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LHC measurements for constraining PDFs

» Introduction and motivation

» LHC measurements sensitive to
PDFs: Drell-Yan, jets, photon
and top production

» Prospects and conclusions
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PDFs in the LHC era

Any prediction of physics observable at hadron PDFS

colliders requires knowledge of the PDFs

Partonic cross

Factorisation theorem?*:

O —Zl’jf dx, dx

pp—)X_

@ Cross section are calculated by convoluting
short distance partonic reactions with
Parton Distribution Functions (PDFs)

@ Discovery of new exciting physics relies
on precise knowledge of proton structure

* PDFs are among the dominant

uncertainties for the W mass, weak-

mixing angle, and gg - H production
*The factorisation theorem is proven rigorously only for DIS and
inclusive DY, predictions and PDF fits of other semi-inclusive

processes in hadron-hadron collisions are based on the
assumption that the factorization holds also there
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PDFs in the LHC era

Accurate knowledge of the PDFs is crucial for
direct searches of new physics as well as for
|nd|rect searches through precision measurements

ARy 2917 (13 Te) arXiv:1701.07240
- e
§1o4 chis +De/nza_>+_ = SRR T N IR I A N e
EIT == X Smd L (o) o ATLAS — m,, =80.370 £ 0.019 GeV__
= [ 1, single top G 80.5 Bl m =172.84 £ 0.70 GeV
it} L0 WW, WZ, ZZ, 1z, W+j i = r . =172.84 + 0. |
[ wwwz 2z weies 2 Djrect searches = S TR m, = 125.00 +0.24 GeV
10 Narrow Z' (M, = 2 TeV) £ C e ]
1 80.45— k=== 68/95% CL of m,, and mI —_
107" B 7
o fi 80.4 =
107 B ]
1074 e el hiekisiste s gy gy =
10 b 80.35 = .
o 25 ¢ . . 5 . N ]
5 20 & Precise measurements f = .
S 10 Bl E . 80.3 S “ 68/95% CL of Electrowea
8 10 B, "*aﬂﬁw**&ﬂ_; of cross sections and 8% skt
0.0 [Frrmoerssoees s < - (Eur. Phys. J. C 74 (2014) 3046) -
-0.5 :7'0 2 '160 260 360 460 = e ‘iOIOO ng'(?lqui?([)' %V:] EW Observables 80-25_ 1 1 |1é5| 1 1 |1%0| 1 |1|75| 1 1 |1é0| 1 L |1é5|
ATLAS-CONF-2016-081 FERMILAB-CONF-16-295-E [GeV]
— . ; ; : . ; LEP-1 and SLD: Zﬁo'e * 0.23149:0.00016
imi = =125.09 GeV - TAC
100 ATLAS Preliminary Oppy My = 12509 Ge LEP-1 and SLD: Ay 5%599150.00029

™ 0.23098+0.00026

Gy [PH]

r AH—yy ©H—>ZZ*—4l QCD scale uncertainty ] SLD: A,
+ comb. data syst. unc. mm Tot. uncert. (scale ® PDF+a,) b OMS 41yt 1 i

\

4 0.2287+0.0032

ATLAS 510" e
cerii 0.2308+0.0012

80

LHCb pu 3 fo
CDF uu 9fb™

0.23142+0.00107

0.2315x0.0010

-1 ——
CDF ee 9 fb 0.23248+0.00053
- .
COF ee+ua 9fo 0.232210.00046
Vs=7TeV, 45 DO ee 10 b

——
August 2016: preliminary 0.23137£0.00047

-1
Vs=8TeV, 20.3fb TeV combined: CDF+DO0

0 Vs=13TeV, 13.31b" (yy), 14.8 b (ZZ*) ‘August201|6: prelimmalry ”’c?zsws}iol.oooss
7. _®8 8 @ 11 18 98 0.226 0.228 0.23 0.232 0.234
73 1ev) sin? o

