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Experimental Highlights



Experimental access to the proton structure

(o\| L I \\\HH‘ I \\\HH‘ I \\\HH‘ T TTTTIT T TTTTTO
> i
G108l [ Atlas and CMS (7 TeV)
N\ % [ ] Atlas and CMS rapidity plateau
0107 E= D0 Central+Fwd. Jets
- == CDF/D0 Central Jets
1060 £ w
SN
10°
-
0% 0o
10°
2 ,
10 = M=100CeV
1 A
0 qF :
= MH‘ -
E | \\\H‘;;‘ | \\\HH‘ | \\\HH‘ | \\\HH‘ | \\\HH‘ | \\\HH‘ | \\\\Hi
7 6 5 4

10 10 10 10 10

HERA: low and medium x

et etV

g=k—Fk

current jet

LHC: important constraints on g(x),
flavour separation

74

P, \
:{\gi(xl)’\
\ Y
01j<O(S)
= P
P, Talp

Fixed Target: high x, nuclear PDFs



Recent HERA inclusive DIS data: almost at final precision
ultimate precision from HI/ZEUS final HERAII data out (S. Shushkevich, I. Brock)

N; et ZEUS CCe-

T T T

HI1 Collaboration

zb 3_ "'"T“ ': | -y :_ ) . ': | :_ . : :_ - ': —l T lllllll T T lll"ll T T l'__ 'l'll T T llll'll —l T I T AL |I T i
| . Q =200 GeV Q = 250 GeV | Q = 350 GeV Q =450 GeV 6 3 i Q2 —_ 300 Gev2 1 Q2 — 500 Gev2 | Q2 — 1000 Gevz
i cC .
L T T 1

vl " g 4 " ! -
y % T ' y

QO = 650 GeV’ Q% =800 Gev® | O = 1200 GeV? Q= 1500 GeV? 0 b+

a ‘ ! \',,., l L\)_\B\ &E\
\\ SN ™| ‘R\‘ |

i
—

| ot

e T S S S
Q*=3000GeV? T  Q*=5000GeV? ]

e
0.
-»

Q= 2000 GeV* Q' = 3000 GeV* | QF = 5000 GeV* Q° = 8000 GeV*

sttt

L R
Q*=15000GeV?: T  Q*=30000GeV? ]

05 ‘\&‘ 1 \ T “ ] . j N i | o HICCe p.P =0 ]
™ | -\ “, ) ) 1 + — HIPDF 2012
ol 1 1 ° 1 ., 0.5 .

= ) \
- xX(utc)

NI oot e i — '| - _\' T T
Q= 12000 GeV’ Q' = 20000 GeV: | Q7 = 30000 GeV? 10° 10 I T T -
1+ - - {1 e ZEUSNC I '\ T l
| e'p(788pb"), i N \ ]

P.=*o'32 0 1 1 IIIIIII 1 1 Illllll - 11 1 L L1 1 L1
i —— SM (HERAPDF1.5) 107 10’} 10~ 107! 10° 10!
0.5 I ° ZEUSNC x X X
| e'p(56.7pb ),
e, g P, = -0.36

% | § | —— SM(HERAPDF1.5)

N ST SR S HERA data is reaching ultimate precision,

10° 10" 10° 10" 10 10"

HERA 1+ 11

(5]

X final combination on the way

backbone for PDFs @ lox, medium x




Recent HERA CHARM data in QCD analyses

Heavy flavor treatment of particular importance in the QCD analyses
HERA Charm cross sections used in PDF fits,
more data to go into final combination (Zeniaev, Bachynska )
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Constraints from the LHC: Electroweak Boson Production
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Constraints from the LHC: Electroweak Boson Production
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Constraints from the LHC: Electroweak Boson+Heavy Quark
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p (y, p,) ratio wrt NLO pQCD (CT10)

Constraints from the LHC: Jets

ATLAS Jet data included into QCD analysis@NLO (P. Starovoitov)
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Constraints from the LHC: Top Quarks
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Inclusive cross sections: precision up to 4% in 2| channel at CMS to 10% in ATLAS
used to extract top mass in pole and MS definition, and strong coupling Xs (J.Kieseler)

Inclusive tt: Included into PDF fits (ABM, NNPDF): Differential tt: precision ~ 8%, 7 and 8 TeV.
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Theoretical Highlights

Nucleon PDFs

Nuclear PDFs
Photon PDFs
TMD PDFs

T d

Theory
NNLO DGLAP
TMD factorization

NLO parton showers
BFKL/CCFM

|0

Experiments at
LHC, Tevatron, RHIC
*Fixed-target facilities

on nucleon and nuclear
targets

Progress occurs when
experiment,
theory, and PDF analysis talk
to each other




Experiments = nucleon PDFs

NNPDF2 .3 dataset
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. Updates on NNLO PDF analyses by ABM, CT, MSTW,
....... 4:._...:.,.-_.;_.- NNPDF groups (Alekhin, Hartland, PN., Thorne)
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Comparison of unpolarized PDFs

N. Hartland

[arXiv:1211.5142] - Benchmark study of different PDF determinations.

