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Goal of SBN Program

It 1s essential to resolve the current observed anomalies, which are hinting towards the existence of

(14 b 29 *
sterile” neutrinos 03— ——
P. Machado, O. Neutrino energy: 700 MeV |
L Palamara, D. Schmitz, Amj;=15ev2 |
" Ann.Rev.Nucl.Part.Sci.69 sin?26,,, = 0.002

* SBN aims to measure both appearance and disappearance with 02

excellent neutrino 1dentification and effective background rejection

| (2019) 363-387

Oscillation probability (%)

* SBND data will constrain predictions and uncertainties for :
the FD (ICARUS) ol | i
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ND constraint strategy

To fully exploit ND statistics, we use all inclusive events splitted into fully exclusive topologies to
enhance different neutrino interaction modes.

This way reduces model dependency in the FD prediction —
* Detail on the next slide

ND event selection for oscillation :

(. v,CC 0p 0 h
> v, CClp 0

. v,CC Np 0 (N>1)

> v,CC 1™ (any number of nucleons)
\> v, CC Others Y

VMCC inclusive
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ND constraint strategy

different neutrino interaction modes.

67 SBND Simulation GE"'E(°1“-1(;“-°I2-“I3) —ocaE 55 SBND Simulation aENlE(aw_u;a_olz_nla) —coqE ]

This way reduces model dependency in the FD prediction [ "= e ZE8S ] of Meeroesomwem | TONS
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ND event selection for oscillation : S o I i R N ———
o W ==rranaam | O e =

(. v,CCopom )

0 0.5 1 1 0 0.5 1
True cosf, True cosf,
>
VHCC lp 0” Selected v,CCNpOx* Candidate Selected v, CC1r Candidate
B T T T T T T T Coae ] T T T T T T T T e
> v,CCNp Ot (N>1) [ omn eomgymen O | gmesne cemenman _COL
+ - —CCDIS 8= —CCDIS 7
> v,CC 1~ (any number of nucleons) w o M Jw SRS 2
L u 1 w B
o f - 10 |
\> v, CC Others ) S L 13 E
o o |
o S — — 5 |
— 2l =
v, CC inclusive FTRIE B, SR
nu’ 5 05 05 1 4 s o0 05 1

0
True cos6,

Showing differences between generators in a very simple variable cos6,, at truth level 4
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Event selection for ND constraint

Particle Identification :
RUN 14737, EVENT 1881

* Signal definition : Protons and Pions with Eyg ,, > July 11, 2024

22 MeV and Exg > 10 MeV

* Reconstructed tracks using Pandora with L > 5cm
and starting within 4 cm from vertex

e Particles are 1dentified based on reconstructed
dE/dx 1u3p0m event

*candidate

5
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Event selection for ND constraint

Particle Identification :

* Signal definition : Protons and Pions with Eyg ,, >
22 MeV and Exg > 10 MeV

* Reconstructed tracks using Pandora with L > 5cm
and starting within 4 cm from vertex

e Particles are 1dentified based on reconstructed
dE/dx 1u3p0m event

Obtained purities :

*candidate

* >85% for muons
e >95% for protons
* >60% for pions
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V”CC Selection

* Highly pure v,CC candidates are obtained

e contained and exiting muon tracks and contained 9
secondaries (protons and pions) are selected BNB

* Reconstructed momenta uses momentum by range
information for contained and MCS* for exiting

* Multiple Coulomb Scattering

tracks
1 _'_|—|'=.—' T T T T T T T T T | T T T ] 1 IM T T |=' T T T
. SBND Simulation - I No Cut ’
. Work in Progress 7 08l Qzalifcj Cut |
0.8f— ] : SBND Simulation y |
i 41 e YT T e + Geometry Cut
-k e [ Work in Progress + Muon ID Cut i
> - _ 06— + CRT Cut —
S 06~ ) — 2 i v_CC Selection .
S - Quality Cut . = H .
= [ e + Geometry Cut 1 Sy s ]
0.4} + Muon ID Cut — S ]
e + CRT Cut i i '
. quC Selection ] 0.2— _
02— — [ i
i I L 1 1 | 1 1 L | 1 1 L | 1 1 1 ] i ]
0.2 0.4 0.6 0.8 1 Oy ——— gy >
True p (GeV/c) Reconstructed p, (GeVi/c)
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V”CC Selection

