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Thanks for sending me out to Moriond EW :D




Super-K Analysis for Diffuse Supernova Neutrino Background

* Proposed paper at end-of-year collaboration meeting for SK6 (2020-

DSNB 2022, 0.01% Gd) full analysis between Japanese/French groups. Model-independent
Analysis! o (upper limits analysis)
* Perform analysis with SK7 (2022-2023, 0.03% Gd) data before

summer 2024 collaboration meeting before Neutrino 2024.
(“2" reduction”) (“3" reduction”) (“4t reduction”)

[ Spallation Background H Atmospheric Background H Neutron Tagging

) ) Model-dependent
3 of 5 analyzers are at LLR: still leaders for Super-K DSNB analysis! (spectral analysis) ]
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Super-K Analysis for Diffuse Supernova Neutrino Background

* Proposed paper at end-of-year collaboration meeting for SK6 (2020-

DSNB 2022, 0.01% Gd) full analysis between Japanese/French groups. Model-independent ]

Analysis! o (upper limits analysis)
* Perform analysis with SK7 (2022-2023, 0.03% Gd) data before

summer 2024 collaboration meeting before Neutrino 2024.
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[ Spallation Background H Atmospheric Background H Neutron Tagging
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Super-K Analysis for Diffuse Supernova Neutrino Background

* Proposed paper at end-of-year collaboration meeting for SK6 (2020-

DSNB 2022, 0.01% Gd) full analysis between Japanese/French groups. Model-independent ]

Analysis! o (upper limits analysis)
* Perform analysis with SK7 (2022-2023, 0.03% Gd) data before

summer 2024 collaboration meeting before Neutrino 2024.
(“2" reduction”) (“3" reduction”) (“4t reduction”)

[ Spallation Background ]—>[ Atmospheric Background H Neutron Tagging

* Alice/Sonia/Laura last o
worked on this from LLR. Y NCQE
/ Li9
* English groups working on e e coin
MC S|mdulz;]t|o.n haved £ 12 % ¥ SK42970 Ivedays Model-dependent ]
stopped sharing updates. 5 1001 , (before cuts) (spectral analysis)
* Still data-driven approach T %
for our current analysis. L & : :
50 ’9 (Two-part inverse beta decay signal!)
B ; +
(Itsy, bitsy Ciiissessas .2; | {'444/# y'*(#-{-“w-#*w, F 4 h 4t Ve T p — e T
DSNB signal) 20 30 40 50 P 80
Eo+ [MeV] (positron) + (delayed neutron capture)
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Super-K Analysis for Diffuse Supernova Neutrino Background

* Proposed paper at end-of-year collaboration meeting for SK6 (2020-

DSNB 2022, 0.01% Gd) full analysis between Japanese/French groups. Model-independent
Analysis! o (upper limits analysis)
* Perform analysis with SK7 (2022-2023, 0.03% Gd) data before

summer 2024 collaboration meeting before Neutrino 2024.

(“2" reduction”) (“3"d reduction”) (“4th reduction”)
[ Spallation Background H Atmospheric Background H Neutron Tagging
* Alice/Sonia/Laura last * Optimized MSG NCQE
worked on this from LLR. atmospheric background

i : cut since last update. (removes multi-cone backgrounds)
* English groups working on

MC simulation have * Did first cross-check of Model-dependent
stopped sharing updates. data/MC agreement with (spectral analysis)
these observables.

* Still data-driven approach
for our current analysis. * Found MC error for one of

them (counting electrons

coming from invisible u/m). (looking for decays after prompt peak)

178 + p — €+ + N | - Working on a “pre-activity”

data/MC discrepancy too. (looking for gammas before prompt peak)
(Two-part IBD signal!) A. Santos (LLR/Ecole Polytechnique) - 4 Apr. 2024 6




Super-K Analysis for Diffuse Supernova Neutrino Background

* Proposed paper at end-of-year collaboration meeting for SK6 (2020-

DSNB 2022, 0.01% Gd) full analysis between Japanese/French groups. Model-independent
Analysis! o (upper limits analysis)
* Perform analysis with SK7 (2022-2023, 0.03% Gd) data before
summer 2024 collaboration meeting before Neutrino 2024.
(“2" reduction”) (“3" reduction”) (“4t reduction”)
[ Spallation Background H Atmospheric Background H Neutron Tagging
* Alice/Sonia/Laura last * Optimized MSG NCQE * Re-processed updated
worked on this from LLR. atmospheric background MC/data files with BDT.
* English groups working on cut since last update. * Did first cross-check of
MC simulation have * Did first cross-check of data/MC agreement for Model-dependent
stopped sharing updates. data/MC agreement with important BDT inputs. (spectral analysis)
these observables.

