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WAGASCI / Baby MIND experiment

Current Physics goal

Aim to measure the double differential cross-
section on CCOmn0Op samples at ~10% precision
for each bin with the H20 and CH target

Reduce the systematic error on cross-section on
the far detector by a better understanding of
neutrino interaction models.

Target Detectors

2 X WAGASCI

interaction target : H20 (80%) + CH (20%)
directly detectable particles : u, m, p, €

Proton Module
interaction target : CH (100%)
directly detectable particles : u, m, p, €

Muon range detectors

2 x Wall MRD (iron + scintillator)

directly detectable particles : mainly n

Baby MIND (magnetized iron + scintillators)

directly detectable particles : mainly n
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Target detectors
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scintillators

WAGASCI
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WallIMRD

1800 mm

~4000 mm
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Baby MIND

Muon range detectors

Wall MRD

Sandwich-structure of iron planes and
scintillator tracking planes

Readout system: scintillator, WLS fiber
MPPC

Detect side going muons
Measure momentum by range

Baby MIND

Iron-core magnet modules and
scintillator tracking planes

Readout system: scintillator, WLS fiber,
MPPC

Detect forward going muons

Measure momentum by range and
curvature

Non uniform magnetic field to keep
particles inside tracking region
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Acquired POT before data quality cut

Accumulated POT for each subdetector during run 10
Problems that affect the g

1021 after spill matching but before data quality

acquired POT on the 5 045:_ ———— WallMRD north 87.5% 'S \ug 18 w8 g

_ = WallMRD south 83.5% P 1S 18 na 1S
right: — WAGASCI upstream 93.4% {§ ] ::g B X .
0.4 — | ——— WAGASCI downstream 92.1% f&, : {:3 | ¥ :
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Nov 2019 ~ Feb 2020
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Acquired POT after data quality cut

Problems that affect the
acquired POT on the right

e FPGA bug that corrupts
the raw data

 Hardware problem in the
frontend boards that
corrupts the ASIC
configuration

e Hardware problem in the
frontend boards that picks
up electromagnetic
interference from the
environment
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X< X <X <

List of hardware problems and their solution

WallIMRD frontend electronics
picks up electromagnetic noise
from the environment

Data corruption due to bug in
FPGA firmware

Fine time information is wrong
because of bug in FPGA firmware

Bug in FPGA firmware makes the
electronics configuration step
fail

Many hits in WallIMRD due to
noise (even with high threshold).
Signal is partially lost. 2/3 of
data is affected.

In total 3 days of run time are
lost

No fine time information. No
information on track direction.
This year data is not affected.

It takes many tries to load the
configuration. A power cycle
may be needed.

Add decoupling capacitors on
frontend boards (during the
Physics run)

Add online monitor to check for
corruption (in the future)

Solved last year by updating the
DIF firmware.

Installed a remote power switch
to power cycle electronics from
CR

FPGA bug in spill number
converter

Spill number is correctly
recorded for 2 weeks

Spill number recovery by
software analysis. New spill
number converter

Hardware bug inside the
frontend SPIROC2D ASIC
threshold comparator

Threshold is applied on the
undershoot of the signal and it is
not applied correctly

Use the new SPIROC2E ASIC
(most probably it is not going to
happen)




Because of COVID19 pandemic 4
| developed the RPI converter

at home

Next year
data:
New spill

number
converter
based on
Raspberry Pi

number converter problem and its solution

Fixed spills for Run physics_run_2020-01-17_15-53-04_63 : DIF 6

BIT FLIP PROBLEM BIT FREEZE PROBLEM

Sometimes a bit flips: 0 — 1 or 10

The flip is temporary (affects on one
spill)

The flip is random (but there are
many bit flipped during spill number
reset

All spills : 30801 (100%)
Good spills : 30790 (100.0%)
7 Flipped spills : 23564 (76.5%)
. Fixed spills : 23555 (76.5%)
. Bad spills : 11 (0.0%)

This jump is normal

This is not normal f

5000 10000 “ 1 5000

Time (arbitrary units)

This year

The 8th bit and 12th bit stay always data:

down (are always zero)

This problem is not temporary
(affects all the spills)

spill number

recovery by

software

This problem affects only runs 58 to analysis
78 (2020 January 14 to January 22)




Online calibration challenges for WAGASCI and WallMRD 10

charge_hit_dif5_chip5_chan12

©
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Temperature (Celsius Degrees)

Dark noise history for WAGASCI upstream top
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Temperature (Celsius Degrees)

Gain history for WAGASCI upstream top
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Automated run database and data quality checks

WAGASCI run repository

# Simiple repository
Borg repository

Repository location  kekccyhsmAZkidk |BAZE wagascifrawdata
Downdoad folder 'mediamecBACKUPMWAGASC rawdata
Decoded folder fmediamesBACKUPWAGASCIdecoded

