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A test facllity to calibrate and test
LArTPCs and their components using
a beam of charged particles and a
test-beam experiment.

Reusing the ArgoNeuT detector with

small modifications:

* front flange modified with excluder
+ Titanium window.

 Side flange modified to allow for
Light System.

* Bottom flange modified to enable
liguid recirculation (quicker

purification).
More details in . @ &
Run 1 completed. Andrea Falcone's = =
Run 2 completed. Talk

Run 3 ongoing.

15/05/17 A. M. Szelc @ SBN/DUNE joint workshop
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MU LACIAT Light Readout

e LATrIAT is an excellent
test-bed for new ideas.

« The light collection
system is designed to
maximize efficiency of
collection.

e Uses WLS - covered
folls.

Hamamatsu
R11065

e

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

D757KFL (2")
15/05/17 A. M. Szelc@ SBINDUNE joint workshop

Two cryogenic PMTS
- one 3” high QE (30%)

- one 2" standard QE
(20%)

+3 SiPMs

Wavelength shifting
reflector foil

Applying TPB to the
reflective foil that will
line the inside of the

LArIAT TPC
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s | |ght Collection System

. C_hoice qf PMTs limited by . B ,
size of side flange. v AR A2

« Digitized using CAEN V1751,
1GS/s digitizer able to
resolve single phel.

_'Eﬂ?-:.;;_“.' e ¢ -

Hamamatsu PMT
(3" diameter)

Hamamatsu 12x12mm?
SiPM array, w/preamp

15/05/17 A. M. Szelc @ SBN/DUNI
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3 Example Waveforms

OpDet0: run 10134, subrun 1, event 9738

E
g 2o PMT calibration performed in-situ
7 on tails of LAr scintillation events.
155 Single phel counting to obtain full light
= spectrum.
05 {'” WAL

OpDet0: run 10134, subrun 1, event 9738
]

Signal [mV]
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Sample [ns]

15/05/17 A. M. Szelc @ SBN/DUNE joint workshop 5
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83 Example Waveforms
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T
o Y SER for OpDet 0
>S5Sk 0_SER
CC ‘g - Entries 134545 . . . .
D (T § 31200~ Mean 6.58 PMT calibration performed in-situ
VS i Std Dev 244 on tails of LAr scintillation events.
}-5”6 1000 ¥ I ndlf 204.5/174
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15/05/17 A. M. Szelc @ SBN/DUNE joint workshop 6
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21 Triggers

- MICHEL - catch Michel
electrons/positrons (=next slides)

- SCINTGATE (400 us gate after

e Can use combination of triggers.

- LARSCINT - trigger on amplified
ETL signal (-12 mV)

Scalar rate [Hz]

116Hz at 12mV
thresh

b

0 2 4 6 8 10 12 14

each LARSClNT) ETL signal threshold [-mV]
- LARRY: muon “telescope” Upper cosmic
e Coincidence of LARSCINT 4 paddie
with either of upper cosmic

paddles.

« Catches both through going
and stopping muons.

15/05/17 A. M. Szelc @ SBN/DUNE joint workshop 7
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sk Measuring N, contamination
using light

Lifetimes
» Triphe

e Nzcontamination can be understood

* |nbermediate

" Sigiet using the slow component
of the argon scintillation light

2000

n
e c _ —]—}—- '
e, _'_"' .,f'--}-[.l
- c .
Q A 'H
o 200
jul
E
Q
i ;
20
10" : 10 10° 1 S
N2 Concentration (ppm) 0
2
- 2
o
0 |
Results agree with | 02
measurements using gas S oo 10 1 01 00;  00g;  Coog;  COogg
Q
analyzers. © nitrogen concentration, ppm
P. Kryczynski

¢ 2016 analysis = 2015 analysis

15/05/17 A. M. >zeic (@ SBN/DUNE joint workshop 8
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Uniformity

= Using LArSoft Simulation tools developed to account for optical foils
(checked by standalone code) to model detector response.

