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HERAPDF2.0NNLOJets

March 2020

Some updates to the February talk

• Some model/param variations not quite complete then, now all complete

• Hadronisation uncertainty and 

• Scale uncertainty
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The plan for work to complete the analysis

• Finish the NNLO analysis much in the way that the DIS19 preliminary was done 

but with new mc,mb settings accounting for the new c,b combined data

• Using the same data sets, same cuts, same scale choice, same parametrisation 

---(all checks done --ie settings and parametrisation choice iterated) –

NO significant change 

The extra 6 low pt points of the H1 high Q2 inclusive jet data set have been added. 

This does not impact the PDFs for fixed αS(MZ) 

However, it makes our best fit value of αS(MZ) ~ 0.116 rather than 0.115

Thus we will show PDFs with full uncertainty analysis for

• αS(MZ) =0.116

• αS(MZ) =0.118

• All model/ parametrisation uncertainties treated as agreed: vary Q2
0 down ONLY 

and symmetrise; vary Mc up ONLY and symmetrise

We will also determine the best fit value of αS(MZ) for this we also need:

• Hadronisation ---by offset consistently

• Scale uncertainty ---½ correlated , ½ uncorrelated as for HERAPDF2.0NLOJets

• We revisit these decisions today
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Compare new and old settings 

for HERAPDF2.0 without jets
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NEW alphas=0.118 NNLOJets fit
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NEW alphas=0.118 NNLOJets fit
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NEW alphas=0.118 NNLOJets fit  - SUMMARY PLOTS
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NEW alphas=0.118 NNLOJets fit  - SUMMARY PLOTS

HERAPDF2.0NNLOJets compared to HERAPDF2.0NNLO
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Decrease in total uncertainties from NNLO to NNLO+jet

—similar to NLO and to preliminary NNLO

A closer look at the gluon



9

NEW alphas=0.116 NNLOJets fit
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NEW alphas=0.116 NNLOJets fit
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NEW alphas=0.116 NNLOJets fit  SUMMARY PLOTS
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In February we had not yet revisited the hadronisation uncertainty on αS(MZ) 

First by Hessian method

For preliminary hadronisation had been treated somewhat inconsistently as a mixture of 

the offset method and the Hessian method. We wish to be consistent.

The treatment of hadronisation in the H1 HERA-II low Q2 jet data sets was 

recommended as ½ correlated and ½ uncorrelated.

I had made a mistake with this and taken it as literally ½ when it should have been 1/√2!

When correcting this mistake we thought it would be most consistent to apply this 

treatment to ALL the jet data sets (indeed this is done for H1 jets in their alphas 

determinations).

So this has been applied but there are choices on the degree of correlation

1. One could correlate all the correlated hadronisation uncertainties to each other 

αS(MZ) =0.1161 ± 0.0010

2. One could correlate all H1 and all ZEUS separately αS(MZ) =0.1150 ± 0.0010

3. One could correlate only within each data set (where inclusive and dijets from the 

same set remain correlated) αS(MZ) 0.1157 ± 0.0009- this is closest what we were 

doing (inconsistently) so far

Each of these three choices give slightly different answers

Choice 1: correlating ALL hadronisation uncertainties is the closest to spirit of the 

OFFSET method we have used for HERAPDF in the past –but it is not the same..
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Suppose we made choice 1 αS(MZ) =0.1161 ± 0.0010(exp,had,PDF)

Then to evaluate the contribution of hadronisation to the uncertainty one can compare 

this to the result when hadronisation uncertainty is not applied at all –when we obtain

αS(MZ) =0.1160 ± 0.0008

the increase from 0.0008 to 0.0010 represents a hadronisation uncertainty of 0.0006 (co

So we could quote αS(MZ) = 0.1160 ± 0.0008(exp) ± 0.0006(had.) 

However we SAID we were going to do Hadronisation by OFFSET not Hessian

We had not applied this consistently for preliminary since we retained the ½  n ½ 

correlated treatment of hadronisation for the low Q2 jets and we also offset ½ of it 

(except with a mistake using ½ not 1/√2)

There are two choices to be consistent with the offset method
(NOTE: When offsetting we always do this correlated between all data samples)

1) Remove the 1/√2 of the uncertainty from the correlated uncertainties (while retaining 

the uncorrelated 1/√2) and then offset this correlated 1/√2 part, this gives 

αS(MZ) =   0.1160± 0.0009(exp) ± 0.0009(offset)

2) Remove ALL the hadronisation uncertainty and offset the full uncertainty for all data   

sets— this is most akin to the HERAPDF2.0NLOjet treatment—

αS(MZ) =   0.1160± 0.0008(exp) ± 0.0012(offset)

I also think that an uncertainty of ~0.001 is most reasonable given the variation in values 

under hadronisation treatment
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Treatment of scale uncertainty

This can be treated as ½ correlated and ½ uncorrelated (yes it is actually 1/√2)

--- as suggested in the H1 HERA_II high Q2 paper

Or as fully correlated as in more recent H1 publications.

The full scale uncertainty for all the current choices of cuts is ± 0.0036

If this is applied as ½ correlated and ½ uncorrelated instead then it is ± 0.0026

It seems to me that both these estimates could be given in the paper as follows.

‘We first compare the present NNLO result for alphas with that obtained in the NLO 

HERAPDF2.0Jets study:

NLO

αS(MZ) =0.1183 ± 0.0009(exp) ± 0.0005(mod/par) ± 0.0012(had) ± 0.0034(scale)

NNLO

αS(MZ) =0.1160 ± 0.0008(exp) ± 0.0003(mod/par) ± 0.0012(had) ± 0.0026(scale)

Where all sources of uncertainty have been treated similarly.
We note that 

• had the NLO evaluation been done using the present choice of central scale the result 

would have bee 0.1210 \pm 0.0009 and that

• if the NNLO evaluation had been done without HERA-II H1 low Q2 jets (as the NLO 

evaluation was done) it would have been 0.1154 \pm 0.0009.

Thus the change from NLO to NNLO represents a decrease in the value αS(MZ) 

and a decrease in the scale uncertainties…….
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‘However,  the result may also be compared to the recent NNLO αS(MZ) determinations 

from H1, which use some of the same jet data sets and which make a study of the trade 

off between the increase in experimental uncertainty and the decrease in scale 

uncertainty resulting from various cuts on the kinematic variable μ. The most 

comparable result to the present result is that for μ > 2mb, since we use μ > 13.5

Note that the H1 result uses full scale uncertainties, but the hadronisation uncertainties 

are treated in the Hessian rather than offset method so our most comparable result IS 

αS(MZ) =0.1160 ± 0.0008(exp) ± 0.0006(had) ± 0.0003(mod/par) ± 0.0036(scale)

Another comparable result is that of the ApplFAST study using just HERA inclusive jets 

from the APPLfast study group

But note both the H1 results and the Applfast use fixed PDFs (recently criticised**)

Alternatively we may compare to the H1 result making a simultaneous PDF and αS(MZ) 

fit to just H1 inclusive and jet data

For which our comparable result is

αS(MZ) =0.1160 ± 0.0010(exp,had,PDF) ± 0.0003(mod/par) ± 0.0036(scale)’

μ >
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Back-up of slides shown 

at previous meeting
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Comparison of total uncertainties NNLOJets/no jets
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Decrease just in experimental uncertainties NNLO to NNLOJet (at Q2=1.9)

Decrease in total unceratinties NNLO to NNLOjet at Q2=10 (also have it for Q2=1.9 but 

relative change is not much different
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