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Baby MIND

Magnetized Iron Neutrino Detector

Design goals Collaboration
-- adaptable to rectangular geometries (LBNO) initially in Neutrino Factory (-> 100 kton!) AIDA
-- efficient to low energy muons (>300 MeV) then LBNO ... not needed for DUNE

-- magnetic charge separation - spectrometer for WAGASCI in T2K ND280
-- momentum by range 2015: CERN NPOS5 project

-- as high field as possible spokes Blondel, Kudenko, PM: Etam Noah

-- low power consumption 2018 taking data in T2K

-- low cost First v events in NP experiment!

Physics goals
-- Water cross-sections at different off-axis angles
=» access «neutrino energy response function»

-- an important step in the T2K campaign against
systematic errors!

-- joint T2K/Wagasci-baby-MIND analysis
-- integration in T2K collaboration

7/6/2018 Baby-MIND 4



WAGASCI-Baby-MIND Location
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combined T2K ND280 and WAGASCI analysis

=» allows to isolate neutrino fluxes with sharp edges to study the
energy response function, relationship between true energy and reconstructed energy.
Neutrinos oscillate according to true energy!
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Figure 1: Energy spectra obtained by using different off-axis angle fluxes. The top two
plots show the energy distribution of the fluxes (left) and interactions (right) for ND280
(off-axis 2.5 degree) and WAGASCI (off-axis 1.5 degree). The bottom two plots show
the fluxes (left) and spectra of interaction events (right) obtained by subtraction of fluxes
at ND280 and WAGASCI. The error bars represent the statistical error and those in the
14/10/201 bottom right plot assume the statistical error for ND280 measurements are much smaller 6
than those of the WAGASCI experiment.



Baby-MIND LAYOUT
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Scintillator planes with 1cm pitch in bending direction 10cm in horizontal direction.

Air gap after 9cm of iron for measurement of bending angle (charge sep. down to ~300 MeV)
total iron thickness 1m.

AB,,c = (0.015/P) v L/X, =0.034/P for 9cm of iron

0 = 0.3BL/P = 0.040/P for 9cm of 1.5T magnetized iron

1ot Layout for illustration, the actual layout inND280 is slightly different



CERN contribution

Individually magnetised iron (ARMCO) plates
Two slit design, simple dipoles.

Well contained and defined field lines.
Very uniform in area of interest.

Modular and flexible.

Field ~ 1.5 T for coil current =~ 140 A
Stray fields insignificant < 15 mT.

Power required for all 33 modules: 12 kW.

.. and much more (logistics, handling, assembly
space through the CERN Neutrino Platform)
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adapted to B2 pit installation.
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Baby MIND systems: |s. Parsa et al., arxiv:1704.08917]

Novel magnet design

x 33 modules

Custom scintillator modules

x 18 modules

Support mechanics for transport to Japan

Cable bundles (scintillator-to-electronics)
Bl i — e =
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Readout electronics
[E. Noah et al., PoS PhotoDet 2015]

Beam Line & ext synchro |
K
Spill *|Master Clock| |
G |
Clock * i . LT
PC#0 | v,
* pptional signak J— r P
ports
g 3 [
106 - el C 0 g 0 /
! PC <ot Ethernet +:1I e o
Switeh Back IF . ; L g - :
A _ plane #5) N v hb J 3
| PCHL | FEB 96-ch Ml | ‘é :
#3 USB3 ports Mini-crate #0 L) y : : e
J—_ ' '
USB : T
READOUT (EP1IN, 2Gh/s) ¢ —I- -1
CMD (EP20UT, 1Mb/s) ”
ANS (EP2IN, 1Mb/s) 4“—% PC#H2 !
|
#1 USB3 port o

C

-

-~ #3pCs & 1 Master dock board plane FEB 96-ch #5 ‘ :
-~ f
- - crate #0 «g@\'
- CHAIN +SYNCHRO : on backplane [ NE
SYNCHRO : 1 RI45/ 4 pairs READOUT (1Gb/s on FS) e .
CLOCK (50/100MHz) CMD (1Mb/s) + ANS (1Mb/s) (= mbigate
GTRIG (100KHz) CLOCK (50/100MHz) TOTAL = Custom readout board
SPILL (ST/END, NB#) GTRIG (100KHz) B e+ 3456 Hor. CH = 4032 CH .
RESET SPILL (ST/END, NB#) designed for Baby MIND
FS (10KHz-100KHz frame sync) RESET 7 MINI-CRATES
FS (10KHz-100KHz frame sync) 3pC ( )
1 Master Clock board UNlGE

14/10/2017 Baby-MIND report T2K collaboration meeting 10



S

):

Baby MIND at PS-CERN experimental hall (T9 beam line
July 2017
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Muon events
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right.
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Preliminary: Charge ID efficiencies: [s-p. Halisjs et a1, Proc. NuFACT 2017

Charge reconstruction efficiency
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Also time resolution is ~1ns (Mefodev)
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Neutrino detectors
on the move

On 12 June, a 120 tonne cuboidal particle
detector measuring 18 mlong was loaded
onto a lorry at CERN to begin a six-week
journey to Fermilab in the US. Called
ICARUS, the detector will form part

of Fermilab’s short-baseline neutrino
programme, which aims to make detailed
measurements of neutrino oscillations and
search for eV-scale sterile neutrinos (CERN
Courier June 2017 p25).

ICARUS, which is based on advanced
liquid-argon time projection technology,
began its life under a mountain at the
Gran Sasso National Laboratory in Italy
in 2010, recording data from neutrino
beams sent from CERN. Since 2014, it
has been at CERN undergoing an upgrade
and refurbishment at the CERN Neutrino
Platform (CERN Courier July/August 2016
p21). It left CERN by road and boarded a boat
on the Rhine to a port in Antwerp, Belgium,
where it was loaded in two identical pieces
onto a ship. As the Courier went to press,
ICARUS was already heading across the

Atlantic to Indiana, equipped with a GPS
unit that allows its progress to be tracked in
real time.
Just two days after ICARUS left CERN,
another key component of the CERN
Neutrino Platform was on the move,

1Bpuo|g ¥

ICARUS (above) onits departure day,and a
section of BabyMIND (left) being moved to
the test-beam area.

albeit on a smaller lorry. BabyMIND,

a 75 tonne prototype for amagnetised
iron neutrino detector that will precisely
identify and track muons, was moved
from its construction site in building

157 to the east experimental hall of the
Proton Synchrotron. Following testing
and characterisation in a high-energy
beam, at the end of July BabyMIND will
be transported to Japan to be part of the
WAGASCI experiment, where it will
contribute to a better understanding of the
T2K neutrino-oscillation experiment.
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total of 75 tons were pushed by hand...
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Baby-MIND is in place!




Overview of Electronics Installation (2/26 - 3/2)
Sasha, Saba, Anrey, Kenji
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Detector Performance 3 o

Event Display

Top View
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Matching with Wagasci

Detector performance and Analysis

2018 5/4 Friday 19:27:29 JST
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Conclusion and next steps

The baby-MIND detector is a modern version of the well known magnetized iron detector
-- use of air gaps allows to lower the treshold of charge identification for sub-GeV muons

-- this development found a natural use in the T2K experiment as muon spectrometer for
the WAGASCI water(80%)-scintillator detector.

The project would have never been concluded without inclusion in the neutrino platform,
then without the JPARC neutrino group!

Now the WAGASCI-Baby-MIND (approved as JPARC E69) is included in the T2K collaboration

Data taking will resume in Q1 2019 in final configuration for ~3 years...
— physics and cross-sections to be included in the T2K oscillation analysis!