* Still data-driven approach
for our current analysis.

V.+p—oet+n

(Two-part IBD signal!)

* Found MC error for one of
them (counting electrons
coming from invisible u/m).

* Working on a “pre-activity”
data/MC discrepancy too.

Found bad treatment of

separating et of u/m

decays from neutron

captures. (u-decays/Gd-ncaptures on same timescale)

Refining new e® /neutron
capture separation.
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Super-K Analysis for Diffuse Supernova Neutrino Background

* Proposed paper at end-of-year collaboration meeting for SK6 (2020-
DSNB 2022, 0.01% Gd) full analysis between Japanese/French groups. Model-independent
Analysis! o (upper limits analysis)
* Perform analysis with SK7 (2022-2023, 0.03% Gd) data before
summer 2024 collaboration meeting before Neutrino 2024. * Introduced CL; approach.
(”2”d redUCtion”) (”3rd rEduction”) (”4th reduction”) . F|n|sh|ng multi_phase
, _ _ upper limit combination
[ Spallation Background H Atmospheric Background H Neutron Tagging with correlated systematic
* Alice/Sonia/Laura last * Optimized MSG NCQE * Re-processed updated uncertainties.
worked on this from LLR. atmospheric background MC/data files with BDT. e Just need comparison of

cut since last update. energy scale across phases.

* English groups working on * Did first cross-check of

MC simulation have * Did first cross-check of data/MC agreement for Model-dependent
stopped sharing updates. data/MC agreement with important BDT inputs. (spectral analysis)
* Still data-driven approach these observables. * Found bad treatment of
for our current analysis. * Found MC error for one of separating et of u/m
them (counting electrons decays from neutron
coming from invisible u/m). captures.

« Working on a “pre-activity” ¢ Refining new e*/neutron
data/MC discrepancy too. capture separation.
A. Santos (LLR/Ecole Polytechnique) - 4 Apr. 2024 8



Super-K Analysis for Diffuse Supernova Neutrino Background

* Proposed paper at end-of-year collaboration meeting for SK6 (2020-

DSNB
Analysis!

2022, 0.01% Gd) full analysis between Japanese/French groups.

* Perform analysis with SK7 (2022-2023, 0.03% Gd) data before
summer 2024 collaboration meeting before Neutrino 2024.

(“2nd reduction”)

(“3rd reduction”)

(“4th reduction”)

[ Spallation Background H Atmospheric Background H Neutron Tagging

Alice/Sonia/Laura last
worked on this from LLR.

English groups working on
MC simulation have
stopped sharing updates.

Still data-driven approach
for our current analysis.

Optimized MSG NCQE
atmospheric background
cut since last update.

Did first cross-check of
data/MC agreement with
these observables.

Found MC error for one of
them (counting electrons
coming from invisible u/m).

Working on a “pre-activity”
data/MC discrepancy too.

Re-processed updated
MC/data files with BDT.

Did first cross-check of
data/MC agreement for
important BDT inputs.

Found bad treatment of
separating et of u/m
decays from neutron
captures.

Refining new e® /neutron
capture separation.

A. Santos (LLR/Ecole Polytechnique) - 4 Apr. 2024

Model-independent
(upper limits analysis)

Introduced CL; approach.

Finishing multi-phase
upper limit combination
with correlated systematic
uncertainties.

Just need comparison of
energy scale across phases.

Model-dependent
(spectral analysis)

Comparing upper limit
statistical treatment with
Rudolph.

Comparing cut optimization
with Antoine.



Super-K Analysis for Diffuse Supernova Neutrino Background

Final steps before analysis contributions finished!