Stefano Camarda 4


http://arxiv.org/abs/1609.05391
https://arxiv.org/abs/1701.07240

Parton distribution functions

* |n a naive leading-order perspective, PDFs can

.y . . . MMHT14 NNLO, Q? = 10GeV?
be seen as the probability of finding a partonin e e
a hadron which carries a momentum fraction x =~ ¢ X
0.8 |
@ |n the collinear factorization, PDFs 0.6 |
are a function of Bjorken-x, the sl
momentum fraction, and Q?, the .
“factorization” scale of the process TESTS—

oot o001 oo o1 1
» PDFs cannot (yet) be predicted by first principles
with non-perturbative QCD calculations (lattice)

* However, perturbative QCD accurately predicts
the evolution of PDFs in Q?

@ |t is necessary and sufficient to use experimental
Inputs to determine the boundary conditions, i.e.
the PDFs f(x,Q07) at a given starting scale of the
order Q0% ~ 1 GeV?
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Schematic of PDF determination

PDF determination is a complex problem, with
a variety of solutions, namely PDF sets

Input data

Theory predictions

Partonic PDF evolved
Cross sections at all scales

DGLAP
evolution

PDF parametrisation at
the starting scale ~ 1 GeV
with ~ 20 free parameters

H1 and ZEUS

Result:

f(x,Q%)

at all scales

10° 107? 10"
arXiv:1506.06042
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Variety of PDF sets

A complex problem leads to a variety of solutions.

» PDF sets differ by:

* |nput data: all or part of DIS, Tevatron, LHC, fixed target,
neutrino data

» Determination of PDF uncertainties: hessian, MC replica
» Parametrization of the PDF functional form: polynomials, NN
@ QCD perturbative order: LO, NLO, NNLO

» Heavy flavour scheme for the DIS cross section: Variable
flavour number scheme (VFENS), Fixed flavour number
scheme (FFNS)

» Choice of a (M,), top, charm, and bottom masses

» v* definition and * tolerance criteria
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Variety of PDF sets

V. Radescu
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Limitation of DIS measurements

» PDFs are most precisely determined from DIS data,
and the currently most precise dataset is the
combined HERA-II inclusive DIS measurement

» However, DIS structure functions probe only particular
combinations of PDFs: DIS data leads to a very
precise determination of valence PDFs and total sea.

* Limitations:
» d Is less precisely determined than u_
@ We miss precise knowledge of the flavour

decomposition of the light sea, i.e. “How strange is
the proton?”

@ The gluon PDF is determined only through scaling
violation in DIS, leading to larger uncertainties,
especially in the high-x region, which is crucial for
searches
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Motivation for LHC measurements for PDFs

@ Cross section measurements at hadron colliders cannot replace the
Invaluable ep DIS data

» Nevertheless they can provide important complementary information in
the corners of the phase space not well covered by other datasets

* The LHC data can also help to resolve some of the disagreement
between datasets and PDF groups, e.g. on the strange and gluon PDFs

Process Sensitivity

Drell-Yan Flavour decomposition of the sea, u , d , y PDF
W+charm Strange PDF

Jets High-x gluon PDF

Photon Medium-x gluon PDF

Top pair Medium- and high-x gluon PDF

» Other measurements not yet fully exploited: diboson, single top, W/Z+jet
* Precise data requires precise theory:NNLO QCD, NLO EW, non-pQCD,
and PS corrections

Including LHC measurements into a QCD analysis for PDF
determination allows stress testing QCD and the factorisation theorem

Stefano Camarda 10



Drell-Yan measurements

@ W, Z cross sections and asymmetry at 7, 8 and 13 TeV
» W, Z at forward rapidities and the iso-spin asymmetry
» W + charm and the strange PDF

» High mass Drell-Yan and the photon PDF

» Tevatron W, Z data and the d PDF

Stefano Camarda 11



d(y)

W, Z rapidity cross section measurements

D(y)

