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Outline
• Preamble 

• Impression 

• The NEED of sensitivity estimation  

• The NEED of joint analysis in neutrino oscillation  

• Input and output of the GLoBES 

• Understand the framework 

• Retrieve the oscillation probabilities  

• Look at the experimental setup  

• Obtain the event rate 

• Calculate the statistical significance with χ2/Δχ2
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I will go slowly for demonstration, but maybe you can follow 

offline later if you can’t catch up. 

Source code:  https://github.com/cvson/
nushortcourse/tree/master/globes 

https://github.com/cvson/nushortcourse/tree/master/globes
https://github.com/cvson/nushortcourse/tree/master/globes


GLoBES webpage
https://www.mpi-hd.mpg.de/personalhomes/globes/index.html 
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https://www.mpi-hd.mpg.de/personalhomes/globes/index.html


GLoBES citations

4

The framework is well utilized by both theorists and experimentalists 



Our recent publication with GloBES

We published 2 articles on PRD using GloBES and 
other works are under preparation for publication
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Difference btw/ Data fit and sensitivity study?
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Study place  
for mini-project

Main difference btw/ Data fit and sensitivity study

Data fit is to find the best parameter set to describe the data 
and estimate the significance to exclude some hypothesis

arXiv: 2303.03222 [hep-ex]

Data fit

https://arxiv.org/abs/2303.03222
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Study place  
for mini-project

Main difference btw/ Data fit and sensitivity study (cont’d)

Sensitivity is based on the simulation only (sometimes w/ external data) and need assumption of the 
true parameters to create  “fake” data sets and estimate the statistical significance in various scenario

arXiv: 2303.03222 [hep-ex]

Sensitivity

https://arxiv.org/abs/2303.03222
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Study place  
for mini-project

Main difference btw/ Data fit and sensitivity study (cont’d)

The statistical significance (eg. to exclude CP violation) can be difference between 
data fit and sensitivity estimation

Data fit
Sensitivity

arXiv: 2303.03222 [hep-ex]

https://arxiv.org/abs/2303.03222


In “Neutrino Exp. in Nutshell” lecture, I showed 
some demonstration with sensitivity estimation



Example with electron neutrino appearance search
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https://github.com/cvson/nushortcourse/tree/master/sensitivity



Illustration for comparing data with various prediction on the left with  𝜒2 calculated corresponding on the right.

χ2

.gif file https://imgur.com/a/cQfNjT0 
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An illustration for CP violation sensitivity
https://github.com/cvson/nushortcourse/tree/master/sensitivity

https://imgur.com/a/cQfNjT0


Why is this simple simulation not 
enough for sensitivity study?

• Only consider signal, free from background 

• Assume that neutrino energy reconstruction is perfect  

• Do not take  into account the systematic uncertainties 

• …

These assumptions are too unrealistic and we need something close to describe the experiments 
with all uncertainties are taken into account. This is main motivation for GLoBES development. 
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It’s important to investigate the sensitivity study when 
designing the experiment and  analyzing the data.
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Study place  
for mini-project

Hardware training

The NEED of sensitivity estimation 
Ref:  Neutrino  Exp. in nutshell
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Study place  
for mini-project

Hardware training

DUNE exp. https://arxiv.org/abs/2103.04797 

https://arxiv.org/abs/2103.04797
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Study place  
for mini-project

Hardware training
Other important motivation to use GloBES: to perform the joint analysis

osc . para . = (Δm2
21, Δm2

31, θ12, θ13, θ23, δCP)
• No single experiment can be sensitive to all parameters 

• One need to combine multiple dataset from multiple experiment to 
understand the full picture of neutrino oscillation 

• GLoBES also allows us to examine the global neutrino data from multiple 
experiments. 

https://www.globesfit.org/software.html 

https://www.globesfit.org/software.html


GLoBES installation



GLoBES installation 
https://ifirse.icise.vn/nugroup/vson/2023/wiki/doku.php?id=globes#installation 
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Software requirement 

