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sl A short history of Neutrinos

e The neutrino was proposed in 1930
by W. Pauli to save energy
conservation in 3-decays.

June 14, 1956

Dear Professor Pauli,

® It WaS discovered by REineS and We are happy to inform you
. . - that we have definitely
Cowan in 1956 (despite Pauli's fear detected neutrinos. . -

Fred Reines

of it interacting too weakly to be
discovered).

* Neutrinos from extra-terrestial
sources were discovered: the Sun
and cosmic rays.

» Very quickly it was discovered that

there are fewer neutrinosthan———————
multi- Gev mu-like [FC+PC]

expected. - !

« This has now been | %ﬁ:: _
confirmed to be a %

a result of v-oscillationw - Daia |
=1 Predicted , _

numu—nup - o N

U % stzer 7 . pe Experiment
cos(zenith anglegup m ‘Be [ PP PEP P
Super-Kamiokande Collaboration 8B W CNO

10/05/17 Phys. Rev. Lett. 81, 15621207 (ogp) o plS@miokande .
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e Measuring Neutrino Oscillations

V\!;LVM v V
V

v f\,vuv #Vvv ‘\,Vv
VuVu v V,

dis’rclnce L

In oscillation physics we usually start with one type W=
of neutrino and measure how it changes into

another. Q

We can do this by detecting the new neutrinos Nucleon
(appearance) or registering the loss of original
(disappearance).

We know three neutrino flavors: v, v, and v.. We

tell them apart by the effect of their “Charged
Current” interactions.

By changing the energy of neutrinos and the
distance of observation we can address surprisingly

different questions.
10/05/17 A. M. Szelc @ Birmingham HEP Seminar 3
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The neutrino model

Our picture of

Neutrinos in the g T @ ”
standard model is / \ b {EW}Unknown
almost complete. (m, )’ 74 N\ phySiCS

“Large” mixing angle
0,, opens the way to

3
measurements that
could explain the
matter — antimatter (m,)

asymmetry in the
Universe

\
| = Short baseline
/|, measurements hint at
oscillations
incompatible with 3
neutrino model.

« Tantalizing anomalies
that could be
interpreted as a new

“Known” neutrino state — the
- sterile neutrino.
phySICS Hv. BV, : BV, At tension with results
from MINOS+,

DayaBay and IceCube.

10/05/17 A. M. Szelc @ Birmingham HEP Seminar 4
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g Detecting neutrinos in a LArTPC

- Neutrino N .
measurements are PR . 0
difficult. s Lo

» Due to the photon e
backgrounds v, Sl g
appearance is B I ottt B Carged
particularly challenging. s

 The LArTPC and its
bubble chamber-like

data gives us strong v
background rejection —— =l
tools. S —

10/05/17 A. M. Szelc @ Birmingham HEP Seminar
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bk LArTPC Operation
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Anode wire planes:
u v y

Liquid Argon TPC

The Univers
of Manchest

PMT
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gaascoa  Neutrino Interactions In
LArTPCs
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Run 650, Event
29167 Induction
View

Yy interactions
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Ingwction Plarne Wire
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US based LArTPC Program

I:ocaton Ferrmiilab Location: Fermilab Location: Homestake

Location: Yale University Location: Fermilab Location: Fermilab

Active volume: 0.002 ton Active volume: 0,02 ton Active volume:0.3 ton Active volume: 0.1 kton Active volume:0.1 + 0.6 kton Active volume: 35 kton
operational: 2007 operational 2008 operational: 2008 Operational: 2015 Construction start: 2017 Construction start 2027

First neutrinos:Jjune 2009

Location: Fermilab Location:Fermilab "—,‘ Location:Fermilab ::' Location: LANL Location: Fermilab
Purpose:materials test st Purpose:LAr purity dem&, Purpose:LArTPC calibrationy Purpose:LArTPC calibration Purpose: purétglc;emo
Operational:since 2008 Operational: 2011 “,Operational:2014 {phase &)  Operational:2014 Operational:

""l," \““\\\

1y \\
’ 8
M

Two Years ago, this was a
reasonably accurate
slide...

10/05/17 A. M. Szelc @ Birmingham HEP Seminar 8



i LArTPC development

>\L
~'U
b
éé"JDevelopment and prototyping through the Fermilab SBN and
= 2ZCERN neutrino platform programmes
) ©
vS .
MicroB NE
= Single-Phase TN
. r‘ 7 ":'5_'_ DUNE Reference Design
1y, ICARUS  SB «( ~
LRy, B,
Sy,
R Rt
Ny
7 LBL
0
I
I
protoDUNE ¥
Dual-Phase 2015 018

WA105: 1x1x3 m*
ProtoDUNE -
dbl phase This is a somewhat

10/05/17 A. M. Szelc @ Birmingham HEP Semi SIMPlified drawing...
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= DUNE

40 KT of liquid argon at SURF
(South Dakota)

A huge effort going on now to
design and build.