No foils, TPB-coated PMTs

1824

Run |

Top-down view =~ anar |

down view LAFIAT
AR ] Photon MC
' : : ! : LY = 6.2 pe/MeV.

X [m]

- Photon MC
LY =14.1 pe/MeV — 1072

-------------- --------------- --------------- --------------- -------------- --------- T --------------- --------------- -------------- --------------- --------------- I Good uniformity in
b . the detector.

Enables new uses
of scintillation light.

8 09

5 068 07 0

> Z[m] >  Z[ml

) | W e [ R o Lo i e PR 10°
0 01 0. 03 0. 0. 06 07 08 0.0 0.1 02 0. 04 0

Beam Direction Beam Direction W. Foreman
15/05/17 A. M. Szelc @ SBN/DUNE joint workshop 9
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.....................................................................

« Simplest topology — e

p +/-

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

+ Great o test
oredictions vs reality.

1.8

« Data agrees with MC 15 LAMAT Preliminary
- Through-going p

oredictions (check in 14 ETL (27) PMT
subsections of the
detector Iin progress). os

ol T ++

0.2 I—!— 1 P. Kryczynski
0_ = Fopn mosd ‘_l =t - .

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

15/05/17 A. M. Szelc @ SBN/DUNE joint workshop 10




MANCHESIER Michel Electrons

St

R LArIAT Data

ity

The Universit
of Manchester

U (atrest) » e+ v, + Ge

]-'..;_-.

* Well known energy spectrum.

Induction plane

Time tick (128 ns/pixel)

* Great to perform calibrations.
* Need scintillation light to "
trigger.

Collection plane

T Inltlal,u| ST e
ce gate Real-time triggering
on Michel e’s from

Michel trigger E stopping cosmic p’s
using light signals

P T A
Coincidence gate

W. Foreman

........

15/05717 A. M. Szelc @ SBN/DUNE joint workshop 1
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Total light [pe]

15/05/17

Energy Calibration with
Michels

A. M. Szelc @ SBN/DUNE joint workshop

Michel-candidate signals
integrated to get PE
spectrum

MC reproduces shape well.
Gives more confidence in
simulation model.

LY compatible with through-
going muons.

Uniformity greatly helps.

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

W. Foreman
12
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o Physics with Michels
20
v :
O E w have a predicted 75%
E ~  capture rate on argon nuclei N I — —
i = r reliminary Entries
ﬁg (no Michel electron present). S | Dataset: - 12 days 2 ndf 10757134
4 v =~ Prob 0.9554
o 2 Constant BG 77.87+3.23
1 Q =k c C 1345+32.2
_ | 3 100l C,. 953.1+48.8
Tu— = B — Ok ut lifetime [ns] (fixed) 2197 +0.0
X Tc ‘I' free K w lifetime [ns] 650.2+51.8
I R B Data
B —— Overall fit
650 i 52 ns \ T 4 TP TP PE Background
(from_ﬂt_result, ------- it (free)
preliminary) 918 + 109 ns oy TRy e W (muonic Ar)
Early results agree w/ recent
measurement’ (854 £ 13 ns) 12| |
and theory prediction? R T P T T
(851 N S) 0 1000 2000 3000 4000 5000 6000 &;’DUD
. . . [ns]
Neutrino vs. anti-neutrino
'(Klinskih et al., 2008) Statistical discrimination
2(Suzuki & Measday, 1987) possible W. Foreman
15/05/17 A. M. Szelc @ SBN/DUNE joint workshop 13
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“ The ARAPUCA light trap

 Use dichroic filters + 2 WLS

 Readout 1 SIPM, with a larger
active surface.

Plans to install
in protoDUNE and SBND

E J E
c ‘S c :
4 £ s o Single electron spectrum
—t _— P 1975
, = 5 r2
' BE 2 :

Filter is reflective

] 50 ) T

charge (m Val'.t nsec}

b E. Segreto & A.