» W, Z, and y* production in pp
collisions probe different
combinations of PDFs

» W charge asymmetry
measurements provide constraints

on the u and dV PDFs

» The shape of the Z rapidity
distribution, and the W/Z ratio
probes the strange PDF

Stefano Camarda 12



ATLAS W, Z rapidity measurements

arXiv:1612.03016
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° sqrt(s) = 7 TeV, 4.6 fb-1 of integrated luminosity
@ Electron and muon channels are combined

» Extremely precise measurement: total uncertainties
are at the level of 0.3-1%, excluding the luminosity
uncertainty of 1.8%
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QCD analysis of ATLAS W,Z rapidity
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@ Strong indication of
non-suppressed
strangeness
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» The measurement is included in
a PDF fit, and provides
significant constraints on the u
valence PDFs
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CMS W asymmetry

arXiv:1603.01803 CMS,L=188fb"at {s=8 TeV
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» CMS measurement of muon charge asymmetry in W production at
8 TeV

» The measurement is included in a PDF fit, and provides
constraints on the valence PDFs
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W and Z production cross section at 13 TeV

@ Total W and Z cross sections are compared to various PDF sets
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@ Uncertainties:

@ Provides valuable information for
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the determination of PDFs
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W and Z production cross section at 13 TeV

@ Ratios of W/Z and W+/W- cross sections are a sensitive probe of PDFs

@ Luminosity uncertainty cancels in the ratio
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@ The W+/W- ratio Is sensitive to the uv/dv ratio at low Bjorken-x
@ The W/Z ratio is sensitive to the strange PDF

The results show a mild preference for unsuppressed strangeness,
that is s/d ~ 1 at low Bjorken-x
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Z at forward rapidity

arXiv:1607.06495
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@ Measurement in the electron and muon channels
@ Large rapidity, close to Z production ymax ~ 5

@ Probes PDFs in the high-x and low-x regions
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W at forward rapidity

arXiv:1608.01484
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@ Measurements of lepton charge asymmetry in
the electron and muon channels at 8 TeV

@ Allows testing of the Iso-spin asymmetry of the
sea at low-x I(x) = x(d - u)
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|so-spin asymmetry of the sea

N=4, U=2 GeV  ,xiv:1508.07923

~ 0.3 . .
s e @ The inclusion of the LHCb W,
0z b - Z data in PDF fits shows a
: preference for negative iso-
01 b — — — - MMHTH4 spin asymmetry 1(x) = x(d - u)
- at low x

@ Contraddicts the usual
assumption in older PDF sets
of d = u at low x

107> 10 107 10° 10
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@ W + single charm at LO is mainly

produced by gs - W+c
Sensitive to the strange PDF
Exploit charge correlation to distinguish

between W +cand W+ (g - cc)

arxXiv:1402.6263
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W+charm ATLAS

@ ATLAS measurement of W+charm
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@ CMS measurement of W+charm cross section is in
agreement with CT10, which is in between
suppressed and enhanced strangeness

@ A PDF fit including this data yields Rs ~ 0.7

arXiv:1312.6283
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Suppressed strangeness

@ Why most PDFs predict suppressed \/ P

strangeness? . w*
S D

@ The neutrino data prefers rs ~ 0.5 —~ g\

@ However the determination of the strange
PDF from neutrino data relies on nuclear
corrections, which does not affect W+c arXiv:hep-ex/0102049
and Drell-Yan measurements in hadron {7 oo1 4T R
collisions m ._ 00078
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High mass DY at 8 TeV

@ Measurement in the electron and muon channels, experimental
uncertainty at the level of 1% at low m (plus 1.9% luminosity)

@ Sensitive to photon induced yy — Il process, allows probing the
photon PDF

arXiv:1606.01736
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Tevatron W and Z data sets

* 3 types of observables
» Z do/dy (CDF and DO) 70 S S
» Lepton charge asymmetry in W - |,v (DO)

