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The Standard Model of Particle Physics

@ Ordinary matter is made of
Fermions.

@ Forces are carried by Bosons.

@ Higgs Boson was the last piece of
the SM to be found.

@ Since the year 2012 the SM is

cBompIeted
Leptons ° But....
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The Standard Model of Particle Physics

@ Ordinary matter is made of
Fermions.

@ Forces are carried by Bosons.

@ Higgs Boson was the last piece of
the SM to be found.

@ Since the year 2012 the SM is

cBompIeted
Leptons ° But....

We need physics beyond the Standard Model.
o Dark Matter
@ Hierarchy problem

@ Neutrinos are massive
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3 For every proton/neutron/electron
the Universe contains a billion of
9« Reltfirol ftom’the Big Bang
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1028 neutrinos per second
are produced by the Sun

(with Zflux 61 2101Fcm¥/sed at the E3fth)
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Neutrinos are also produced

» in the atmosphere-






Neutrino Oscillations.

weak Hamiltonian free Hamiltonian weak Hamiltonian
(mass eigenstates)

North Dakota

[ sougrriAsL
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Introduction

flavour atmospheric accelerator/reactor solar mass
Ve 1 0 0 cig 0O 3138_25 €1z 812 0 vy
V‘u =10 Coz So3 0 1 0 —819 C19 0 Va
Vr 0 — &893 Co3 —.‘:‘13(—316 0 13 0 01 /3

where cy=cos6j, s;=sindy

Standard Neutrino Picture

- -y, Ve @ Neutrinos are massive

a2 2 -5 372
A 2|3- ¢l " lams, @ Ami, ~7.53 x 107>eV
ms3; 2 ~ -3 2
2 . o |AmZy 1| ~ 245 x 1073 eV
Amgll o 1y ~ 33°
1 . 7
(] 913 ~ 8.3°
NO 10 o 923 ~ 46°
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Introduction

flavour atmospheric accelerator/reactor solar mass
Ve 1 0 0 cig 0O 3138_25 €1z 812 0 vy
V‘u =10 Coz So3 0 1 0 —819 C19 0 Va
Vr 0 — &893 Co3 —.‘:‘13(—316 0 13 0 01 /3

where cy=cos6j, s;=sindy

Standard Neutrino Picture

- -, ve @ 13 ~ 8.3° Why so small?
|3_ o j: g lamz, @ 023 ~ 46° Maximal?
Am3, @ What is the value of §¢cp?
m%lr- ’ "o Absolut neutrino mass?
1N S @ What is the mass hierarchy?
NO 10 Sign of Am%l?
@ Dirac or Majorana?
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LBL Recipe

@ An intense beam of proton is focused
onto a target
@ Secondary particles produced from the

Neutrinos production via Kaon or Pion decay:

target are focused by magnetic horns ot =t + Vi (1)
@ The focused particles traverse a long
decay region where neutrinos are Oscillation Probability:
produced
@ A Near detector is needed to measure the .2 . <1~27Am?j(ev)L(K’")>
- - P(a — B) =sin“ 20 sin | —————=
initial neutrino Flux E,(GeV)
o A Far detector is used to measure the )
appearance/disappearance of a neutrino
flavour
Experiment | Operational Peak E, Baseline — \9515
K2K 1999 — 2004 1GeV  250km T 1F
NuMI/MINOS | 2005 — 2011(?) 3GeV  735km o 0.8f
CNGS/OPERA | 2008— 17GeV  732km = 0.6F e
T2K / 2010— 0.7GeV  295km - 04F Wn]l @njz@
NOvA 2012(7)— 1.8GeV  810km 02k
0
1 10 10’ 10" 10°
(L/ETkm/GeV)
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LBL Beamline

T2K NOvA

It uses the J-PARC beam It uses the NuMI beam

Achieves up to 500 kW Nominal 700 kW since 2017

POT total: 3.16 x 102 POT total: 15.66 x 10%°

The beam is 2,50 off-axis with respect to The beam is 0,849 off-axis with respect
the far detector. to the far and near detector

Tqgl Acgumulated POT far Physics
vMode ReCumuated POT for Physics
V-Mode Accumulated POT for Physics

20 B v-Modc Beam Powi

x 10 I VIMode Beam Power

KGRy R Rus Runb R Ra RG]