Detailed comparison at common as of the most up to date NNLO fits from the ABM,
CT, HERAPDF, MSTW and NNPDF collaborations.
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Reasonable agreement was found between CT, MSTW, NNPDF.
ABM softer large-x gluon and harder quarks.

Central values of HERAPDF1.5 NNLO agree with global fits, larger uncertainties due to

reduced dataset.
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LHC 8 TeV - HIxs 1.3 NNLO «, - 0.117 - PDF uncenainties

PDFs = LHC Experiments:
Predictions to benchmark LHC cross sections
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The ABM set is different from other sets,

requires to reduce a; (M;) and m’° by

~3"¢" below the PDG values to describe the
LHC data (Alekhin)

Differences are likely due to the ABM heavy-
quark scheme, not higher twists or nuclear
corrections (Hartland, Thorne)

R.Ball et al., arXiv:1211.5142
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t-quark mass
> mt(MC)=173.3i1 GeV (Tevatron/LHC)

? mt(pole)z mt(MC) -1 GeV

@ m(m )= m(pole) - 9 GeV

O (ph]

-3

NNLO+NNLL
n+ X (Tevatron)
MSTW200SNNLO 68 )

5 i A
I64 166 168 170 172 174 176 178 180 182

M, [GeV]

ABM11 y?/Npt with account of the PDF
uncertainties (Npt=5)

mt(pole)=172 /171 GeV: 17.4 /125

or mt(mt)=163 / 162 GeV: 10.6 /7.0

S. Alekhin

Using MS top mass is more perturbatively
stable in the ABM fit than the pole mass,
better describes the data, and produces

ms(m;) = 163 GeV compatible

with PDG

MS value of 160*3 GeV from cross

section measurements

CDF&DO ABMI11 JROO MSTWOS

miB(m,) | 1620533487 | 1635133108 | 1630433 +07
i ITL7H4 1R | 133133101 | 1734133 122
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. — - 424
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Stronger correlation between m, PDFs and a, at LHC
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LHC data = new PDFs

Ratio to NNPDF2.3 NNLO, Q7 = 10* GeV?

S NNPDF2.3 NNLO

10?2 10

10°

10

==-=-===- NNPDF23_nnlo_noLHC_as_0119

NNPDF2.3: the first published PDF
set that includes LHC 7 TeV data
sets:

ATLAS inc. jets and W*/Z rapidity distributions,

LHCb W= rapidity distributions,
CMS W asymmetry

Some reduction in the PDF

uncertainty compared to pre-LHC
PDFs

Reduced error on strangeness PDFs

Large constraint for “collider only
PDFs”

|5



LHC data = new PDFs

Au (%)

_3I | I L1 _2 _1

ABM:
inclusion of ATLAS W/Z data
modifies u and d PDFs

X
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Preliminary fits CT1X and MMSTWW
with LHC data

The CMS W asymmetry modifies
separation between u, u,d, d PDFs at
x ~0.0landd/uatx > 0.1
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LHC data = new PDFs

CT1X: modified d/u at x>0.1,
Increased uncertainties on d /u

and d/uatx - 0

MSTW’2012: d(x, Q) is
modified across all x, now in
agreement with CMS W asy
data

PRELIMINARY; d(x,Q)/u(x,Q); Q=10 GeV
CT10 NNLO (blue), CT1X NNLO (red); CJ12 (green)
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d/u

CJ 12 (Accardi), d(x)/u(x) at large x

Nuclear PDFs

Owens, Accardi, Melnitchouk, arXiv:1212.1702

1 ' 1 ’ 1 ' 1 ’ ]
—= CJ12min
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NUCLEAR pdfs

 Needed for ATLAS, RHIC,
neutrino oscillations,.....

* Some controversy over
including (or not!) neutrino data

* EIC, LHeC,... will help A LOT

* Systematic evaluation
of deuteron/neutron
corrections improves
large x pdf precision

* Leverages extended
data (JLab) data set
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PDFs=Error on W mass measurements

NLO-QCD., normalized transverse mass distribution
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Photon PDFs = include Y as a nhew parton

S. Carrazza
Important for EWV precision physics (W mass measurements),

require deep revisions in the PDF analysis

The only existing QCD+QED PDF set is MRST2004 QED, not updated
for detailed studies

Preliminary NNLO QCD+LO QED PDFs presented by CTEQ and NNPDF groups,
undergo validation

xy(x,Q%
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PDF analysis = experiment+theory:
NLO predictions for jet production
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-———————— N

P Starovoitov
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The need to have reliable predictions for LHC (di)jet production for PDF analysis
inspired revisions/tuning of NLO theory calculations.
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PDF analysis = experiment+theory:
NLO predictions for jet production