Starting with protoDUNE
prototype at CERN.

7 \ﬂ"‘
yve Fleld
ey,
LA N
N
Y AY N
¥ A
I \
g {
e t
A )
APAs ,"
8§ \
VA |

CPAs

APAs

3.6m [/ 3.6m

10/05/17 A. M. Szelc @ Birmingham HEP Seminar 10
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Egrift ~ 500V/cm

LArTPC detectors (2)

Anode wire planes:
U vV Y

Liquid Argon TPC

"

PMT

/
/

10/05/17

A. M. Szelc @ Birmingham HEP Seminar

e LArTPCs seem
to do a good
job using
lonization
charge.

 Why do we
care about

scintillation
light?

12
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B Scintillation Light

 Liquid argon is a prolific
scintillator.

* The light Is always there,
complementary to the
charge.

 This Is the most active field
of development in
LArTPCs.

10/05/17 A. M. Szelc @ Birmingham HEP Seminar 13
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: B
- Emission:

.

3 3¢ Ar \\Ar/
% ‘A

Excited dimer Ar
state @
Y

Photons are all ~128 nm — VUV

Light consists of two

lonization density (theory).

components: fast and slow. Their
relative amplitudes depend on

amplitude (A.LL)

(practice) the shape can be
affected by transport,
contamination
and WLS effects (next slides)

Scintillation Light in Argon

Two-component light,
/ns + 1.3 us O pprm

E. Segreto
| IR B

10040 Zalaa 3o 4000 S0 E ] oD 804040 Salalel D00
time{nsec)

10/05/17 A. M. Szelc @ Birmingham HEP Seminar 14
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Scintillation Light in Argon (2)

Transport:

Liquid argon is mostly transparent
to its own scintillation.

At longer distances effects like:

» Rayleigh scattering ~55cm f(\)

« absorption, e.g. on nitrogen ~30
m @2ppm N2

begin to play a role.

group velocity [cm/ns]

Note high refractive index ~1.5
and gradient of for VUV -
relatively slow light.

10/05/17 A. M. Szelc @ Birmingham HEP
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zm Scintillation Light in Argon (3)

Detection:
Liquid argon is almost the ”

only thing transparent to its
scintillation.

- A
I' X |I I'I TFH .
! ':'“-'ﬂ':'" i\ [Emission)

e |
=
i

[ 12
=]

=

Detection is challenging —

most often need to use [P A
Wavelength shifting |
compounds, like TPB. i -"

Arbitrary units
4

) Las
=] [=1

=
=]
i

=

Can deposit WLS on |_|ght 100 1;.[1 200 250 ‘:::nlmgﬂﬁ: _:Ia -;un 450 500 550
detection components or ‘
inside the detector.

VUV sensitive
SiIPMs prototypes
have appeared
very recently.

10/05/17 A. M. Szelc @ Birmingham HEP Seminar 16
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gl Scintillation Light in LArTPCs:
trigger

—_
o0

o A scintillation burst N N |
gives an indication
that a neutrino signal
happened.

Fractional Flash Count per 0.15 ¢
with respect to Cosmic Background
-
o

« Provides a “t,” - I
necessary tO CaICUIate : ’ Tim:withresiecttothSBNBTr?ggerTimi [ps] ! .
X-position.

* Needed to apply
corrections for loss of
charge.

- .harged .

10/05/17 A. M. Szelc @ Birmingham HEP Seminar
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Scintillation Light in LArTPCs:

cosmic background removal

LArTPCs on the surface
see several cosmic rays in
one readout frame.

08/A17/2015, 04:03 PM

* Need to match flashes to a
charge deposition in the
chamber.

» Allows rejecting
backgrounds from cosmics
and assign “t,” to each

event.

10/05/17 A. M. Szelc @ Birmingham HEP Seminar 18
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Scintillation Light in LArTPCs:

timing
« LArTPCs are relatively slow N
detectors (1 frame is ~1ms). £
* Improving timing resolution 3
opens new physics possibilities: "
- Few 100ns: Tag Michel electron '

IIIII IIIIIIIIIII IIIIIIIIIIIIIIIIII
o 02 04 06 0.8 |1 1.2 14 16 18 2

decays through timing Time (us)
RWM Wave Form (ADC counts + 31500 Offset) | Booster RF
- 1-2 ns: resolve beam bucket [ MiniBooNE o
structure I A
- ? ns: beam exotics heavier than o l /H/ i
neutrinos. sof ] | | |
Il £l
8350 le I‘.'.-'I-ili;ll-ﬂl w " ?W | }'I:':-.':ﬂ

Train of 81 RF proton buckets in 1.6 us |

10/05/17 A. M. Szelc @ Birmingham HEP Seminar 19
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= Scintillation Light in LArTPCs:

energy resolution

R Acciarri et al. 2012 JINST 7 P01016
» Quantity of scintillation light is L
complementary to charge. |
 Registering both will improve energy = - 50.5 keV 1AM peak
. i LY @7phel/keV
resolution. —
i |
 Knowing position will maximise ; /)
orecision. Ny
 Largest benefits at lower ] N
energies, where TPC notﬁas—z \ P. Benetti et al. (WARP), NIM A 574 (2007) 83
sensitive: Supernova 3 - ,
neutrinos, nuclear effectsy _.f -, 1 = g e e Y
missing hadronic energy

Kk + ®Co

|
500 1000 1500 2000 2500 3000

10/05/17 A. M. Szelc Energy (keV)
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PMTs

SiPMs

Proven detector
technology in liquid
argon.

