NEW TRENDS IN HIGH-ENERGY PHYSICS
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Inclusive DIS at high Q2 at HERA
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2 HERA: The World’s Only ep Collider

HERA-1 (1993-2000) ~ 120 ph~!
HERA-2 (2003-2007) ~ 380 ph~!

Final Data samples
H1+ZEUS: 2 x 0.5 fb~!
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Deep-Inelastic Scattering at HERA

I(1)

e Testing all basic
iIngredients of the
Standard Model

e Probing structure
of a proton
downto 10~ ¥ m



Deep-Inelastic Scattering at HERA

Neutral Current DIS: ep — ¢'X

Electron
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Kinematics:
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B HERA Kinematics

(Momentum transfer)*: Q% = —¢*
Bjorken z: r=0Q%/(2p-q)
Inelasticity: y={p-q)/(p-1)
(Total hadronic energy)* W? = (p + q)*
W?~Q?/x



DIS: Cross sections and Structure Functions

Neutral Current (NC): ep — eX
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HERA-2 vs HERA-1

HERA-1

Combined Measurement and QCD Analysis

of the Inclusive DIS at HERA
JHEP 01 (2010) 109 = HERAPDF 1.0
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HERA-2

CC e~p — EPJ C61 (2009) 223
NC e~p — EPJ C62 (2009) 625
CC e*p — EPJ C70 (2010) 945
NC e*p — PRD 87 (2013) 052014
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L(et) = 3XHERA-1

H1 and ZEUS

Q?=10 GeV

breakdown of HERA-II data samples

dominated by
low z/low Q2
(statistics)

Longitudinally polarized leptons
L(e”) = 10xHERA-1

NC-+CC e*p — JHEP 09 (2012) 061

(also combination with H1 HERA-1 data et
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7 Unpolarized Reduced NC Cross Sections - H1

H1 Collaboration
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Unpolarized Reduced NC Cross Sections - ZEUS
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0 NC Polarization Asymmetry

At 2 oEP)-ot(Pp) . S SH—

Pr—Pr o*(Pr)+o*(PR) S O E
e 1o { .
S g8 i r l fffffffff E
H1 Collaboration 2 osf &
N 1_ T T — T T T T T T T T T T T ] © E « ZEUS NC e+p(1355 pbl) .
A - . 06~ — SM (HERAPDF1.5) B

: ® A+ (é'p) : 0_47 | |||(|)3 | [ |||||0‘1 L
0.5  — H1PDF 2012 ¢ ! ! Q? (GeV?)
: : 4 ) :_ T T T T 1T || T T T T LI || T _:
i 1 Sef © E
0 5T b 2 oaf =
§ v v é({}é ----- (% (f i %o.zi— } E
e < 01 . I I =
05~ o A (ep) e e A E
[ e H1PDF 2012 1= o - ZEUS NC €p (135.5 pb') E
- 15 03 — SM (HERAPDFL.5) 3
_1 L L L L l T 04 1 | 1 | Lol | | =

10° 10*
103 ‘Pl T
e

% A direct measure of parity violation in NC DIS (at low Q* A* ~ 0, at high Q2 A* ~ —A")
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0 NC - F;Z Structure Function
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First ever direct measurement of FQZ (all 4 NC cross sections are needed: LH/RH, e~ /e™)

x—behavior reflects parton composition: FJ” ~ q + @



" NC - ngZ Structure Function

xF3 x (one — agc) ~ :I;FQZ (pure Z—term negligible for unpolarized cross sections)
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CC Double Differential Cross Sections

H1 Collaboration
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% Strong polarization dependence (parity violation)

% Provides unique flavour decomposition of the proton structure
strong (5 — 10%) constraint on d,, at high «x (further gain after final H1+ZEUS combination)



13 Total CC Cross Sections
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HERA Charged Current e “p Scattering
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Electroweak Unification
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15 Impact of New HERA-2 Data on Proton PDFs

H1 Collaboratiol

Comparison of PDF uncertainties
for H1 fits with and without
final HERA-II data

H1PDFs obtained with HERAFitter
based on QCDNUM (v17.04), NLO
(MSbar scheme, RT HF-mass scheme)

Large improvement in xd, and x D
= driven by more precise CC data

Improvement in xzu,, from NC at high x

0l . . . 0k . . .
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High-2 gluon also improved
. Uncert. due to H1 HERA | data from Scallng VIOIatlon

. Uncert. due to H1 HERA I+ll dati

Q=19 GeV

Further improvements —
after final H1+ZEUS combination




HERAFitter
an open source QCD fit framework

HERAPDF versions

TR

—===___gxperimental input
b= experiments:
17 # HERA, Tevatron,
e LHC, fixed target
i Processes:
i NC, CC DIS, jets, diffraction,
heavy quarks (c.b t)

Drell-Yan, W production

Rl and XU HERA 111 POF Fi

- PDF or

N

theoretical calculations/tools

Heavy quark schemes;
Jets, W, Z production:
Top production

QCD Evolution

Alternative tools
Other models

MSTW, CTEQ, ABM
fastNLQ, Applgrid
NNLO (Hathor)
DGLAF (QCDNUM)
kr factorisation
NNPDF reweighting
Dipole model

+ Different error treatment models
+ Tools for data combination (HERAaverager)

[ (s (Mz), me,1me, m: I,

[ HERAFitter |

( Theory predictions

( Benchmarking

( Comparison of schemes )

HERAPDF Included data Order

Version

HERAPDF 1.0 HERA-I NC,CC data NLO, NNLO

HERAPDF 1.5 HERA-I NC,CC data LO, NLO, NNLO
partial HERA-II data recommended

HERAPDF 1.6 HERA-I NC,CC data NLO
partial HERA-II data, jets

HERAFDF 1.0 HERA-I NC,CC data NLO

+charm charm

HERAPDF 1.7 HERA-I NC,CC data NLO
partial HERA-II data, jets, charm

HERAPDF 2.0 HERA-I NC,CC data LO, NLO, NNLO
HERA-II data planned

L H1 and ZEUS HERA I+ll Combined PDF Fit
X L
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B exp. uncert.
model uncert.

10° 102
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July 2010

HERA Structure Functions Working Group




17 Summary

B H1 and ZEUS completed their final Inclusive DIS measurements
> polarized lepton beams at HERA-2 allowed measurement of parity violation effects
with improved accuracy
> right handed W boson with mass below 200 GeV ruled out
> structure function F;Z measured for the first time
> improved constraints on the partonic content of the proton especially at high

B Standard Model provides an excellent description of the data

> In electroweak sector
> for QCD phenomena

B New combination of final HERA DIS data is underway

> ultimate precision (~ 1% in bulk region for 1 fo—! H1+ZEUS combined data)
> QCD fit == HERAPDF 2.0 (LO, NLO, NNLO)

> stringent pQCD tests:
is DGLAP sufficient to describe high precision HERA data over 5 orders in = and Q? ?



