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What is the 
idea???



  

Impact of heavy quark matching scale dependence in global PDF fits 3

APFEL has a new feature

We can adjust the matching scale for 
the heavy quark PDF transition

Traditional VFNS

New APFEL Flexibility

What are the benefits?

1)avoid discontinuities in the 
middle of data sets

2)avoid delicate matching 

in  region ¹∼ mc,b 
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Traditional VFNS

What are the benefits?

1)avoid discontinuities in the 
middle of data sets

2)avoid delicate matching 

in  region ¹∼ mc,b 
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At NNLO we cannot avoid discontinuities 5
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Delicate cancellation in  ¹∼ mc,b  region for VFNS 7

Example from 
original ACOT 

paper

mismatch

Small difference 
from large 
numbers!!!



  

SOLUTION: shift heavy quark matching scale 8

We can adjust the matching scale for 
the heavy quark PDF transition

Traditional VFNS

New APFEL Flexibility

APFEL Features

Ability to adjust matching scale ¹c,b 

Need to compute proper boundary 
conditions at NLO/NNLO



  

Zero at 
Leading Order

Leading 
DGLAP 

contribution

The matching conditions are non-trivial 9

Figure from Valerio, Dubna Meeting

NLO Matching Condition
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Starts from zero 
at NLO  (only)

non-zero 
Log(Q/m)

negative PDFs 
are OK

NLO

resummed 
DGLAP
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 "

from Valerio

The matching conditions are non-trivial 10
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NNLO

resummed 
DGLAP
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full matching  computed: 
discontinuity & logs

close to DGLAP

can avoid cancellation region

can avoid data 

NLO

from Valerio

The matching conditions are non-trivial, especially at NNLO 11



Bottom mb  × 1, 1.4, 1.8, 2.2, 2.6

NLO

Round 8

NNLONNLO

¢ Â2∼ 14 

¢ Â2∼ 5 



Bottom mb  × 1, 1.4, 1.8, 2.2, 2.6

NLO

Round 8

NNLONNLO

¢ Â2∼ 14 

¢ Â2∼ 5 

NLO NNLO



  

Impact of heavy quark matching scale dependence in global PDF fits 14

Charm  

NLO Fit prefers matching in the region ¹c ∼ mc 

Suggests that higher order logs (resumed by DGLAP) are important

Experiments: Hi Precision HERA920 & H1-ZEUS Charm 

NLO
NNLO

vertical  lines show bin boundaries

NNLO greatly reduced  Â2  dependence

different data sets than before
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Bottom  

vertical  lines show bin boundaries

NNLO greatly reduced  Â2  dependence

NLO Fit prefers matching in the region ¹b ∼ mb 

Suggests that higher order logs (resumed by DGLAP) are important

Experiments: Hi Precision HERA920 & H1-ZEUS Beauty 

NLO

NNLO

different data sets than before



  

Try HERA only



  

B NNLO HERA ONLY
B NLO HERA ONLY

Zoom in Q range

Zoom in Q range

Minimal Â2 Variation 17

Everything is flat!!!



Line at (3mc)^2

18 

impact

impact

HERA Kinematic coverage 18



  

Q in GeV

Fractional Uncertainty in {x, Q} Plot 19
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If we have constraints across a wide Q range: 

At NLO, need to match near ¹c,b ∼ mc,b   

VFNS w/ DGLAP resums higher logs; these are important

At NNLO, we have greater freedom where to match ¹c,b 

We can use this freedom to avoid 

i) discontinuities in the middle of data  sets
ii) delicate cancellations near  ¹c,b ∼ mc,b   

If we DON'T have constraints across a wide Q range: 

 We have greater freedom where to match ¹c,b     

But, we DO have to  transition eventually

Lessons so far …. 20



  

One  more idea



  

A proposal: Consider N
F
 dependent PDF 22

Provides some of the benefits & 
flexibility of displaced matching, 
but with a compromise.
 
Disadvantages: 
Match at ¹c,b ∼ mc,b , 

but switch at higher scale

How much do we “lose” in Â2 ???

Advantages: 
* avoid discontinuities in data
* avoid delicate cancellations

and
* minimal set of PDF grids

fg(x,Q,N
F
) 

NF=3

NF=4 

NF=5

NF=6 



  

The  End

is  near
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APFEL has a new feature

We can adjust the matching scale for 
the heavy quark PDF transition

Traditional VFNS

New APFEL Flexibility

What are the benefits?

1)avoid discontinuities in the 
middle of data sets

2)avoid delicate matching 
in  region ¹∼ mc,b 

In a  broader sense ...

1)flexibly interpolate between 
VFNS  and  FFNS

2)answer many outstanding 
theoretical debates with 
numerical results!!!
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