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PDF fit framework




Data used and fit quality

Experiment Process Reference NDP e
DIS
HERA I+ 11 etp — etX [4] 1168 1510
etp — (;)X
BCDMS utp —utX [61] 351 411
NMC u'p—-utX [60] 245 343
SLAC-49a e p—e X [54,62] 38 o0
SLAC-49b e p—oe X [54,62] 154 171
SLAC-87 e p—o>e X [54,62] 109 103
SLAC-89b e p—e X [56,62] 90 79
DIS heavy-quark production
HERA I+ 11 etp — etcX [63] 52 62
HI efp - eThX [E5] 12 5
ZEUS etp = eThX [16] 17 16
@ L
. . CCFR (y) W =5 ek [64] 89 62
Direct constraint on @ ~yorus N = fiteX (18] 6 76
strangeness @ NOMAD vN — uteX [17] 48 59
a NuTeV (;) N = pteX [64] 89 49
DY
FNAL-605 pCu — utu X [68] 119 165
FNAL-866 pp = puu X [69] 39 53
pD = ptu X
Top-quark production
ATLAS, CMS pp — tgX [27-32] 10 2.3
CDF&D® pp — thX [53] 2 1.1
pp — tgX
ATLAS, CMS pp — tiX [33-52] 23 13 Collider DY in the next slide
CDF&D® pp — tiX [53] 1 0.2 (indirect constraint on

strangeness)



DY data in the il
ta 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 73 L | 2 2.9
NDP 30 6 11 22 10 13 31(33) ¢ 17 32(34)
ABMP16 31.0 9.2 224 16.5 17.6 19.0 45.1(54.4) 21.4 40.0(59.2)
ClJ1s - - - - 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.

x? after the data sets excuded
— |ATLAS|CMS| D@ |LHCb

Experiment| NDP

ATLAS | 36 [37.7| - [37.0(38.3]| 39.6 @ Good overall agreement in NNLO with
CMS 33 12661 256 | — 126.0!| 235 some tension between DO and LHCb data
D@ 23 148.5| 48.1 |47.7| — | 44.2

LHCb 80 [98.2] 100.2 | 97.4|78.8| -




Strange sea from the vIN DIS

LO NLO

d,s C

Two decay modes of c-quark are used: hadronic (emulsion experiments) and
semi-leptonic (electronic experiments)
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_ Fig. 4. The strange quark distribution xs(z, u? = 4.0 GeV? / ¢?) determined
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Flg't :: Thz.quark dsea dl(‘;t:jbzpon xg(z’ p° = 4.0GeV?/c?) determined at at next-to-leading order (described in section 4.1) and leading order. The
next-to-leading order and leading order band around the NLO curve indicates the +10 uncertainty in the distribu-

tion CCFR ZPC 65, 189 (1995)

Primary source for the strange sea was for a long time neutrino-induced charm production
measured by CCFR/NuTeV at Fermilab preferring a suppression of ~0.5 w.r.t. non-strange sea



NuTeV/CCFR data in the PDF fit framework

v

data/fit
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NOMAD charm data

u=3 GeV, n=3

I NuTeV/CCFR

0l
C o NuTeV/CCFR + NOMAD
60 |-
! ! e i s gl | L L A ot ]
107 10 107"

The semi-leptonic branching ratio Bu is a bottleneck o1 |

— weighted average of the charmed-hadron rates s

Bp(Ev)=Z r"(E,)B" = a/(1+b/E )
h M

— fitted simultaneously with the PDFs, etc. using

the constraint from the emulsion data

NOMAD NPB 876, 339 (2013)

@ The data on ratio 2p/incl. CC ratio
with the 2 statistics of 15000 events (much
bigger than in earlier CCFR and NuTeV samples).

e Systematics, nuclear corrections, etc. cancel in
the ratio

@ Pull down strange quarks at x>0.1 with a
sizable uncertainty reduction
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Constraints on strange sea

=3 GeV, N=3 u=3 GeV, N=3
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@ Uncertainty of ~5% is achieved at x around 0.1

@ NuTeV/CCFR data play no essential role — impact of the nuclear corrections is
greatly reduced (NOMAD and CHORUS give the ratio CC/incl.)