Bergamini-Machado
15/05/17 A. M. Szelc @ SBN/DUNE joint workshop 14

Filter is transparent

A=127nm
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184 Current Run

0

0

%C_; * |nstalled one ARAPUCA
§ detector.

5 . Able to compare response

with PMTSs In-situ.

Tek B @

bt A et

|f‘

st g A SN R P Y PP T .y o, e gyl e g i e 14

ETL PMT
100mV/DIV

SensL MicroFC
—~ARAPUCA 60035 N
w/ preamp ”
50mV/DIV 4

& [T Y
L T RTINS — m—— \_‘ (‘,

15/05/17 A. M. Szelc @ SBN/DUNE joint workshop 15
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Prototype of SBND-like mesh
cathode was installed in LArIAT
beginning of march. Will run with
and without foils (change over in a
couple of weeks).

15/05/17

A. M. Szelc @ SBN/DUNE joint workshop
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2 Evaporating folls

 The Infrastructure
needed to
manufacture the
reflective folils is
ready.

e New LATrIAT foils will
be made this week.

* Will improve ongoing
analysis of “late light”
In argon.

15/05/17 A. M. Szelc @ SBN/DUNE joint workshop 17
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Coming Soon:

<5 Stay tuned for other analyses using scintillation

light:

» Particle ID using scintillation

* More calorimetry using scinti
» Late light studies.

ight + charge.
lation light.

 Comparison of SIPM, ARAPUCA and PMT

performance with data.

15/05/17 A. M. Szelc @ SBN/DUNE joint workshop

18
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2 Summary

* LArIAT light collection system is a new approach
(at these energies).

* High LY enables diagnostic uses of scintillation
light.

* Enhanced uniformity enables calorimetric studies
and muon sign discrimination.

* LArlAT analyses on using light and combined light
+ charge for calorimetry, particle ID are close to
completion.

 Stay tuned for results from LArIAT run Il and
previous datal

15/05/17 A. M. Szelc @ SBN/DUNE joint workshop 19
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Thank You
for your Attention

15/05/17 A. M. Szelc @ SBN/DUNE joint workshop
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c 17 Solid Argon Fit 20K
8 I Solid Argon Fit 83.81K (Triple Point)
g 1.65 = Liquid Argon Fit 83.81K (Triple Paint)
b - ~ Liquid Argon Fit 90K
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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
Secondary beam

max 300k partlcles/splll

kATE Absorbers: 1.5m ——

L)
‘é, RTA Target: 30cmn Al

BT 1 Tamget: 25cm Al
Main |njector s F
’; 4 - :




LArIAT Beamline

LArIAT TEST-BEAM OVERVIEW

Counters

Cosmic: 92_BEBB cnts

DS Halo: 29.22EE2 cats
Delayed bar: 37_8EB8 cnts

Fast trigger: 37 BEGR cnts

1 Z ‘I“‘
T

i

Upstream TOF

TOF A (E:COWBB1): -1681.285 V
TOF B (E:CONBB2): -1549.895 V
TOF C (E:COWBB3): -1896.275 V
TOF D (E:COWBBA): -1553.453 ¥

Magnets

Magnet Current (F:MC7AN)
99.80 amps

Probe (F:MC7ANB)
293 .44 Gaus

Cofl 1 Temp (F:MC7AT1)
96.20 DegF

Cofl 2 Temp (F:NCTAT3)
125.60 DegF

LY

broduct of Fetmilab

Cosmic AG

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

Cos 2 HV (E:COWB86): -1698.727 V
Upstream AG
E Voltage (E:COWBE7): -1794.227 V

E Counts (F:MC7U85): ©.888 (nts
W Voltage (E:LHY7A): -1299.863 V
W Counts (F:MCTUBG): 9.86@ (nts
Downstream AG

E Voltage (E:COW283): -1959.465 Vv
E Counts (F:MCTUBT): 9.888 Cnts
W Voltage (E:COW2B4): -1983.433 V