P Starovoitov

s S ofzicmess 3 ATLAS
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Through various tests, two available families of NLO codes (NLOJet++/ApplGrid/
FastNLO and MEKS) AND NLO event generators (MC@NLO and Powheg)

were brought into excellent agreement (non-trivial!)
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TMD Effects in pp

H. Jung
M. Hentschinski

@ TMDs are relevant for

many processes at
LHC

@ parton shower
matched with NLO
(POWHEG)
generates additional
k:, leading to energy-
momentum
mismatch

@ detailed discussion

by S.Dooling: Non-
perturbative and Parton
Shower corrections in
matched NLO-shower event
generators n WG4 QCD
and HFS
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Hannes Jung, TMD from HERA, DIS cu 10, IVIdI Sellle
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Parton showering
generates
particularly large k;
smearing at small x,
which may be better
handled

by programs based
small-x TMD PDFs
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or from HERA and small x improved gluon TMD

output/
............. output/ (mod.)
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Hannes Jung, TMD from HERA, DIS 2013, Marseille 24 7



PDFs = theory: inspiration for new calculations

Since the CTEQG6.6 paper in 2008, several “nearly impossible” calculations
were inspired to satisfy the needs of the PDF analysis:

« NNLO tt total cross sections (Baernreuther, Czakon, Mitov, 1204.5201; Czakon, Fiedler,
Mitov, 1303.6254) -- completed, used in the PDF analysis!

At full steam:

* NNLO inclusive jEt cross sections (Gehrmann-De Ridder, Gehrmann, Glover, Pires,
1301.7310)

 Three-loop heavy flavor Wilson coefficients in DIS (Bluemlein, Ablinger, De
Freitas, Hasselhuhn, von Manteuffel, Raab, Schneider, Round, Wissbrock)

A tour-de-force calculation; diagrams with two different masses
(¢, b); rich mathematical structure (hyperlogarithms, harmonic
sums, Dodgson polynomials)

TOTTT

/-c.\T‘i@O'Vb‘\'
: : P NN

Both calculations are essential for 8 %_F
improving accuracy of PDFs e \J E
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PDF whigshlist at the LHC

- \\\\
\‘\/ ¢ IﬂClU.alVQ jets and dyjets, central and forward: large-x quarks and gluons

& Inclusive W and Z production and asymmetries: quark flavor separation, strangeness

"\ M\
e ~ o

W ¢ \ Rel€ :i """ -
$c ; ; ".-"".
Isolated photons, photons+jets: medium-x gluons .
& W production with charm quarks: direct handle on strangeness \/ ----- ’;&m Mw )
- . - ‘\e\’ a :.::-_.":-'/ |
¢ W and Z production at high pr: medium and small-x gluon \}";9’:"; \ §O° M}
olevd _—
¢ Off resonance Drell-Yan and W production at high mass: quarks at large-x et .
--""/ p :
& Low mass Drell-Yan production: small-x gluon -\ ot M)

¢ Top quark cross-sections and differential distributions: large-x gluon \Re

& Single top production: gluon and bottom PDFs
¢ Charmonium production: small-x gluon

& Open heavy quark production: gluon and intrinsic heavy flavor J . RO] O

I‘\

- Juan Rojo 26 PDF4LHC workshop, CERN, 1770472013



Benchmarking tools: HERAFitter
Developed at HERA, extended to LHC and theory groups

Study the impact of different data on PDFs and test different theory approaches

C Hl and ZEUS experimental inPUt A 4 H1 and ZEUS HERA I+II PDF Fit A
Ef cooz | Y ¢ HERAINCED  Tevatron inclusive et cross sections w Q*=10 GeV? g
# fﬁ = IE U =Ee | experiments: 1 monsswon :
1 }fﬁﬁ T d Do HERA, Tevatron, ::m .
T e e E U LHC, fixed target NUETAY
§ Fommem= T3 Processes: ’
S LI g - NC, CC DIS, jets, diffraction, S0
R 4 . heav k o o w0 w0 w0 ;
el heavy quarks (c,b.t) o ,
" | + Drell-Yan, W production e L PDF or DPDF,... )
\. ’ C e J # e N
/ : : A
theoretical calculations/tools n'd _ as (Mz),mc,mp,my, f, .. )
Heavy quark schemes: MSTW, CTEQ, ABM % 4 A
Jets, W, Z production: fastNLO, Applgrid Theory predictions
Top production NNLO (Hathor) \- J
QCD Evolution DGLAP (QCDNUM) 4 A
kT factorisation Benchmarking
Alternative tools NNPDF reweighting S J
Other models Dipole model (" _
+ Different error treatment models Comparison of schemes j
+ Tools for data combination (HERAaverager) ~
- /
Open source code, available at hitps://www.herafitter.org/HERAFitter
Version 0.3.0 released in March 2013. R. Placakyte
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https://www.herafitter.org/HERAFitter
https://www.herafitter.org/HERAFitter

We thank all the speakers! Merci!
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