Nuclear corrections in NOMAD data
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Nuclear corrections cancel in the ratio



ATLAS strange enhancement

2 )3
W=20 GeV", N=5

S 1.60 ATLAS Q%*=1.9 GeV?
X F ATLAS-epWZ16
— N = Par+exp+mod unc.
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The epWZ16 strange-sea determined from ABM strange sea determination is in particular

analysis of the combined HERA-ATLAS data  based on the dimuon neutrino-nucleon DIS
s enha_nce_d as compared to other (earlier) production (NuTeV/CCFR and NOMAD) that
determinations gives a strange sea suppression ~0.5 at x~0.2

e Disentangling d- and s- contribution?
e Impact of the nuclear corrections?

e ... ? 10



Test-fit data set (epWZ16 and CJ15 studies)

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

Experiment Process |[NDP

DIS

HERA I+11 e*p—eX | 1168
e p— (;/)X

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

DIS heavy-quark production

HERA I+11 e*p—e*eX | 52

HI1, ZEUS e*p—etbX | 29

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

DY
Fixed-target (FNAL-605, FNAL-866) pN — pFu~X| 158

The ABMP16 framework with:

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

— t-quark data excluded (no relevance for present study)
11



Test fit (the PDF shape comparison)

u=3 GeV, N=3 u=3 GeV, N.=3
0.5

1.2

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

ABMP16 nominal

[d(X,10) - WX, ) )/[d(X,10)+ u(X,1)]

~— | ABMPI16 test (ABMP16 shape)

02| _
r m ABMP16 test (epWZ shape)
05— = e 0.3 ¢
-3 -2 -1 z
10 10 10 10 3

X

The strange sea is enhanced for the epWZ shape despite the ATLAS data are not used.
However, the dimuon data description is not deteriorated: x°=167 versus 161 for
the ABMP shape = enhancement is achieved by the price of the d-quark sea suppression

sa, Bliimlein, Caminada, Lipka, Lohwasser,
Moch, Petti, Placakyté PRD 91, 094002 (2015)
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Checking styles of PDF shape

ABMP16 CJ15 CT10 CT1l4 epWZ16

N 28 21 26 26 14

PDF

u?(Gev?d) 9 1.69 1.69 1.69 1.9

X 4065 4108 4148 4153 4336

PDF shape x‘(1-x)° X(1-x)PP(x,Vx)  x(1-x)" X(1-x)" 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
uU:ad:as Buv:de U:d (X - O)
0=d (x-0) a=a =0

O(S(I\/IZ) 0.1153 0.1147 0.1150 0.1160 0.1162

MMHT14
31

4048

X*(1-X)PP(x,VX)

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

F
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E866 data in the test fit

FNAL-E866

data/fit-1
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x2=Mw/\/ s exp(x;)
The EB66 data on p/d DY cross sections are sensitive to the iso-spin sea asymmetry

The epWZ shape does not allow to accommodate E866 data: x°/NDP=96/39 versus 49/39
for the ABMP shape, the errors in epWZ predictions are suppressed at small x, evidently due
to over-constrained PDF shape at small x



Consistency of ATLAS and E866 data

FNAL-E866

data/fit-1

0.5 |

0.5
! PR BB ! 34‘[ epWZ16
e % ST [=——"1 ATLAS(2016)
i ATLAS(2016)+E866
0.5 [
VI i R SRR, 0 AL Sl M SR AU i S 4 108 I S A S R s Al B SRS (S s IR A S DS
0.05 0.1 0.15 0.2 0.25 0.3

x2=MW/\/ s exp(x;)

¢ The uncertainties in epWZ predictions are quite narrow and several ¢ off the ES66 data =
E866 cannot be accommodated into the fit ATLAS

e The ABMP16 shape gives much wider error band = E866 data are well
accommodated: X*/NDP=48/39 and 40/34 for the E866 and ATLAS, respectively

15
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Closure test of the NN31 fit

-1
ATLAS (7 TeV,4.61tb )
—— - Z->TT - Z->TT
i ‘ B - P]>20 GeV - P1>20GeV
-— - - DYNNLO 1.4 66 <Mll<116 GeV 66 <M“<116 GeV
In,,l<2.5 i n,,l<2.5
I B - Inpl<2.5 - 2.5<In,<4.9