» W charge asymmetry (CDF and DO)

do(y /Z)/dy (pb)
S

_EE < <116 GeWc
-+ nﬂre!zasuredﬁ 5

Fast theory predictions calculated 10— u_mcveaam;:%edmtmn ...... ......
with MCFM+APPLGRID 05----‘155----;-- T
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@ Revised correlation model: uncertainties of data-driven corrections are
treated as bin-to-bin uncorrelated (lepton ID, trigger, and charge efficiencies)

» Reasonable assumption: these corrections are influenced by stat noise
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Impact on d-quark valence PDF

» The impact of the Tevatron W, Z data is assessed by
comparing PDFs extracted from a fit to only HERA | data

® Observed large impact on d-quark valence PDF, mainly
driven by the measurements of W charge asymmetry

arXiv:1503.05221

G Q? = 1.7 GeV? ] Q% = 1.7 GeV?

X 05 Il HERA | ;;- Bl HERA |

-E" HERA | + Tevatron W, Z = i5 HERA | + Tevatron W, Z
0.4

0.3

0.2
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Inclusive jet production

*» CMS 2.76, 7 and 8 TeV jets
@ ATLAS 2.76 and 7 TeV jets
» ATLAS 7 and 8 TeV prompt photon
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CMS inclusive jet production at 2.76, 7 and 8 TeV

8 Te\{
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CMS inclusive jets

CMS NLO HERAPDF Method (Hessian)
o 4T : :
o . [1 HERA I+l DIS Q°=1.9 GeV
X [ [ HERALIIDIS + CMS jets 8 TeV
(o) i
x I

@ Strong reduction of the gluon
PDF uncertainty, especially at
high-x

-
-
O
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S 0 .
"6: CMS arXiv:1609.05331
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p(y, pT) ratio wrt NLO pQCD (CT10)
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ATLAS inclusive jet production at 2.76 and 7 TeV

Q%=1.9 GeV?
) HERAIfit
—— HERA+ATLAS jets R=0.6 fit
11220 HERA+ATLAS jets 2.76 TeV R=0.6 fit
. HERA+ATLAS jets 7 TeV R=0.6 fit
N PR | N PR |

o
©
T

s

10 10"

@ Previous ATLAS analysis also shows an improvement in the

gluon PDF

@ This analysis shows a slightly different trend at high-x, with a
harder gluon PDF in mild tension with the determination from

DIS data
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Prompt photon production

arXiv:1605.03495 -
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Heavy quark production

m MLn
m 1|II"IFI-’-

Jet 1(b) o -

neutrino

proton beam proton: bheam

e tt inclusive cross sections

» tt differential cross sections

«é’ﬁ s tt/Z ratios

i ;09 » Charm and bottom production
Y- > .2 & at LHCb

neutrino
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Top palr inclusive cross section measurements
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Top differential cross sections

arXiv:1607.07281
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@ Differential cross section measurements allows
probing the gluon PDFs at even higher Bjorken-x

» NNLO predictions of tt differential cross sections
are now available, which makes it possible to
Include this data in PDF fits at NNLO
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PDF fits to tt differential cross sections

» First studies of PDF fits to top pair differential cross
sections were performed with approx NNLO
predictions

@ Significant improvement of the gluon PDF at high-x
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PDF fits to tt differential cross sections

arXiv:1611. 08609

» Arecent analysis performed the first PDF fit to top
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tt / Z ratio measurement

arXiv:1612.03636
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Charm and bottom production at LHCb

arXiv:1306.3663
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@ LHCb measurements of charm and 20 i%
bottom mesons production in the
forward region

@ Provide constraints on the low-x
gluon PDF
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Prospects for PDF constraints with LHC data

@ With the full Run Il data sample, other measurements
will be precise enough to be used for PDF
determination, as WW, WZ, ZZ production, single top,
and even Higgs

