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— Introduction

* | will be talking about Light Readout Options that
could be applied to a future large LAr detector.

| wanted to concentrate on what currently running
or soon to be running detectors can teach us
about such solutions.

* Different physics we want to do. Ways to get to

there: the parameters we need to measure and
the detectors we can use.

28/10/15 A.M. Szelc, NNN 2015 2
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Liquid Argon TPCs

Person scale
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DUNE Far Detector Module (10 kTons)
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Liquid Argon TPCs

* MicroBooNE

o LArIAT

e 35-ton Prototype
« SBND

* Apologies to
many other
experiments |
will not talk
about.
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LArTPC detectors
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- LArTPC detectors (2)
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job using
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* Why do we
care about
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~7 - Emission:
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‘5 Excited dimer ‘Al %‘
state

Photons are all ~128 nm — VUV

T T T T T T T
{ “Scintillation of liquid argon”,
T.Heindl et al. (2010)

4000 -

30004

LAr
FWHM = 7.8nm
20004

Transport:

Liquid argon is mostly
transparent to its
scintillation.

At longer distances
Rayleigh scattering ~55m
f(A) and absorption, e.g.
on nitrogen ~30 m
@2ppm N2 begin play a
role. Note high refractive
index ~1.5 for VUV.

10004 |
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E. Segreto
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Scintillation Light in Argon

Detection:

Liquid argon is almost the
only thing transparent to its
scintillation.

Detection is challenging —
most often need to use
Wavelength shifting
compounds, like TPB.
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LIGHT DETECTION
COMPONENTS:
PMTs PHYSICS:
SiPMs BEAM (CP-violation)
Scintillating bars Nucleon Decay
Optimized _
Reflector foils for SuperNova Neutrinos
?
other END GOAL
APPLICATIONS:
Triggering

Positional Reconstruction

Timing/Timestamp
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 Without scintillation light triggering in a v
TPC Is extremely slow or blind — e.g. take
every beam gate (ok for a small detector). ]
e . <« >
« Scintillation light allows selection of frames Beam tlus]
where a neutrino interaction happened — gate .
save space. Beam gate trigger
. concept
« Selecting non-beam events.
» Select events with an interesting time
structure, e.g. Michel electrons.
IIIIIIIII Inlductiolnpllar?el R {;u
______________ ot LAFIAT Event .
1000 ; = 2 3
¥ (LARSCINT logic Initial 1 - Decaye" Coincidence 223 Rt == e 92 %
P S————— ‘ S | these... :ﬂﬂ \\”“f: 1 N
Coincidence gate R .-
\ =10
MEChEI trigger E, giV&S tha.t - Collection plane gg
25 »
20 %
15 :
10 ch:
5

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

W. Foreman, UChi asmic aa
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it really?

arXiv:astro-ph/0603131v2

* 39Ar |S a beta- emitter with
an end point at 565 keV.
average energy of electron ~ - ° ¢
236 keV

 Measured rate is 1Bg/kg.

—2
10 E

)

= B
10 E

counts/(keV

=5 B
10 E

-6
10

e Could it overwhelm the W . .

trigger? T T regten T
« Rough estimates show, that Effect of solid angle helps:

requiring a coincidence of ﬂ

>3-5 P.E. should keep it
around ~10 Hz per PD

(requesting coincidence (;m

between different phO'[Oﬂ Multi-P.E. cooncidences likely onl
. -P.E. l '
detectors should kill it). for events ~10 cm away o

28/10/15 A.M. Szelc, NNN 2015 10
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 Crucial to get x-component of .
non-beam events (drift) — need
to have timing resolution of -
order of charge readout (~us) S R
: . 0 X = Nticks*S*Vdrift
e Y-Z (in PMT plane ) resolution AV
IS possible — cannot beat
charge. gf: Resolution for low energy’ -
) e . — profon events 72
+ Useful/needed for identifying £, ';
which t, belongs to which g s ;
event — e.g. to associate light % o @ =
with charge. =50 E
_-“Jﬂ__ E
e B. Jones

] ;.-.-.-|.|--.-.,----|.----,.----.|.----|--- .3-.---.:
208960 -150-100 -50 O 50 100 150 200
Flash ¥ Resolution / cm
28/10/15 A.M. Szelc, NNN 2015 11
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Digitized PMT Waveforms From Readout
Cosmic rays make time coincident large amplitude waveforms

