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PDF fit framework




Higher twists: generalities
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Higher twists: small and moderate x
FZ’T:FZ’T(Ieading twist) + HZ,T(X)/QZ H(X)=x"P(x)

HERA 1
NMC .
HERA I+11
-0.4 - -0.4
107 o 107 i i 107 107 e 10 x

sa, Bliimlein, Moch, Placakyté PRD 96, 014011 (2017)

e H_(x) continues a trend observed at larger x; H_(x) is comparable to 0 at small x
@ h =0.05+0.07 - slow vanishing atx - 0O

ABMP16
0.5

@ No dramatic increase of FL at small x: e

different from the study with multiplicative
form of HTs Abt et. al. hep-ph/1604.02229 i

02 -

@ Alternative explanations are available in
literature: resummation, saturation, etc. s e LTNNLO)

LT(NNLO) + HT
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Higher twists: correlation with o

— H,(x)
H(x)

e The value of a  and twist-4 terms are strongly
correlated

@ With HT=0 the errors are reduced —» no
uncertainty due to HTs

« With account of the HT terms the value of o IS
stable with respect to the cuts

-0.8 fit ansatz ag(Mz)
o ‘ At e : e higher twist modeling cuts on DIS data NLO NNLO
- G- e 0o 04r 00 e - Db 08 U higher twist fitted 0%>2.5GeV?, W>1.8GeV 0.1191(11) 0.1147(8)
X 0% > 10 GeV?, W? > 12.5 GeV? 0.1212(9) 0.1153(8)
higher twist fixed at 0 | Q% > 15 GeVZ, W? > 12.5 GeV?|  0.1201(11) 0.1141(10)
0% >25GeV?, W? > 12.5 GeV? 0.1208(13) 0.1138(11)
sa, Bliimlein, Moch EPJC 78, 477 (2018)
ABM12
MRST: a (M )=0.1153(20) (NNLO)
(W?2>15 GeV?, Q%> 10 GeV?)
A stringent cut on Q is necessary for
the fit with HT=0
: : - L Moch et al. hep-ph/1405.4781
(1] 1 2 3 4 6 7 & 8 9

0.111
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Higher twists: fit with stringent cut on Q,W

HERA

Fixed target:
SLAC, NMC,BCDMS

u=3 GeV, N=3

HT fitted

Y*/NDP
HT=0,

Q%>2.5 GeV?, Q%10 GeV?
W>1.8 GeV W?3>12.5 GeV?

1510/1168 1220/1007 w.r.t. to cuts

Value of y°is stable

1145/1008 498/444

B wurtted

| HT fixed

Au(x,u) (%)

X

Ad(x,u) (%)
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u=3 GeV, N=3

Stringent cut affects high-x
data, however, the large-x
PDF uncertainties remain
stable
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HERA charm data and m

H1, ZEUS EPJC 78, 473 (2018)
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FRE AUED e cla ) Theory: FFN scheme, running mass
s - definition (cf. talk afternoon)
I 1 1 I I i1 8
b t i R
Q2=2.5 GeV2 i Q2=5 GeV2 i . Q2=7 GeVZ mc(mc):124510019(exp) GeV
El_mle_wuuLmeLLuu_:LLmuLLumLmeﬂ_LLm_:ummLuumLummLLuu_ H
5 5 present analysis
: g — F g F!é; m _(m )=1.252+0.018(exp.) GeV
E Q=12 GeV L Q%= 18 GeV? L Q*=32GeV? | ABMP16
cood ol v Dol ol ol o D vd ol ol o mc(pole)~1.9 GeV (NNLO)
n n Marquard et al. PRL 114, 142002 (2015)
i $
o e - =1.246+0.023 (h.0.) GeV NNLO
L Q%=120 GeV}z % L Q?=200 GeV? mc(mc)_ ETUSY (h.0) Ge
T __l v ol ol s v vl vl 1 Kiyo, Mishima, Sumino PLB 752, 122 (2016)
] o | m (m)=1.279+0.008 GeV
' 5 t E_ l © ¢ Kiihn, LoopsLegs2018
Q?=350 GeV* E Q%=650 GeV? E Q7=2000 GeV’
__LLLLUI.II_LLLLU.III_I_LLLU.III_LLLI.I_