W' > 1y
P1>20 GeV
P>25 GeV
M >40 GeV

W ->1v
P1>20 GeV
P1>25 GeV
M >40 GeV

0
N

‘0
N

The epWZ16 predictions go systematically above the ATLAS data = either
statistical bias or inaccurate theory predictions (epWZ16 fit uses combination of the
NLO calculations with the NNLO K-factors)

16
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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 due to constraint from W data

Thorne QCD@LHC2018
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data/fit -1
&
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New input: ATLAS at 7 TeV

015 |

ATLAS (7 TeV)
NNLO ABMP16 ’ 46 fbl (Ce“tral)
. = 35pb?
T T R TR T ik T
W' > 1y W ->Tv -
1 1 Z-->11
L P1>20GeV P1>20 GeV R
Py>25 GeV Py>25 GeV B
M, >40 GeV M, >40 GeV e i
TR s T

® Good agrébment with W data

® Undershooting Z-boson data

@ Different trends for the central and forward Z-boson data

Tlll
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CMS data on Z-boson production

CMS (8 TeV, 19.7 fb™) 1412.1115
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—
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The CMS data go somewhat lower than the
ATLAS ones and the trend is different at large
rapidity; further clarification is necessary

e
—
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CMS (7 TeV, 4.5 fb™) 1310.7291
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Impact of ATLAS data with flexible PDF shape

u=3 GeV, N.=3

K (W*=20 GeV?)

HERA+ATLAS 0.81(18) [ ABMP16
25
HERA+ATLAS+E866 0.72(8) [ ~—] ATLAS(2016)
ABMP16(incl. NOMAD) 0.66(3) e ATLAS(2016)+ES66

K_Is integral strange sea suppression factor:

[SOGL)+ S, ]/ U+ d(x,u)]

1
f.t| s, ™)+ Fo, g7 ) el x
2 0

Kelp™) =

1 ' :
f.tlﬁ[.t.pz}+J[.t.p3}]c!.t e e
0 107 10° 10°

@ For the flexible PDF shape the strangeness is in a broad agreement with the one extracted
from the dimuon data

@ The E866 data are consistent with the ATLAS(2016) set: X*/NDP=48/39 and 40/34,
respectively.
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Summary

@ The strange sea suppression observed in the early VN DIS experiments
Is confirmed by recent precise measurements (NOMAD, CHORUS)

@ These data sets can be accommodated into the global PDF fit with a
consistent treatment of the fixed-target and collider Drell-Yan data

@ The ATLAS analysis based on the combination of Drell-Yan and HERA DIS
data demonstrates strange sea enhancement by the price of disagreement

with the Fermilab fixed-target Drell-Yan data (E-866, E-906) and overconstrained
PDF shape at small x

@ A refined comparison with recent CMS measurements is desirable in order to
confirm small strange-sea enhancement at x~0.01 driven by the recent ATLAS
Drell-Yan data

21
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CHORUS charm data

u=3 GeVv, n= Emulsion data on charm/CC ratio with the
; charmed hadron vertex measured

CHORUS NJP 13, 093002 (2011)

| NuTeV/CCFR

40 |

— full phase space measurements

— NO sensitivity to B“

— low statistics (2013 events)

5 0.12
10 \ba e CHORUS
: ' '"" NuTeV/CCFR + CHORUS S ooa |
-60 |- ,
s i e 0.08 |-
107 10 107" :
X L
0.06 |-
0.04 |-
CHORUS data pull strangeness up, however :
. L g . I NuTeV/CCFR + CHORUS + NOMAD
the statistical significance of the effect is poor f
0020l St NuTeV/CCFR + CHORUS
sa, Blimlein, Caminada, Lipka, Lohwasser, e R R e T e S AL St e
Moch, Petti, Placakyte hep-ph/1404.6469 0 20 40 60 380 100 120 140 160 180

E, (GeV)
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do/dn, (pb)
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CMS W+charm data

CMS Collaboration JHEP 02, 013 (2014)

ABM12

CMS (7 TeV, 5 1/fb)
o 115
o (W& +(Wo) % 1.1
P>35GeV  |'° 1.05
=
o 1

NuTeV/CCFR + CMS

CHORUS + CMS

0.5

1

M

0.95
0.9
0.85
0.8
0.75
0.7

0.65

e (We)/(We)
P1>35 GeV

@ CMS data go above the NuTeV/CCFR by 1o; little impact on the strange sea

@ The charge asymmetry is in a good agreement with the charge-symmetric strange sea

@ Good agreement with the CHORUS data
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harm data

ATLAS arXiv:1402.6263

ATLAS (7 TeV, 4.6 1/fb)

e W7 c-jet
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® W c-jet
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Details of the epWZ and ABMP16 fits

epWZ16 ABMP16

Data HERA, ATLAS W&Z HERA, LHC and Tevatron W&Z,
fixed-target DIS and charm production,
fixed-target DY, ....