Digitized PMT Waveforms From Readout T 0o 9 —
Cosmic rays make time coincident large amplitude waveforms ® Seen ' i
" i L ==
1 —
: * i
= E S
“ ..@ — 5 o p—— » e
wi —_— e e
f%?
30 = ﬁ%iﬁ“}[ﬂg?ﬂ L “"—
m‘ XF""'\‘-N*‘- e D SN D W
'l A T — - - o ey
e L e A Lm:;_:m—wn Digitized PMT Waveforms From Readout
2 ,\, ——= (YT ——— 110 rays make time coincident large amplitude waveforms

0 200 400 600 BOO 1000 1200 1400 1600 1800 2000

64 MHz Sample Tick

@e)
(-]
>
o
o
8
g
L=

400 800 1000 1200 1400 1800 1800

64 MHz Sample Tick



Y
er

The Universit
of Manchest

MANCHESTER

1824 Tlmlng

* Improving timing resolution opens
new physics possibilities:

N N
o U'I
T { T T 7T

—_
1
T { L

- Few 100ns: Tag events as in spill

- Few 100ns: Tag Michel electron decays .| Visible
through timing | YOV

group velocity [cm/ns]

- 5ns: tag muons as exiting or entering

— For Near Detector: % nm
 1-2 ns: resolve beam bucket structure

* ? ns:. beam exotics heavier than neutrinos. |

Entries 6630710

8o Mean 24

* Nature of : RS 00820
scintillation light in o
argon may limit how o Visible
well we can do in of
the latter cases. 0 N

Vgroup [CM/NS]

28/10/15 A.M. Szelc, NNN 2015 13
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1o dQ/dx vs dE/dx (<¢> = 80°) jNST 8 P0S005
§ HET i ArgoNeuT data
(A — T
. t, (from light) needed to o
apply corrections for
charge lost due to drift. = |
_ - Stopping
» Charge yield depends on sof- protons
dE/dx and electric field. % - —
« Together = headache? i D D TR T |

 Scintillation light can be

the medicine, since it is o s e e
= | near nere mn: r
complementary to charge = e [  at 500 V/em
(easier to do if it is SN U S e sim <
uniform). =041
s | A gg%atiﬁs?lnﬁu:ez?{égg E: _______________ T i
vc?l.ifttgoozﬁnpp. 1558—15?5
o ey BN PSR (PEPEEI BT
0 2 4 O 8 10

E-field (kV/em) A Himmel, FNAL
28/10/15 A.M. Szelc, NNN 2015 14
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Timing/Timestamp
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PMTs SiPMs
Proven detector « SiPMs: Relatively
technology in liquid

of Mgnchest

| new on the block.
V « Excellent
performance in

liquid argon. Small
voltage needed to

e e.g. Hamamatsu , operate.
R5912 8" PMTs - « Small active size —

need to be clever
to avoid large
channel number.

I
ff; LED pulsed at LAr
temp

argon.

» Excellent timing
resolution ~ ns.

e Small channel/active
area ratio.

F @
480 j= %
o=

2 p.el

* Non-negligible size,
relatively high voltage.

(0.5 p.e. threshold)

an

I Jui M L‘J' WAL

uu.._.du a0

uuuuuuuu |.~.|.1f'|

28/10/15 A.M. Szelc, NNN 2015 16
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 WLS coated bars
coupled to SIPMs
(current DUNE baseline
design).

The Universit
of Manchest

e SIPM timing not as good
as PMTs (Industry is
working on this).

 Photon travel time In bar
adds to this.

* Work ongoing to
minimize attenuation in
bars.

Wil be tested in 35ton —
prototype soon.

o $ SIPMs + coated bars

x Slice at 9.6 cm x Slice at 9.6 cm
T _0.25

-0.03

500
-0.02

-0.02

0.01

o
-

y position (cm)
y position (cm)
(=]

0.01

0.00

0
0 200 40 0 200 400

Z position (cm) . z position_(cm)

28/10/15 A.M. Szelc, NNN 2015 A. Himmel, FNAL {7
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A different way to increase
guantity of light without
needing more channels.

* Increase collection uniformity
across the chamber.

* May improve timing
resolution In some locations.

» Positional resolution may be
more difficult.