1072 10" 107 1072 100Y 1 10" 1072

- = - Good consistency with the earlier results
X2/NDP=86/52 and other determinations — further
confirmation of the FFN scheme
relevance for the HERA kinematics



HERA beauty data and m

HERA (ep --> ¢ bottom X) H1, ZEUS EPJC 78, 473 (2018)

data/fit-1
o

o
TTTT

5F Q+ 2GeV: F QF=5.0 GeV: | Q’= 7GeV?: [ Q’=12GeV?

|
It
3]

m, (m,)=3.96+0.10(exp.) GeV
present analysis

0.5

m (m )=3.84+0.13(exp.) GeV

ABMP16

-0.5F

m_(m )=4.18+0.04-0.03 GeV

- - - - PDG 2018
0.5 - Q"=200 GeV” [~ Q"=350 Gth — Q=650 GeV™ - Q"=2000 GeV

L S B

10 %107%107%107" 107*%10% 1072 10410721072 101021072
X X X X

2 —_
X*INDP=36/27 Improved agreement with other determinations,

evidently due to data purification



Impact of stringent cut on PDFs at small x

u=3 GeV, N.=3
a,
X o 20F ~— "] ABM19 (HT=0, stringent DIS cuts)
=3
17.5 B\ 0| ABMP16 (HT fitted, soft DIS cuts)
12.5 :\ . . .
Gluon goes higher, consistent with
10| the constraint from charm/beauty
7.5 :
s
2.5
0L
10
u=3 GeV, N=3
2.5
2.25 b [~—"7] ABM19 (HT=0, stringent DIS cuts)
2 N\ ] ABMPI6 (HT fitted, soft DIS cuts)

Strange sea goes lower at small x,
consistent with 1 within errors -
SU(3) symmetry

[S(X, 1)+ S/ [u(X,1)+ d(x,10)]

0.25 |-




t-quark: pair production

o(ttX)

ATLAS, dilepton + b-jet(s) .
[PLB 761, 136 (2016)] *

CMS, dilepton + b-jet(s) )
[EPJC 77,172 (2017)] ®-

CMS, dilepton + jets o :
[arXi’v:1812.10505]

CMS, lepton + jets -

[JHEP 09, 051 (2017)]
—i—

O Tevatron

CMS, all-jets
[CMS-PAS-TOP-16-013]

ATLAS, dilepton + b-jet(s)
[EPJC 74, 3109 (2014)]

CMS, dilepton + jets
[JHEP 08, 029 (2016)]

ATLAS, lepton + jets
[EPJC 78, 487 (2018)]

CMS, lepton + jets
[EPJC 77,15 (2017)]

CMS, lepton + T --> hadrons
[PLB 739, 23 (2014)]

ATLAS, jets + T --> hadrons
[PRD 95, 072003 (2017)]

CMS, all-jets
[EPJC 76, 128 (2016)] 5
ATLAS, dilepton + b-jet(s) i A‘
[EPJC 74, 3109 (2014)] <
ATLAS, dilepton + jets iz A—
[PRD 91, 052005 (2015)] .
CMS, dilepton + jets e A'_
[JHEP 08, 029 (2016)]

CMS, lepton + jets i
[EPJC 77, 15 (2017)] _|'A+_f
ATLAS, lepton + jets, b --> uvX
[ATLAS-CONF-2012-131]
ATLAS, lepton + T --> hadrons

[PRD 92, 0702005 (2015)] 3 A

CMS, lepton + T --> hadrons ' >

[PRD’ 85, 112007 (2012)] & -

ATLAS, jets + T --> hadrons 1 A !
[EPJC 73, 2328 (2013)] 4 ’

CMS, jets + T --> hadrons A 3

[EPJC 73, 2386 (2013)]

ATLAS, all-jets A
[ATLAS-CONF-2012-031] ’ .