Data quality folder  |'mediamecBACEUPWAGASCI'data_quality

WAGASC! run database
WG database location

Temperature SOLte database

Update WAGASC] database
Rebuild WAGASCI database

WAGASC library directory
optional)

fhome/neoiCode WAGASCIConfigsiwagascidb.db =

fhomeineo/CodeWAGASCUConNigsimh_temperature sentors.

fhomenec/Code WAGASCI\WagasciCalibrationib84

Beam Summary Dala repositony

Beam Summary Data databace

Repository location /media/mec/SOCARDWAGASCIBSD g BSD database location  |/home/neo/Code/WAGASCHConfigsibsddb.db =
Download folder  mediamesSDCARDWAGASCLIBSD = Update BSD database
Rebuild BSD database
TZK run number 10 -
“Query
teners Analyzers Topology
Irterval Getime oteral Download o WallMRD North Top
il
Froim run SEart run Ta run SEag run BRSO Dotk
Get run number interval Decoder = wallMRD South Top
1 b November 20019 4 » 4 b November 2019 4 » Get all ADC histogram N WallMRD South Bottom
Mon Tuwe Wed Thu Fri Sat Sun Men Tue Wed Thu Fri Sat Sun B WAGASCI Ugrstream Top
1 2 3 1 2 3 BCID histogram
4 5 6 7 B 8% W0 4 5 6 T &8 9§ 10 e WS Upstiesm Side
11 12 13 14 15 16 17 1 12 13 14 15 16 17 P N WAGASCI Downstream Top
1819 0 11 1 13 oM 12 13 W0 2N 2 13N Conditions Beam Summary Data B WAGASCI Downstream Side
% 26 27 28 29 30 2% 26 27 28 29 W0 ® Only goad runs
Temperature
Hours Minutes  Seconds Hours Minutes Seconds IMILK‘IEOM:EI‘IEPFHQMS -
fonly for time intervall Data Quality
o o) o - 0 - o - Q - (0] -
Start analysis
“Run list
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Perform automatic or semi-automatic data
quality checks (ADC and TDC histograms,
gain and dark noise history plots)

A shifter with minimal training should be
able to operate it

All functions must be accessible both from the
GUI (graphical user interface) and from the CLI
(command line interface)

Linux is fully supported (MacOS support is
partial)

It can download all databases and data from
remote repository if needed

Support for KEKCC job system
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New Monte Carlo simulation software for WAGASCI-BabyMIND

WAGASCI Monte Carlo is based on INGRID Monte Carlo

Simulation and
detector response is
fully implemented only
for Proton Module
(previously part of
INGRID)

No version control until  Output is taylored
recently towards the INGRID
analyis

-

-

-

Fixed some bugs and Proper version control New data format ready
search for Michel with git for WAGASCI-BabyMIND
electron candidates analysis
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Muon decaying into Michel electron

Since the invariant mass is determined
from quantities which are conserved
during a decay, the invariant mass
calculated using the energy and
momentum of the decay products of
a single particle is equal to the
mass of the particle that decayed.
The mass of a system of particles can be

calculated from the general formula:
2

\ (ch)ﬂ — (Z E) — ‘|Z Pcl| /

14
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New data format for WAGASCI-PM-BabyMIND
cross-section analysis

Based on ROOT

Container for hits, tracks, vertices, events, etc...

Same output for Monte Carlo and Physics data

(using converters) so that we can apply the same

analysis to both MC and Physics data

Comes with a library simple to use

BabyMIND
decoded data

Proton module
decoded data

WAGASCI
decoded data

Monte Carlo

- ~ analysis
Formatier —»  dalaeventiree [—- ( analvas

- " analysis
MC eventtree |- analret

-l : -
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This is in the
same format

eventfree

plots and
histograms

plots and
histograms

event free

B = = sother analysiss = -

comparison

dataand MV

f =« sother analysise » g

TTree
events

B2SpillSummary

B2BeamSummary | B2EventSummary B2HitSummary
2K run' int ‘bunch : int bunch : int (
[ amm | E \

main ing run it
mein ting rum umber

e
.
| P |

Spil_pot  double
total PO of the il

[ bunch_pot:doubles] ‘

POT o each bunch

( hom current : double
orm crent

| o= |

<ol mumber it
555 sp o 5250

(v
[T i |
TR

[ bsd good spill flag - enum
e
T
o T

wagasc spil umber: nt
WAGASCHspll umier (16 bs)

