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Preparation for running ePump

 Input file

Data file Theory file

xxx.in

To specify how many data files we have, the weight of each data sets, 

the number of eigenvector, tolerance setting, etc…

xxx.data

This file puts all the information of 

data set, which include the data point, 

statistical uncertainty, uncorrelated 

systematic uncertainty, correlated 

systematic uncertainty, etc…

xxx.theory

This file puts the theoretical 

prediction corresponding to our data 

set, which includes all the prediction 

for each PDF eigenvector.

The PDF grid files are also needed. (Either CTEQ or LHAPDF format is OK.)
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Data table

Once we have data with statistical uncertainty, we have to convert our data into a certain 

format.

 Data Type 1 (using the 𝑨𝑭𝑩 spectrum as an example)

Line starts with “ * ” is 

comment line. We can 

put anything whatever 

we want to write. No 

limit for the number of 

lines.

From left to right:

The number of correlated systematic error

Data column

Statistical error column (absolute value)

Uncorrelated systematic column (absolute value)

Correlated systematic column starts with (percentage value)

(In this example, it means we have 2 sources of correlated systematic error, they start 

from the column 7. The data point is in the third column, the statistical error is in the 

fourth column, the uncorrelated systematic error is in the sixth column. Here, the fifth 

column fills the “Total uncertainty”, but ePump doesn’t read this line. The first and 

second column fill the binning information, ePump also doesn’t read those lines. They 

are all additional information that helps people know the information of this data set.)

Note that there is additional 

line which is for explaining 

what each column means.
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Data table

 Data Type 2

Same as Data Type 1

Line starts with “ * ” is comment line.

The end line should be

#a         #b          CorrCoeff

Then ePump will start to read the correlation 

coefficient.

Correlation coefficient, given by experiment group.
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Data table

 Data Type 3

Comment lines

Data point.

There is no statistical error and systematic error. 

All the error information are in the covariance 

matrix

Inverse covariance matrix.

Input the inverse covariance matrix. Note that the covariance matrix should include both statistical 

uncertainty, uncorrelated systematic uncertainty and correlated systematic uncertainties.

For the statistical uncertainty and uncorrelated systematic uncertainty, the correlation coefficient is 

unit matrix. There is only square of uncertainty in the diagonal term. Off-diagonal terms are zero. 

Then we should add all the covariance matrix together, and calculate the inverse covariance matrix.
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Theory table

We also should have the theory prediction for every data set. The theory prediction should 

include the PDF central set and all the PDF error sets.

 Theory template (using the 𝑨𝑭𝑩 spectrum as an example)

Theory prediction for each PDF set.

The theory prediction must be matched with the Data file. They should have 

the same bin number. There is no error input for the ePump. The number of 

theory prediction should also match to the number of EV set, which will be 

introduced in how to write the input card file.

This number tells ePump which column is 

the needed information. Here there is only 

one column. In fact, ePump only need one 

column to read. We can also write some 

other information to other columns, like the 

binning information. Then we should just 

tell ePump which column should be read.

Splitting line for separating each 

prediction of different error PDF

…
…

For example, 

CT18NNLO has 

one central set + 

58 error sets.
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Input card

Name of date/theory file.

For example, there should be 

two files called 

test/Xsec_2D_CC.data and 

test/Xsec_2D_CC.theory

This number of data points for a 

certain file. It should match to 

the real number of data points of 

your .data file, otherwise the 

results will be wrong and no any 

warning information output.

IsData.

If it is set to N, it will 

not read the .data file. 

But meanwhile, 

ePump will also not 

output the values 

after PDF updating

Error Type

Weight of each data set.

If it is set to be 0.0, it 

has the same function 

as setting the “Data?” 

to “N”, but ePump will 

output the values after 

PDF updating for this 

data set. If we want to 

turn off some data set, 

setting weight to zero 

is better.
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Input card

Number of eigenvector.

For example, CT18NNLO 

has 0+58 PDF set, NEV is 29

Number of data sets. It should 

match to how many data sets 

written below

The path to the input PDF files and output directory. Here we should create the 

“outPDFs” by ourselves, ePump will not help us create.

Note that there should not be an “enter” between data file lines and PDF file 

lines, otherwise the program will interrupt.

PDF type input/output. 