CMS, all-jets — A+
[JHEP 05, 065 (2013)] A ¥

CMS, e
[JHEP 03, 115 (2018)]

CDF&D0, combined O
[PRD 89, 072001 (2014)]

| - I | R | | ] I | I I | | I | S [ | | } S| S I =i 3 I S I | | S .

A LHC Vs=7 TeV

e LHC Vs=13 TeV

-1

HOSr=D e e R D S g R e e e
data/Hathor-1

@ Running t-quark mass can be
determined simultaneously**

m(m)=160.8+1.1 GeV
m (pole)=170.4+1.2 GeV
m(MC)~172.5 GeV from LHC

(Hoang et al. try to quantify the
difference)

** Running-mass definition provides
better perturbative stability (Extras)

10



t-quark: single production (mass determination)

ot +1t)
= ABMP15
NXE fik .
) L | ATLAS, t-channel
fs : — tq + tb data, PDFs fixed e .
g i tq data, PDFs fixed I
I - CMS, t-channel
51 | [hep-ex/1812.10514] sl N
4 I | ATLAS&CMS, t-channel o Tevatron
I | [hep-ex/1902.07158]
i I 4 LHC Vs=7 TeV
! i v LHC Vs=8 TeV
3 r | ATLAS&CMS, t-channel i .
- | [hep-ex/1902.07158] e LHC Vs=13 TeV
2 | :
I | CDF&DO, t-channel
1! | [PRL 115, 152003 2015)] | ©
i | CDF&DO, s-channel
0 | [PRL 115, 152003 2015)] ©  ©
I O tq + tb data, PDFs fitted
-1 VI | 1 \ L L L L | L L 1 L J L 1 i L ‘ L L 1 L J L & L  ; ‘ L L L L \ L L 1 L J L 1 I
150 152.5 155 157.5 160 162.5 165 167.5 e e e PR R R e
mt(mt) (GeV) data/Hathor-1
5, Moch, Thier PLB 763, 341 (2016) m(m)=161.1+ 3.8GeV (single-top only)

Channel |ABMIZ2 [21]|ABMPI15 [32]| CT14 [35] MMHTI4 [56] NNPDF3.0 [537]
T [38.6£06 | 1584206 164706 1646206 | [64.3 £0.6
-channel 158737 | 158.0£37 |160.1 3.8 1605£38 [64.0+£3.8
5- & r-channel| 1584 +33 | 157.7+x33 |1539.1+£34] 159634 1624 +3.5




o(t)/o(t)

t-quark: single production (flavour separation)
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@ The single-top data are sensitive to the
u/d ratio, however in general they are not
competitive with the DY constraints

@ The only window opens when the
hadronization MC is fixed and the modeling
errors cancel in the ratio -

model dependent result

@ The comparison can be also inverted in
order to discriminate hadronization models

12



Data set used for study of impact PDF shape on o_

Experiment Process |NDP

DIS

HERA I+I1 etp —e*X | 1168
ep— (;)X

Fixed-target (BCDMS, NMC, SLAC) I*p —>I*X |1935

DIS heavy-quark production

HERA I+I1 etp—eteX | 52

H1, ZEUS e*p - etbX | 29

Fixed-target (CCFR, CHORUS, NOMAD, NuTeV)| VN — p*cX | 232

DY

Fixed-target (FNAL-605, FNAL-866) pN — u*u~X| 158

The ABMP16 framework with:

o (N=5,M,)

0119 |
0.118 |
017 |
0.116
0.115 2
0.114 |-~

0.113 -

0.112

0.111

0.11 L=

sa, Bliimlein, Moch PLB 777, 134 (2018)
sa, Bliimlein, Kulagin, Moch, Petti hep-ph/1808.06871