The Universit
of Mgnchest

» Excellent timing
resolution ~ ns.

e e.g. Hamamatsu
R5912 8" PMTs

e Small channel/active
area ratio.

305V

SiPMs: Relatively
new on the block.
Excellent
performance in
liquid argon. Small
voltage needed to
operate.

Small active size —
need to be clever
to avoid large
channel number.

* Non-negligible size,
relatively high voltage.

0 10 20 30 40 50
ADC

10/05/17 A. M. Szelc @ Birmingham HEP Seminar

60 70 80
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« 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.

 Tested in 35ton —
prototype and test-
stands.

10/05/17 A. M. Szelc @ Birmingham HEP Seminar A. Himmel

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

0 200 400 0 200 400
Z position (cm) 4 positionl:(cm)
, FNAL 2>
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= The ARAPUCA light trap

* A way to enlarge the active
surface without increasing
number of channels.

 Use dichroic filters + 2 WLS

S,,L;nm

Dichroic
! Filter

S, L,nm

7.
HA00

51
PEAS

R i b

Planned installation
In SBND and
protoDUNE

Filter is reflective

Filter is transparent

A=127nm

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

E. Segreto & A.
10/05/17 A. M. Szelc @ Birmingham HEP Seminar Bergamini-Machado 23
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From Theory to “Practice”

Wow, this is just a simulation of what the blocks
will look like once theyre assembled.”

10/05/17 A. M. Szelc @ Birmingham HEP Seminar
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e SBN Physics

Phys. Rev. Lett. 110, 161801 (2013)

« Recalculation of reactor N | SaTREET
neutrino fluxes and 2 o . =pe _:
analysis of sources In o S, T
gallium experiments. S -

o . . ‘ i + Neutrino ]

* MiniBooNE confirmsits =
excess with the final data =
set.

‘0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.5 3.0

Experiment Type _Chai_mel Significance | Very different experimental
LSND DAR v, =+ ¥, CC 3.80 technigues are hinting at

MiniBooNE SBL accelerator v, = v, CC 340 short baseline oscillations.
MiniBooNE SBL accelerator p, = 7, CC 280 « Tension with other
GALLEX/SAGE | Source - e capture | v, disappearance | 280 experiments, e.g. long-

Reactors Beta-decay | 7, disappearance 3.00 baseline.
K. N. Abazajian et al. "Light Sterile Neutrinos: A Whitepaper®, arXiv:1204.5379 [hep-ph], (2012)

10/05/17 A. M. Szelc @ Birmingham HEP Seminar 25
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SBN Program at Fermilab

A Proposal for a Three Detector Distance from Active LAr
Short-Baseline Neutrino Oscillation Program BNB Target Mass
in the Fermilab Booster Neutrino Beam Detector 8

Submitted FNAL PAC January 2015 arXiv:1503.01520 { — SEND 110 m 112 ton
(LY, 600m "~ MicroBooNE 470 m 87 ton
~ ~ O(1 km/GeV) -

(Ey) 700 MeV ICARUS 600 m 476 ton

N’

NEAR
ECTOR
N
&,

' - eutrino Beam @
- H =1 Booster N \r

-
l = T e T
r 11
b -
IIILr
1
|

ol i

i : - - - -
MicroBooNE

- Far Detector I} - MiniBooNE | - Near Detector
ICARUS SBND
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28 SBN Program at Fermilab

Short-Baseline Neutrino Oscillation Program

Submitted FNAL PAC January 2015 arXiv:1503.01520

A Proposal for a Three Detector . Distance from Active LAr
e Detector BNB Target Mass

in the Fermilab Booster Neutrino Beam

g 8 8 %8

Evenis / GeV

g

ALy 600 m

110 m 112 ton
470 m 87 ton
600 m 476 ton

~ ~ O I?m/GeV)