@ Current precise measurements can be used to
constraints PDFs thank to new available calculations
at NNLO, as W+jets and Z+jets

» To which extent it is acceptable to use LHC data to
determine PDFs for LHC searches? Special care
should be taken when including additional LHC data in
PDF fits, not to swallow new physics into the PDFs -
The ideal situation is to combine a QCD analysis for
PDF determination with the search for new physics

ik
ik
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Diboson production

Diboson Cross Section Measurements Status: August 2016
7y I s e
Wy—tvy SR8 O ATLAS Preliminary
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wz e o been recently completed
TSR0 mmmrmm— EHCBRENES FTeY )

= G e = @ Could provide

2z

LHC pp Vs =8TeV

e L — = 0 complementary constraints
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Single top

| | | | I
o 5 4 ATLAS Preliminary September 2016 |
" t-channel single-top-quark production .
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@ NNLO predictions for W and Z + jet are now available

@ Good agreement between data and NNLO, and reduced
scale variation uncertainties allows to use these
measurements in PDF fits

» Expected sensitivity to the gluon PDF, and to o,
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Prospects for the gluon PDF

arxiv:1510.03865 NNLO, Q°=100 GeV?, ag(M,)=0.118
1.3 ———— —T—rrrrrIT XTI T ™ TTTTTTT T

I

» The precise knowledge of the gluon

7 1| s :Z;?:E’JS‘E'(G)‘”;'L] PDF at high-x is crucial for BSM
gus ' = searches in high mass final states
" » The gluon PDF of HERAPDF at high-x
= : is softer than the VFNS global PDF
x sets. Is this an indication of tension
= between DIS and jet data?
o SR duad il sl el > The ABM gluon PDF (FFNS) is much
" softer than the others. Does it mean
NNLO, GP=100 GeV?, (M )=0.118 that FFNS is not a good model for
TEmce | E hadron collider predictions, or that the
1 %% NNPDF3O gluon PDF at high-x has a large
irreducible theoretical uncertainty?

“H R MMHT14

) @ QCD analyses of recent measurements

= B 2 B of jets, top, and V+jets differential cross
" e Y. sections, using the new available

Ny NNLO predictions for these processes

Y. . . .S could answer these guestions in the

T e e e near future
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Summary and conclusions

* PDFs are an essential ingredient for the physics programme at
the LHC. PDF extraction is a complex problem with a variety of
solutions

» | HC measurements can provide important constraints to the
PDFs, complementary to DIS data, and allow to stress test the
factorization theorem

» Recent precise LHC measurements are shedding light on long-
standing PDF issues, as the strange content of the proton, the
low-X isospin asymmetry, and the high-x gluon PDF. However
special care should be taken when including LHC data in PDF
fits, not to swallow new physics into the PDFs

» For fully exploiting the potential of these measurements, fast
and fully differential NNLO QCD predictions are required,
iIncluding NLO EW, non-pQCD, and PS corrections when
relevant
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Events

Data / Bkg

Uncertainty for dilepton search ATLAS 13 TeV

—_

Il‘lllllll |||||||||

ATLAS Preliminary

Is=13TeV, 13.3 b’

Dilepton Search Selection

=

¢ Data
= zv*
@ Top Quarks
[ Diboson
[ Multi-Jet & W+Jets
—Z,(2TeV)
— 27, (3TeV)
—Z, (4 TeV)

i Ll
i A 7 H”HIHH

LI i

100

200 300

1000
Dielectron Invariant Mass [GeV]

2000

Source Dielectron Dimuon
Signal Background Signal Background
Luminosity 2.9% (2.9%) 2.9% (2.9%) 2.9% (2.9%) 2.9% (2.9%)

MC Statistical
Beam Energy

<1.0% (<1.0%)
2.0% (4.1%)

<1.0% (<1.0%)
2.0% (4.1%)

<1.0% (<1.0%)
1.9% (3.3%)