DY sets excluded

DO

LHCb

DY data have no essential
Impact on a_

— DY data replaced by the deuteron ones = comparable
guark disentangling at moderate and large x

— t-quark data excluded (no relevance for the first round of estimates)

13



Checking styles of PDF shape

ABMP16 CJ15 CT10 CT14 epWZ16 MMHT14
NPDF 28 21 26 26 14 31
IJ02 (GeVZ) 9 1.69 1.69 1.69 1.9 1
X2 4065 4108 4148 4153 4336 4048
PDF shape x%(1-x)® X*(1-X)PP(x,vX)  Xx%(1-x)P x%(1-x)® XY (1-X)PP(x,VX)  x*(1-X)PP(X,VX)
exp[P(x,In(x))] exp[P(x,VX)] exp[P(x,VX)]
Constraints a=d (x-0) a =a_ a =a. a_=a =0
aU:ad:as Buv:de U:d (X - O)
u=d (x-0) o =0=0
O(S(I\/IZ) 0.1153 0.1147 0.1150 0.1160 0.1162 0.1158

e Various PDF-shape modifications provide comparable description with N, __~30

@ Some deterioration, which happens in cases is apparently due
to constraints on large(small)-x exponents

Conservative estimate of uncertainty in a (M_): 0.0007, more optimistic: 0.0003 4



DY: data used in the ABMP16 fit

Experiment ATLAS CMS D@ LHCb
V5 (TeV) 7 13 7 8 1.96 7 8
Final states W — Ity Wttty | Wrouty | Wrouty | Wrouty | Wroety | Wity | Zoete W+ - uty
W —1lv W =lyv | W ouv | Wouy | Wouv | W osev | W osuvy W™ - uv
Z-1IT Z->1r (asym) (asym) (asym) Z—-utu Z—-utu
Cut on the lepton Py | P}, > 20 GeV | P4 > 25 GeV | P > 25 GeV | P > 25 GeV | P > 25 GeV | P4 > 25 GeV | P > 20 GeV | P4 > 20 GeV | P > 20 GeV
Luminosity (1/fb) 0.035 0.081 4.7 18.8 7] 9.7 | 2 29
NDP 30 6 11 22 10 13 L33 )% 17 32(34)
ABMP16 31.0 9.2 224 16.5 17.6 19.0 45.1(54.4) 21.7 40.0(59.2)
CJ15 - - - - 20 29 - - -
CT14 42 - 4 - - 34.7 - - -
HERAFitter - - - - 13 19 - - -
MMHT16 39¢ - - 21 21°¢ 26 (43) 29 (59
NNPDF3.1 29 - 19 - 16 35 (59) 19 47)

@ The values of NDP and y? correspond to the unfiltered samples.
» For the statistically less significant data with the cut of P/ > 35 GeV the value of y* = 12.1 was obtained.
¢ The value obtained in MMHT 14 fit.

Experiment| NDP x? after the data sets excuded
— |ATLAS|CMS| D@ [LHCb
ATLAS | 36 [37.7| - [37.0|38.3| 396 @ Good overall agreement in NNLO with
CMS 33 [26.6] 256 | — |26.0]| 235 some tension between DO and LHCb data
D@ 23 [48.5| 48.1 |47.7| - | 44.2
LHCb | 80 |98.2| 100.2 [97.4 |78.8| -

15



data/fit -1
o

0.05

-0.05

-0.1

015 L—

New input: ATLAS at 7 TeV

ATLAS (7 TeV)

015 |

NNLO ABMP16

¢ 46fb" (central)

= 35pb’

e [

THIRIn

W' ->T'v W ->1v .