P—

Analyzer =
plots and
histograms: Decoded data

Eventiree

Plots ]
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normalizaion:double
'NEUT normal

interaction type : enum
NEUT nteraction type

o TRt
rimary verex

iy e mamEnunGl
i

primary._partile._energy : Measurement
Totaleneray

primary partce pdg: nt
PDGID of the ntracting partcle

T
st o, \

ok et vt

bk iy
peak
B2ClusterSummary

cluster id unsigned
Unique 0 of the luster

bunch:
i

o s solcied
s

B2TrackSummary

\ L

ent_custer : Tr
TRt o i parnt s e i eongs|

um st
umber o hits o the luster

um_clustes  int
number of clusters of the track

parent_cluster i -t
Geant4 10 ofthe parent cluster

ray
s of th cluster

clusers - TRetAray
clusers belanging o th rack

parent track: TRet

parent track: TRl

parent_tack 1D nt
‘Geanté D f the arent rack.

parent_track id s nt
‘Goantd parontrack 1D

s it
number of it of th

s TRefAray
his of the st

parent_event  TRet )

parent event 1d TRt

cvent typ - enum
neutino, sand muon,cosmic

s flly_conained : bool
o i the vent i fllycontained

)

top 05

o erumiz) )
boom 2,303 (

upstream i TRt
TRt ofthe most upstraam b

‘ parent track : TRet

J puen o
Leriptics

-
ettt | ‘

downstream it TRot
Tiefof the most downstream it

| e

scinlator_posion : easurement(s] |
bsolue posiion ofscinilator

[ )
e

s ey
B
|

plane.: nt
plane umber tarting from zero

st gz
sl number starting from zero

cycleint
eycle number (same as BC1D)

[ et |
{ S

[
gttt

eneray depost
| Enaydepetin oy

s in fidu - bool )
(e
prerr
e
o T
E——
Lo

Scintiator type : enur
pe of slntilator (horz, vert

g
B |
A

5

e —
|
T

st it et

i TRet
TRetofth ast it ntime

S Taraytfnum]

detocors
| st ot Getectors crossed by this custer

view of the cluster i t s 20.

ent

( asuromentiz]
angle wih respect 0 the beam dirction

e o e kit e et PEU

x ent
maximom value of he PEU

g : Wessuremont

| sum ot s seaments o e custer

s ghost

e gt |

um._actve_planes : int
umber o crovsed acive planes

is vald ool
ifthe cluers vl o not

\ e
o

\ i
AT

st it TRet

TRetof the irst it ntme
e

et ofthe ast it ntne

dotoctors]: TAraylonm]

10 of the parent rackthe clustr blongs

1D ctthe Pt et o cloir bl

Vst of detoctors rossed by this cluster

viow of th custer it 20

| T
J R

\ e
J RS

max peu: Heasurg
s vl of i PEU
average peu: Measurement

PEU average ove i he it

| r——

at
| sumofall e seqments o he cluser |

s val: boot
tthe clutr i vall ornot

total_energy  Weasurement
inia total energy o the particle

Kinetic energy  Wessurement
Inital ineic energy of the patcie
Measuremant(s]

intisl momentun(3]
Iniial momentum of he particie

"t et et )
sl momentum of he paticie

B2VertexSummary

bunch i ]
bunch namber |

numhﬂnnu:ks unqmmnw o e

outgoing tracks]: TRetAmay
racksonginsig rom th voriex

parnt_ovent: Tt
1001 th e vt i e bl |

elative posilon{3]: Messurement] ‘

osion rlaive o the sub-detectr

" absolute on[3] : Measurement[3]
R |
iy S

= |

o

S
Ry |
L % J

closest hit: TRet
closest it 0 the vertex

g parice pdg it
POG 1 of the Imeracig particte

mercton e e |

toal energy  Measurement
‘energy of primary paricle

m}

momentum of primary parice

tion_type: nt
NEUT tercionco

totalross_section: o
Total cross secion (x10°3
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Plans for the future

Properly do the TDC calibration of
WAGASCI and WallIMRD

Test and install the new spill number
converter based on Raspberry Pi

Install fixed frontend electronics (only so
called interface board) to fix the failed
configuration problem

Improve the online monitor software
Improve the BabyMIND DAQ

before February 2021

Currently developing the converter from
Physics data to new data format (1 week)

Add support for double readout scintillators
in the Monte Carlo software (1 week)

Improve reconstruction code for WAGASCI
module (1 month)

Improve scintillator, WLS fiber and
electronics responce in the Monte Carlo
software (2 weeks)

Start real cross-section analysis ...



Towards a WAGASCI-BabyMIND-NINJA
Monte Carlo simulation software



TODO list

Detector responce (scintillator-fioer-MPPC- Geometrical description of WAGASCI and
electronics responce) for all detectors is not NINJA (thanks to Odagawa-kun)
complete

All hits inside NINJA are not visualized (only  Description of sensitive detectors for

hits in tracker are visualized) WAGASCI and NINJA (thanks to Odagawa-
kun)

Write NINJA output TTree in a different file as
WAGASCI (add configuration option)

Merge NINJA MC and WAGASCI MC. Currently
they are in different branches.
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