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Introduction - Current status

Current main release: nCTEQ15
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Other recent or upcoming analyses: nCTEQ15WZ, Fits including neutrino
data, nCTEQ15HIX and more
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PDF Fits - Parameterization

PDF parameterization:

xf p/A
i (x,Q0) = c0xc1(1 − x)c2ec3x(1 + ec4x)c5

Nuclear A dependence:

ck −→ ck(A) ≡ pk + ak(1 − Abk)

Total Nucleus:

f (A,Z)
i (x,Q) =

Z
A

f p/A
i (x,Q) +

A − Z
A

f n/A
i (x,Q)

Open parameters:
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Introduction - Motivation
Why are we interested in Single Inclusive Hadron production (SIH) data?

I Sensitivity to gluon PDFs not only from DGLAP evolution
I Precise new data from ALICE
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Problems?
I The most precise data lies in non-perturbative low pT region
I Fragmentation Function dependence
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Fragmentation Functions
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Available data
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Nuclear data - FF comparison
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Nuclear data - FF comparison
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nPDF Fits with SIH data
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PDF Fits - Data selection

I Include all data from nCTEQ15(WZ)

I Remove eta meson production data
I Only one fragmentation function, no information about uncertainty

I Cut data below pT < 3.0GeV
I Below that theory and data for pp → H + X start to disagree
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PDF Fits - Other settings

I Same open parameters as nCTEQ15WZ

I Normalizations of all SIH data sets are fitted
I Normalization uncertainties generally > 5%

I Use DSS fragmentation
I Newer than BKK used nCTEQ15 and nCTEQ15WZ

I Add DSS uncertainty onto the syst. uncertainty of the data
I Compensate dependence on FF choice
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PDF Fits - Main fits

Based on nCTEQ15 (831 total datapoints, 120 of them SIH)
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PDF Fits - Main fits

Based on nCTEQ15WZ (951 total datapoints, 120 of them SIH)
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PDF Fits - Comparison of Main fits
χ2/Nd.o.f . for individual processes

DIS DY WZ SIH Total
nCTEQ15 0.86 0.78 (3.74) (1.23)* 1.28

nCTEQ15+SIH 0.87 0.72 (2.32) 0.38 1.00
nCTEQ15WZ 0.90 0.78 0.90 (0.81)* 0.90

nCTEQ15WZ+SIH 0.91 0.77 1.02 0.41 0.85

χ2 values of the Single Inclusive Hadron data obtained by using different
fragmentation functions

DSS (unmodified data) DSS KKP BKK NNFF JAM20
0.461 0.412 0.401 0.420 0.456 0.553

*nCTEQ15(WZ) include STAR and PHENIX neutral pions
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Main Fits - Theory predictions
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Alternative Fits - Including η meson data

Based on nCTEQ15
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Alternative Fits - Including η meson data

Based on nCTEQ15WZ
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Final recap

Conclusions:

I FF uncertainty needs to be accounted for

I Data below pT = 3GeV is cut to ensure validity of the theoretical
predictions

I SIH data still helps constrain gluons

Thanks all!
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Backup - PHENIX charged pions
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Backup - Correlation between data and PDFs
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Backup - Scale dependence

10 4

10 2

100

102

104

Ed3 dp
3
 [

b] Mi = pT, = pT, Mf = pT

Mi = pT, = pT, Mf = pT
2

Mi = pT, = pT
2 , Mf = pT

Mi = pT, = pT
2 , Mf = pT

2

Mi = pT
2 , = pT, Mf = pT

Mi = pT
2 , = pT, Mf = pT

2

Mi = pT
2 , = pT

2 , Mf = pT

Mi = pT
2 , = pT

2 , Mf = pT
2

ALICE 7TeV pp  Pi0

100 101

PT (GeV)

2 1

20

21

Th
eo

ry
/D

at
a

10 6

10 4

10 2

100

102

104

Ed3 dp
3
 [

b] Mi = pT, = pT, Mf = pT

Mi = pT, = pT, Mf = pT
2

Mi = pT, = pT
2 , Mf = pT

Mi = pT, = pT
2 , Mf = pT

2

Mi = pT
2 , = pT, Mf = pT

Mi = pT
2 , = pT, Mf = pT

2

Mi = pT
2 , = pT

2 , Mf = pT

Mi = pT
2 , = pT

2 , Mf = pT
2

PHENIX pp  Pi0

100 101

PT (GeV)

2 1

20

21

Th
eo

ry
/D

at
a

Pit Duwentäster nPDFs from SIH data 3 / 5



Backup - z dependence

100 2 × 100 3 × 100 4 × 100 6 × 100

PT (GeV)

0.0

0.2

0.4

0.6

0.8

1.0

fra
ct

io
n 

of
 to

ta
l c

ro
ss

 se
ct

io
n

200GeV Pion
z < 0.1
0.1 < z < 0.2
0.2 < z < 0.3
0.3 < z < 0.4
0.4 < z < 0.5
0.5 < z < 0.6
0.6 < z < 0.7
0.7 < z < 0.8
0.8 < z < 0.9
0.9 < z < 1.0

100 2 × 100 3 × 100 4 × 100 6 × 100

PT (GeV)

0.0

0.2

0.4

0.6

0.8

1.0

fra
ct

io
n 

of
 to

ta
l c

ro
ss

 se
ct

io
n

7TeV Pion
z < 0.1
0.1 < z < 0.2
0.2 < z < 0.3
0.3 < z < 0.4
0.4 < z < 0.5
0.5 < z < 0.6
0.6 < z < 0.7
0.7 < z < 0.8
0.8 < z < 0.9
0.9 < z < 1.0

Pit Duwentäster nPDFs from SIH data 4 / 5



Backup - FF parton dependence
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