* Highly pure v, CC candidates are obtained H
e contained and exiting muon tracks and contained 0,
secondaries (protons and pions) are selected 4 BNB

* Reconstructed momenta use momentum by range for

contained and MCS* for exiting tracks * Multiple Coulomb Scattering

SBND Simulation Work in Progress

103 103 SBND Simulation Work in Progress
[ T T | ' ] T - T 1 T 1 T | ' ]
- GENIE v3.00.04 Selected v,CC . - GIBUU 2021 Selected v,CC .
400 G18 10a 02 11 — 400 —
o ‘O T B v.CC (88.7%) - o “F B v.CC (91.8%) -
s I BEv.CC(02%)  { g f B v.CC (0.2%)
O 300[- B v NC (6.9%) - O 300~ B v NC (4.3%) -
X B Cosmics (0.1%) 1 X - Cosmics (0.1%) 1
= 200 v OOFV (2.2%) - = 200 v OOFV (2.2%) -
1% B ] 1% B ]
c B . c B .
Qoo ] Qoo ]
o 100F 3 o 100F i
% 0.5 15 2 % 0.5 15 2
Reconstructed P, (GeV/c) Reconstructed P, (GeV/c) 8
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vﬂCC Selection

* Highly pure v, CC candidates are obtained H
* Reconstructed momenta use momentum by range for 9
contained and MCS* for exiting tracks BNB

* Migration between NC and CC

* Multiple Coulomb Scattering

SBND Simulation Work in Progress

10° 10° SBND Simulation Work in Progress
7 T T | ' ] T - T 1 T 1 T | ' ]
- GENIE v3.00.04 Selected v CC ] - GiBUU 2021 Selected v CC ]
= 400 G18 10a 02 11a = ] = 400 - -
O : (m v.CC 88.Z %)| : O : (I v.CC (91 .:3 o) :
S - v.CC (0.2%) § S - v,CC (0.2%) ]
© 300~ v NC (6.9%) - © 300~ B v NC (4.3%) —
x Cosmics (0.1%) ] x Cosmics (0.1%)
g 200 v OOFV (2.2%) g 200 v OOFV (2.2%) -
o | i o [ I
C B - c = _
2 100 ] 2 ool N
o 100F : o 100F -
% 0.5 15 2 % 0.5 15 2
Reconstructed P, (GeV/c) Reconstructed P, (GeV/c) g
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V”CC Selection

* Highly pure v,CC candidates are obtained

Events / 10 x 10°° POT

NuFact 2024

contained and exiting muon tracks and contained . ~\_ O
secondaries (protons and pions) are selected BNB

Reconstructed cos@u 1s shown here

1o SBND Simulation Work in Progress 10° SBND Simulation Work in Progress

)_< L L L e b L 4
400~ Selected v ,C ] 400— Selected v,CC —
- ] =} i

u - VMCC (88.80/0) GENIE v3.00.04 _ 8 - - VMCC (91 .8°/o) GiBUU 2021 .
soo- B v,.CC (0.2%) G18 102 02 11a ] o oo~ [ v,CC (0.2%) N
" [ v NC (6.9%) i © [ v NC(4.3%) i

: Cosmics (0.1%) i x T Cosmics (0.1%) ]
200 v OOFV (2.2%) . S 200 v OOFV (2.2%) ~
B ] ; L ]

- i c [ i
100~ - I.% 100~ ]

0 : ' 0 . 0.5
Reconstructed cosf, Reconstructed cosf,
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V”CC Selection

* Kinematics of the selected v,,CC per topology

: : BNB
* Projected number of events to be collected with 10e20
POT
10° SBND Simulation Work in Progress e SBND Simulation Work in Progress
X

B T T T T | T T T T | T T ! ! | ! ! ' ! i ] T T T T T T T T T T T T T T T T T T T ]

