


What's LArIAT?

Liquid Argon In A Testbeam, is a
170 liters LAr TPC deployed in a

beam of known charged particles.

It's executing a comprehensive
program designed to characterize
LAr TPC performance in the energy
range relevant to the forthcoming
neutrino experiments.

Hardware R&D, tune hadron-
nucleus interaction models and
neutrino generators, study
reconstruction systematics and
calorimetry in LAr TPC.
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Motivatiow : needs of v -experimenty

A LAr TPC in the Fermilab Test Beam Facility is well suited to
study charged particles in the energy range relevant to both the

short-baseline (ICARUS, uBooNE, SBND) and long-baseline
(DUNE) experiments.
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Physics goals

v Tt-Ar interaction cross sections:

- many T are produced in v
interactions with nuclei for v

. LArIAT Data
energies of a few GeV;

Candidate n*— ﬁ" charge exchange

- Tt — Ar cross section is a
systematic in v experiments.

Candidate &* absorption with ejected protons
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Physics goals

v 1t-Ar interaction cross sections.

v K-Ar interaction cross sections:

- physics beyond SM; TR idction
- relevant to proton decay
searches in LArTPC ot K" - mn® candidate
(p— K*+Vv).

Collection
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Physics goals

v 1t-Ar interaction cross sections.

v~ K-Ar interaction cross sections.
v" e/y shower identification: TR
- v, CC identification.
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Physics goals

v 1t-Ar interaction cross sections.

v K-Ar interaction cross sections.

u* decay candidate event

v e/y shower identification.

v" usign determination using
topology:

- w undergo both capture on nuclei
(76%) and decay (24%);

- u" undergo decay (100%).

LArIAT Cosmic Data

u capture candidate event

- possibility for distinguishing
neutrinos from anti-neutrinos
statistically.

LArIAT Cosmic Data
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LAVIAT Beaumline

SECIONDARY BEAM

Dipole
Magnets
Collimators

TOF

Aerojgel

Cherenkov
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Test beauwn detectory

MWPCs and TOF information make possible a particle
identification.
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TPC

LArIAT uses the refurbished Run [/11
ArgoNeuT TPC

-90x47 x40 cm3.

- 2 Readout planes.
- Drift field ~500 V/Cm

preamplifying ASICs on

custom motherboards.

- Signal-to-noise - 70:1.

Three Runs:

- Run I/II: 4 mm wire pith;

- Run Illa : 5 mm wire pitch;
Run 11Ib

- Run IIlIb : 3 mm wire pitch.
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Light collectiow Systenmv

Wavelength shifting
(evaporated) reflector foils to
shift the scintillation light
into the visible spectrum.

In Run III reflector foils also
over the cathode.

Arapuca light trap: use
dichroic filters + 2 WLS. The

readout 1 SiPM, with a much
" 2 gy larger active surface.

'
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Filter is reflective

SiPM array, w/preamp

Hamamatsu PMT Mu ‘
(3" diameter) Hamamatsu 12x12mm?







Event Selectiown

v" We reject events with more than 4 tracks in the first 14 cm of the
TPC to minimize reconstruction issues and beamline-TPC

ambiguous matches.
Optimal case Acceptable case

LArIAT Data LArIAT Data

14 cm -

LArIAT Data
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Event Selectiown

A successful matching requires one reconstructed TPC track in
the first 2 cm of the TPC length and only one WC - TPC track pair
with low AX, AY and o values.

TPC FRONT FACE

Match definition

g
y coordinate

Beam direction - z coordinate x coordinate
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Event Selectiown

We keep only events with a single beamline and TPC match: if
more than 1 TPC track matches the WC track, the event is

rejected.

LArIAT Data

* LArIAT Data




Event Selectiown

We keep only events with a single beamline and TPC match: if
more than 1 TPC track matches the WC track, the event is

rejected.

Events are also rejected if the TPC track starts more than 2 cm
from the front face of the TPC.

