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Strange sea is the most uncertain PDF

S.Schmitt, this conference
J.Kretzschmar, this conference
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Strange sea from the vN DIS

LO NLO

d,s C

Two decay modes of c-quark are used: hadronic (emulsion experiments) and
semi-leptonic (electronic experiments)

CCFR-NLO
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Fig. 4. The strange quark distribution zs(x, p? = 4.0GeV? /c?) determined

at next-to-leading order (described in section 4.1) and leading order. The
band around the NLO curve indicates the +1¢ uncertainty in the distribu-

tion CCFR ZPC 65, 189 (1995)

Fig. 3. The quark sea distribution zg(x, u* = 4.0 GeV?/c?) determined at
next-to-leading order and leading order

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
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NOMAD charm data

iss “=3 GEV, nf=3 NOMAD NPB 876, 339 (2013)
§ 60 |-
34 I NuTeV/CCFR @ The data on ratio 2p/incl. CC ratio
el 8 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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ATLAS strange enhancement
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The epWZ16 strange-sea determined from

[s(X,L)+ s(X,0) ]/ [u(x,u)+ d(x,u)]

analysis of the combined HERA-ATLAS data

IS enhanced as compared to other (earlier)

determinations
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ABM strange sea determination is in particular
based on the dimuon neutrino-nucleon DIS
production (NuTeV/CCFR and NOMAD) that
gives a strange sea suppression ~0.5 at x~0.2

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

® ?



Effective nuclear correction
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Nuclear effects greatly cancel in the 2p/incl. CC ratio



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
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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



Test fit (the PDF shape comparison)
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FRAMEWORK: collider data discarded and replaced by the deuteron ones
(fit is consistent with the nominal ABMP16 at x>0.01)  sa, Kulagin, Petti hep-ph/1704.00204

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, Placakytée PRD 91, 094002 (2015)



E&66 data in the test fit

FNAL-E866
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The E866 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
= i
= 0.5 |
=
S
=
s OFi
0.5 |
05 |
0
0.5 |
0.5 | I
: % g ¢ = | - epWZ16
0 | —— : | | ATLAS(2016)
] ATLAS(2016)+E866
0.5 |-
| ) I L I L I I L I L | I L |
0.05 0.1 0.15 0.2 0.25 0.3

x2=MWN s exp(x;)

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

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



Impact of ATLAS data with flexible PDF shape

K (1°=20 GeV?)

HERA+ATLAS 0.81(18)
HERA+ATLAS+ES66 0.72(8)
ABMP16(incl. NOMAD) 0.66(3)

K_Is integral strange sea suppression factor:
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@ For the flexible PDF shape the strangeness is in a broad agreement with the one extracted

[S(X,L)+ S(X,0)]/[u(x,i)+ d(x,1)]

u=3 GeV, N=3
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from the dimuon data; small enhancement only is observed at x~0.01

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

respectively.
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ATLAS data on the W&Z central production

ATLAS (7 TeV)
e 4.6 fb™ (central)
NNLO ABMP16
= 35pb’
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| Z- Il
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Ho 2 i g 2
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@ The updated ATLAS data on W* production are in a good agreement with the
earlier ATLAS sample; the data on Z production go higher, particularly at
large rapidity = impact on the strange sea at x~0.01

e Different trends for the central and forward Z-boson data
13



Impact of fixed-target deuteron data
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sa, Kulagin, Petti PRD 96, 054005 (2017)

Nuclear corrections extracted from the deuteron data are in good agreement with the
results obtained from the heavy-target ones = universality of the off-shell function is
justified = application to the nucleon-nucleon collisions

Kulagin, Petti NPA 765, 126 (2006)
Kulagin, Petti PRD 94, 113013 (2016)

At large x the deuteron data further disentangle d- and u-distributions
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CJ15 results on the d/u ratio

Accardi, Brady, Melnitchouk, Owens, Sato PRD 93, 114017 (2016)

