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experiment

Super-Kamiokande

Mt. Noguchi-Goro
2,924m

Mt. Ilkeno-Yama
1,360 m
1,700 m below sea level

Neutrino Beam

295 km

U, I/,u’ V,u I/,u’ I/M, D,M’ Vﬂ’ I/ﬂ, I/,u’ I/M

e Study oscillation of neutrino beam from J-PARC accelerator

e ~500 collaborators from institutions in 14 countries
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Neutrino beam = yomi

,K In 90 cm graphite target

[ [
e 30 GeV protons produce }

 Three magnetic horns
selectively focus
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v, oru, beam (decay in-flight).
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INGRID on-axis detector

e |ron-scintillator
sandwich detectors
monitor neutrino beam
direction and intensity

UA1 Magnet Yoke

Downstream
l ECAL

Solenoid Coil

Barrel ECAL

ND280 off-axis detector

e Active scintillator +
passive water targets

* Tracking with time
projection chambers

e Magnetized for charge and

momentum measurement
S

WAGASCI + BabyMIND

e |atest addition at
intermediate 1.5° off-axis flux

o Water target with
cuboid lattice scintillators
for high angle acceptance

e Compact magnetized iron
muon range detector

* First xsec meas. published:
PTEP, ptab014 (2021)



https://academic.oup.com/ptep/advance-article/doi/10.1093/ptep/ptab014/6156643

Analysis
strategy

¢ Beam monitors + hadron
production experiments
— neutrino flux

e ND280 measurements
+ Interaction model
+ external constraints

— unoscillated flux x xsec

. ¢ 6 samples at SK
| vy, disappearance +

v, appearance
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Analysis
strategy

e ND280 measurements
+ Interaction model
+ external constraints
— unoscillated flux x xsec

1,700 m below sea level

295 km

l/,u’ UM, U,u’ UM, I/M, UIM




Important interactions

Charged current
quasi-elastic
(CCQE)

m— CC Inclusive s NC Inclusive
—— (CC Quasi-elastic =~ = CC 2p2h
—— (CC Resonant 17 —  (CC Multi-7 + DIS

Good E,
reconstruction

V“ VIJ,—)I/“
¢T2K X POSC.

—_
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e ND28 CC multi-nucleon
: knock-out (2p2h)
+ Inte

+ exte
— un

0.5 -

Oy0(Ey,)/E, 10738cm? / GeV / Nucleon

CC Resonant

Eur. Phys. J. Spec. Top.
(2021) 230:4469-4481

Mis-reconstruction
of E, (~25% of events)
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separated b
e ND280 measurements P y

+ Interaction model

1. m,p,y multiplicity
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— interaction mode

+ external constraints
— unoscillated flux x xsec
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Antineutrino mode
uses simpler
separation by pion
multiplicity only
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C target C+0 target

|
= —4-Data v CCQE a
>

v CC2p2h @V CCRes In v CC2p2h [V CC Res In
@l v CC Coh 1 [Jv CC Other v CCCoh1n []Jv CC Other
[Jv NC modes []V modes [CJv NC modes []V modes

strategy

°
......... [} .......‘.....5..1!..!..o.......!.....‘...................

’ 0 200 400 600 800 1000 1200 1400 1600 1800 2000 ' 0 200 400 600 800 1000 1200 1400 1600 1800 200(
T2K Runl-10, 2022 Preliminary pM (MeV/C) T2K Runl-10, 2022 Preliminary pM (MeV/C)

22 samples

separated b Acti
e ND280 measurements P y scintillator

+ Interaction model
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3. C/C+0 target

+ inactive
— v+0 xsec water layers
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_ Fit result with correlated flux x xsec
An al S I S propagated to far detector analysis
y via covariance matrix or joint ND+FD fit.
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Analysis
strategy

e ND280 measurements
+ Interaction model
+ external constraints
— unoscillated flux x xsec

Fit result with correlated flux x xsec
propagated to far detector analysis
via covariance matrix or joint ND+FD fit.
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Analysis
strategy

e ND280 measurements
+ Interaction model
+ external constraints
— unoscillated flux x xsec

Events

Fit result with correlated flux x xsec
propagated to far detector analysis
via covariance matrix or joint ND+FD fit.
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T2K, Super-K, IceCube: Neutrino 2022 Preliminary
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Current
results

World-leading measurement of
atmospheric oscillation parameters

Large region

CP-conservation {0, 7} excluded at 90%,
7t IS within 20

i1

aiming for 3o evidence for CP-violation
before Hyper-Kamiokande by reducing
systematic uncertainties
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ND280 upgrade