=
=

- T600, 6.6e+20 POT (600m) -y, = MicroBooNE, 1.32e+21 POT (470m) By v, LAri-ND, 6.66+20 POT (100m) T
~ Signal: ( A’ =043V % sin*26,, = 0.013) BRI, = v, MO0 signal: ( am’ =043 eV % sin? 26, =0.013) EEK o, 20000 (A 2 BK
- Statistical Uncertainty Only Koy, " Statistical Uncertainty Only LR Signal: ( Am? = 0.43 eV *, sin® 26, = 0.013) e
= £= NC Single v 1200 — £= NC Single 18000 = Statistical Uncertainty Only ]
5 v cC 23‘; C v, CC :.mou _fcc‘?c';"gh i
B - Dirt 1000 — - Dirt =¥y
n I Cosmics oz B Cosmics 81‘“‘““ E=Dit
E — Signal > — Signal 0 1000 B Cosmics
- E - %mnu — Signal
7 D gon0
>
u L

0.5 1 15 2 25
Reconstructed Energy (GeV)

3 0.5 1 15 2 2.5

Reconstructed Energy (GeV)

0.5 1 15 2 2.5

- T

P *“_fnrﬁ l"ll ;

5

MicroBooNE | T
Near Detector
SBND

Far Detector — MiniBooNE
ICARUS
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e Enhanced MicroBooNE
design.

60 8" 14 dynode Ham
PMTs/TPC.

DUNE-like light guide bars
(secondary)
SiPMs coupled to WLS
covered light guide bars

A WLS covered reflector foils.

 Increase uniformity of light
collection.

« R&D for future experiments.
10/05/17 A. M. Szelc @ Birmingham HEP Seminar 29
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i Simulating light in argon
(LArSoft)

voxels

* Argon is a prolific f
scintillator, so at beam bl ko bl
neutrino energies simulating ==L 0L iR

each optical photon is not i i i g i
feasible. e s

* We use an optical lookup
library (developed by
uBooNE) to mitigate this
problem. /N _[‘f Length,.,

:’:;":'-.‘r-!"f:.': N a‘:ﬂ-\.

LY -visibility”"”

Next slides, largely work by

D. Garcia-Gamez, Manchester

10/05/17 A. M. Szelc @ Birmingham HEP Seminar
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M Considered configurations

;’i‘Mgg “Cathode only “No foils/cathode

= Uconfiguration” configuration” configuration” =
cage cage cage
{ TPB-coated foils: q ( | q q
tream
s : gg\?vni?rea_r; : : : : Only u2 TPC" :
+ down ;
( cathoge o q o o g " ¢  simulation q
q E «© q = £ < 2
q g E q \‘é E « i
0 ¢ < n ¢ < o ¢ <
=< ¢ =X ¢ = ¢
0- ¢ < a- ¢ < a- ¢ q
q q q 4 q q
- e—array of PMTs in the simulations We use the symmetry of the system.
> E|| ™ & 20 m m am oumoam mwom % om o2 Overshoot number of PMTs (11 x 14
e o = e PMTs / TPC 8’ diameter) to be able to
100 430 g6 @46 B Ji@ 80 JS8 g3 14 @ J0 “B e # .
C 20 M s zE M R U0 JB )5 M 1 2 B § switch them On/Oﬂ:
EUZ_ £ g B ZE 46 JB4 Js J4) B %6 74 =2 o 8
[;f— a6 4T S1 g0 28 J86  Js Ju2 i B8 75 - e 40
- A% AT B4 gm0 )88 s Qe Jm Jo0 B % 3 2 ..
o | Note_: from now on, V|S|_ble refers
0| m o m o oa am oam o s ook o0 = om To light wavelength-shifted and
2 Sl Epst R el = it ot et il reflected off of the foils, while
= S06 g4 @81 240 JIB 86 JF J5 30 e 56 £ Ai A0 o o 00
a5 VUV refers to light directly hitting the PMTs.
300 00 0 o ]
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> 300_ > -
g - MC - Preliminary : %180—_I\/IC-PreIiminary |
@250? T1i$ @160:— T
= SOEREREEE S ok T + %
VT AN & SR TIST HTMW
S TT‘}} S }‘T +%T}TTT | 1
o 150 rfr‘ff & 100F TTT %T
g 4 ey N i
2 : ‘}% T‘Tff 2 8o }‘% T}
€ 100 T;*LL S ;ii{i‘
- A 4 - I
0| L”‘eé 40~ e ki‘%;
N ;AALAA ooF- i\;%t 4 4
oC T N T T T T - Y
0 20 40 60 80 100 120 140 160 180 200 220 oL | | | | R A AR AR A AR AN I AN A O

80 100 120 140 160 180 200 220
distance to photocathode plane [cm]

(=]
]
o
NG
=
(o} ]
(=]

distance to photocathode plane [cm]

Average number of photons/event/MeV (adding the signal in all the
PMTs) vs X position (drift distance to the photocathode plane)

10/05/17 A. M. Szelc @ Birmingham HEP Seminar 33
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Timing

* To see Iif ~ns resolutions can be 2

achieved need to account for second ¢ |

order effects, e.g. Rayleigh scattering. 2 't it

C ISIDle

. . . . Tl vy
* impossible to do using a lookup library

(memory) -> parametrization of

arrival times. A fnm

100— | Entries 3745460

* Assume we can model Argon
Scintillation timing (in principle o Cr
optimistic). :

Entries 6630710
Mean 24
RMS  0.08293

60—

VUV

40—

Visible

20—

10/05/17 A. M. Szelc @ Birmingham HEP Ser Vaup [om/ns]
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Direct light (VUV) timing........
parametrization:

1l

— VIVComponent

Landau + Exponential fit

¥l

MC - Preliminary

A combination of Landau and exponential
functions fits practically every distribution of [ e
of photon arrival times. IR A

| -
29
'
)
&
20
C &
I
VS
Ly
@)
£

The fit parameters turn out to be monotonic
functions of distance.