C: CTEQ format,

L: LHAPDF format,

N: no PDF files output

Dynamical tolerance:

If set it to N, it will read the 

Tol_squared, which is the 

delta chi squared. If set it 

to Y, it will read the .tol file.
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Running

./UpdatePDFs test

Or

./UpdatePDFs test [global weight]

 File structure
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Example: Take neutral-current high-mass Drell-Yan, use data 

from below 1 TeV to update the uncertainty at high mass

Pseudodata: Drell-Yan kinematics below 1TeV

Target observable: High mass Drell-Yan

Pseudodata used for updating PDF:

Neutral current 2D Xsec below 1TeV

AFB vs Mass, ZY below 1TeV

Observable:

Neutral current high-mass Drell-

Yan, frow 1TeV to 5TeV
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How to read output file

Before update

After update

Theory prediction

test.out
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Correlation cosine

Corr(𝐴𝐹𝐵, high mass DY)

test.out
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Root format output

Theory prediction 

and PDF error 

before and after 

update

Correlation cosine

test.root
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How to draw PDF plots

PDFs after update are saving in the directory “outPDFs”. We can use CPP package which is 

developed by Tie-Jiun Hou to draw the PDF plots.

Renamed by “outPDFs”

./bin/cpp pdf 20s68all 1.3 100 ches90 CT18NNLO ches90 updated-by-Xsec-2D-AFB-2D

20s68all: Compare two PDFs

1.3 100: Two Q values

ches90:

c: CTEQ format PDFs

h: Hessian set

e: Error

s: Symmetry

90: C.L.

More information are written in doc/0pdf
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PDF plots

Original CT18NNLO

After updating

ത𝑢/𝑢𝑣 ҧ𝑑/𝑑𝑣

𝑢 𝑑

PDFs-20a_S68CL_1.3-100.0GeV_CT18NNLO_updated-by-Xsec-2D-AFB-2D_plots
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ePump-optimization

Before study which experimental observable is sensitive to the high mass DY, we can use the 

high mass DY theory template to perform ePump-optimization, to see which flavor contributes 

most important information on the high mass DY.

./OptimizePDFs test

Only .theory file is needed.

How many PDF uncertainty that eigenvectors after ePump-optimization contribute for each bin.

Final PDF uncertainty fraction

e.g.: EV01: 21.13/25 (# of bins)
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ePump-optimization

First eigenvector contributes on each flavor combination.

./bin/cpp pdf 21s90all 1.3 100 ches90 CT18NNLO c rotated-by-ZHighMass_CF_Eigen1

Results after ePump-optimization.

Put the first eigenvector into this directory

Sensitive to ubarLess sensitive to u valence

We should find observables which are also sensitive to ubar in large x region to 

constrain the PDF uncertainty of high mass DY.
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Correlation between two different observables

An application of ePump-optimization

Perform ePump-optimization 

using two different observables 

at the same time.

Fractional contribution to 

the second observable
Fractional contribution to 

the first observable

After ePump-optimization, the first eigenvector contributes most PDF uncertainty on the high 

mass DY, but contributes less PDF uncertainty on the W asymmetry. However, the second 

eigenvector contributes most PDF uncertainty on the W asymmetry, but not for high mass DY. 

Therefore, these two observables are independent on PDF.
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Appendix
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How to generate data and theory files

FileForEPUMP::InputData(const char* rootName, const char* histName)
FileForEPUMP::InputTheory(vector<TString> rootNames, const char* histName)

Or

FileForEPUMP::InputData(TH1D *h1)
FileForEPUMP::InputTheory(vector<TH1D *> histos)

2D and 3D plots are also implemented.
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ePumpHelper (A c++ interface code to ePump)

Same function as the 
default ePump.

One can reset the status of ePump, and change the input setting inside the code,  then 
run update again, by “EU->ResetUpdate(); EU->SetDataWeight(); EU->Update();”
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ePumpHelper (A c++ interface code to ePump)

All the information can be obtained by ePumpHelper between two updating.
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How to compile codes

ePump:

make –j
make OptimizePDFs

Path of code: /msu/data/t3work5/yfu/ePumpTraining

CPP:

make

ePumpHelper:

mkdir build
cd build
cmake ..
make –j install

export PATH=/path to ePumpHelper/build/bin:${PATH}
export LD_LIBRARY_PATH=/path to ePumpHelper/build/lib:${LD_LIBRARY_PATH}

gnuplot:

export PATH=/home/yfu/gnuplot/bin:${PATH}

Setup environment:
source /msu/data/t3work5/yfu/ePumpTraining/setup.sh

Compile code:
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Back up