TPB :

reflector

wall

28/10/15 A.M. Szelc, NNN 2015 18



Yy

The Universit

MANCHESTER

= Reflective Foils + WLS

-

)

E Looking from the top

6 YProjection YProjection YProjection

S 5 F i F B

s = MC ; FMC d

Y >805— 980;_

o “70f "0 —6
soz— _____ eo;— 5
502— 505— 14
4o aof
: : -8
30:_ 30:—
T T I M . M e |

5 10 15 20 25 30 |3E55 450 O 590 15 20 25 30 I3[55 zﬁo % 5 10 15 20 25 30 |3[55 zﬁo
Proposed for SBND D. Garcia-Gamez,
— Manchester

» Additional light makes
response more uniform.

A.M. Szelc, NNN 2015 19
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“ BEAM physics (CP-Violation)

29
U% Measuring v, appearance
CC " 120 DUNE v_appearance W DUNE v, appearance
ot differences between | o B | o
=5 particles and anti- , } qur "SEme | LJ g =
particles. %m:_ T L. E
. . AN S T
 Anti-neutrino mode ¢ <, 24
has a significant woff ]
number of neutrinos. o
Reconstructed Energy (GeV) Reconstructed Energy (GeV)

« Usually you would

e
a magnetic field.

; ; 3754 13 (26) 167(378)

28/10/15 A.M. Szelc, NNN 2015 21
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LArIAT data LArIAT data

u* — e* decay

candidate

u- capture candidate

_ W. Foreman, UChi
* Argon Nuclei have a 75% chance Muon decay time spectrum in LAr

to capture muons. They never
capture anti-muons.

Entries = 54093
7686 subruns [z ndf 647.4 / 666

(52% full sample) | Prob 0.6898
LAFIAT 6™ exsazas

_— c2 166.9 + 12.6
preliminary| &ietime  2197+0.0

W lifetime 526 +£491

* This results in different topologies.

. 200.2‘—_
* In case the topologies are the -, o
same: different effective decay sof-| — Qe
times. SIS i) "V w (free)

_ N 100} W (in muonic Ar)
* Can determine flux composition :
. . . 50
statistically (and in some cases on E O Ml
an event-by-event basis). s s =0

At [ns]
28/10/15 AM. SZE]C, NNN 201, paya
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’ The most _ : SIMULATION :
important thing . |E e
is to not miss it. 3|f e e
. - uBoONE E
 Looking foran & . . . .. . E
energy . : 105 cm >
deposition DUNE coated bars
- 1 | f i o ]
independent of S|
beam. S 0.8} ]
Eﬁ I Assuming 200 MeV vis. i
 EXpect a — 0.6/ Energy .
relatively Iarge -'c—'j 0-4:_ 5 P.E. trigger threshold _
energy -
—_ -
d@pOSlthn. § 0'2:_ —— Early + Late 99% avg. E
oC ol 777" Earlyonly 96% avg. -

0 100 200 300
X position (cm) A. Hmmel
28/10/15 AM. Szelc, NNN 2015 23
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o Supernova Neutrinos

_ Expected events in 40kt of LAr for SN at 10 k
s 0T 1 T mes,
e Different neutrino g oo A
timing and energy -
spectra predicted
by different 1oF
mOdEIS. o= 102 I I1I{|r1 e ""'_'lnme'(s;c'm'..t";;
E ted t in 40kt of LA
« Out of beam gqn};pec € HHS':’EC rum In 40kt of LAr
timing. Sos ., A
§3I‘.}E
» Scintillation light &=
needed In all "
cases. 10

I L Ll N Y 1 el
25 30 35 40
Observed energy (MeV)

28/10/15 A.M. Szelc, NNN 2015 24
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iz Supernova Triggering Efficiency

DUN E Coated bars SBEND: OF = 0,01, ph-cathade-coverage = & %

-
=
1
1
i
1
- i
==
A
1
A
!
1
o
1
1
m

MC LY vs distance for a
| combined system with foils.%

________

Usmg only early
i I}ght requmng 2

o
.