<1.0% (<1.0%)
1.9% (3.3%)

Lepton Energy Resolution

<1.0% (<1.0%)

<1.0% (<1.0%)

2.3% (2.1%)

3.6% (9.9%)

Multi-jet & W +jets

N/A

<1.0% (<1.0%)

N/A

N/A

DY PDF Choice N/A <1.0% (8.4%) N/A <1.0% (2.0%)
DY PDF Variation N/A 8.7% (18.5%) N/A 7.6% (13.2%)
DY PDF Scale N/A 1.0% (2.0%) N/A 0.9% (1.5%)
DY ag N/A 1.6% (2.7%) N/A 1.4% (2.3%)
DY EW Corrections N/A 2.4% (5.5%) N/A 2.0% (4.0%)
DY Photon-induced Corrections N/A 3.4% (7.6%) N/A 3.0% (5.5%)
Top Quarks Theoretical N/A <1.0% (<1.0%) N/A <1.0% (<1.0%)
Dibosons Theoretical N/A <1.0% (<1.0%) N/A <1.0% (<1.0%)
Reconstruction Efficiency <1.0% (<1.0%) <1.0% (<1.0%) | 10.4% (16.7%)  10.4% (16.7%)
Isolation Efficiency 4.0% (4.0%) 4.0% (4.0%) 1.8% (2.0%) 1.8% (2.0%)
Trigger Efficiency <1.0% (<1.0%) <1.0% (<1.0%) | <1.0% (<1.0%) <1.0% (<1.0%)
Identification Efficiency 3.0% (2.9%) 3.0% (2.9%) N/A N/A
Lepton Energy Scale <1.0% (<1.0%) 4.2% (7.3%) <1.0% (<1.0%) <1.0% (<1.0%)

(

(

(

Total |

6.2% (7.1%)

12.4% (24.8%) | 11.4% (17.5%)

14.6% (25.2%)
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Latestt CTEQ PDF-CT14

CT14 PDFs NNLO

2 T - 1':'2? T | | T T 1 T T rrrs T
— xB(x,0) - 24 | CT14
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oo . 211 —s—i 0.3 < Iyl < 0.8 {x 10
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— 1 g @108 el oL L0
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0.8Q - 3 - 103: —— E . - 1 1
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10 1 20 30 1[! 2:{1[} 107 2x10

» More flexible parametrization than MMHT/MSTW
— Mmore conservative uncertainties
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MMHT2014 (formerly MSTW) PDFs

* The MMHT2014 PDFs supersede the MSTW2008 PDFs

* Good agreement with LHC Run 1 data, including W asymmetry

» With respect to CTEQ, have fewer free parameters, smaller x* tolerance
criteria, smaller uncertainties
— aim for precision, but also less conservative uncertainties

@ Only sets which currently includes the latest Tevatron W-charge
asymmetry data — best precision on valence PDF

MMHT14 NNLO, Q% = 10GeV?

- || T | T | T T T TTTTT
. 2 £, NNLO, Data/ Theory
zf(z, Q) : : :
1 CMS 8 TeV ——
0.8 ! 4 oMS 7 Tev | . :
: ] e
- i
0.6 - Rt A e
i ] L e
0.4 J ATLAST Tev |_'
- |
0.2 [ e N NS
i Tewvat —e
L 1 | | 1
— (1.4 [t (8 1 1.2 1.4 1.1
0.0001 ]

T
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NNPDF — NNPDF3.0

LHC 13 TeV, NLO, ag(M_)=0.118 - Ratio to NNPDF3.0

1.2 % NNPDF3.0
----- NNPDF2.3

» Most flexible, unbiased, Neural Network
parametrization, conservative approach
very appropriate for searches

» Allow for negative PDFs at high-x, need
special prescription to deal with negative
cross sections for BSM processes

@ Monte Carlo PDF uncertainties: MC
replica provide a solid statistical
representation of the PDF probability

