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Purpose of GLoBES

Purpose of GLoBES

@ GLOoBES: The General Long Baseline Experiment Simulator
@ GLoBES is a software package designed for:

e Simulation

e Analysis

e Comparison

of neutrino oscillation long baseline experiments
@ GLOBES is developed, documented, maintained and supported
by:

Patrick Huber
Joachim Kopp
Manfred Lindner
M. Rolinec
Walter Winter
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Downloading & Installing GLoBES

Downloading & Installing GLoBES

e Download: https://www.mpi-
hd.mpg.de/personalhomes/globes/download.html

e Documentation: https://www.mpi-
hd.mpg.de/personalhomes/globes/documentation.html

@ Installation for Linux

Install GSL
Download GLoBES
cd to GLoBES folder
./configure

make

sudo make install
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Downloading & Installing GLoBES

Downloading & Installing GLoBES

e Download: https://www.mpi-
hd.mpg.de/personalhomes/globes/download.html

e Documentation: https://www.mpi-
hd.mpg.de/personalhomes/globes/documentation.html

@ Installation for Mac

o Install GSL

e Download GLoBES

e unpack GLoBES file and change into the directory created by
this

e ./configure —disable-rpath —enable-no-binary=yes
make
make install
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Accurate treatment of systematical errors
Arbitrary matter density profile & uncertainties

Arbitrary energy resolution function

°
°
°
@ Single and multiple experiment simulation
@ Output of oscillation probabilities, user-defined systematics
@ Output of event rate

e Simple x? calculation

°

Inclusion of external input
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Features of GLoBES

Features of GLoBES

Accurate treatment of systematical errors
Arbitrary matter density profile & uncertainties
Arbitrary energy resolution function

Single and multiple experiment simulation

°
°
°
°
@ Output of oscillation probabilities, user-defined systematics
@ Output of event rate

e Simple x? calculation

@ Inclusion of external input

e Projection of x? (minimization)

°

Interpolating functions in AEDL
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T2K

JHF-HK (T2K upgrade)
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Experiments using GLoBES

Experiments using GLoBES

e MINQS, ICARUS and OPERA

@ Reactor experiments, Double-CHOOZ, R2D2
e T2K

e JHF-HK (T2K upgrade)

e NOvVA

@ SPL CERN-Frejus

@ Neutrino factories
@ [3 beams

@ BNL neutrino beam
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Basic Structure of GLol

Basic Structure of GLoBES

AEDL GLoBES User Interface

Abstract Experiment
C=library which loads
Definition Language - o AEDL;ﬁIe{i} and

provides functions to
smulate experiment(s)

Defines Experiments
and modifies them

NS EEE R s EEEEEEEEEE
EEsEEEEmEEEEEEEEEEsEEEEEEEEEEE

Application software to compute
high—level sensitivities, precision etc,

o Figure taken from GLoBES manual 3.0.8

8/20 Tran Van Ngoc Introduction to GLoBES



Experiment Description in AEDL

@ The experiment is described within one file: Name.glb

E REDEI‘.rg_y— Cross Initial / final :
E ﬁ::cltlit[:?]n Section flavor, polari E
E Energy E
E efficiencies E
: [Event rates ] :

Concept of a ”channel”
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Experiment Description in AEDL

Signal + Backgrounds E
i with systematics

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

Concept of a "rule”
@ The experiment can contain any arbitrary number of rules
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Experiment Description in AEDL

Signal + Backgrounds E
with systematics 1

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

Concept of a "rule”
@ The experiment can contain any arbitrary number of rules
@ GLoBES can handle any number of experiments
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Experiment Description in AEDL

@ Flux can be loaded from external file:

F* BEEEEEE Beam flux FEEEEEE */

nuflux (§JHFplus )<
@flux_ £ile="JHFplus.dat™
Etime = & /% years */

@power = 0_77 /* MW (proton intensity) */
@normm = &.33185

Taken from T2K-tutorial.glb
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Experiment Description in AEDL

@ Cross section can also be loaded from external file:

S* EE§dEE¥ Cross sections FEEEEEE +/

cross (#C0C) <
@Borogs file = "HCC.dat™ f* Charged curremnt */
>

crogs (§NC) <
Bcross_file "HMC dat™ f* Neutral curremt */
>

crogs ($QE) <
@crogs file "HQE dat™ f* Dunasi-elastic %/

>
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Experiment Description in AEDL

@ Basic characteristics of Experiment

/% BEEEEEE Detector settings EEE&EE */

$target_mass = 2Z.5 /* kt (fiducial mass)*/

/* EEE§EE#f Mumber of energy bins in the simulation $#888% */

$sampling points = 20

/* gE¢§#E#¢ Naber of bins in the snalysis, and analysis enezgy
window gEEEEEE */

$bins = 1
Femin = 0.4 /% GeV *
Femax = 1.2 i GV +/

/% BEgEEEE Baseline setting EREEEEE */

$profiletype = 1 /% 1 = constant Earth matter
density */
$baseline = 295.0 /% km */

A% EEEEEEE Technical information FEEEEEE */

3$filter_state = 0
$filter_walue = 1000000

Taken from T2K-tutorial.glb
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Experiment Description in AEDL