P}>20 GeV P!>20 GeV Belitine )

- P$>25 GeV L p$>25 GeV - Pp>20GeV
T T
M _>40 GeV M. >40 GeV 7 66 <M, <116 GeV
T ‘ P e
L N My
e Good agreement with W data
ATLAS data set ¥>/NDP
® Undershooting Z-boson data W+, Z(central) 43/34
@ Different trends for the central \Z/v;:’rev(credmral)’ 84/43
and forward Z-boson data (forward)

16
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wn

data/FEWZ 3.1 -

DY: impact of the recent data (ATLAS, 5 TEV)

ATLAS (5 TeV, 25 pb™') 1810.08242

HJ,@I{‘LLHj 'Ml\ ------- | Al -

R R

-0.05 i -
- Wiy Wy - Z->TT
g P1>25 GeV - P>25 GeV - P1>20GeV
T Pi>25GeV : P}>25 GeV 66 <M, <116 GeV
M >40 GeV | M, >40 GeV - Imi<25
_0.15 L \ s ! L \ s ! L s L \ L i \ \ L s \ L \ ! s \ \ \ | s s s \ | s L \ s L L
0 1 2 0 1 2 0 1 2
il N, Ny

PRELIMINARY: Uncertainty correlations are not taken into account (still unpublished);
smaller impact on fit is expected when they are included
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025 b

DY: towards double differential distributions

CMS (8 TeV, 19.7 b)) 1412.1115

d(o)/dmy)

ij

—— ABMPI16

CMS (8 TeV, 19.7 fb™) 1412.1115

AL

d(c)/d(n,) —— ABMP16

l|H

I

il

L YIZ->TT
Pllead20 GeV
PLril>10 GeV
20 <M;<30 GeV
n,l<2.4

T T S O G e s 8 B

0 025 05 075 1 125 15 175 2 225 25
My

[ 447] L
fH' B |||]| W

L YIZ->TT

Phlead>20 GeV
Pirail>10 GeV
30 <M ;<45 GeV
n,I<2.4

PRSTORT 1| r (RY T vl | T i e WALt S W A

i

0 025 05 075 1 125 15 1.75 2 225 25
My

025 |
02 |

0.15

0.1 |
0.05

005 |
01 |
0.15
02 |
025 &

CMS (8 TeV, 19.7 fb!) 1412.1115

d(c)/d(n,) —— ABMPI6

YIZ > 1T

L Pheads0 Gev

S S [ ey

F 45 <M <60 GeV
In,l<2.4

0 025 05 0.75 1 125 15 1.75 2 225 25
My

@ Reasonable agreement with the ABMP16 predictions

@ Complimentary constraint on PDFs — improved quark disentangling

@ Other CMS and ATLAS data in progress; the bottleneck is NNLO

computations with the fiducial-volume cuts

18



Summary

@ The fit with stringent cuts, W?>12.5 GeV?, Q*> 10 GeV?, on the DIS data
Is considered

— impact of the higher-twist terms is minimized

— small-x gluon goes higher, consistent with the constraint from charm/beauty;
small-x strange sea goes lower at small x, consistent with 1 within errors;
valence quarks stable

— reasonable description of the recent charm/beauty HERA data with
m_(m )=1.245+0.019(exp.) GeV

m_(m )=3.96+0.10(exp.) GeV
@ Update of the pair- and single-top production with

mt(mt):= 160.8+1.1 GeV
mt(mt): 161.1+ 3.8GeV (single-top only)

- potential impact on the d/u ratio form t/tbar, however validation
of MC tools is still needed
@ Steady progress with accommodating more DY data into the fit

- recent ATLAS data at 5 and 7 Tev

- double differential data on Z-boson production from CMS and ATLAS
19
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Impact of high twists on SLAC data