<Mumber of pholons>/MeV (1% of the hils)
L*1]

> _ :

(& e

- 7 o

Q i :

2 . -

TR ] 3 L

- 0.6 comcldent photons 5 : =

.9 : "- : : 4:— 1 L 1

"g 0.4l ] Ly g * Re-emitted

2 [50MeV 91% *i, y : | [T)(I)izft

S | of 20 MeV 79% i el }

g Vel 10 MeV 54% S £ | + s ;

© | 5MeV 33% :

EE OPI T T -I-"I'--._ 0 |1||:)lR|EJ_IIVIILN|'A1\|R1X| palanyl IJIJéI 11?1 IJ?I L1
0 1 00 200 300 s xntdrftenlstfﬁma‘l F;Dthlzgﬁc:liia:f:d;gliniﬁcm]

D. Garcia-Gamez,

X position (Cm) A. Himmel Manchester

Note different horizontal scale

28/10/15 A.M. Szelc, NNN 2015 25
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-~1000 events from SN @ 10 kpc.
20| — No shock waves
> — Shock waves - __‘\, i‘ Full DUNE:
| (=] |
=15 & % 1717 40 kt of LAr
[ : GO B '
i_' i E— -, .
& 10| = | | Position from
E B0 . scintillation [light
o
5 ‘ 2 + JF needed
25 [Perfect detector 3 +
: = 20 ¢ G. Sinev
| resolution . 'Resolution: 7.5 % The, DUkl
D 20 30 10 30 60 5}: +—P_,__+
Observed energy (MeV) =5 70 30 10 50 50
. .~10"5 events from SN @ 1 kpc. Observed energy (MeV)
E 1800 u, g 1200 Effects of order ms. |
- * r 4+
. 150“: G h 3 1000 — High eventrate may  +
£ kil "’. arc |ng §  require better + Pinched
% 1200 3 " g 800 sampling. + “'.
2 1000 i S
i i ,, & goo thel’ma|
; 7N\ G. Siney,
600, 400 — A -r.,-‘._#_ Duke
400 " gl WL
200 et """'"‘“"""i'-r_h 2[10._.._...-*- — -]
B0 o005 0005 001 0015 002 0025 801 0005 0 0005 001 0015 002 0025
Tima (zarands) Time (seconds)

28/1U/15 A.IVL. dSzelc, INININ 2Ul1b 2b
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—e%  Scintillation Light R&D

-
20
.U_'\-U; 1200
- 11 1 - -
0@ “Wunderbars” - new coating 't
£¢ method resulted in a | f
- ¢ method resulted in a large A S U
2T . : 55 900 -
v= Improvement in performance. 8
c = 800
|—q6 S 700F
(&) 6005— ‘ New Bar : 475 + 93 cm
‘E = C% 4ODE||||||||||||||||||||||||||||||||||||||||||||||||
- 8 - 0 &5 10 15 20 25 30 35 40 45 50
SeE c % Distance from PMT (cm)
w 9
- « Several bars, including our latest “wunderbar” tested in
= AN liquid argon at Fermilah in summer 2015
g 2 e ] Typical Altamate Guid Wundert
e ke Ical Alternate Guige unaerbar
@ S | J . i
@ E ) ~ High-Fron ik — High Fro
A=127nm / E 0 o ~—Low-Front m;_ ~ Low-Front
— E § _/ i 0z
E E /I| ol ﬂﬂi;

Whittington et al

1 | L '
50 ] 150 20 250 3 ] 50 0 15 a0 50
Signal PE] Sigra PE|

« “ARAPUCA” - use dichroic
filter to trap light inside a
box.

* The wunderbar yielded an attenuation length of ~230 cm
compared to other guides, the best of which performed at
~155cm

J. Moon, LIDINE 2015

Acceptance
Window

E. Segreto, LIDINE 2015 )
28/10/15 “ALM. dzelC, NININ 2ULld 27
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Scintillation Light R&D (2)
\1

Top Window

Micro-Channel Plate PMTs being ™™
. Nichrome border
developed for cryogenic uses.

f Manchester

Grid spacer #1

The University

IR
\ADMARARIN

4 Speed + positional resolution. Top MCP

Grid spacer #2
Bottom MCP

Indium seal

Grid spacer #3

Side wall
Anode strip

Bottom window

R. Dharmapalan, LIDINE 2015

Trigger

» Digitizer

* One man's background is another man's

Ll —— signal.