@ Description of energy resolution

£* §EEEEEE Energy resclution §EEEfE:

energy (§ERES) < /% Energy resclution function is Gaussian, with
Btype = 1 f* sigme = sigma_e[0] * E + sigme_e[l] *
sgrtie) + sigma_e[3] */
@sigma_e = {0.0,0.0,0.085}
>

energy (fmanual_smearingmatrix) < .
Manual energy smearing:

Genergy =

{0,2,0.863,0.182,0.00267}: energy smearing matrix M;;

{0,3,0.151,0.697,0.151,0.00101}: number of rows:

Sbins
{16,19,0.00936,0.278,0.483,0.136}; number of columns:
N $sampling-points

Taken from T2K-tutorial.glb and R. Mark’s silde
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Experiment Description in AEDL

@ Defining the channels:

J* BEEREEE Channel definitions EEEEEEE *+/
J* The format is

final flavor: cross section

* @channel = <Name>: CP gign : initial flawor
: energy resoclution funtion */

Pl
chamnel (#nu_mu dissppearance CCi<

@channel = #JHFplus: +: m: m: $OC:
>

$ERES

PR
chamnel (#NC bekg) <

@channel = #JHFplus:  +: HGSC_m: HOSC m:
$ERES
>

¥NC:

Introduction to GLoBES
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Experiment Description in AEDL

@ Defining the rules

rule(#HNU_E Appearance CC)<
@zignal = 0.50498@4nu e_appearance O

5 per cent nom errors for appearance v/

Ebhackground = 0.000326718#m mu disappearance CC

for B tilt here, since introduced twice uncorrelated then!

@ays on function = "chiTotalRatesTilt™
= "chiloSysTotalBRates™

@signalerror = 0.05 - 0.0001 f* follow hep—ph/0504026:

0.00563730¢NMC_bckg - 0.50438@fnu e_beam : 0.50438@%mu_e_bar beam
fbackgrounderror = 0.05 z 0.0001 £ do not use 0.05

Taken from T2K-tutorial.glb
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Degenerate solution

@ Degeneracy problem in (613, 0cp) measurement
o Equation P,s(f13,8) = Pus(013,0) has continuous number of
solutions: Equiprobability curves of P(v, — v.)

—_———————
6 ’
| AmEl=242x10°
A mi|=7.54 % 10 {
[ sin"28,,=1.00 {
[ sin“28 ,=0.88 \

4 L=810km
|l E=2GeV \

P(v,—v,)=0.05 \

M " 2 N 1 M M M " 1 M M N . 1 M N
% 0.05 0.1 0.15 0.2
Mixing angle 6,

Taken from Cao Son's dessertation
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Degenerate solution

e Introducing P(, — 7e) or using independent experiments

(different L/E) can not completely solve the problem

CP phase

Mixing angle 6,,

[~ T ¥ .
67 A mE =242 10° \ i
Ja 7.5 x 10 {
L ™ 1
L l
4~ A -
: //
[ » Input paramater Vg
2F / -
I — Neutrino 810 km "‘
| 1
L AntiNeutrine 810 km \\
L L Y 17
GO 0.05 0.1 0.15

0.2

Mixing angle 6,,

6 T -1

& 4 -
3]
=

S ]

% ol » Input parametar \ _’

— Neutrino 810 km / "-l-

Neutrine 1250 km v /"‘:

1 L 1 v
Cb 0.05 0.1 0.15 0.2

Figure A.2: Intrinsic clone due when introducing additional measurements
with either #, — 7. appearance (left) or different baseline (right).

Taken from Son Cao's dessertation
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Degenerate solution

@ Other sources of "clone solution”

T T
67 A =2 42 % | 8 |4 mi=2 42 %
la mi)=7.54 x 10%
[ 1 i 26,,=0 85
o) [ ) o)
[ZI — w4
[} L 1 [
& &
o E,=2CaV 7 o
o [ » Input paramatar f/ 1 5] = Input parameter
2- T 2~ Normal hisrarchy & 8«45
[ — Neutrino normal hierarchy ‘-\ 4_;' 1 —— Invarted hierarchy & 8,,<45%
| — Neutrine inverted hiararchy ‘\ / | Normal hierarchy & st"'aqa
) ‘ A Invertad hierarchy &8,-45 Y
Cb 0.06 0.1 0.15 0.2 C‘D 0.0 0.1 0.15
Mixing angle @, Mixing angle 8,

Figure A.3: Degeneracy of mass hierarchy (left) and fsz-octant (right) in 5, —
P, appearance channel.
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Degenerate solution

@ Solution: Eightfold degeneracy [S. Rigolin]

SR

|Am2|=2.42x 10°
|AmZ,|=7.54 %107
sin°20,,=0.95
- sin’20,,=0.88

(0]
»n 4 sinf20,,=0.09
_‘CU L L-810 km
O |  E.=2GeV
. In ut arameter

0. B ﬁorrﬁal 5°
(@] ol " Vinverted & 5323.:45

---vNormal & 8_45°

F  ---vinverted & >45
— vV Normal &6 3.:45
I —¥Inverted &5 <4§
---vNormal & 6,345
---V Inverted &53 >45

P 1 ‘
% 005 01 015 02
Mixing angle 0,,
Figure A.4: Eightfold degeneracy in &, — 7 appearance channel.
Taken from Cao Son's dessertation
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