5 GENIE v3.00.04 Selected v, ,CC . = .
= f G18_10a_02_11a z i - Selected v, CC ’
@) B Total (2,934,570 events) 7 5 § Total (2,934,570 events) ]
a 300— ) — 300} —
£ i I v, cc op on (6.4%) i o L N v,CC 0p On° (6.4%) GENIE v3.00.04 1
S [ B v,cc 1p on (38.2%) i S [ e v,CC 1pOnso (382%) 1010202 11a :
‘; sool- o v,CCNpOr (N>1) (19.6%) - - »ool [ v,CC Np 0or*° (N>1) (19.6%) .
o 20°r B - .cC 1 0 (13.2%) _ o °°C R v.cc e one (13.2%) B
~ T I v,cC Other (11.2%) i Z F B v,cCother (11.2%) .
}’E’ i Others (11.3%) i 8 [ Others (11.2%) i

[
O 100~ — © 100 —
o[ ] o[ i
0.5 1 15 2 0 : 0.5
Reconstructed p  (GeV/c) Reconstructed cosf,
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v, CC 0p0m Selection

» This topology 1s dominated by CCQE in GENIE

(50.4%) and GiBUU (56.0%) v 110pOT

s SBND Simulation Work in Progress s SBND Simulation Work in Progress
200 x10 200 x10
U U T T I T T T T I T T T 1 | 1 1 1 1 U U T T I T T T T I T T T 1 | 1 1 1 1
i o ] i i o ]
- GENIE v3.00.04 Selected v, CCOpOm=° : - GiBUU 2021 Selected v, ,CCOpOx" :
lC_) - G18_10a_02_11a Total (1,111,970 events) lC_) = Total (1,649,820 events)
o 150 __ - VMCC Op oo (16.3%) __ o 150 _— - VMCC Op Om*° (32.2%) __
8 - +/0 — 8 - +/0 —
S - B+ cC 1p on (32.7%) ] S - B+ cC 1p 0n"° (34.2%) ]
'; B T v,CC Np 0x" (N>1) (12.8%) - '; B 0 v,CC Np 0x" (N>1) (10.6%) -
o 1001~ B .cC 1 o (11.0%) 7 o 100~ B .cC 1 0ne (7.4%) 7
A I v,CC Other (9.6%) . N [ v,CC Other (4.5%) y
2 [ Others (17.7%) i 2 [ Others (11.2%) i
O 50~ . B ] Q 50— " 0 ]
T i Efficiency = 70.4% i T i Efficiency = 73.3% i
% 0.5 1 15 2 % 0.5 1 15 2
Reconstructed P, (GeV/c) Reconstructed P, (GeV/c)
» This topology is crucial to understand low energy
neutrinos from BNB 12
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v, CC 1p0m Selection

* Channel 1s dominated with : /t
* CCQE (56.2%), CCRES (23.3%) and CC 2p2h (10.2%) in GENIE =7

. CCQE (50.0%), CCRES (20.9%) and CC 2p2h (18.8%)in GiBUU | V.~ 1u1p0m

SBND Simulation Work in Progress

s s SBND Simulation Work in Progress

X1o' | ' ' ' | ' ' ' ' | ! ! ' X10' ' ' ' [ ! ' ' ' | ' ' | ' ' ! !
i gfg'fo\f 8(23 (ﬁ Selected v,CClpOn+ ] i GiBUU 2021 Selected v, CClpOn=° |
lC_) 150~ Total (1,310,970 events) 5 1501~ Total (1,387,060 events)
cf:'l- - I v, cc op on (0.4%) - 3— - I v, cc op 0n (1.0%) -
S [ B v,cc 1p on (55.9%) i S | B v,cc 1p on (58.4%) _
. 100(— I v,CC Np 0" (N>1) (15.9%)— " 100{— I v,CC Np 0™ (N>1) (20.7%)—
o i B v cC 1 0n° (10.5%) i o i B v cc 1w o0 (9.2%) i
= - [ v,cC Other (10.5%) . Z 5 [0 v, cC Other (5.8%) ]
% sol Others (6.9%) B g sol Others (5.0%) B
u>J i Efficiency = 45.6% ] L% i Efficiency = 41.5% ]
0.5 15 2 % 05 15 2

Reconstructed P, (GeVlc) Reconstructed P, (GeVlc)

* This will help better constrain QE and 2p2h
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v, CC NpOm Selection

e (Channel is dominated with :
e CCRES (47.1%) and CC 2p2h (21.1%) in GENIE
« CCRES (43.2%) and CC 2p2h (20.1%) in GiBUU