• gcc and make 

• GNU scientific library  

• [optional] ROOT 

Get latest source code at  
 https://www.mpi-hd.mpg.de/personalhomes/globes/download.html 

On Ubuntu

On MacOS

 ./configure --prefix=/Users/cvson/meOffline/globes/rebuiltglobes3218 --disable-binary 
make install 
export PATH=/Users/cvson/meOffline/globes/rebuiltglobes3218/bin:$PATH

wget https://www.mpi-hd.mpg.de/personalhomes/globes/download/globes-3.2.18.tar.gz 
tar -xvf globes-3.2.18.tar.gz  
mkdir buildglobes3218 
./configure --prefix=/home/ifirseqn04/offline/globes/buildglobes3218 
make install 
//add to PATH  
export PATH=/home/ifirseqn04/offline/globes/buildglobes3218/bin:$PATH

https://ifirse.icise.vn/nugroup/vson/2023/wiki/doku.php?id=globes#installation
https://www.mpi-hd.mpg.de/personalhomes/globes/download.html


Input and output of the GLoBES



Concept of the neutrino  oscillation measurement
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Far detector 
 measurement

⃗o = (Δm2
21, Δm2

31, θ12, θ13, θ23, δCP; ρmat., L)

Nfar det.
i ( ⃗o ) = Φflux × σxsec. × Mdet . × ϵdet. × P( ⃗o )

• Ref:  Neutrino  Exp. in nutshell

where 

Constrained by Near Det. Det. Mass det. efficiency osc. prob.



Nνβ(Ereco.
ν , ⃗o ) = Φνα

flux(E
true
ν ) × σνβ

int.(E
true
ν ) × Mdet. × ϵνβ

det.(E
true
ν ) × M(Etrue.

ν , Ereco.
ν )

× P(να → νβ |Etrue
ν , ⃗o )

When consider neutrino energy reconstruction and flavor
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Energy reconstruction

We need all these inputs to define an experiment!

But quite often that you don’t have all experimental 
inputs from the published materials. In that case you 

need some approximation. 



Nνβ(Ereco.
ν , ⃗o ) = Φνα

flux(E
true
ν ) × σνβ

int.(E
true
ν ) × Mdet. × ϵνβ

det.(E
true
ν ) × M(Etrue.

ν , Ereco.
ν )

× P(να → νβ |Etrue
ν , ⃗o )

Let’s look at one pre-defined experiment
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you get file here: 

https://www.mpi-hd.mpg.de/personalhomes/globes/glb/
T2K.html

JHFplus.dat  
JHFminus.dat

XQE.dat 
XNC.dat 
XCC.dat

T2K.glb

Built-in framework

https://www.mpi-hd.mpg.de/personalhomes/globes/glb/T2K.html
https://www.mpi-hd.mpg.de/personalhomes/globes/glb/T2K.html


Nνβ(Ereco.
ν , ⃗o ) = Φνα

flux(E
true
ν ) × σνβ

int.(E
true
ν ) × Mdet. × ϵνβ

det.(E
true
ν ) × M(Etrue.

ν , Ereco.
ν )

× P(να → νβ |Etrue
ν , ⃗o )

Let’s look at one pre-defined experiment
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https://www.mpi-hd.mpg.de/personalhomes/globes/glb/T2K.html

https://www.mpi-hd.mpg.de/personalhomes/globes/glb/T2K.html


Nνβ(Ereco.
ν , ⃗o ) = Φνα

flux(E
true
ν ) × σνβ

int.(E
true
ν ) × Mdet. × ϵνβ

det.(E
true
ν ) × M(Etrue.

ν , Ereco.
ν )

× P(να → νβ |Etrue
ν , ⃗o )

Let’s look at one pre-defined experiment
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https://www.mpi-hd.mpg.de/personalhomes/globes/glb/T2K.html

https://www.mpi-hd.mpg.de/personalhomes/globes/glb/T2K.html


Let’s look at one pre-defined experiment
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https://www.mpi-hd.mpg.de/personalhomes/globes/glb/T2K.html

Nνβ(Ereco.
ν , ⃗o ) = Φνα

flux(E
true
ν ) × σνβ

int.(E
true
ν ) × Mdet. × ϵνβ

det.(E
true
ν ) × M(Etrue.