UA1 Magnet Yoke

\:r‘rr:‘,*,*,‘ e ———

Downstream
l ECAL

Replace POD with
3D scintillation detector +
high-angle TPCs +

TOF enclosure

— 411 acceptance like SK

— lower (proton) mom. threshold
— neutron kinematics by TOF

— more target mass (~2x)

Reduce xsec systematics and

better understanding of nuclear effects.
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Neutron detection using ToF

arXiv:1901.03750 [physics.ins-det]



https://arxiv.org/abs/1901.03750
https://arxiv.org/abs/1901.03750
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Replace POD with
3D scintillation detector +
high-angle TPCs +

TOF enclosure
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modules

. Lepton

0.25 +Proton

---- Lepton-only

Based on
PhysRevD.105.032010

— 411 acceptance like SK

— lower (proton) mom. threshold 2
— neutron kinematics by TOF

llllllllllllIllllllIIIIIIIIIIIIl

IlllllllllllllllllIlllllllllllll

— more target mass (~2x)

R B k. LT
-06 -04 -0.2 0 0.2 04 0.6
(E . .=E. . JE

reco true

1 I 1 1

Reduce xsec systematics and
better understanding of nuclear effects.
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N =.  Super FGD

* 2 million scintillator cubes
(e aCh 1 Cm3) Converted photon& ’ (\1 Jtralv:ellih‘gjthrough cube Wavelength shifting fiber  Fiber connectorx

blue to green

\
= 2 t active target A WA v ———a Y oy

Photosensor /

e 56,382 WLS fibers in x,y,z | 7

. . ' Photosensor PCB
dlreCtlonS Reflector coﬁ;lastic/ Crosstalk\ \\Photons frOF{rsﬂeoted el

scintillation process
in plastic

(50 um) scintillator photon

e Readout by MPPC

Current New
FGD1&2 Super-FGD

. O

lllustration by Dana Douqga
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SuperFGD assembly

Photo: Aleksandr Mefodev Photo: Kota Nakagiri

Photos from 2022-10-31
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SFGD Electronics

8-crate assembly

16 crates — 8 on each side of the detector

* Single crate — 14 Front-end boards, Optical Concentrator
Board, Backplane, Power distribution

. e Thermal model built to ensure < 60 degrees C
Single crate

20 C. Mauger, NuFact 2022



SFGD
Electronics

\AAA/

Front End Board Optical Concentra-
(FEB) tor Board (OCB)
MPPC-PCBs R .

- » DAQ

\AMA

\AAAL

8x8 MPPCs each 14 per crate, for each:

4 PCBsper FEB 256 ch — 8 CITIROC — ADC ~2t@ aggregation

16 crates on sides of detector
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Quick Midas overview

Frontends
sending events

FEO1

Bi-directional arrow because

«—  FEO2
/ frontends/consumers can

Run start / stop start/stop runs

communication communicate back whether they
were able to start the run etc.
— mlogger

OoDB

midas

Consumers
recelving events
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Quick Midas overview

Frontends
sending events
FEO1
0 ___—  FEO02
0 /
O
.\ mlogger
ODB
Consumers

receiving events

All the communication with midas can happen either
through shared memory regions (on same machine) kept
track using hidden files in the working directory, or via
RCP over TCP/IP, in which case a mserver program
handles the access to the shared memory region.
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Quick Midas overview

Frontends
sending events

'FEO1
,*" FEO02

_.-=- mlogger

Consumers
recelving events

Online Database (ODB)

e structured data for communication between
various clients beyond real-time event data

e frontends / consumers can expose user
configurable settings, status etc.

e edit via odbedit client program, or start midas
web server with mhttpd and use ODB menu

24



Tue Jul 12 11:35:09 2022 Refr:60 N

| ELog|

Alarms H Programs H History H Config H Help ’

Run #0

Alarms: On

Restart: Yes

Start: Tue Sep 09 15:04:42 1997 Stop: Tue Sep 09 15:04:42 1997
Equipment Status | Events Events[/s] Data[MB/s]
FGD Ok 0 0.0 0.000
Channel Events |MB written | Compression | GB total —
arms: None
ODBEdit [sdagx] FGD [sdagx] mhttpd [sdaqgx]
7 Stop: Tue Sep 09 15:04:42 1997
Chat ‘ Stopped
Elog {% Alarms: On runStatusSequencer Logger not running
/,:ll_z;n:m - 1656432329 01:05:29.723 2022/06/29 [mhttpd,INFO] ODB subtree /Runinfo corrected successfully
Buffers
History
OldHistory
MSCB Equipment + Status Events Events[/s] Data[MB/s]
T FGD Ok 0 0.0 0.000
. TPC Ok 0 0.0 0.000
Event Dump GSC ok 0 0.0 0.000
Config
Help
_> mserver [localhost] ODBEdit [localhost] cascade [localhost]
. . FGD [localhost] TPC [localhost] GSC [localhost]
“new” midas version mhttpd flocalhost]

(considered for upcoming DAQ

development including SFGD)

Web interface (mhttpd)

MIDAS experiment "Default"
‘ Start | | ODB ’ ‘ Messages

“old” midas version
(currently used in ND280, beamline etc.)