Weekly neutrino beam

Weekly antineutrino beam s
— Accumulated beam

Accumulated neutrino beam 1
—— Accumulated antineutrino beam

ot
§
3

Accumulated POT

Beam Power (kW)
Weekly exposure (101 POT)
Cumulative exposure (107 POT)

w18 2015 016 017 2018
Date

Year
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LBL Beamli

Off-Axis angle NOvA
.
1 § i [ NOVA Far Detector |
';i b - 1 :°; o = Specuum 7
1 L sin“20,, = 1.0 N 0 s specum
S 0‘5: sin129:=0.1 1 3 1
= F Am,=24x10%eV? : i Flux 1-5 GeV:
F } } 1 £ 9B5%v, ]
5 0 —NH,3,=0  —-IH,8,=0 c T 4%v,
> — NH,dgp=m2 —-IH3,=x2 | 3 1%ve A
! o0s - R e e e S
2 7 Neutrino energy (GeV)
= ] -
} 1 = :8 L j NOVA Far Detector |
il i OA 0.0° B o :::e:m: ]
S [ %OA 2.0: ] b [ ]
> ¥0A25 8 o Flux 1-5 GeV:
= 0 93%Y,
£ 05 g 6%V, o
&2 5 [ Vi ]
= EI 1% Ve b
2 e .
Neutrino eneray (GeV)
% 1 2 3
E, (GeV) 0 —
Around 1 % contamination of v,
. o Less that 10 % wrong v, component in
The beam is 2.5 off-axis with respect b €Y P
. eam
to the far detector in T2K

17/47



LBL Detectors

T2K

Two Near detectors: ND280 and INGRID
ND280 is composed of trackers, a
combination of fine grained detectors
and Ar TPCs
INGRID: on-axis scintillator light detector

Far Detector: Water-Cherenkov detector with

50 kTon of ultra-pure water

LINAC
\

Water and air

purification system

Control room

Ikeno-yama
Kamioka-cho, Gl
Japan }Km

Mozumi

Atotsu
entrance

1km
700mwe)

=Y

SK Atotsu
«

NOvA

Two identical detectors (except for the size)
Detectors are made of 344000 cells highly
reflective plastic PVC

filled with liquid scintillator.

Near Detector: 0.3kTon 1 Km from source
Far Detector: 14kTon Readout made via
WLS fibers to avalanche photo diode array

Pl
383 ciapiand

343,564 total cells
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Deep Underground Neutrino LBNF: Long-Baseline Neutrino Facility
Experiment. @ Provides Infrastructure for the experiment
@ Measure of v, and v, appearance @ Neutrino Beam
and v, and v, disappearance over o Detector facilities
a long baseline o Cryogenic systems

o It will use a high-intensity neutrino
beam and high-resolution massive
detectors.

Sanford Underground
Research Facility

Fermilab

iles
go0 miles
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DUNE an International Project

International Collaboration

34 countries

192 institutions

More than 1000 Collaborators
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DUNE Physics Program

Program Physics with primary goals:

Supernova
& Low energy neutrinos

neutrino oscillations

ce and mass hierarchy in a single experiment

Beyond Standard Model

in the near and far detectors

neutrino x-sections

DU sanminiy. 7 pours (saged
Nerwad Grdaring A
aif2s,,20.008 = 0043 0 yours (stages)
NP 2016 (305 CL range) <+ sk, = 041 1 D0E2

@ N @ o

\ant

o=

¥

TR TATO
S1-08-06-04-02 0 02 0.4 06 08
Sl

\
1

Proton decay

EVHrI025 GeY

in the near detector

idasuoy INna

Racansinsctad Enargy (GeV,

Mass Ordering

DUNE Sevaitvty 7years (stageds

TR T T A T T TR |
21" 08-06-04-02 0 0204 0608 1
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The LBNF Beamline

@ The LBNF neutrino beam will be produced using
60 — 120 GeV protons from Fermilab’s main
injector Fermilab Accelerator Gomplex

o Initial nominal power of 1.2 MW
(10 protons-on-target /sec)

@ In the future upgradeable to 2.4 MW

@ Can run in neutrino (FHC) and antineutrino
(RHC) modes by switching polarity of magnetic
horns

o Wideband beam enables use of second maximum
and enhances probing BSM phenomena

Decay Pipe

Target Focusing Horns
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The DUNE Near Detector

o ND located 574m downstream of production target
o dedicated to measure flux, cross-section and to constrain
detector uncertainties
@ System composed of multiple detectors:
o LArTPC (ArgonCube)
o Multipurpose detector (MPD) e
o Beam monitor (3D scintillator tracker-spectrometer Near detector hall, 574m from target, 56m overburden

3DST-S)

< e

~200m decay pipe
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The DUNE Prism

@ ArgonCube and MPD are on rail
(Off-Axis)

o Up to 30 m side movement

o Allows to measure new flux

b(v,) at 574m/GeVic nf/POT

ArganCube

MPD

L Beam axis
ArgonCube |

Beam axis
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DUNE Far Site Facility

Loy
oRegina
oWinnipeg

Vancouver ..