SBND Simulation Work in Progress

s s SBND Simulation Work in Progress
x10 x10

50 [ U T T T I T T T T I T T T 1 I 1 1 1 / 1 ] 50 [ U T T T I T T T T I T T T 1 | 1 1 1 / 1 ]

E 85?_'5023_'83'_% ) Selected v,CCNpOm" E E GiBUU 2021 Selected v, CCNpOm+* ;

5 40— Total (352,261 events) ] lc_) 40— Total (356,685 events) ]

o - I v,cc 0p 0n" (0.1%) . o - I v cc op on (0.2%) .

S . o - S - o -

o [ B v,cc 1p or* (3.0%) § o [ B - cc 1p o (2.9%) .

'; 30— I v,CC Np 02 (N>1) (61.1%) ] . I v,CC Np 02 (N>1) (69.0%) ]

o [ B .cC 1 On° (14.4%) ] o [ B +.cC i on° (13.8%) ]

E 20 I v,CC Other (14.7%) - E 20[- I v,CC Other (7.9%) -

-oac-; - Others (6.8%) . *qc-; - Others (6.3%) .

o 10 :_ Efficiency = 26.7% _: D 10 :_ Efficiency = 24.9% _:

0.5 1.5 2 0.5 15 2

Reconstructed P, (GeV/c) Reconstructed P, (GeV/c)
e This will help better constrain 2p2h and pion
absorption 14
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v, CC NpOm Selection
* Channel is dominated with : M

. CCRES (47.1%) and CC 2p2h (21.1%) in GENIE RSl
. CCRES (43.2%) and CC 2p2h (20.1%) in GiBUU \p~p 1uNpom
o SBND Simulation Work in Progress io? SBND Simulation Work in Progress
X X
sol T T " 1 ] sol- "~ T "~ T T T T T T ]
' 85?_'5023_'83'_% i Selected v,CCNpOn*" ] ' GiBUU 2021 Selected v, CCNpOm+" ]
5 40 ‘_ Total (352,261 events) ] lc_) 40 N Total (356,685 events) ]
3— - I v cC op 0n (0.1%) . c‘;"— - I v,cC op o (0.2%) .
S B B v cC 1p on (3.0%) ] S - B v cC 1p onP (2.9%) ]
'; 30— I v,CC Np 0n° (N>1) (61.1%) | . I v,CC Np 0x° (N>1) (69.0%) |
o B v,CC 1n* On° (14.4%) ] o N v,CC 1n* On° (13.8%) ]
NP I v,CC Other (14.7%) ] T b I v,CC Other (7.9%) ]
% : Others (6.8%) ] % . Others (6.3%) !
o 10 :_ Efficiency = 26.7% _: D 10 :_ Efficiency = 24.9% _:
0.5 1 15 2 0.5 1 15 2
Reconstructed P, (GeV/c) Reconstructed P, (GeV/c)
* This will help better constrain 2p2h and pion
absorption 15
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v,,CC 1™ Selection

e Channel 1s dominated with : 7_{_1
« CCRES (55.7%) and CCDIS (16.7%) in GENIE T f‘"\\l’
+ CCRES (53.8%) and CCDIS (16.2%) in GiBUU NP 1pNpint
s SBND Simulation Work in Progress s SBND Simulation Work in Progress
25)510| T T T T T T T T T T T ] 25>_<1O| T T T T T T T T T T T ]
- gfg‘"fo\f-gg-%a Selected v CCIJt— . - GiBUU 2021 Selected Y% CCIJ’I?— ]
5 20 :— - Total (154,522 events) —: lc_) 20 :— Total (142,491 events) —:
3— - B v, cc op 0n" (1.7%) . C?- - I v, cC 0p 0n" (4.3%) .
S sE B v.cotpore (102%) 1 S 5E BN v.cC1pone (14.0%) A
'; - I v,0C Np 02° (N>1) (6.8%) '; - I v,CC Np 0 (N>1) (8.4%)
o - B v cC 1 0n° (50.1%) . o - B v cc 1w on° (51.4%) .
Z 10 — I v,CC Other (19.4%) — Z 10 — I v,CC Other (11.8%) —
4"&-’ B Others (11.9%) - -g B Others (10.1%) -
o B o i ] o B o ]
T — Efficiency = 12.7% — T — Efficiency = 12.5% —
; 0.5 15 > o5 0.5 15 >
Reconstructed P, (GeVlc) Reconstructed P, (GeVlc)