(“2"? reduction”) (“3"d reduction”) (“4th reduction”)
[ Spallation Background H Atmospheric Background H Neutron Tagging
* Alice/Sonia/Laura last * Optimized MSG NCQE * Re-processed updated
worked on this from LLR. atmospheric background MC/data files with BDT.
* English groups working on cut since last update. * Did first cross-check of
MC simulation have * Did first cross-check of data/MC agreement for
stopped sharing updates. data/MC agreement with important BDT inputs.
* Still data-driven approach these observables. * Found bad treatment of
for our current analysis. * Found MC error for one of separating et of u/m
them (counting electrons decays from neutron
coming from invisible u/m). captures.

Model-independent
(upper limits analysis)

Introduced CL; approach.

Finishing multi-phase
upper limit combination
with correlated systematic
uncertainties.

Just need comparison of
energy scale across phases.

 Working on a “pre-activity”| |* Refining new e*/neutron
data/MC discrepancy too. capture separation.

Model-dependent
(spectral analysis)

Comparing upper limit
statistical treatment with
Rudolph.

Comparing cut optimization
with Antoine.

A. Santos (LLR/Ecole Polytechnique) - 4 Apr. 2024
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Overview of pipeline for this DSNB work

[ Reuse SK4 pub. MC/data ] [ Update SK6 MC/data ]

Reconstruction,
observable calculation

[ Cross-checks on MC/data ]

[ Final samples prepared ]

Model-independent
analysis

[ Spectral analysis

A. Santos (LLR/Ecole Polytechnique) - 4 Apr. 2024 12



Cross-checks for DSNB SK-VI paper

[ 1st/3 reduction checks ] [ Neutron tagging checks ]

e dwall: Distance to wall * Neutron multiplicity for CC-dominated samples
« effwall: Distance to wall along direction * Neutron multiplicity for NC-dominated samples
* bsgood: Goodness of BONSAI fit e BDT discriminatory variables

* 6.: Cherenkov angle

* Lclear: ring “clearness”

* 950/n50: charge-to-hit ratio in 50ns
 nmue: Number of “decay electrons”

* maxpre: maximum pre-activity for a sample
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Super-K Analysis for Diffuse Supernova Neutrino Background

(“2" reduction”) (“3" reduction”) (“4th reduction”) (final results)
. . . Model-independent
[ Spallation Background H Atmospheric Background H Neutron Tagging (upper limits analysis) ]
- cor Model-dependent
1751, DSNB .- Q (spectral analysis)
; Analysis! Lio
150 A reactor
- (before cuts) acc. coin.
C 125 % === DSNB Horiuchi3
e ) <+ SK4 2970 livedays
E 100 - (Two-part inverse beta decay signal!)
c 4 —
R V,.+p—oet+n
N 4
7/
>0 j/zf/ (positron) + (delayed neutron capture)
2> 7 4’444‘ 4787 S
. 7/
(Itsy, bitsy > L= - '*(H+4”+‘¥+4+*,:-+4__/,_++
DSNB signal) 20 30 40 50 60 70 80
E.+ [MeV]
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MSG cut for reducing NCQE backgrounds for DSNB analysis

IBD Monte Carlo sample | NCQE Monte Carlo sample

thetac [deg]
thetac [deg]
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SK4/SK6 cross-checks: “decay electron” (nmue)

1.0 [ SK4 ] [ SK6 ]
L J CCQE+2p2h L J CCQE+2p2h
. CClrm pam CClnm
SKDetSim —
( ) B CC other (SKG4) Il CC other
0.8 NCQE NCQE
Bmm NClm B NClm
B NC other Hm NC other
e Li9 e Li9
reactor I reactor
m acc. coin. I [ acc. coin.
- == DSNB Horiuchi3 -~ =~ DSNB Horiuchi3
+ SK4 2970 livedays <4+ SK6 552 livedays
|
|
0.2 . ' 2 E E 2 2 2 :
0.0 T T “ T T I T — -l — ! T
0 1 2 3 4 0 1 2 3 a4

# decay electrons # decay electrons
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Simple selection steps (and comparison with APFit method)