- lI.
& \  MC - Preliminary
-
T pol7
- I'.
':n_— "'.‘.:
Al
3
2_
_IIII|IIII|IIII|IIII|IIII|IIII|
G =] 108 152 200 250 300
distarce (o]
10/05/17

Larckau MPY

oF [imd z37e0ag 12000

o |
C | P 3RE1+ 0418

:‘ji [ OO 1 D01

TR | PR DDONEET 2 0000427

_F |7 -Lz82-06 6aste- 7

St Laiseoss 100 |2 %

200

15[

10

1

= y

IIII.I..I.IIII_lIIII.I..I;IIII_II

0 i 100 150 200 230 300

distarce [orm]
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MC - Preliminary

206 cmfrom the phatocathode

MC - Preliminary




The University

WNREEEN \Works for Visible Light too:

[ [ ECREEL T TR TETTT PERS o B Pl T TR o W L K A )

376 cm from the photocathode

.
Visible component EM: ~ MC - Preliminary
E ;I::-.t: H
. ] ——— lLandau + Landau Erob
== 1 MC - Preliminary B4
& Cathode only configuration ARy
is much easier to model - AN '*lm_“”“ s
146 cm from the photocathode Path of light easier to “predict”. e 1
Z . .
— g« 1+ MC - Preliminar
k- MC - Preliminary - Y
= ~\ | . _E 2.5 % “::
_5-' J E F m wf R
Ei ,#l Y i ) 3 lc-_, ,lll'| Tl
o "ag' 7Y .-.?“"ﬂr.jrflli A e lip e en ab lob 10 les 1en t_igrz]-:.
54 ¢m from the photocathode 5 _ T IR min R o
3 _ o E
o] MC - Preliminary o fa MC - Prellmlnary
?q_ E.__,_'
:'n._— § " E' E.LE- H
i &b g £ . _i.,
c c;_ ¥ l." a0 l.-!l‘.l EJ." 1nn-|i:|ni 'Ml." 1ﬁ|‘| IFEI-'.II 00

firme 75|
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Energy = 25 MeV, ph-cathode-coverage = 6 %
o 20
= I MC - Preliminary
E
401
_ ¥ b v
20— i \
I :?\eﬂtected Note that flight time
ol 9 scales differently
B wrt distance for
- reflected/visible and
[ s VUVlight.
D I | | L 1 1 1 | L1 1 1 | L 1 1 1 | [ | 11 1 1 | 11
0 <] 10 18 20 25 30

minimum flight time [ns]

10/05/17 A. VL. dzelC (@ Birmingham HeP Seminar 38
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de 300000 ot 1 Vuv
| Entries 38323 Entries 33729
25000 Mean 0.9653 Mean  1.025
RMS  2.146 i |[RMS  2.371
20000 o | vis
MC — Preliminaryiii| e vies 31923
15000NO electronics y {704
effects Af e b
10000High energy || [RMS__ 2.316
- - svents i
£ "N 5000 TR}
tz‘ﬂ1\71@;-""-Preg'l'rm'lrgl'ary“ﬁf | - J ]Dﬁ%u
E frﬂm 25‘ tﬂ 1UUU ME ----- +:¢.UV : | | l I | | | | L1 1 W1 | | |
E+ E =30 -20 -10 0 10 20 30
1 Time of the event [ns] trec - to [NS]

Timing resolution
depends on the quantity
| of arriving light (smaller
= chance of missing

- photons coming in)

L1 L1 1 | | T - | L1 1 1 | T | | | L1 1 |
5 10 15 20 25 a0 a5
minimum flight time [ns)

16/ v0r 1y . i vecae @ Birmingham HEP Seminar 39



Effects on timing constants
Scintillation: N HI t/ 26}

0.3xT,,,(6 ns) +0.7 x T, (1590 ns) fast

slow

slow

The University
of Manchester

g C> o i / = 1560 ns

Propagation:
Direct transportation + Rayleight Scattering

Fast component life ‘v 70 e
time changes as a E'E - MC - Preliminary
function of distance. o 60\
50 : :
40F° S
30F- ; .
Will affect triggers - ¢ 5
focusing on the 20 : A
fast component N °
10 b
0 :— |

L PRI SN [N TN S T N T T T T [N N N T T N T O T S [ S
0 20 40 60 80 100 120 140 160 180

10/05/17 1 X [cm] o
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Position Resolution

* The high density of PMTs in SBND allows
reasonable position reconstruction with light
only.