ABM11 NNLO NN21 NLO MSTWO08 NNLO
o E
& o 0.085-0.120 _h. 3
E x=0. V. 3 3
g— ?mlllllll | | E_ | L 111l | | E_I_sl_:llllll | |
= 3 3 3
E ———  x=0.120:0.160 F . - :
_oqE W - #itT : Bl
E | il S i || | | : | JEEE] SEET | | | E | | I | || | |
3 — - ;
x=0.160:0.203 E : 2
E 3 ‘i%ﬂ & 3
s PI Ililllll | | El| Iglilllll | | E!I IIilllll | |

|
& e opo o e 6 ole o lolo oo 5 o o
T[T T TITIT TT T T

: kim T=0.20+0.25

L1 B

[

: !ﬁi‘ﬁ_' x=0.25:0.3 F w
kit E— | | ESSE [NS] ] (T 5— | | IIIII| | | : | | IIIII| | |
3 x=0.3+ 04§: 3
E ; | | IIIII’ é_ | | ] Illt | | ; | 1 III| |
: x=0.4-0.5 W : W : W
" &l ;
= §_ | IX_IOISIIOIT %ﬂ é_ | | IIIII| | E_ | | IIIII| M |
: x=0.6+0.7? : 5 : ?
i ;. | | I|III| | | E- | | |IIII| | | E- | | IIII|| | |
10 10 10
Q* (GeVH) Q* (GeVH) Q’ (GeVH)

sa, Bliimlein, Moch PRD 86, 054009 (2012)

Power-like terms affect comparison even with a cut W?>12.5 GeV?



Impact of the t-quark data on the ABMP16 fit

600

500

400

300

200

100

0

MSbar

IIIIIIIIIIIIIIIIIIIIIIYIIIIII

Gpp—)tf [

pb] at LHC8

— NNLO

140

150

160
m(m) [GeV]

170

180

600

500

400

300

200

100

0

Pole

IIIIIIIIIIIIIIIIIIIIIIII}'III

Gop 1t [PP] at LHC8
.~ — NNLO

IIIIiI[’ IIIIIIIIIIIIIIIIIIIII

140

HATHOR (NNLO terms are checked with TOP++)
Running mass definition provides nice perturbative stability  Czakon, Fiedler, Mitov PRL 110, 252004 (2013)

150 160 170 180
mpoe [GeV]

Langenfeld, Moch, Uwer PRD 80, 054009 (2009)

Agx ) (%)

20 i

=20

—40

w=10 GeV?, n=4

==

w=M2, n=5

- "1 t-quark data excluded
| [ ] t-quark dataincluded

0.05 0.1

015 0.2 025 0.3 '0.35 %

005 01 015 0.2 025 0.3 0.35 %
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data/ABMP16 - 1

0.2

0.15

0.1

0.05

NNLO tools benchmarking

ATLAS (7 TeV, 4.6 fb™") 1612.03016

e FEWZ 3.1
® DYNNLO 14

H
| ﬁ SR

P1>20 GeV

n,1<2.5

2.5 <In,l<4.9
| | 1 L L L ‘ L L L

66 <M, <116 GeV

Tl s

0 0.5 1 1.5 2 2.5

3

3.5

My

DYNNLO1.4 - FEWZ3.1

-0.002 [

-0.004 [

A‘g DO (1.96 TeV, 9.7 fb™) 1412.2862

0.014 |

0.012 |

0.01 —
0.008 —
0.006 —
0.004 —

0.002 |

0 0.5 1 1.5 2 2.5

Yannick Ulrich, Barchelor thesis, Univ. of Hamburg 2015 e

DYNNLO-FEWZ difference not fully understood; further benchmarking is needed
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CMS (8 TeV, 19.7 fb'l) 1412.1115 CMS (8 TeV, 19.7 fb’!) 1412.1115

— 025 025 |
=02 | d(c)/d(ny) = =02 [ dodmy —— ABMPI16
N i N :
= 0.15 | = 015 |
) i = 5
= 01 | = 01 | e
S0 gl | Zo0s L]
0 Hr e 0 s
005 [ Pl gl 005 |- e e L
E i - * 1 v+ === —a—
01 | 'Yz _ 01 Bl e
i pllead>20 GeV g i Pyla4>20 GeV
015 | plwil1g Gev il 0.15 F | Py>10 GeV
o2 | 120 <M;<200 GeV o et S L Goy
- <24 T - <24
_0.25 T O T A A A i PR A oy 5 e Pl el i romers