Seattle

oSpokane o
MONT. Quebec City
LR

® o m Ottawa,
@ o MAINE N
| Minneapolis > WIS
Eugenc®  ORE IDRHO, f T MICH.| Toranto VT
o @
Dotolt A7
10WA 2905 MASS
) R
|

© wasH

NEB. ©
oSalt Lake City © ata PA. ®
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L.
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Sacramento UgH LINIEEDISTARES _St. Louis Q
® NEV. an Mo. @ W.vA. Cwashington
K. v
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ok Coalas MISS. aLa. o,
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cull BAHAMAS

Gold mine repurposed into underground laboratory (1.5Km Underground)
5 main caverns: 4 detector caverns and one support cavern (Cryogenics and DAQ)
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The DUNE Far Detector

o Liquid Argon Time projection Chambers (LArTPC)
@ Two technologies: Single Phase and Dual Phase

Single Phase TPC Dual Phase TPC

Anode planes

/_ Readout

Anode and
Cathode planes E
_

Large

€
= A= AT =3 '/—Eleetrou
= i o aY \ Multipl
= JT 1 \ [\
/ A v \

[11 LV N \

Extraction
¢ Gnid
36m

12m
/

58 minto page

i
=
IS
3
wire #
wire

PMT
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TPC Principle

Sense Wires
U v X W wire plane waveforms
A A

Liquid Argon TPC

X wiire plane waveforms
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Single Phase Detector

@ 10kt fiducial cryostat

e Width = 14 m, Height=12m,
Length=58 m

e 150 APAs, 200 CPAs

o PD system integrated

@ 385000 Readout Channels

@ Start of Construction 2022

@ First Module ready by 2024

o LBN Beam by 2026
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Dual Phase Detector

o Drift distance: 12 m
e E=500V/cm 2 view collection
o Cathode voltage: -600 kV st e o TV b Aucde
@ Photon Readout: PMTs coated with amplifcaron | ‘J‘"“LE‘EI: ' 2
TPB 33 k¥iem LEMse 4.3V |
extracrion (vapor) A Eat kel
3V VAPOR I D

m

LIQUID ) VAN«
etraction (liquid) B RN
2kViem

fm arid 6.5 (RO ! Extracton grid
v |

'A’nm

Anade deck

Fialdcage sispereion

FNALgov
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DUNE Prototypes

o At CERN there are builded two prototypes.

@ ProtoDUNE SP was exposed to a test beam at CERN last autumn.
@ Protodune single phase has 420 ton active LAr.

@ A small TPC prototype is under operation at Fermilab (ICEBERG)

i
o

Single Phase

ual Phase \

| )
e |

i'l'lj l'll'l‘
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DUNE Prototypes

o ProtoDUNE SP was completed at end of June 2018




DUNE Prototypes

o Filling of the cryostat completed in Sep. 13th 2018

August 13th

LAr surface

Ground planes




DUNE Prototypes

o Data taking since Sep 21st-Nov 11th.

First track recorded the 18th of October 2018.




DUNE Prototypes

o Data taking Sep. 21st to Nov. 11th.
@ Since Nov. runs with cosmics.

1 GeV pions
>4M n events collected
Momenbim | 791 Expected | Expected | Expected | Expected
| Teiggers Pitrig. | Protontrig. | Electr.trig. | Kaon trig.
03 GeVie 269K 0 0 12K o
0.5 GeV/e 340K 15K 1.5K 206K [
il Cottection plane view Collection plane view
1GeVie 1089K. MK 420K 262K o |
I
|
2GeVi 729K WK 128K 173K sK N
2y | U View o Viview Wiew
[ | ' ' }
3GeVie 68K 24K 07K 13K 15K | b i -3
| | 3 ,
| v LN F i
6GeVie 70K 304K 0K 197K 28K | ! v |
I 1 1
7 GeVie 4TIK 299K SIK 98K 24K {
. { 1
All momenta ATSK 1694K TT9K 1384K TIK |
\ .
A \
\ Run Number : 5141
1 Event Number : 22429
' [--nskip 2)