LArIAT Data LArIAT Data

© LAtIAT Data




Event Selectiown

We keep only events with a single beamline and TPC match: if
more than 1 TPC track matches the WC track, the event is

rejected.

Events are also rejected if the TPC track starts more than 2 cm
from the front face of the TPC or if they are showers.

LArIAT Data LArIAT Data

© LAtIAT Data




Interaction probability

We use the momentum measured by the WC to calculate the
candidate initial kinetic energy K. as

K, =\/pz+m2 -m—-FE

Flat

Ep,.. is the energy loss due to material upstream of the TPC
(argon, steel, beamline detectors).

The K at point n of the TPC track is calculated by subtracting the
track deposited energy from the K, at the TPC front face.
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Thiv sliced method

We divide the LAr volume in thin slabs and measure the
probability of interacting in a slab 6X as the ratio of the number
of interacting particles to the number of incident particles.

N .
Interacting _ H L] ~OrorPOX _
Incident

1 1 N,

=5 == nteracting
Oror = —5 Iy T

Inter
pX t pX NIn

LAr Thin Slice (set by the wire pitch)

cident

. *Q
0\
o{&‘ 20
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Thiw sliced method

The slice represents the distance between each 3D point in the
track.

[s the slice the end of the track ?

NO: Calculate the kinetic energy at this point and fill the

“incident” histogram. Interacting

~(dE
KSlice = KI T (_) x 0X
121 dx /,

K (MeV)
Incident

~ K (MeV)
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Thiw sliced method

The slice represents the distance between each 3D point in the
track.

[s the slice the end of the track ?

NO: Calculate the kinetic energy at this point and fill the

“incident” histogram. Interacting

~(dE
KSlice = KI + (_) x 0X
121 dx /,

K (MeV)
Incident

]
[l
K (MeV)
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Thiw sliced method

The slice represents the distance between each 3D point in the
track.

[s the slice the end of the track ?

NO: Calculate the kinetic energy at this point and fill the

“incident” histogram. Interacting

~(dE
KSlice = KI + (_) x 0X
121 dx /,

K (MeV)
Incident

. K (MeV)
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Thiw sliced method

The slice represents the distance between each 3D point in the
track.

[s the slice the end of the track ?

YES: Calculate the kinetic energy at this point and fill the

“interacting” and the “incident” histograms. Interacting

~(dE
KSlice = KI + (_) x 0X
121 dx /,

K (MeV)
Incident

~ K (MeV)
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Thiv sliced method

Repeat for each WC to TPC matched track, disregarding any
other activity occurring in the detector.

ArlAT Preliminary
lllllllllllll

-

T TT LI L N

T | T 1T l T T 7T | T
T ittt = MC
lmmm —e— Run-1 Data

N
n
(=]

200
180

—

160

50 MeV
8 8

—mllI|III|III|III|III|III|III|III|

Events /
® o
o o

——

D
o

40

20

B_IlllllllllllllI|III|III|III|III|III|III|III|I_
8

| » L | L L M
0 200 400 600 800 1000 1200 1400 1600 1800
Reconstructed Kinetic Energy (MeV)

LArIAT Preliminary
III|III|III|IIII

1T | T
HHH 7 MC

—e— Run-1 Data

S b b brria v

8

i e ' ' ; L
0 200 400 600 800 1000 1200 1400 1600 1800
Reconstructed Kinetic Energy (MeV)

June 23, 2017 A.Falcone-UT Arlington-WIN2017 25

o




Cross - sectiovw calcudation

Finally we take the ratio of the two histograms and calculate the
Cross section.

AT Preliminar
|

p—
o(b)
+

Two particle species are under study:
- Kaons

- Pions
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Total cross-section and bouckg/rcrwmd/

Oror =0 i O

Elastic Inelastic

Elastic Scattering Candidate

scatter LArIAT Data

Inelastic Scattering Candidate

K+ . Neutron/y activity

scatter LAYIAT Data

Kaon decay

+ + .
l.K -> v, candidate

|I ar
n'l H

LArIAT Data

LArIAT Data

—t y-shower

— ,:_.fﬁ-“ s hl
= #y-shower
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Event selection

Preliminary selection : 340 MeV/c? < Mass < 600 MeV/c?;

~ 2000 Kaon candidates in the final sample (Run II only).