25
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Quick Midas overview

Frontends
sending events
oyents FEO1
0 FEO2
CU Each event can contain multiple data
-c “banks” (basically arrays of some data
-E format like uiNnt32_t or double etc.)
mlogger
Consumers

receiving events

20



Quick Midas overview

Frontends
sending events

FEO1
g? FEO2

mlogger

midas

Consumers
recelving events
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Quick Midas overview

g/ —FEO2
% Concatenates events

Event builder from some buffers into a

single event, matching
.\/ based on serial number

— mlogger

midas

28



partition
midas

/N

global

ND280 midas system overview using cascades

FEO1 Example

FEO2 list of screen windows
(in ND280 the different midases
live on different servers)

Num Name

"’f'\l()SJSJEEr @ dag@sdagx:~/fgd/fgddaq_midas2022/online/src/build

1 dag@sdaqgx:~
2 dag@sdagx:~/fgd/midas/build

3 global: mhttpd

cascade 4 global: odbedit
R 5 partition: mhttpd
un AT AT
start/stop Event data 6 part}t}on. FEQ1
via RPC via TCP/IP 7 partition: FE@2
8 partition: EB

9 partition: cascade
cascade FE 10 global: cascade FE
11 global: mlogger

12 partition: mlogger
13 dag@sdagx:~

mlogger

29



SFGD DAQ integration plan

Details subject to change

run midas FE
inside linux DAQ PC
Cascade
FEB \ FPGA || CPU |. Eventbuilder -r---- > to Global
FEB ™~ OCB oo net\{vork_,—"" for SFGD DAQ PC
// ' switch
FEB
oCB
e MIDAS frontend on xylinx
OCE e Cascade to ND280 midas
e Similar layout for slow control

30



Midas frontend tests
on Zturn board

Display of events in DAQ PC * Tried running Midas frontend
Sinusoidal data generated on Zturn’s CPU on CPU inside Zturn board
(same board as used by OCB)

Messages

PROC[1] 133

e Successful event readout and
transfer to DAQ PC for both
CPU- and FPGU-generated

data
Sawtooth pattern generated on FPGA
run midas FE
inside linux > D,AQ PC
Midas event
FPGA || CPU logger
Zturn board
31




Midas cascade layout

ND280
global
midas
ade Cas
/ f \
FGD T.PC ° ° ° SFGD
midas midas

midas

Want to use up-
to-date OS and
midas versions

32



Midas cascade layout

ND280
Successfully tested global

midas
e communication between

Ca
. . . soad
different OS/midas versions e

e higher data rate (~1MB/event,
10MB/sec max) from SFGD SF(?D
compared to other detectors ik

(required some changes to socket implementation etc.) Want to use up-

to-date OS and
midas versions

33



Ongoing works

* Remote frontend development on development boards
installed at University of Pennsylvania

e Support for various trigger modes etc.
(beam, cosmic, calibration)

* High data-rate expected for calibration LED pulses
between beam triggers
— on-line histogramming for data-reduction

e “Vertical slice test” for full communication and readout
from one FEB—OCB—DAQ chain planned in Dec-Feb

./ 1 WLS fiber
T

1 (l f -
Diffuser L|ght GU|de Plate (LGP)
LGP

Light-_tight
container

\ Notch on LGP
P o

34 See e.g. Jaafar Chakrani, NOW 2022



Taken from:

http://j-

arc.jp/c/topics/quarterly/index.htm
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T2K near detector is being
upgraded for better constraint
on flux and interaction
systematics

SuperFGD is a new detector
with 2M scintillator cubes and
~56,000 readout fibers in x,y,z
directions

DAQ development for SuperFGD
ongoing with midas frontend on
CPU of concentrator board and
cascade to global ND280 midas
system

With upgrades also to beam line,
T2K will rapidly collect more
data over the next few years for
exciting physics and connect to
HyperK operation from ~2027


http://j-parc.jp/c/topics/quarterly/index.html