* |t cannot be as good as the charge
iInformation, but it is fast. And it allows tagglng
events. e e

10/05/17 A. M. Szelc @ Birmingham HEP Seminar 41
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e Y-Z Positional Resolution

>\L_
+ U
W
= " - ” - - . . )
o “Tracking” the events with light: “cosmics
[=
O 1GeV muons “Realistic” PMT system = 60 PMTs/TPC
_GCJ‘ VUV + Visible components
—  Contours = hottest PMTs with the 30% of the total detected light o
oy pr =) V' TPFe{mﬂaFy—
= awf L @ = & G _5: \ 150 1= 1
.-:g_ ﬂ n @ & =3 “ o 22 % T . ‘.'l-
ﬂé_@ \ni e @ I \ﬂ - !
o & ] o / o A
:-':;—IE} @ n @ o) 0 - -500 -I‘ii
IE—G & B aa &= o) = 100
WE @ ® & © .
ST B o B - - S - S - T - 15
T e TetetwtwtEl m e

- 00
.?:A_— E'
E l =
=
saf- f 150
mf 1|
¥
=] = -
-
Ak D_L......ll"‘ Ty
=k =l
- 100 =
53 150 -
' | | PR
[ ] 31 7] 5] = [ A B NI AN N B A
s ] =0 3 = o]

Very simple assumption = Big room for improvements! D. Garcia-Gamez
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X-drift position resolution

_ _ E sof- Opaque cathode ;

* |f able to differentiate 2 = (with TPC coated foils)

VUV from Visible (re_ = = With TPB coated foils i
emitted) possible to get o . ® ©®
position in x on the fly. ; ; | ‘

« Additional information, Jl vov
crucial for disentangling g MC - Preliminary ===~
multiple events in the X [cm]
same frame_ MC - Prelimi aryEntries_43822

» Could decide to readout |
just parts of detector. |

New idea for  «
LArTPCs!

10/05/17 A. M. Szelc @ Birmingham HEP Seminar Xreo ~ Xio [CM] 43




ity

The Universit
of Manchester

Event Counts

RNeRIsEN S Ar — how big of a problem is it really?

1824

o2 arXiv:astro-ph/0603131v2
e 39Ar |S a beta- emitter with - &
an end point at 565 keV. z .-
e
average energy of electron < .
~ 236 keV N
10 {5 o 4 Ocq ||
e M d is 1Ba/k E Lo s |f‘||
easure rate IS q g' ° 500 1000 16500 2000 2500 3000
Energy {(keV)
) COUId |t PMT Signal Map - Ar39 0.5 MeV - Total PMT Signal Map(-g;rupernovasmev-Totm
'g‘:zocE . 'E'zoo 40
overwhelm :- m - m R ? \
the trigger? &7 .1 ‘
 aae"s 0" [ " a"=a"s a"m]
100%— . . 100 ... i
200. e 2I5|omat;0 5 4:|:0”45|o”5r!0 4 0
24003_ r'—l e ] 50 100 150 ;oo b . e 50 100 180 200 250 300 3502 poﬂélitio«:\m[cniiio
I =R 2F =3
ool A | B >5v &3PMT E‘E’m__ B -5 &3 PMT
e 2 o MC -
ool Preliminary
iiiﬂ C. Hill,
=0 Manchester

0.4 0.5 1] 5 10 15 20 25 30 35 40 45 50
Energy [MeV] Energy [MeV] 44
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What simulations can tell us

2%
c< « Simulations show that a High LY light detection
g% system can help determine timing, calorimetry
and position resolution.
» Adding WLS-covered reflector foils improves the
overall performance of the system.
E;g: MC - Preliminary %BOZMC - Preliminary
- 5wl { .
e
Tl TS L _
CEEE TR L s e

10/05/17 A. M. Szelc @ Birmingham HEP Seminar 45
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From “Practice” to Reality

y \ REALITY «d ..

Or:
Back From the
Future

A. M. Szelc @ Birmingham HEP Seminar
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The LArIAT testbeam experiment is
running in MCenter - allows long
term occupation (as opposed to

MTest).