7 GeV Pion np0d_raw_runb08141_0016_d ract

Pion Event recorded at Protodune
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Consortium Membership

Brazil

Brazil

Brazil

Brazil

Brazil

Brazil

Brazil

Colombia
Colombia
Colombia
Czech Republic
Czech Republic

Paraguay
Peru
Peru

UK
UK
UK
UK
USA

Federal University of ABC
University Estadual de Feira de
Santana

Federal University of Alfenas
Pogos de Caldas

Centro Brasileiro de Pesquisas
Fisicas

University Federal de Goias

Brazilian Synchotron Light
Laboratory LNLS/CNPEM

Universidade de Campinas
Universidad del Atlantico
Universidad Sergia Ablada
University Antonio Narifio
Institute of Physics CAS, v.vi.

Czech Technical University in
Prague

UNA (Ascuncion)
PUCP

Universidad Nacional de
Ingineria (UNI)

Univ. of Warwick

University of Sussex
University of Manchester
Edinburgh University
Argonne National Lab

usA
usA
usa
usA
usA
usa
usA
usA
usa
usA

usA
usA
usa

Brookhaven National Lab
California Institute of Technology
Colorado State University

Duke University

[Fermi National Accelerator Lab
Idaho State University

Indiana University

University of lowa

Louisiana State University

Massachusetts Institute of
Technology

University of Michigan
Northem Iliinois University

South Dakofa School of Mines and
Technology

Syracuse University

University of Bologna and INFN
University of Milano Bicocca and
INFN

University of Genova and INFN
University of Catania and INFN
NS Catania

University of Lecce Aand INFN

INFN Milano
INFN Padova

37/47



Photon Detect

Tasks of the PD
@ 1o determination (Trigger System)
@ Calorimety: Collection of total light
emitted
© Reconstruction and particles
identification
@ Catch Michel Electrons

Operation of single-phase LAr TPC

LAr volumg/

v
AN Vi

lonized Ar produces scintillation light.

“Flash" amives at photo detectors
~105 Of NS (.the fst Ight, at loast)

-
Electric field

- '@

D Recombination

“u, ©o—

o Light Signal
@Y
-

Figure: nttps://arxiv.org/pdf/1601.02084.pdf

9.0 m cable
80 channels

P,

Gangin,
andg ¢

summing
board

LAr cryostat

FEB
I 64 channels
5.0 m cable
—= 6.5 m cable
= =1
13.25 m cable
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Photon Collection Baseline

@ Light Collection System: Collects photons from a large area and drives towards the
actives sensors. X-ARAPUCA is the baseline design

@ Silicon Photonmultipliers (SiPMs): MPPCs are currently the baseline. FBK is being
strongly persued

© Cold electronics: 48 SiPMs plus Summing boards

@ Warm electronics: Cost-effective waveform digitization system developed by the Mu2e
experiment that relies on commercial ultrasound chips (12-bit, 80MS/s)

Sy, Lnm
Dichroic
Filter

S, L,nm

Filter is reflective

ol

A=127nm|

=
2
5
8
2
o
2

Figure: hetps:/ /ariv.org/pdf/1601.02084.pdf
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SiPM Connections

Design of the Active Ganging boards

We want to know if we can amplify 12 SiPM in paralell
(active ganging) with one output channel

Esteban Cristaldo, Jorge Molina
Carlos Montiel, Diego Aranda

DUNE SP Photon Detection System
Conceptual Design Review

November 12th, 2018

Design scheme Two preamps models studied
Three stages of the circuit for 48 SiPM:

Transimpedance model

Charge integrator model

- This is a first order low pass fiter « Thisis a second order band pass filter
RY and Cf establish the bandwith - Cf and Cs establish the bandwith
and frequency cut point
Charge integrators

and
fraquency cut point
or transimpedance

- Eliminates high raquancy noise Eliminates low and high fraquency noise
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Digitalization Parameters

(\ URAN Introduction

o AnTonis narie Dynamic Range

Goal: Find the maximum number of true photons with
different time windows and quantum efficiency.

= Data generated by module SPCounter_module.cc, based on

E LECTRO N I CS SI M U LATI O N SimPhotonCounter_module.cc.