PDF shape

a, 2,
xuy(x,py) = Ag, +F wil - ¥)© (] +Ex7), . jﬁq”_fﬁw Vv st P W
1, B, xg(x, ) = ——— (1 =x)"" qv
Td'.. [:Tq'u:”j — A{f X |:] _1} 3 Jﬁ'l'l{:l.
_ 1, Ci
_ng[_-.;”f_,[m = A”-._ il - -._J. -H.I'.x(-‘f-."-ﬂ:;]‘ — ﬂ (1= J'Jr-.__frr-.l" r-.l-.}
- o
.T{!E.T.,Uﬁ} = Aﬂul ?(] = 1jf i -Tf-,’(-‘f-,f-f‘:.;} — ﬂr[] 1”1';]\ 1”]-.'rkl '.i

xg(xpap) = Agx®s(1-x) *—A;,.rﬁﬁr*(] - 0%,
.T.?[_T.pa] = A_{_lﬂ.r(] _ﬂf':‘

15 free parameters 25 free parameters

ABMP16 PDFs are selected more flexible in order to accommodate more data as
compared to the EpWZ16 fit, which was evolved form the HERA data analysis

Po(x) = (L+y-1p ) (1 +y1px+y2,07 +y3,1 )
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data/ABMP16 - 1

NNLO tools benchmarking

ATLAS (7 TeV, 4.6 fb'l) 1612.03016 A‘g D0 (1.96 TeV, 9.7 fb'l) 1412.2862
0.2 - r
e FEWZ3.1 § 0.014
B 3 q'_ s i NLO
I - 0.01 [
k S i
0.1 Z 0.008 |-
E Z i
I > C
L T 2 0.006 [
0.05 | T - i
: I i | 1 0.004 |
0 l E I f }f 0.002 |
i 1 Z-=1T 0 *
-0.05 P1>20 Gev I
I 66 <M, <116 GeV -0.002 | <l
i I, I<2.5 i
i 2.5 <In,1<4.9 -0.004 | o i
-0.1 _Illl<n12<\[J A A O AN M B Wl i
0 0.5 1 1.5 2 2.5 3 3.5 0 0.5 1 1.5 2 2.5
n“ Yannick Ulrich, Barchelor thesis, Univ. of Hamburg 2015

DYNNLO-FEWZ difference not fully understood; further benchmarking is needed



LHC data on Z-boson production

Z=17T

E M fiducial

® total ABMP16

B ATLAS 7 TeV :
p>20 GeV, In I<2.47 o
PR D85, 072004 (2012) :

[ ATLAS 7 TeV :
pi>20 GeV, In I<2.4 sty LRI
PR D85, 072004 (2012) :

E ATLAS 7 TeV B
p>20 GeV, In |<2.47 i ——
EPJ C77, 367 (2017) &
—  ATLAS 7 TeV i
p>20 GeV, In 1<2.4 i —a—
EPJ C77, 367 (2017) ‘
- CMS7TeV . o
p'4>20 GeV, pi™>10 GeV -
In l<1.44, 1.57<In I<2.5 e
JHEP 1312, 030 (2013) i
CMS 7 TeV ,
pi>14 GeV, p"™'>9 GeV &
E n I<2.4,in,1<2.4 ey ——
JHEP 1312, 030 (2013)
CMS 8 TeV g
e+|l, no cuts —_—
EPJ C75, 147 (2015)

ATLAS 13 TeV :
p$>25 GeV, I, 1<2.47 I
PL B759, 601 (2016) ;

ATLAS 13 TeV :
pi>25 GeV, In [<2.4 —I—
PL B759, 601 (2016) :
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