Main Injector

One 4s long spill per minute
g Secondary beam

max 300k partlcles/splll

L)
‘é, RTA Target: 30cmn Al

The Uni\(ersit

kTS Absorbers: 1.5m

Main injector

protony

=
@&
2
S
s
[=]
=5
g8
s
=3
=
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LArIAT TEST-BEAM OVERVIEW

ArlAT Beamline

Cosmic AG

Cos 1 HV (E:COWBB5): -1785.875 V

Right (E:LHVSA): -1438.438 vout

MuRS 1 (E:LHV4A):

-1499_688 Vout

Counters Upstream TOF Magnets . Cos 2 HV (E:COWBEE): -1698.727 V Right (E:LHVISA): -659.656 uAmp MuRS 2 (E:LHVAB): -1558.313 Vout
Cosmic: 92.8E88 cnts TOF A (E:COWBB1): -1681.285 V ';;!;t Current (F:HC7AN) Upstream AG Left (E:LHVSB): -1188.313 Vout MuRS 3 (E:LHVAC): -1451.563 Vout
e E Voltage (E:COWSS7): -1794.227 V
DS Halo: 29.22E82 cats TOF B (E:COWBB2): -1549 895 V Probe (F:MCTANB) Left (E:LHVISB): -588.125 uAmp MURS 4 (E:LHVAD): -1451.563 Vout
293.44 Gaus E Counts (F:MC7UBS): ©.9€8 Cnts
Delayed har: 37_BEBR cnts TOF C (E:COWBB3): -1896.275 V MuRS 5 (E:LHVSC): -1688.625 Vout
3 W Voltage (EILHVTA): -1299.863 V
Fast trigger: 37.8EB8 ¢nts TOF D (E:COWBBA): -1553.453 V Cofl 1 Temp (F:NC7AT1) & - e MuRS 6 (E:LHVSD): -1686.313 Vout
96.20 DegF Downstream [0Of
: v W Counts (F:MC7UBE): 9.86@ Cnts MURS 7 (E-LHVEA): -1660.625 Vout
" Ul L 5= M ou
| ig;lﬁ; ;mg (F:NCTAT3) 8 . - RIGHT (E:COWBBE): -1618.895 V
5 1]
§ ownsirean MuRS B (E:LHVEC): -1686.625 Vout
LEFT (E:COWBBY): -1678.743 V
E Voltage (E:COW283): -1959.465 V
. MuRS 9 (E:COWB17): -1781.517 V
< £ Counts (F:NCTUBT): 0.868 Cnts f
‘ MuRS 10 (E:COWB18): -1792.411 V

W Voltage (E:COW2B4): -1983.433 V | WURS 11 (E:CON18): -1632.258 V

ilab |
I a W Counts (F:MCTUB8): ©.968 Cnts |

MuRS 12 (E:COWE28): -48.168 V

SCZ (F:MC7SC2): 2.298E04 entd. -

E:COW201: -1468.118 V

ey
Beam info SC3 (F:MC75C3): 3.24E€2 cnts

MCenter Intensity(F:NCGIC) 27.14E88 ppp E:COW282: -1662.481 V

Voltage (E:WC1V)

MCE Target Scint (F:NC6SC) 1.982E86 CNTS 2426.15 V Voltage (E:NC2V)
WCGCV Collimator (F:MCECY) 22.458 mm Current (E:WC1I) i :
6.9 uAnp Current (E:WC2I) ‘
Counts (F:MC7UBI) $-00 vamp Up left (E:COWB18): -1548.742 V

MCenter Energy (F:MCENRG) 31.975 GeY

1.626E84 Cnts Counts (F:MC7U82) Voltage (E:NCIV) Voltage (E:WCAV)

54.49E02 Cnts 2379.91 V 2449.84 V Up right (E:COMB11): -1364.973 V
' apt Current (E:WC3I) Current (E:WCAI) Down left (E:COWH12): -1663.853 V
| \ .99 uAmp 9.88 uAnp
L] . '
- r n 4 2015-66-21 20:49:10 Counts (F:WCTUB3) Counts (F:MC7UBA) B RISV - A Y
A I F & 16.76E62 Cnts 9_50E02 Cnts 17
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s LArIAT Light Readout

. -

)

-+ -

0 _ Two cryogenic PMTS
Le LArATIs an excellent - one 3” high QE (30%)
2 test-bed for new ideas, izoorl/e)z” standard QE

g like WLS — covered +3 SiPMs

= foils. . \

Wavelength shifting
reflector foil

Applying TPB to the

reflective foil that will

line the inside of the
LArIAT TPC

Hamamatsu
R11065

e First test of TPB
coated reflector
foils in a
running TPC (at
beam neutrino
energies).

D757KFL (2")
10/05/17 A. M. SzelC (@ Birmingrt

1am HEP Seminar 50
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paeEEy  Using the same simulation
tools as SBND

" |n fact, the tools were developed for LArIAT first, and adapted for
SBND.

No foils, TPB-coated PMTs

1824

Run |

down view @ LanaT § | Top-down view = anar |
0.4 I I oo Photon MC i : :

PSR e L et B L Excellent uniformity
o b Inthe detector.

Two full runs
B & || completed(Notal

oo PMTs were always
B on).

|  Data analysis in
{0« progress.