W Counts (F:MCTUBB): 8.868 (nts

Beam

info

MCenter Intensity(F:NC6IC) 27.14E68 ppp
WCG Target Scint (F:NC6SC) 1.992E06 CNTS

NCBCV Collimator (F:MC6CV) 22.458 mm

MCenter Energy (F:MCENRG) 31.975 GeY

LM"".‘

Voltage (E:WC1V)
2426.15 V

Current (E:WC1I)
9.89 vAnp

Counts (F:MC7UB1)
1.626E04 Cnts

Voltage (E:WC2V)
2491.12 V

Current (E:WC2I)
.09 uAmp

Counts (F:MC7U82)
54.49E02 Cnts

A - 2015-86-21 26:40:10
N e

TSN (aeviv)

| i
i A —
— i | = - \ _\\
il -4 - . I
5 ‘ s B = . Of
SC2 (F:MC7SC2): 2.298E84 cntd. - 13.0* IR
N ! - —
E:COW21: -1468.118 V 1
i -
| il
1 e Vg ) —_—
i 3 i E
-_ - =g N _

Right (E:LHVSA): -1438.438 vout
Right (E:LHVI5SA): -659.656 uAmp
Left (E:LHV5B): -1188.313 Vout

Left (E:LHVISB): -588.125 uAmp

Downstream TOF
RIGHT (E:COWBBB): -1618.895 V

LEFT (E:COWBB9): -1678.743 V

MuRS 1 (E:LHV4A): -1499_ 688 Vout
MuRS 2 (E:LHv4B): -1558.313 Vout
MuRS 3 (E:LHv4C): -1451.563 Vout
MuRS 4 (E:LHVAD): -1451.563 Vout
MuRS 5 (E:LHVSC): -1688.625 Vout
MuRS 6 (E:LHVSD): -1688.313 Vout

MuRS 7 (E:LHVBA): -1688.625 Vout

MuRS 8 (E:LHVSC): -1688.625 Vout

E:COW282: -1662.481 V

SC3 (F:MC75C3): 3.24E€2 cnts

Voltage (E:WC3V)
1378.91 v

Current (E:WC3I)
9.80 uAmp

Counts (F:MC7UB3)
16.76E82 Cnts

Voltage (E:WC4V)
2449 .84 V

Current (E:WCAI)
0.88 uAmp

Counts (F:MCT7UB4)
9.50E82 Cnts

rEmAEm A T nAmmE EEA Wy

MuRS 9 (E:COWB17): -1781.517 V

MuRS 10 (E:COWB1B): -1792.411 V
MuRS 11 (E:COWB19): -1632.258 V

MuRS 12 (E:COWE28): -48.168 V

Up left (E:COWB1B): -1548.742 V
Up right (E:COW81l): -1364.973 V
Down left (E:COWA12): -1663.853 V

Down right (E:COWB13): -1482.379 V

17



MANCHESTER LArIAT Beamline

Final Beam at 12°, 08 GeV 2"”ary, +0.35 Tesla field
10

Optimized to study charged Cosnie AG

Final Beam at 12°

particles in the energy range o 1 0 Aspisins
| relevant for future neutrino Uoetrase & AN e i

experiments. We can tune their e N B
- - E Counts (F: — A - Spi
| energy by adjusting the e 10° e+: 136401 /spill

— p+:  2.3e+01 fspill
All Other

parameters of the beamlme  Comts

125.60 DegF Downstream

i

: il

W Counts (F: 1] 500 1000 1500
Farticle Momantum [(MeVic)

E Voltage (E:

E Counts (F:

Particles per 300k =* on Target par 10 MaV/c

El l.lL.I.l NN — .J.-.JLl L L LRI

W Voltage (E:

b S __

Partlcles from v |nteract|ons

1 1 Tl 1 1 1 LI 1 1 1

Secondary Particles produced by neutrino Interaction at BNB (charged pions)