@ NLO PDF fit including Tevatron data on W-asymmetry
@ value of d/u~0.07 at large x is obtained using flexible PDF shape
e NLO FEWZ predictions with CJ15 PDFs miss data at large x ?
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@ Account of the NNLO corrections moves

d/u at large x down
@ e-asymmetry data prefer lower d/u at x~0.3
¢ agreement with AKP results at large x;

further comparison of deuteron correction
in underway
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ABMP16 in NLO

Experiment Process |NDP X
NLO[NNLO

DIS

HERA I+11 e*p—e*X |1168|1528| 1510
etp— Vx

Fixed-target (BCDMS, NMC, SLAC) Fp—I*X [1008|1176| 1145

DIS heavy-quark production

HERA I+I1 efp=etcX | 52 | 58 | 66

H1, ZEUS e*p—oe*bX | 29 | 21 21

Fixed-target (CCFR, CHORUS, NOMAD, NuTeV)| VN — utex | 232 | 173 | 178

DY

ATLAS, CMS, LHCb pp— WX | 172 | 229 | 223
pp = ZX

Fixed-target (FNAL-605, FNAL-866) pN - X | 158 | 219 | 218

Top-quark production

ATLAS, CMS pp=rgX | 10 {537 23

CDF&DO pp — thX 2: gl
pp — 19X

ATLAS, CMS pp—tX | 23 | 14 13

CDF&D@ pp — tiX = det | D2

Total 2855|3427 3378

9This value corrects a misprint in Table V of Ref. [4].

Slightly worse fit quality as compared to the NNLO



m(m,) (GeV)

Masses and O(S
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@ Strong correlation between m and o_

e Big difference in m_between the orders (compensation of NNLO correction)

Consistent treatment of quark masses and a_ is needed 5



Summary

@ Some features of the quark PDFs have been clarified:

— 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 over-constrained
PDF shape at small x.

— Some strange-sea enhancement at x~0.01 still persist; further comparison with the
refined CMS data is desirable

— The large-x enhancement of d/u ratio observed in the NLO CJ15 analysis is
sensitive to the NLO corrections on the W-asymmetry. In case of its consistent
treatment the ratio goes much lower than the reported CJ15 result.

@ NLO ABMP16 PDF are released, LHAPDF updated
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EXTRAS



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

0.4

Impact of the W-, Z-data in ABMP16 fit
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W-, Z-data really control quark disentangling at small x

21



Constraints on strange sea

u=3 GeV, N
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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.)

22



CHORUS charm data

u=3 GeV, n=

B NuTeV/CCFR

40 |

L IR R RO B S
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CHORUS data pull strangeness up, however
the statistical significance of the effect is poor

sa, Blimlein, Caminada, Lipka, Lohwasser,
Moch, Petti, Placakyte hep-ph/1404.6469

Emulsion data on charm/CC ratio with the
charmed hadron vertex measured
CHORUS NJP 13, 093002 (2011)

— full phase space measurements

— NO sensitivity to B”

— low statistics (2013 events)
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CMS W+charm data

CMS (7 TeV, 5 1/fb)

e (Wre)+ (W)
P,},>35 GeV

ABM12
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CHORUS + CMS %

o(W* e)/o(W ¢
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CMS Collaboration JHEP 02, 013 (2014)

e (W'e)/ (W o)
P,i,>35 GeV

0.5 1 1.5 2

@ 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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ATLAS W+charm data

ATLAS arXiv:1402.6263

ATLAS (7 TeV, 4.6 1/ THh)
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SeaQuest (FNAL-E906) prospects

® SeaQuest

A EB66

¥  NA5S1
Systematic

)| —— CTi0lo

Preliminary
FY 2015 Data
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Bjorken x

0=

+ E866 data is for Q* = 54 GeV?/c?
+ SeaQuest data has Q* around 29 GeV?/c?
- This differnce should not be significant
» Systematic uncertainty from target contamination and PDF uncertainty

+ Interesting disagreement with E866 at high x

Bryan Kerns APS April Meeting 2016

University of Illinois, Urbana-Champaign

CLOSEX

@ E906 confirms the E866 results at x ~0.1 and continues
the positive trend in the sea iso-spin asymmetry at bigger X