0 0.1 0. 0. 0. 0. 0. 0. 0.8 0.2 01 0. 0. 0. 0. Q. 0.7 08 09

Beam Direction Beam Direction W. Foreman

10/05/17 A. M. Szelc @ Birmingham HEP Seminar 51
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Validating the Simulation

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

* Simplest topology 74 S R
—easy o |

__________________

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

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

» Great to test [
predictions vs 1-8—— LAIAT Prefiminary
reality. y st

» Data agrees with '

MC predictions (in 08
0.6/ | +

progress). 04l i

02:_ '|' —I— P. Kryczynski

0—|—|+|H|.‘_|—|—|—‘—|—

i 15 2 25 3 35 4 45 5
light yield, phel/MeV

10/05/17 A. M. Szelc (@ sirmingnam Hry Seminar 52
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* Great to perform calibrations.

* Need scintillation light to trigger.

Y -dﬁsh'lcl r;-J-_I:-..I.aI e .__.._--..-,...: ....:_...___..a.. S T R, S ST R Ypg—
{ e Initial 4 | Decay e*- |

Coincidence gate

10/05/17

U (atrest) » e+ v, + Ge

* Well known energy spectrum.

Michel Electrons

St

R LArIAT Data

15000

Induction plane

Time tick (128 ns/pixel)

Collection plane

Real-time triggering
on Michel e’s from

Michel trigger E stopping cosmic p’s
using light signals

W. Foreman

A. M. 5Szelc (@ Birmingham HEP Seminar 53
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Energy Calibration with
Michels

50}

_ LArIAT Preliminary
- 1835 entries
ETL (2in) PMT

/

MC Prediction

6,=19%, € =79.9%
—*— Data

PE, o = 20, At >2us

o

'||'Npe/1(]D
M endpoint within 15cm of
TPC center

MC smearing: ¢ =

50 100 150 200 250 300 350
Total light [pe]

10/05/17

" Michel-candidate signals
integrated to get PE
spectrum

" Data in approximate
agreement with preliminary
MC

= Gives confidence in MC-
predicted LY: 2.4 pe/MeV for
2” ETL PMT (Run )

End goal: combine
charge + light to get full
energy reconstruction.

W. Foreman

A. M. Szelc @ Birmingham HEP Seminar 54
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;Q w have a predicted 75%
4 capture rate on argon nuclei
- (no Michel electron present). o
% c LArIAT Preliminary Entries 68421
s Neutrino-anti-neutrino B | Dataset ~ 12days # 1 ndf 107.5/134
s discrimination possible? - Efnbstam oG . 3?0493523
-1t C 1345 £32.2
. 1 | Q 3 100l C,. 953.1 + 48.8
Tu— = J— : Ok ut lifetime [ns] (fixed) 2197 +0.0
X Tc "C free K w lifetime [ns] 650.2+51.8
I R - Data
[ % —— Qverall fit
650 i 52 nS \ | ‘ Backgrgund
(from fit result, Y --eee U (free)
preliminary) 918 + 109 ns - ------ W (Muonic Ar)
Early results agree w/ recent ,i
measurement’ (854 £ 13 ns) 12| |
and theory prediction? T T A A N DI I
0 1000 2000 3000 4000 5000 6000 7000
(851ns) At [ns]

'(Klinskih et al., 2008)
2(Suzuki & Measday, 1987) W. Foreman

10/05/17 A. M. Szelc @ Birmingham HEP Seminar 55
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Bl (Near) Future

* LArIAT analyses on using
light and combined light +
charge for calorimetry,
particle ID are finishing.

 The infrastructure needed

to manufacture the

reflective foils for SBND is

practically ready.

* Beginning to apply the

simulation tools to

understand effects on
DUNE physics (low energy
events, SN neutrinos)

10/05/17

A. M. Szelc @ Birmingham HEP Seminar
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~ Test run with mesh cathode

Prototype of SBND mesh cathode
manufactured in Manchester
was installed in LArIAT
beginning of march. Will run with

and without foils (change over in a few

weeks).

10/05/17

A. M. Szelc @ Birmingham HEP Seminar
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B Fresh off the press!
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~ LAIIAT RUN Il began in March.

- It is dedicated to testing

= the differences between 5mm and

S 3mm wire spacing. P
2 These are the first 5mm pitch &%
kS events. =

Lariat DQM
Online Monitor

Event update OFF
Delay (sl [5
START

i

320

Spill update OFF

START

160"
40
80

=

10/05/17 A. M. Szelc @ Birmingham HEP Seminar 58
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2 Summary

 Scintillation light will be a powerful tool In
enhancing the physics goals of liquid argon
neutrino detectors, from SBND to DUNE.

* There Is still some uncharted territory and room
for new ideas and improvements.

» Using existing, or soon to be built detectors, like
LArIAT and SBND is a great way to test these
new Ideas and solutions.

 Stay tuned for results from LArIAT run Il and
previous data.

10/05/17 A. M. Szelc @ Birmingham HEP Seminar 59
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Thank You
for your Attention
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