012

pionP

Mean 0.3343 (GeV/c)
HWH |.Nutini
L‘—LLL — charged pions

— protons

0.10

—— charged pions

0.08

—— charged kaons x 5

Beam info

Neenter Ints —— photons from x°

0.06 [
WC6 Target 3 I

_
2
T T

MCBCV Colld 0 04

MCenter En
LArAT
High energy tertiary beam

(100 A-0.35T)
- »

0.02
5 1378.91 v

events;‘v -CC interaction/50 MeV

NuMl Lé‘ on-a Voltage (E:W(

T I\IHII|

Current (E:W(

0.00 PRI BN BRI B mriR i 8.88 uAnp
3 ' 00 02 04 DS 08 10 12 14 '16 18 20 Counts (F:MC TN AN NS N I T T T T N T N T A
\ 0 0.2 0.4 06 0.8 1 1.2 1.4 1.6 1.8 2
L h momentum (GeV/c) 16.76E02 Cnt Momentum (GeV/c)

15/05/17 A. M. Szelc @ SBN/DUNE joint workshop 24



MANCHESTER Beamline Elements

20

g_ﬂp Magnets + TOFs + MWPC
=1 allow reconstructing

-

< * MWPCs momentum and PID of

f% particles in the tertiary beam.

e TOFsS

Controlled sample of particles
hitting the TPC.

At between DSTOF and USTOF V1751 hits
Run: 4294; Total number of spills: 25

SDO ¥ T L] | L] L) | T T T l L] ¥ | T L Ll
I Prelimi g - 40
reiiminary 7 1 1
[ TT/LI " ¢ J. Ho LArAT
400k ‘ o 80 & ' . Preliminary 35
B A, = 457.94 entries/ns ] &
¥ = 2740 ns 70 30 ;
L 7, = 0.96 ns 4 s = =
a2 300 A, gy = 439.65 entries o g 25 S
e I 1 £ 60 - e
g A, = 39.18 entries/ns g = 20 |
= T, = 41.20 ns 4 S
w 200+ @, = 5.6 ns N 3 >0 :
A, o, = 221.35 entries E 159
i | N 1 " a0 £
- A o, fA0, = 1.99 E 109
- p et YN}
i ] 30 5
L Il " g - J = Ho :
i i i | L i L 20 0
80 1C 200 400 600 800 1000 1200 1400 1600
At [ns] Reconstructed z-momentum [MeV /c]

15/05/17 A. M. Szelc @ SBN/DUNE joint workshop 25
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20 -
oh beamline
25
g o
Dg b4
}&_"; Aerogel Cherenkov
counters for further PID
T vs. u discrimination
Effective for TPC-contained
r/u range: 230-400 MeV/c
n=1.11 n=1.057
Aerogel Aerogel
200-300 MeV/c {E}Tr M TT — T I | >
H
300-400 MeVi/c % {E}‘T ae 0l
s ’ BEAM DIRECTION

15/05/17 A. M. Szelc @ SBN/DUNE joint workshop 26



~ More about
~ Electronics in Carl
Bromberg's talk
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* K=* reconstruction
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Collection] ®

ArIAT MC Simulation

* Kaon-argon interaction cross section measurement
* Understand kaon/pion and kaon/proton discrimination

* Important for proton decay searches in future

experiments

15/05/17 A. M. Szelc @ SBN/DUNE joint workshop 28



Muon charge-sign
discrimination

LArIAT data
* Argon Nuclel have a 75%

chance to capture muons. They
never capture anti-muons.

* This results in different u- capture candidate
topologies.

* In case the topologies are the spghek
same: different effective decay
times. u* -~ e decay

candidate

* Can determine flux composition
statistically (and in some cases
on an event-by-event basis).