* |nclude widest range of LHC Run | data

* Frequent updates, new PDF sets every
year or less

@ Closure tests

Quark - Antiquark Luminosity

10 102Mx|:GEV]' 10°

LHG 13 TeV, NLO, uE[MZjﬂ].‘I‘IB- Ratio to NNPDF3.0

of [ NNPDF30

------ NNPDF2.3

Gluon - Gluon Luminosity

10 0% (Gev) 107
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Important things to know about PDFs — gg and qq

* The latest global PDF sets, MMHT2014, CT14 and NNPDF3.0, agree
quite well on the gluon-gluon luminosity, while they disagree on the
valence PDF and, as a consequence, on the quark-quark luminosity

Gluon—gluon luminosity, Vs =13TeV, 68% c.l. Quark-Antiquark, luminosity
1.3 - i [ e AR
I CT14 NNLO !I 1258 e
L . ] 128/ =
o 2 —— — MMHT'14 NNLO / . VS = 1.30e+04 GeV
= 1.15 $
Z | NNPDF3.0 NNLO ' , <
§ 11[ 11 a bit more of a spread for W/Z now S
- o 3
5 | .05 &
2 1.0t = 3
o 1 3
g 0 2
T | 0.95 E
0.9 i $
[ 0.95% S
08 [ 1 1 1 1 1 0.85 .:‘:;
10 50 100 500 1000 ‘
0.84

* For gluon-initiated processes and medium Bjorken-x it is sufficient to
consider the uncertainties of one PDF set, or the PDF4LHC15 set

* For quark-initiated processes, and when a conservative estimate is
needed, it should be better to build an envelope of the various sets to
estimate the PDF uncertainty
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Important things to know about PDFs — gg and qq
A

@ Since gg luminosity is now very consistent

among CT, MMHT and NNPDF PDF sets: o
expect very similar top, Higgs cross o(gg — H), \/(S) = 13 TeV

sections CT14  MMHT2014 NNPDF3.0
@ |n turn, d valence PDFs (and quark- 42.68 pb 42.70 pb 42.97 pb
antiquark luminosities) are not consistent, +2.0% +1.3% +1.9%
affects W, Z, VH, diboson processes -2.4% -1.8% -1.9%
Q Down valence (NNLO) p{rrtr{rllmg_;;:r difference at Q% = 10* GeV*
D I  MMETH | ]
0F e S NNPDF3.0 = === 1
30 L CT10 - --- f
a0 TN \ “HERAPDF15 i
% ABMI2 B
10 | ) I
20 | - T
30 | o .
_1[} 1 Ll 1 i sl 1 L aal 1 Ll 1 L
1e-05 0.0001 0.001 0.01 0.1
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Important things to know about PDFs — strange

* ATLASepWZ PDF set is currently the only set which has enhanced
strangeness

Normalized s(x)

T T T T

ison of NNLO PDFs at 68%

—— CT14
—_— MMHT2014
R e .. sl P
10 10 107° 107" 1

Stefano Camarda
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= 1.9 GeV?

| B epWZ free SNNLO
ﬂ]]]]]]]]] NNPDF2.1 NNLO

051 CT10 NLO

0.4

0.3

0.2

0.1

ATLAS -
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LO PDF for PS and MPI

arXiv:1103.0555
2 | | | |
— 30
1 I
2 A\
Py 60 b
40
1
A ﬁ 20
2 Q=1GeV~ ]
_':; 1 ||||||J 1 ||||||‘ |||||||J ||||||Ij L1 1 1I D |||||||J ||||||Ij ||||||||| ||||||||| L LI
B -5 ~ -3 -2 - - - - -2 -
0>10%10%107 107 1 0-10%107 107107 1
x

X
» Attempts of including In(1/x) terms (small x resummation) leads

to enhanced gluon PDFs at low-x, and positive gluon PDFs also
at small Q2

Stefano Camarda
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