0 025 05 075 1 125 15 175 2 225 25 0 025 05 075 1 125 15 1775 2 225 25
ﬂn 1’]ll
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data/NNPDF3.1 -1
=
=)
wn

-0.05

-0.1

015 L

015 [

Closure test of the NNPDF3.1 fit

ATLAS (7 TeV, 4.6 fb™)
——— FEWZ3.1 — Cedl
; g | P20 GeV
66 <M, <116 GeV
i In,,1<2.5
B B - Inl2.5
| [ | Bl e +li+++l#*¥i%
SIETERIAREN IAIERNIARES Annnas
: W' ->1'y i W ->1v i
L PL>20Gev | PL>20Gev ]
P1>25 GeV P1>25 GeV
M, >40 GeV M, >40 GeV
SR N R RN T i 2
n My

@ Different trend for W and Z data = x*/NDP= 400/34; problems with the flavor

disentangling

@ Suppressed (fitted) charm distribution requires corresponding enhancement of
strangeness sur to constraint from W data

Thorne QCD@LHC2018
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0.15

S
o=

data/FEWZ3.1 - 1
5

-0.05

-0.1

-0.15

1
[—]
o =
[ n

data/FEWZ 3.1 -
5

-0.05

-0.1

-0.15

ATLAS (7

DY: ATLAS versus CMS

Z=17T

TeV)

- * 4.6 b (central)
| 4 4.6 (forward)

—— ABMP16

Z-->1'T
P}>20 GeV
66 <M, <116 GeV

YIZ > 1T
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Different trends for ATAS and CMS Z-production data:
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ATLAS seems to go higher than CMS with a different trend
w.r.t. rapidity; however the errors are still large
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NNLO DY corrections in the fit

The existing NNLO codes (DYNNLO, FEWZ) are quite time-consuming -
fast tools are employed (FASTNLO, Applgrid,.....)

— the corrections for certain basis of PDFs are stored in the grid

— the fitted PDFs are expanded over the basis

— the NNLO c.s. in the PDF fit is calculated as a combination of
expansion coefficients with the pre-prepared grids

The general PDF basis is not necessary since the PDFs are already constrained
by the data, which do not require involved computations - use as a PDF basis
the eigenvalue PDF sets obtained in the earlier version of the fit

P+ AP_—vector of PDF parameters with errors obtained in the earlier fit

E — error matrix
P — current value of the PDF parameters in the fit

— store the DY NNLO c.s. for all PDF sets defined by the eigenvectors of E
— the variation of the fitted PDF parameters (P — P ) is transformed into this

eigenvector basis

— the NNLO c.s. in the PDF fit is calculated as a combination of transformed (P - P )

with the stored eigenvector values
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DY: tool benchamrking
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A variety of tools/methods employed in the PDF fits: DYNNO/FEWZ/ResBos,
NLO combined with NNLO K-factors, etc. — a consolidation is required for using

potential of the existing data.

28



Test fit with the neural network shape

~ 0.6 — 14
= e e a B ) I
e x*(1-x)"P(x) (MMHT14) e
204 o x*(1-x)’NN(x) (NNPDF3.0) B L2
lalsliiE ) o) x j? :
[ N,,,=37 (nominal) % 10
02 |- ______ - N =24 => :
| par 1~
n e R ———t
0.2 |- :
b 4 - o
04 | s |
4 a3 D 1 4 3 ] K
10 10 10 10 1 10 10 10 10 1
X X

@ Valence u-quark is modeled by x(1-x)’PNN(x), where NN is neural network with 37
parameters (NNPDF3.0 ansatz), other PDFs use MMHT 14 shape

@ Result is in quite agreement with the MMHT14 shape x*(1-x)’P(x) with
4 paramters in P(x) = no particular flexibility is provided by neural network

@ Study of sea and gluon distribution in progress, the same behaviour expected
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