- .'\- . . ) . - - 4 ] ] ! T T ! T T T T T T l T T T ! LI T ! T 1

w = : : : : .
%+ [Preliminary S S = _Preliminary

TOF (ns)

= - ..'. o 102 | — P- E
- LA - : : :
: et K] ISR CRRRRII IR IS SRR —
m) i = : :
2 EE) 10 o . i
- > -

50

II|IIII|II

AT S N SR I A S T N S

B
o

O -
DIIII|-IIII|IIII|I

W
o

e e | |

N
o

| I- | 1 - | 1 1 . 1 | | 1 | E 1 1 1 | 1 1 I L L 1 1 1 1 ‘ 1 1 1 I 1 1 1 I 1 1 1 =
600 800 1000 1200 0 200 400 600 800 1000 1200 1400
Reconstructed Pz (MeV/c) Mass [MeV/c?]

[
400

19

June 23, 2017 A.Falcone-UT Arlington-WIN2017 29




Kaow decovy

Since most of the Kaons decay at rest, the presence of a Bragg peak can
be used to discriminate between decay and hadronic interaction.

Particle IDentification Algorithm (PIDA) is a LArTPC based technique
developed by ArgoNeuT (ArgoNeut Coll., JINST 8 2013 P08005), that
parameterizes the Bethe-Bloch energy deposition curve.
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Total cross-sectiovw

D. Ashery et al. Phys. Rev. C23, 2173 (1981)
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No measurement for 1t
cross section in liquid argon
before LArIAT.

Predictions come from
interpolation between
lighter and heavier nuclei.




Total cross-sectiovw

OTOT = OElastic +0

+ GCh—exc + GAbsorb +0

Inelastic m—prod

Elastic Scattering Candidate

Charge Exchange Candidate

LArIAT Data

LArIAT Data

mt Prod Candidate

e
5 e

i

LArIAT Data

LArIAT Data
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v'Background process are currently included in the analysis: they
will be estimated and excluded.

1 decay candidate

T capture candidate

LArIAT Data

LArIAT Data
U contamination candidate

LArIAT Data
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Event reduction talble

Data sample
m/u/e ID by beamline
Requiring an upstream TPC track within z < 2cm
<4tracksinz <14 cm
WC/TPC track matching

Shower rejection filter

48.4%
74.5%

40.9%
3.6%

Beam composition before cuts

Selection efficiency
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32,064
15,448
14,330
9,281
2,864
2,290

8.5%
0.9%

2.2%
90.0%

0.035%
70.7%
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Pion-Ar Crosy Section
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Systematic considered:
- dE/dx calibration : 5% - through going p: 3%
- E loss prior to the TPC: 3.5% - WC momentum uncertainty: 3%
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Conclusionv

Total Pion cross section on liquid argon never before measured!

Work on:

- kaon cross section;

- assessment of systematic uncertainties;
- improvement of the energy corrections;

First results in:
- identification of pion and kaon hadronic interactions in LAr;

- automatic reconstruction of pion and kaon events.
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LAVIAT Primowy Beamldine

-

Main paN
Injector
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LAVIAT Secondowy Beamline

: “Secondary Target 82
Primary Target (Cli’) 5 =
e E - = 3z
1 o 2 32

Primary \eea“\\\“e - :
120 GeV P WSS
MCenter Beamline —1 .
,ﬁ i1 "~.1 &
Tunable 8-64 Ge\& V5" = = -
secondary beam “g—-/
8 Tertiary beamline
and LATIAT TPC
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MWPCs and b@mdw\g/ magnely

MWPCs + bending magnets allow to
reconstruct particles momentum

before entering the LArTPC. Tertiary Beam Particles Momentum
B 64GeV -100A
WC pairs used to define particle ELArIAT fid { maf
ELATAT .
tracks before and after the -rreiminany | %5‘_
K
magnets. | =

per Spill per 20MeV

T T IlIIIII

The angle a between the two tracks
determines the momentum
reconstruction.