@ The existing PDF sets can be consolidated with the E906 data

@ HERMES/COMPASS data confirm the strangeness suppression =

Borsa, Sassot, Stratmann hep-ph/1708.01630

d/u

0 B3 CTu4
C—— MMHTI4
-0.5 NNPDF3.1
i ABMP16
1.5
29 01 02 03 04 05 06 07
X
2 2
nw=29 GeV
.= 100 _
= | |
80 | NNPDF3.1 ‘ ‘
" | ‘ il
20 |
0 ——
-20 | 1 |
|| [
-40 ‘l ‘ | ‘
= I AR
i |
W |
01 02 03 04 05 06 07 08

%0



40 |

= P REFEE BRI SN SRS R EECE SR B 5 o R | PR
£k 7 0.72 0.74 0.76 0.78 0.8 0.82 0.84 0.86 0.88 0.9

0

30 |-

u=3 GeV

NNPDF3.1
NNPDF3.0

X

27



The ABMP16 fit ingredients

QCD:
NNLO evolution
NNLO massless DIS and DY coefficient functions
NLO+ massive DIS coefficient functions (FFN scheme)
— NLO + NNLO(approx.) corrections for NC
— NNLO CC at Q>> m_

— running mass
NNLO exclusive DY (FEWZ 3.1)
NNLO inclusive ttbar production ( pole / running mass )
Relaxed form of (dbar-ubar) at small x
DATA:
DIS NC/CC inclusive (HERA I+l added)
DIS NC charm production (HERA)
DIS CC charm production (HERA, NOMAD, CHORUS, NuTeV/CCFR)
fixed-target DY
LHC DY distributions (ATLAS, CMS, LHCD)
t-quark data from the LHC and Tevatron
deuteron data are excluded
Power corrections:
target mass effects
dynamical twist-4 terms

sa, Bliimlein, Moch, Placakyté PRD 96, 014011 (2017)
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DY data selection in the ABMP16 fit

Experiment ATLAS CMS D@ LHCb
Vs (TeV) 7 13 7 8 1.96 7 8
Final states Wty | Wty | Wrouty | Wiouty | Whouty | Wroety | Wouty | Z—oete Wt - uty
W™ -1y Wby | Wouv | Wouv | Wouy | Wosev | W suy W™ > uv
Z-> Il Z-1T (asym) (asym) (asym) Zoutu Zoutu
Cut on the lepton Py | P, > 20 GeV|P% > 25 GeV | P > 25 GeV | P > 25 GeV | P > 25 GeV | P% > 25 GeV | P} > 20 GeV | P2 > 20 GeV P} > 20 GeV
Luminosity (1/fb) 0.035 0.081 4.7 18.8 73 9.7 1 2 2.9
NDP 30 6 IE1 22 10 13 3E3H? 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)
CclJ15 - - - - 20 29 - - -
CT14 42 - -b - - 34.7 - - -
HERAFitter - - - - 13 19 - - -
MMHTI16 29 - - 21 21 26 (43) 29 (59)
NNPDF3.1 29 - 19 - 16 35 (59) 19 47)

4 The values of NDP and y? correspond to the unfiltered samples.
b For the statistically less significant data with the cut of Pfj,’, > 35 GeV the value of y? = 12.1 was obtained.

S cvalicottanecm T e sa, Bliimlein, Moch, Platakyté PRD 94, 114038 (2016)

Many early low-statistical Tevatron and LHC data are not included into the fit



LHC data on central Z-boson production

Z=1T

B fiducial
@ total ABMP16

ATLAS 7 TeV :
p;>20 GeV, In |<2.47 -
PR D85, 072004 (2012) §
ATLAS 7 TeV :
pi>20 GeV, In |<2.4 el
PR D85, 072004 (2012) :
ATLAS 7 TeV
pi>20 GeV, In 1<2.47 —a—
EPJ C77, 367 (2017)
ATLAS 7 TeV
py>20 GeV, In <2.4 ——
EPJ C77, 367 (2017)