ν , Ereco.
ν )

× P(να → νβ |Etrue
ν , ⃗o )

https://www.mpi-hd.mpg.de/personalhomes/globes/glb/T2K.html


Let’s look at one pre-defined experiment
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https://www.mpi-hd.mpg.de/personalhomes/globes/glb/T2K.html

Nνβ(Ereco.
ν , ⃗o ) = Φνα

flux(E
true
ν ) × σνβ

int.(E
true
ν ) × Mdet. × ϵνβ

det.(E
true
ν ) × M(Etrue.

ν , Ereco.
ν )

× P(να → νβ |Etrue
ν , ⃗o )

Ref. To GLoBES manual 

https://www.mpi-hd.mpg.de/personalhomes/globes/glb/T2K.html


Let’s look at one pre-defined experiment
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https://www.mpi-hd.mpg.de/personalhomes/globes/glb/T2K.html

Nνβ(Ereco.
ν , ⃗o ) = Φνα

flux(E
true
ν ) × σνβ

int.(E
true
ν ) × Mdet. × ϵνβ

det.(E
true
ν ) × M(Etrue.

ν , Ereco.
ν )

× P(να → νβ |Etrue
ν , ⃗o )

https://www.mpi-hd.mpg.de/personalhomes/globes/glb/T2K.html


Let’s look at one pre-defined experiment
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https://www.mpi-hd.mpg.de/personalhomes/globes/glb/T2K.html

Nνβ(Ereco.
ν , ⃗o ) = Φνα

flux(E
true
ν ) × σνβ

int.(E
true
ν ) × Mdet. × ϵνβ

det.(E
true
ν ) × M(Etrue.

ν , Ereco.
ν )

× P(να → νβ |Etrue
ν , ⃗o )

⃗o = (Δm2
21, Δm2

31, θ12, θ13, θ23, δCP; ρmat., L)

https://www.mpi-hd.mpg.de/personalhomes/globes/glb/T2K.html


Let’s look at one pre-defined experiment
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https://www.mpi-hd.mpg.de/personalhomes/globes/glb/T2K.html

Nνβ(Ereco.
ν , ⃗o ) = Φνα

flux(E
true
ν ) × σνβ

int.(E
true
ν ) × Mdet. × ϵνβ

det.(E
true
ν ) × M(Etrue.

ν , Ereco.
ν )

× P(να → νβ |Etrue
ν , ⃗o )

https://www.mpi-hd.mpg.de/personalhomes/globes/glb/T2K.html


All inputs are presented as Abstract description of experiment 
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Some pre-define experiments
https://www.mpi-hd.mpg.de/personalhomes/globes/experiments.html
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Warning: Some are out-of-date. One must consider 
these setup as starter then modify to get a better 

description of experiment in reality 



3-flavor oscillation probability 
framework implemented in GLoBES



Check oscillation probability
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• You need to modify Makefile 

• Source code:  glbProb.c 

• Compile: make glbProb 

• Run: ./glbProb  

• Produce glbProb_4vson.root



Check oscillation probability: more fancy thing 
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Use plot_dcpth23_prob.C to make plot

These plots illustrate the parameter degeneracy in the neutrino oscillation 
measurements with T2K (also other long-baseline neutrino exp.)



Important: GLoBES allows the flexibility 
to modify the oscillation prob. framework

In this work, for example, we use additional parameters to 
model the CPT effect where neutrinos and anti-
neutrinos can be driven by different set of parameters



General concept of experiment 
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Event rate



Event rate: can obtain directly from  command line

40

For example you get file here: 

https://www.mpi-hd.mpg.de/personalhomes/globes/glb/T2K.html 

globes -p ‘0.583, 0.149, 0.857, +1.57, 0.0000741, 0.002511' -t T2K.glb

⃗o glob. = (θ12, θ13, θ23, δCP, Δm2
21, Δm2

31)