[ Pre-selection ] 6 non-NCQE
1 NCQE
« E € [30,80] MeV bsener g HO
’ gy 54, j; reactor
e dwall >200cm, bsgood > 0.5 // /,:: o ;‘;ﬁ\-};";‘;ﬁucm
A1V
 effwall > max(300, 500-50*(E[MeV]-16)) cm ;:; 4-?/’- ’/ + ! + SK6
* nmue=0 ~ 4 ’,4’,
'Ilg 3 / //L >4 |4
C /1
O 11
[ APFit Method ] b ' /A’/; |
2 114 -+ ///K/;-:u 4+ + &>
’ /
* Candidates need more than 50 hits in /’x/ }
50 ns in t. 1 ¢ + -+ /ﬁq/ |4+ ¢+ 4 - <+
42"
o o i 7
* You can see early time window el
scanned up until around 30 us which 0 H— — S L ESUUN POV I U | SUDDN £ DN SUVUSTOTOvDIPDUTI
diminishes total number of ncaptures 0 100000 200000 d3t0(E(:-(\)g] 400000 500000 600000

tagged by the BDT.
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Simple selection steps (and comparison with APFit method)

[ APFit Method ]

* Candidates need more than 50 hits in
50 nsint.

[ New lowE Method ]

* Move to t-TOF since CCQE invisible mu
distance from prompt before decay is
comparable to neutron capture.

* BDT neutron tagging approach already

calculates 22 variables to distinguish from

dark noise backgrounds.

A. Giampaolo, PhD Thesis (2023)

0.6 —
on 0.5 -
0.4 —

0.3 —

0.2 —

0.1 —

0.5

0.4

0.3

0.2

[ Neutron captures (H)
[ Neutron captures (Gd)
[ Accidental coincidences

(# Cherenkov photons)

*|Select N;y > 45 or bse > 60 as decay-e. 0.0 |

0 10 20 30 40 50 60
bse
—_
| [ | T |

* Njp hereis lower threshold than APFit
approach (since t-TOF).

20

25 30 40 45

35
N.; (10-ns t-TOF window)

A. Santos (LLR/Ecole Polytechnique) - 4 Apr. 2024
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60

50 A

Events / bin

)
o
1

10 A
hEN
~a
o e
0.0 215 Si{) 7?5 1{5.0 12:.5 15I.0 17:.5 20.0
dt [us]

Data checks of ncapture/decaye separation in SK6

-== exponential fit ((t) =2.13 £ 0.17us)

[ Decay electrons ]

(N1g > 45 or bse > 60)

25 A

20 A

15 A

10 1

I -== exponential fit ({t) =119.10 +10.27us) I
SK6

[ Neutron captures ]

(N1p < 45 and bse < 60)

4

i
| H+ H;#ﬁ{{mjﬂ-#ﬁﬁt&uﬁuﬁﬂ

100 200 300 400 500

dt [us]

* Decay-e sample timing T = 2.1 & 0.2us consistent with u-decays.

* Neutron capture sample timing T = 119.1 £+ 10.3us consistent with half captures on Gd, half on protons.
A. Santos (LLR/Ecole Polytechnique) - 4 Apr. 2024 19



Old: Update given in October 2023

* Propose paper at end-of-year collaboration meeting for SK6 (2020-

DSNB 2022, 0.01% Gd) full analysis between Japanese/French groups. Model-independent
Analysis! o (upper limits analysis)
* Perform analysis with SK7 (2022-2023, 0.03% Gd) data before
~ summer 2024 collaboration meeting before Neutrino 2024. « Japanese PhD student (now
(“2"? reduction”) (“3 reduction”) (“4th reduction”) postdoc in SK) published
first SK6 result.
Spallation Background Atmospheric Background Neutron Tagging _ _
* Andrew acquired analysis
* Member from English * Andrew developed new cut * LLR BDT still most effective arld completed SK6 result’s
. eaao0 : with new cut and Alberto’s
group developing MC capable of removing ~99% data/MC-validated tool. .
: : . neutron tagging BDT.

samples (usually estimate of main background with + Japanese group developed

: A :
using only data). more than 75% of signal. less performant, cut-based Model-dependent

* Japanese PhD and postdoc ¢ Japanese and English algorithm used for (spectral analysis)
newIY mvolvec.i in cuts and col!eag.ues recreatmg and preliminary SK6 results. + SK6 preliminary results
checking data in even lower validating a Convolutional i
enerav regions Neural Network (CNN) to * Japanese and English shown to Super-K by
BY TEgIons. colleagues testing a neural Alberto in 2022.

remove same background.
8 network approach but

having issues with data/MC
agreement.

* Antoine took over from
Alberto/Sonia’s leadership

to complete SK1-4+SKe6.
A. Santos (LLR/Ecole Polytechnique) - 4 Apr. 2024 20
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