Maritza Delgado = Sample: Beam Neutrinos
prodgenie_nu_dune10kt_1x2x6_323_20171227T183346_merged.root

Nov.5 , 2018
= The first step was to identify the maximum number of true photons by each

Optical Detector per event from PhotonsLite.

1.Scale factor

The scale factor was determinated using the effective detector areas and QE 1000 EVENTS 2. Effective Area: 15cm?
values.

Entries 1000

—

= 4.05 e (0.00287) [current standard in vanilla farsoft

Close to thecurrent dip-coate design) Arealcm?) | QE QE/a — 1205
5.1 (0.00361)(Close tolowest ARAPUA measurement so0ff- H i —é6ns
and potentilimproved dip <oated design] 15 001063 | 0,002658 i —ns
- 7,44 0.005265) (Current double-hiftght uice)
4 - 30 0021231 0,005308 2ol : H

so} 45 |0031847| 0007962
- 15 (0.01063) (Fotentialimproved double-shit ght
uice) 60 |00s2462| 0010616
- 73(0.016277) (Highest ARAPUCA messurement]

One Optical Detector have 4,
Channels.

7

i
750
WMaxphotons.

Yo% o0 700
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DAPHNE development

DAPHNE: Detector electronics for Acquiring PHotons from NEutrinos

Electronics requirements
@ Signal to noise Ratio > 4
@ Less than 1 us time resolution
@ Less than 1 kHZ dark noise rate
@ 2000 PE dynamic range

Prof Javier Castafio (UAN) working at
Fermilab in the
design of the board.
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DAPHNE development

K
Fast | |0piicnl
ETH Ch
Sysclk
FPGA SFp
| “;’;3"&“;;'“ > Artix-7-200 <
76 pins - l
A A A > RAM
v 1GB DDR2
N
ATZ5QF12BA 1
126MB FLASH POWER
SUPPLY
DAC ) J h \
| —
) ([Peare |
. . b v
AFES808 AFES008 AFES808 AFE5808 LTM3008
Pasive E Pasive E Pasive E Pasive E Active E

Dune Timming
Interface
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DAPHNE Firmware Development.

EIA: Escuela de Ingenieros de Antioquia

UNIVERSIDAD

““EIR

Ser,SaberyServir

EIA-FTA group members:

@ Amalia Betancur
@ Juan Sudrez

@ Guillermo Palacio
@ Manuel Arroyave

Activities:
FPGA control automatization.

Formal Verification
Gateware granularity

T

Zero SUppreSS|On algorlthms -':"‘;" fo 1 HfU"\"Hﬂﬂﬂ‘f”ﬂﬂﬂf’ﬂ"z\'\ﬂ |l U’"\'\ﬂﬂ\ﬂf"ﬂ'\ﬂh
Soft Core emulation

@

Embedded digital modules
Simulation of the clock system.
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Expected timeline

© 000

© 000

2020: Test of First DAPHNE Prototypes at ICEBERG
2021: Test of DAPHNE boards at ProtoDUNE I
2024: Start installing first SP module

2025: Start installing second module and DUNE physics with
atmospheric neutrinos.

2026: Beam operation at 1.2 MW
2027: Add third FD Module
2029: Add fourth FD Module
2032: Upgrade to 2.4 MW beam

46 /47



o
2]
o

© 00O

LBL experiments are ideal tools to test the neutrino physics
LBNF/DUNE has become a global international collaboration

DUNE has a broad and rich physics program including CP
violation probes, mass ordering determination, precision
neutrino oscillation measurements. SN neutrinos and BSM
searches

DUNE prototypes funcional and taking data
Strong participation of LA in the Single PD module
Looking forward for first DUNE far Detector data in 2024
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Neutrino-Nucleon Interactions

» Ve CCEvent . vy CCEvent ,

NC Event
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2.3 Proton Decay
Proton decay is expected in most new physics models

» But lifetime is very long, experimentally 1> 1033 years
+ Watch many protons with the capability to see a single decay
» Can do this in a liquid argon TPC

— For example, look for kaons from SUSY-inspired GUT p-decay

—
modes suchas p — K'v Remaove incoming particle
cathode
= Clean signature 7
== very low backgrounds kaon decay
. _ DLERE muon decay
Decay Made Water Cherenkov Liquid Argon TPC W simulated
Efficiency Background _Efficiency grond &
p o Ko 0% ¢ W J 1 = p-decay : ;
p— Kot 10% B % ez ] s
po Kfpw % | 1 | \ I //')
n—sKie 10t 3 8% | <2 |
n—+ et 19% 2 wh o8 [/ ——

1Mt — .
[ | wireno. 0.5m

>
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Why Argon?