3

LI IIIIIII

Count

Charged particle beam~200 - 1400
MeV/c.

C’ml
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Reconstructed P, (MeV)
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Time Of Flight detectors

2 scintillator counters with 1 ns sampling provides TOF.

Work done on hit time determination and hit matching between
the two scintillators allowed us to improve the TOF resolution to

less than one ns.
ToF distribution

The development of a 1200———————

new pulse fitting f preliminary |
algorithm is currently H0o0r |
underway: ey

800 __ o; = 0.99 ns __
A, 0, = 1157.29 entries

— Use the shape of the pulse

Entries / ns

to improve the time °00r Ao = 12084 entrien/os

1 R 0y = 5.40 ns i
reSOIUtlon' 4001 Ay 0, = 652.54 entries -

— Use tracking chambers to ; Aoy Ay, = 177
find impact point on 200" )
scintillators. L o
0 20 40 60 80 100
At [ns]
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AeroGel

Aerogel threshold Cherenkov detector in the
LArIAT beam line is to separate muons and pions
in a momentum range, where muons emit
Cherenkov radiation while pions do not.
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Light collectiow Systenmv

Reflector-based solution
(LArIAT)

SensL 6x6mm? 'P;{: ETL PMT

SiPM w/preamp . el (2" diameter)
__ -,f Al.v.;; ",/

" i

i- B <

4
TPB N/

SiPM array, w/preamp

reflector
wall

Fractional visibility for a traditional system
(TPB-coated PMT, no reflector foils)

Hamamatsu PMT d
(3" diameter) Hamamatsu 12x12mm?

x [m]

Wavelength shifting (evaporated)
reflector foils to shift the scintillation
light into the visible spectrum.

o i R&D for v experiments, technique
Fractional visibility for LArIAT .
: borrow from dark matter experiments.
Ov"— L [ [ [ [
+ Higher and more uniform light yield.
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Light collectiow Systenmv

S,,Linm
Dichroic
Filter

S,, L,nm

Filter is reflective

-~
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Q
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.
)
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Q
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=

Reflector foils now also over the
cathode: improved light yield and
collection uniformity.

Arapuca light trap: use dichroic
filters + 2 WLS. The readout 1 SiPM,
with a much larger active surface.
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Measwre with light : Michel electron

Bl LAnAT Data

T
\

bex

Induction plane

Collection plane

Counts / 50ns
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Entries 68421
x2 I ndf 107.5/134
Prob 0.9554
Constant BG 77.87 £3.23
Cu 1345+32.2
C. 953.1+48.8
p* lifetime [ns] (fixed) 2197 +0.0
W lifetime [ns] 650.2+51.8
« Data
—— Overall fit
------ Background
oo 1t (free)
--===+ W (Muonic Ar)
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At [ns]

Michel electrons can be used for energy
calibration, PID of stopping p*.

Stopping p* can decay to electron with
Thee = 2.21S, but p” can also be captured
by Ar nucleus with competing time
constant T, :

capt

1/’L’M_ =1/7,, +l/7

T, = 650 £ 52 ns from fit
Thee = 2197 ns (fixed)
T....=918+ 109 ns

capt
Early results agree with recent
measurement! (854 * 13 ns) and theory
prediction? (851 ns).

1(Klinskih et al., 2008)
2(Suzuki & Measday, 1987)
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- Pion MC sample
B Pion MC - only Pi Decay

Pion MC - only Pi Capture

Interacting histogram
(numerator)

| |

400 600 800 1000 1200
Reconstructed kinetic energy (MeV)
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~ 9% m-capture and

2% m-decay in the
interacting sample.

~ 349% crossing particles

(rt/n) and 66% interacting
particles in the TPC.

~10% muon contamination
uniformly distributed (not
shown here)
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