* This will help better constrain RES and DIS, very important to understand pion
production modelling, which 1s the main background for v,CC searches at the FD
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Summary

* Studies with exclusive (combination of which i1s also inclusive) topologies is shown
* SBND captured its first neutrino interactions in data during July this year — Really
exciting time for our collaboration

RUN 14445, EVENT 120

1 3
200 0 . ; . 1 1

L Selected v, CCOpOn° | L T ' ! i —
- L L Y ] I Selected \'“CClpOn’/" ] u y
o) — Total (1,649,820 events) b = 150— )
& 150 I v,cC 0p 0 (32.2%) o —— Total (1,387,060 events) |
g r " ) o I v,cC0p 0x (1.0%)
S B v ,cc 1p 0n (34.2%) 1 o v y
'; [ v,CC Np 07 (N>1) (10.6%) | ?2 [ v cc 1p o (s8.4%)
o 100~ [ ] v,0C 1 0n° (7.4%) — x 100[— v,CC Np 0 (N>1) (20.7%)—]
Z F I ~,CC Other (4.5%) i Qe I v, c0 1w o (0.2%)
2 [ Others (11.2%) ] > I vcoomer (58%)
1 F B 2 F Others (5.0%)
o 50 € 50l -
g 1 B

[ >

I m

K 05 1 15 °u> - ! .
Reconstructed p (GeV/c, - :
Py ( ) Reconstructed P, (GeVic)

50 10 T T T 25%10 T T T
r Selected v ,CCNpOx° F Selected v, CCln*
= [ ]
O wb —— Total (356,685 events) '6 20— —— Total (142,491 events) |
"}l F I v,ccop 0 (0.2%) o F I v,ccop 0 (4.3%)
. i C
S r B v ,cc 1p 0n° (2.9%) S 15k B ,cc 1p 0n° (14.0%) q
<] F B r .
x 30 [ v,CC Np 0 (N>1) (69.0%) ] ‘; . v,CC Np 0 (N>1) (8.4%)
° r B .cC tn 0n° (13.8%) o F B .cC tn 0n° (51.4%)
~ 20 [ v,cC Other (7.9%) - NG| [ v,CC Other (11.8%) —
% [ Others (6.3%) ] % F Others (10.1%)
o r ] []
m 10 - & J
L I\
% 1.5 1.5

0.5 1 0.5 1
Reconstructed P, (GeVic) Reconstructed P, (GeV/c)
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Thank You all !
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Backup
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The enigma of sterile neutrinos

Over the past few decades, observations of experimental anomalies have been hinting towards the
existence of ““sterile” neutrinos with Am?2,,, ~ 0(eV?) PhysRevLett.121.221801

LN s By s sy sy |
Data (stat err.)

" *4- MiniBooNE =R ]
o Gallium-based experiments: ’ ' _
 Deficit in the rate of observed/predicted rate (R = 0.84 + 0.05) of "*Ge

production 1s shown by SAGE and GALLEX arxiv/hep-ex/0104049

e Confirmed by BEST with 40 § 175 LSND  * semwess
s 15f B
o Reactor experiments: 8 12-53 ; o
* Observed/predicted rate, Rgp,5 = 0.938 £ 0.023 at 2.70 ;Z 1] L
sH| :
o Accelerator experiments: 25
e Excess of V, is observed in V,p = e*n at 3.80 in LSND[

04 06 038 1 12 14
L/E, (meters/MeV)

* MiniBooNE reported excess in v, and v, at 4.70

Recent results from the combined analysis of Neutrino-4 with GALLEX, SAGE and BEST provides a
best fit of Am5, = (7.3 + 1.17) eV? and sin? 20,4 = 0.36 + 0.12 arxiv:2005.05301
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.121.221801
https://arxiv.org/abs/hep-ex/0104049
https://arxiv.org/pdf/2005.05301