B |ea Linear Fan In/ : — _ _
Generator | EHIEEE Amplifier | | Amplifier’ o Jse noise from PMTs observed in

LU i : ArgonTube, ICARUS and LArIAT into a way to
Fast or Standard read out Light detectors with wire electronics.
Output .
e Limits number of channels.
LED|—|SiPM
'“‘* =" Wireplane
Capacitive Plate

Z. Moss, LIDINE 2015
F )
Dark Box aradayCage g elc, NNN 2015 28
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Summary

 Scintillation light will be a powerful tool In
enhancing the physics goals of the underground
detector.

* A number of detectors is online or will be online In
the next couple of years. We should maximize
their use to learn about the full power of
scintillation light in neutrino detectors.

* Can we find a way have it all?

28/10/15 A.M. Szelc, NNN 2015 29
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Scintillation Light in LArTPCs:

trigger and cosmic removal

A scintillation burst during the beam
gate gives an indication that a neutrino
signhal happened (uniformity helps).

'+ Beam-ime flash region from

JE[ | optical system \ E

iI|'III I I IIIIIIIII]III":

Especially for the detectors on the
surface, it is extremely important to
match this flash to a charge deposition
In the chamber (need timing, position).

||i1|i|i||||[||||i||||[||||i|

This enhances the rejection of cosmic
ray events (usually outside of beam
window).

Can be significantly improved using an
external veto system (CRT).

IIiIIIIl‘IIII|‘I]II|‘IIIIIAIIIIIAI

28/10/15 A.M. Szelc, NNN 2015 31



Scintillation Light in LArTPCs:

energy resolution

R Acciarri et al. 2012 JINST 7 P01016
« Quantity of scintillation light is
complementary to charge. j
* Registering both will improve L 595 ke meam peak
energy resolution. (Uniformity and *
high collection efficiency helps). B /)
« Knowing position will
maximise results. o} |
. C P. Benetti et al. (\WARP), NIM A 574 (2007) 83

Kk + ®Co

1 O_ L 5 : .“lr L |
500 1000 1500 2000 2500 3000

Energy (keV)




Solid Argon Fit 20K

Solid Argon Fit 83.81K (Triple Point)
Liquid Argon Fit 83.81K (Triple Paint)
Liquid Argon Fit 90K

Sinnock Data Solid Argon Data 20K
Sinnock Data Solid Argon Data 83.81K
Sinnock Data Liquid Argon Data 83.81K
Sinnock Data Liquid Argon Data 90K

_1_ L L L L L L L L L
125 126 127 128 129 130 131 132 133 134 135

Wavelength (nm)

-
3
-

17y
= l
s |
§ 165 i
5 ——
C B '
5 160
° i E. Grace, '
0 . A
Té 155 N M J N|kke| ¥
ot 1.65
15k 3160
§155
145\__ o150 E
I
14 % 1.40 !
T135 :
135 N
1.5

500 600

Wavelength in nm

Absorption Length ( m)

50

]

days

t[us]

t[us]

Total

number

of light——
flashes < >
(neutrino Beam
sin gate
beam)

concept

t[us]

Beam gate trigger

40k
30|

20[

B.J.P. Jones et al.

[ \\ N2 absorption length,

10 20 30
N2 Concentration (ppm)



) [ns]

RMS(tlirs

~ PRELIMINARY |

esolution-for - _
| d visible light. D. Garcia-Gamez,
= 10 15 26 25 _ 30 35 Manchester

minimum flight time [ns]
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SN timing

* 103events - SN @ 10 kpc: with a peak of about 20ms (~ 10 frames) -
50 evts/drift time/full detector. Likely to be in different areas. Should not
be a problem. If optically separated: < 1 event/drift time/drift length
module.

« 105events - SN @ 1kpc: ~5000 evts/drift time/full detector,
* If optically separated: ~25 evts/drift time/drift length module.

« Some optical separation is provided by absorption in argon (~30m) and
CPAs. A SN neutrino interaction is unlikely to generate more than ~100
P.E. (20 MeV @ 5phel/MeV) — meaning it can interact in at most 10 APA
modules (100PDs). Solid angle will make it more contained (~5 APAS).

* For a given PD, could conservatively expect 125 events lasting ~5us total/
drift time. Some overlap possible, but could be mitigated using fast
component ~ 100 ns bin — need to maximize light collection.

28/10/15 A.M. Szelc, NNN 2015 35
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