CMS 7 TeV
ps>20 GeV, In J<2.4
JHEP 1312, 030 (2013)
CMS 7 TeV
pi>15 GeV, In I<2.4 —
JHEP 1312, 030 (2013)
CMS 8 TeV
e+|L, no cuts
EPJ C75, 147 (2015)
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The CMS data go somewhat lower than the ATLAS ones, however,
significance of discrepancy is marginal and further clarification is necessary

recent CMS update at 8 TeV, 19.7 1/fb: hep-ex/1710.07955



u=3 GeV, N.=3

3
: ' ABMP16
2.5 central forward
[F—=—~"-"7"] ATLAS(central+forward)
2 [ ATLAS(central) X?/NDP 40/34 36/31

central+
forward

76/43

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

Data set ATLAS-epWZ16
x2/n.df.
ATLAS W* — (*y 84/11
ATLAS W™ - (v 123/ 11
ATLAS Z/y* — € (mgr = 46-66 GeV) 23916
ATLAS Z/y* — € (mgr = 66116 GeV) 158 12
, EERD ‘ " ATLAS forward Z/y* — €€ (m¢ge = 66-116 GeV) 74/9
10 ! 10 b 10 e ATLAS Z/y* — € (mg = 116150 GeV) 7.1/6
= ATLAS forward Z/y* — €€ (mge = 116-150 GeV) 40/6
@ Forward Z-boson data pull strangeness down  ATLAS Correlated + Log penalty 27.2
ATLAS Total 108 /61
@ Tension between central and forward Z-boson
sam ples ATLAS arXiv:1612.03016
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Impact of NOMAD data

ey
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. 3 CTi14
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100 |- [Tl NNPDF3.1
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@ Evident room for the PDF improvement by adding NOMAD data to various PDF fits

@ Big spread in the predictions = PDF4LHC averaging provides inefficient estimate -



(d - a)(z,QF) =

0.04

(1 il T)nsuz'l‘z 5(1 +Z

x(d — @) (NNLO), Q2 = 101 GeV?2

Standard

0.03 Chebyshev

0.02

0.01

0

—0.01

0001

Thorne, this conference

.Hi_s-(—l'-,ﬂﬁ) THES ,uu}' Aus(1 -

no. points | NLO Xp, ed NLO Xfww NNLO Xp” d NNLO Xfww
a,; Tevatron +CMS+ATLAS 18 196 20.5 147 155
LHCb 7 TeVW + Z 33 50.1 454 7.1 36.7
LHCb8TeVW + Z 34 7.0 58.9 76.1 67.2
LHCb 8TeV ¢ 17 374 334 30.0 218
CMS8Tev W 22 326 18.6 57.6 294
CMS7TeVW +¢ 10 8.5 10.0 8.7 8.0
D0 ¢ asymmetry 13 22 21.5 213 29
total 3738/3405 4375.9 4336.1 3768.0 3739.3

(1 il 2,1,2)) QCD@LHC2016

N=4, =2 GeV

0.3

x(d(x) - u(x))

e

03 - - :
TREER BadE L B

)bm lﬂmfu \{ ﬂ

AR N e 8 B S g My 2Pl
xd(x,pty) = dy(x, ) = A gyl 1 = x) et )

dbar=ubar at small x
(the same applies for CT14)

The sum of x*/NDP for the DY data by LHCB, CMS, and DO from the table:

184/119 (MMHT16)

171/119 (ABMP16, no filtering), account of
other DY data should increase the difference
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Sea quark 1so-spin asvmmetrv

u=3 GeV
— 0.15
: 3
0,06 [ £
B o H\ + 0.1
004 F /' 3
I 2 0.05
a0 F >
E w0
- W Z-0.05
002 B = [EZZ—=1] NNPDF3.1
' AR 10 03111 A 0 1111 S B 0 1) e 01 TTT.[TS{:
4 3 ) i chi
e ey | 1 ]
10 10 10

CT10 JRO9 MSTWO8 NNPDF2.3

sa, Bliimlein, Moch PRD 89, 054028 (2014)

@ At x~0.1 the sea quark iso-spin asymmetry is controlled by the fixed-target DY data (E-866),

weak constraint from the DIS (NMC)

@ At x<0.01 Regge-like constraint like x®, with a close to the meson trajectory intercept; the
“unbiased” NNPDF fit follows the same trend

Onset of the Regge asymptotics is out of control
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