running systematics study:
« all_syst configuration with more than 300 toys,
« single systematics configuration with more than 10 toys.
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. Thank You

Danaisis Vargas Oliva

dvargas@ifae.es
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