Inert — since need to avoid anything electronegative

* In pure argon, ionization electrons can drift long distances (metres)
= Good dielectric properties, supports high-voltages/fields: 500 V/cm
= An excellent scintillator (128 nm) and transparent at this wavelength
= Argon is cheap and readily available (1% of atmosphere)

Density [gicm?]




DAPHNE development

DAPHNE: Detector electronics for Acquiring PHotons from NEutrinos

Electronics requeriments

@ Signal to noise Ratio > 4

@ Less than 1 us time resolution
@ Less than 1 kHZ dark noise rate
@ 2000 PE dynamic range

UAN group members:

@ Deywis Moreno
@ Yohany Rodriguez
@ Maritza Delgado

Prof Javier Castano is working at

Unn Fermilab in the

UNIVERSI
ANTONIO NA

RiND design of the board.
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Determination of Digitalization Parameters

A\ URAN Introduction

Goal: Find the maximum number of true photons with
different time windows and quantum efficiency.

»c
z
3
)
H
o1
20
£
10
3>
0o
o

<
S
o
ES
B
F
@
=

(5]
o

= Data generated by module SPCounter_module.cc, based on

E LECTRO N I CS SI M U LATI o N SimPhotonCounter_module.cc.

Maritza Delgado = Sample: Beam Neutrinos
prodgenie_nu_dune10kt_1x2x6_323_20171227T183346_merged.root

Nov.5 , 2018
= The first step was to identify the maximum number of true photons by each

Optical Detector per event from PhotonsLite.

1.Scale factor

The scale factor was determinated using the effective detector areas and QE 1000 EVENTS 2. Effective Area: 15cm?
values.

Entries 1000

—

= 4.05 e (0.00287) [current standard in vanilla farsoft

Close to thecurrent dip-coate design) Arealcm?) | QE QE/a — 1205
5.1 (0.00361)(Close tolowest ARAPUA measurement so0ff- H i —é6ns
and potentilimproved dip <oated design] 15 001063 | 0,002658 i —ns
- 7,44 0.005265) (Current double-hiftght uice)
I - 30 0021231 0,005308 2ol : H

so} 45 |0031847| 0007962
- 15(0.01053) (otentialimproved doubleshifght
uice) 60 |00s2462| 0010616
- 23 (0016277) (Highest ARAPUCA measurement]

One Optical Detector have 4,
Channels.

7

i
750
WMaxphotons.

Yo% o0 700
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DAPHNE development

re | i
T :
selk
= eor || s ne Timming

gz N < ! Intertace:
T 32 bits l !
A > RAM '
v 168 DOR2 ;
AT25QF128A h N F
128MB FLASH POWER | !
Seery | !
L . '
[ — ;
. oac |
| | [ fme i
AFESE08 ‘ ‘ AFES808 ‘ AFES808 AFESS08 | | LTM90DB ;
i
PBasive £ Pasive £ Pasve E Pasve B Active £ :
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DAPHNE development

Universidad Antonio Narifio (2017)

URAN

UNIVERSIDAD
ANTONIO NARINO

UAN group members:
@ Deywis Moreno (Group leader)
o Javier Castafio
@ Yohany Rodriguez
o Maritza Delgado (Graduate
student)

Activities:

@ Definition of the electronics for
the Photon Detection System.
@ Hardware design.

Prof Javier Castano working at
Fermilab in the
design of the PDS electronics. 47747



DAPHNE Firmware Development.

EIA: Escuela de Ingenieros de Antioquia (2019)

UNIVERSIDAD
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EIA-FTA group members:

@ Amalia Betancur (Group leader)
@ Juan Suérez
@ Guillermo Palacio

| LILILILL
T T AT
° Manuel Arroyave (ResearCher) T [T
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I

Activities:
@ FPGA control automatization.
@ Hardware design.

Simulation of the clock system.
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DUNE data analysis.

Univ. Sergio Arboleda (2017)

UNIVERSIDAD
SERGIO ARBOLEDA

EIA-FTA group members:
o Luz Gomez (Group leader)
o Laura Gomez
@ Andres Castillo
@ Nestor Pachon (Undergraduate
student)
Activities:
@ Searches for Physics beyond the
Standard Model at DUNE
@ Reconstruction and identification
tools.
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