W. Foreman, UChi
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Antiproton Star Observed in Emulsion®

0. CuavsgerrAy, W. W. Cirupp, G, GorpuABer, E. SEGRE, AND
C. Wmoaxn, Radialion Laboratory, Department of Physics,
University of California, Berkeley, California

AND

E. Amaror, G. Baroni, C. Casracyonr, C. FRANZINETTI, AND
A. Manrrepint, [stitute di Fisica delle Universitd, Roma
Istituto Nagionale di Fisica Nucleare,

Sezione di Roma, Italy

15/05/17

Low momentum anti-protons in the beam
(even at a small rate) will allow the first
study of hadron star topology from p-p
annihilation at rest in Argon

- 1%, 119, K#, etc.. multiplicity in hadron stars can be
accurately determined utilizing LAr imaging detector
capabilities.

- This information is very relevant for n-n oscillation
searches at future large underground LArTPC
detectors.

A. M. Szelc @ SBN/DUNE joint workshop 30
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LArIAT, can see
electrons in the
beamline.

The number of
photons can be
Increased by adding a
pre-shower disk (1X)

width

Should give larger and
possibly cleaner
samples of events
compared to
ArgoNeuT

15/05/17 A. M. Szelc <3

LArIAT data

Electron-initiated shower candidate

LArIAT data

Photon-initiated shower candidate
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i T-argon cross sections

Thel Iniversity

T
OD. Ashery et al. No measurements for
= Phys . Reye 02352073 -(198 1) se e 40 AT (yet')
&5 el _ .
" /_/ | Predictions come
2 amw | from interpolation

o z .
- between
me) 5E //f;y"'ﬂ

heavier/lighter nuclei

q “ |5::'r| | .
o // | LArIAT analysis goals:

: / 1 Total interaction cross section
°f ; 1 Exclusive interaction channels:
il 40 : Absorption

TR T ’ Charge exchange

TR TR Inelastic & elastic scattering

.

FIG. 9. Decomposition of the total r*-nucleus cross
section at 165 MeV. The lines are least squares fits to | Ar]AT has measured the total

r laws, . . . .
e pion interaction cross-section
15/05/17 A. M. Szelc @ SBN/DUNE joint workshop 32



Total m-Ar cross-section

+0 +0 +0 +0O

iversity
chester

GTntal — 0

elastic inelastic ch-exch absorp. m -production

Pion - Elastic Scattering Candidate

A multitude of topologies

Pion - Absorption (»3p) Candidate

Pion - Inelastic Scattering Candidate

L -
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e o Total ;t-Ar cross-section

OTDtEll — GE]EIS’[iC T Gil]ElHStiC T Gch—exch Y absorp. O m -production

* First
measurement £ L LuaTPeimnay -
of pion 5 E Blicostssater
Interaction on & *F MCstatomonly
argon E 2;_ $ Run-1data, stat err _;
« Analysis of & 5'{;{':_ E
Exclusive T op T =
channels in o5 - -
= 3 =
progress % | zclm — 4<:|un — sclan — aclm - 'mlm - '12|m

Reconstructed Kinetic Energy (MeV)

15/05/17 A. M. Szelc @ SBN/DUNE joint workshop 34
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Scintillation Light in Argon

Emission:

5 Ar CAr

\ ,i / \ //

/ \\\r*' i
Ar

Excited dimer CAr
State O
Y

e

N

Photons are all ~128 nm — VUV

Light consists of two
components: fast and slow. Their
relative amplitudes depend on
lonization density (theory).

amplitude (A.LL)
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(practice) the shape can be
affected by transport,

and WLS effects (next slides)
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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.

Note high refractive index ~1.5
and gradient of for VUV -
relatively slow light.
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Scintillation Light in Argon (3)

Detection:

20

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

most often need to use [P A
Wavelength shifting |
compounds, like TPB. ; /

Arbitrary units
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=] [=1

=
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Can deposit WLS on Light o % w0 m W w0 w0 a0 w0

Wavelength (nm)

detection components or
Inside the detector.

VUV sensitive
SiIPMs prototypes
have appeared
very recently.
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