This specific value can be obtained from the global neutrino fit data at http://www.nu-fit.org/?q=node/256

https://www.mpi-hd.mpg.de/personalhomes/globes/glb/T2K.html
http://www.nu-fit.org/?q=node/256


Obtain the event rate and other info.
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• You need to modify Makefile 

• Source code:  eventrateall.c 

• Compile: make eventrateall 

• Run: ./eventrateall  

• If use  t2k2_final_nosmear.glb -> eventrate_all_t2k2_final_nosmear.root



Event rate: Output from the GLoBES
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Use checkNoSmearing_all_final.C to plot



Event rate: Output from the GLoBES
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You try to compare with the simulation from real exp.  
It’s not the same! Why?

Use checkNoSmearing_all_final.C to plot



Event rate: Output from the GLoBES
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You can implement a post-efficiency smearing to “match” the real experiment’s simulation.  
This is not a unique method for matching real experiment with GLoBES output

The AEDL file w/ post-smearing is in t2k2_final_nosmear.glb & use checkWithSmearing_all_final.C to plot



Sensitivity



Obtain the CP violation sensitivity for one true value of δCP
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• You need to modify Makefile 

• Source code:  test_cp_null_simple.c 

• Compile: make test_cp_null_simple 

• Run: ./test_cp_null_simple 

• If use  t2k2_final_nosmear.glb -> t2k2_final_nosmear_sensi_cp_simple.root 

• If use t2k2_final_wsmear.glb -> t2k2_final_wsmear_sensi_cp_simple.root



Sensitivity at dcp = -pi/2, MO is normal
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Use plot_dcp_t2k2_simple.C to make plot



Obtain the CP violation sensitivity for whole range of δCP
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• You need to modify Makefile 

• Source code:  test_cp_null.c 

• Compile: make test_cp_null 

• Run: ./test_cp_null 

• If use  t2k2_final_nosmear.glb -> t2k2_final_nosmear_sensi_cp.root 

• If use t2k2_final_wsmear.glb -> t2k2_final_wsmear_sensi_cp.root



Sensitivity as function of true value of CP phase
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IT’s quite complicated. Not so bad consistency with real simulation. 
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Use plot_dcp_t2k2.C to make plot



(Fake) data fit



Generate fake data

51

• Source code:  createFakeData_forFit.C 

• Run: root -b -q createFakeData_forFit.C with no Poisson fluctuation 

• Then copy output to t2k2_final_wsmear_wdata.glb, same as 
t2k2_final_wsmear.glb but adding fake data 



Run fit to fake data
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• You need to modify Makefile 

• Source code:  test_cp_null_fakedata.c 

• Compile: make test_cp_null_fakedata 

• Run: ./test_cp_null_fakedata 

• Output t2k2_final_wsmear_fakedata_cp.root



Fitting result of the fake data

53
3− 2− 1− 0 1 2 3

 [rad]CPδTest values of 
0

2

4

6

8

10

12

2 χ 
Δ

hchisq_min_ih_proj
Entries  50
Mean   0.5465
Std Dev     1.749

NO assumed

IO assumed

Statistical level to exclude CP conservation

Bestfit value at  χ2
min.

Use plot_dcp_t2k2_fakedata.C to make plot



Fitting result of the fake data
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Generate fake data with Poisson fluctuation 
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• Source code:  createFakeData_forFit.C 

• Run: root -b -q createFakeData_forFit.C with Poisson fluctuation 

• Then copy output to t2k2_final_wsmear_wdata_poissonFluc.glb, same as 
t2k2_final_wsmear.glb but adding fake data 



Fitting result of the fake data with Poisson fluctuation
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Summary
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• You can do many thing with GLoBES: sensitivity testing, design 
optimization, data fit…. 

• But of course, it can’t replace the real experiment!

We have multiple projects available for students (undergrad/
master/Ph.D.) to explore. If you are interested, please join us.



Reference
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• GLoBES manual https://www.mpi-hd.mpg.de/lin/events/globes07/  

• Workshop on Physics and Applications of the GLoBES software https://
www.mpi-hd.mpg.de/lin/events/globes07/  
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