Simulation

Anna Holin, RAL-PPD, 2%.06.2021




The physics

> Sterile neubrino oscillations?

y Cross—sections?

BSM pkvsmsé’

 Possible FD further away for 3-flavour oscillations?
Oscillation peak ab 0.6¢C eV for ~Y300km, V1.8GeV for
MT700~F O0km

 We need to create accurate predictions for all those
scenarios/ideas to see how well we can do



o We would like to find out:
o QOur event rate i our detector

o What size detector we need

8 How mwuch b will cost

a What is the gr&mutar&j we heed ko do bhe Fhvsics
we wank



- Obvious, but needs saying: this is meant to
be a neutrine detector, not a collider
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detector, they rarely happen in the middle - e
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- There is no advantage really in having
higher granularity in one area of the
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detector, ideally we want to be the same
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- Typical FD are tens of m long and

nmany mekbres Fall and wide ko
contain the neutrinoe evenks

- Full conbatment is usu&ﬂv
Mecessarg to determine the energy
of a neutrino event

' Neukbrino evenks can be many m Llong

- Cann make a magnetised detector to
see the charge of a track/particle

- e.q. MINQS detectors, which were iron
scintillabtor F’LQM@. calorimeters
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Typical neutrino detectors are biq

vvvvv

v v T v v v Y v ~ D A S A . T T S

I (cm) I
' 1 Z2pf I ' ) ' '
e i
== e ol e
226 228 230 10 102 10°
Lsec q (ADC)
Date : 29 Jun 2016 Time : 07:34:01 Run : 64486_17 Snarl : 171469 EventType : Golden Beam Neutrino

............

a

............

|IIII|IIII|IIII|IIII|

Z / e / \ | \i
? MINGS D event i

IIIIII

............

.............

1
I ‘
............

‘@
!
O - 3
ys .":: -2 |
oy — »
l_f,«-" é | e
— )
3 :s
- trigger : SPILLIP
-4
- R TR T N N SR T N N I B R
lllllll - -4 -2 0 2 6

4




—1200

Typical neutrino detectors are biq

o Ideally we want a maghetised

detector a la MINOS - allows bkrack |
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charge separation - needed for ST

precisiom measuremenks

o RBut the iron in MINOGS was very thicke i —

(2.84cm), ik stopped. accurate

electron neutrine identification s

o Iron is also useful for slowing down
nmuohs ko contain muon btracks -
track energy from dE/dx and range
is often better than from curvature
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Can we desigin a maghetised detector
Ehaob cawn m:«:ura%@.bj debermine eleckron
neutrinos, while being cheap to build?

o Currently &v\spired bfj two ideas:
o NOVA debector conskruckion

o MINERVA detector design

o Both evolved and perform much better in electron

neubrinoe identificakion and event dekail thann MINOS
Aid

o Con we combine all three designs into the next step?

10



NOvVA detectors A NOvA cell & & 0
Extruded PVC cells filled with i’ r
~ 11M liters of scintillator B s 3
. e ps:// F?h%s lesworld.com/a fermilabs-nova-
-- e rmmwexpeﬂme
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Far detector:
14-kton, fine-grained,
low-Z, highly-active
tracking calorimeter

-+ 344,000 channels

Near detector:
0.3-kton version of dem x 6cm

the same
-+ 20,000 channels

@ NOVA is made of Fi.as&c blocks
filled with Liguid scintillator

3D schematic of

NOvA particle detector

o Clever idea, for stability, the blocks
were assembled/glued toqether
horizontally and then Lifted into
position by a special tilking crane

o Read ouk bv ATDs 11



MINERVA delector

o MINERVA used a ver? clever brick to qet MINERVA Coh. Pioh Evenk

excellent reconskruction : B E——  T —

EE u | ‘""“"i‘)ion :.. 1,«4. 7

o Use triangular cross-section scintillator strip 8 CRmE
planes for better precision - : 1
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(Inner detector scintillator and optics shown, Outer Detector has 2
similar optics but rectangular scintillator) ' b
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@ Scintillator s&riis/ bars are cheap, can be melres long, and a well
understood tec nology in neutrine physics

o Idea is ko combine all bhree detector bypes

o Iron planes for magnetic field Like MINGS, but thinner so as to
reduce the impact on electron neutrino identification

0 CGrlue with scinkillator into modules a La NOVA for s&abitiéj

o Use trianqular cross-section for scintillator if poss&bi& for higher
pre«c&smm
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Current Plan

Have started working with Peter Hobson from @M who brings
detector technology expertise - we have started discussing
different options and ideas

Hitoshi Baba is a CERN sumwmer student who will hopefully
be able to simulate a simple protobype detector in Geant4
to give us a better idea whether we are on the right track

He has skarkted his simulakions worlke &Lreodv and is «currenﬁj
getting to grips with Greank4 and simulating with it

Hopefui.i.j Hitoshi will be able to have an easily modifiable
initial detector simulakion b'j the end of his sﬁud@.mﬁsmp
which is the first weelk of Auqust
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viewer-0 (OpenGLStoredX) (on hitoshi-MS-7C75)




Longer Fervma Fﬂ,a I

o Once we have a prototype detector, we need to
use a heutrine event generator to evaluate the

detector’s Perﬂfcsw mance

o Ideally want to fold in the neutrino flux to
have the whole chain:

o Neubrino flux —=> neutrino event generator ->
detector MC

o Once we have bhe whole chain we should be able
to start running realistic studies of the physics
we will be able ko do with nustorm
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