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HERA collider

® 0.5fb™ per
experiment
® In operation
1992-2007
HERA was constructed to study the proton structure function

® 2 Running periods HERAI and HERAII
e Polarization of the lepton beam of P _~40 %

® Two general purpose detectors ZEUS and H1
® Rich physics program
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( Deep Inelastic Scattering at HERA

® Q° - virtuality of the exchanged photon

O'=—q'=—(k—Fk) 4
® X — Bjorken scaling variable x= O
fraction of momentum carried by the struck quaer’q | current jet
® y —inelasticity yzg—:]q{
fraction of the lepton momentum transferred to
the photon

Neutral Current processes (Z/y exchange)
cross section is

‘ + ‘
d2eP 22

drdQ? Q4

> F,—dominant, sensitive to sea quarks, gluon
0 xF3 — sensitive to valence quarks, relevant at high Q°

> F, — sensitive to gluon, relevant at high'y
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Precision at HERA

H1 and ZEUS

® HERA cover larger
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{ Precision at HERA

H1 and ZEUS
'O | e HERAINCe'p(prel) === HERAPDFLS ¢'p 2
3% ""F 0 HERAI+IINCep(prel) === HERAPDFLS5 ep 5
WL eeeesress amm wmo ) Difference seen in e=p and
o S e+p cross sections at high

o9 oo geoefe—g W x=005 (900
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w b R dominant effects
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Measurement of xF3

o XxF_ describes valence quarks

distribution and has yZ and Z
terms only.

rFy = —[IEXZIFJZ + ZUE{IEX%IFSZ

® 2 data sets are needed e+
e- to extract xF3

® Results are described by
Standard Model predictions
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ZEUS-prel-11-003

ZEUS

| Q°=1500 GeV? |

@7 =2000 GeV? |

ﬁ#‘

@ =2000 GeV? |

| Q2=5000 GeV? |

-
QF = 8000 GeV* |

1 @\

HHHHH——HHH—
Q* = 12000 GeV?|

ol
Q? = 30000 GeV?

y<0.9, Q*>200 GeV?

107

| « zEUS NG

(prel.)
e*p (305.4pb™)

1— SM

(HERAPDF1.5)
SM (CTEQ6D)




Measurement of F2 YZ H1 -prelim-12-142

J F2 Y2 is an interference term of

photon and Z exchange
contribution to F F Transformed to @ = 200 GeV?
2

o HI prelim.
— PDF fit (Q? = 200 GeV?)
---- PDF fit (Q? = 1500 GeV?)

H1 Preliminary

B = FY — (ve — PEGB)XZFJZ + (Ug + a,f — 2Pe1’eae)X%FQZ

® Z exchange is strongly
suppressed

® 4 data sets are needed: e+
and e- data with left-(P ) and

right handed (P ) polarization

Contribution from xF3 Y2 taken

out by averaging over e+ and
e- F v
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( Heavy flavor prbduction in DIS at HERA

® Boson-gluon fusion is a dominant = /
process for the charm production in DIS 576 Gev (K) Q2
et
A

® Charm contribution to the inclusive DIS
| cross section is up to 30% (sizeable
part), beauty ~3%

g(z)
® Measurements in the heavy flavor sector 920 Gey

give information about the gluon PDF
also

dO‘Cﬁ(eip)zzﬂixz 21 e
O 20" 1+ (1=y)|(F5
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ZEUS-prel-10-005,-11-012

‘Charm tagging

H1/DESY-11-066

* Signature decays of D" or D" or secondary vertices

> | * Hidata : ZEUS B
< 80001 Hy —— WC comb. R v kw7
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g Ezsoof— i -
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- > ] k
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Jet axis
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2
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=3
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Projection
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length
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| D* Cross Sections ZEUS-prel-11-012,H1/DESY-11-066

ZEUS

_ii Q?=9-14 GeV?

]
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e
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04 05 06 0. “01 02 03 04 05 06 07 & H1D*(high Q)
y

H1 and ZEUS agree both with NLO QCD predictions
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F 2°° measurements

7ZEUS Measyrements are
A S L L L B i B L described by the

Cuesee’ | Qeneev | Ll =26V HERAPDF (prediction

| . doesn't contain these
. charm cross sections )

: New measurements agree
M L with the combined previous

-
e (|)2=120GeV2 i HERA I’eSU|tS

S

New data will improve
HERA combined result

ZEUS vitx (prel.) 354 pb™!

ZEUS D* (prel.) 357 pb™
ZEUS D" (prel.) 323 pb™
HERA (prel.)
HERAPDF 1.0
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From structure functions to PDFs

F}ctorization theorem for the structure function with exchange of vector bosons
v, Z,W* v,Z,W*
@FQ" T (x, Q%) = Zf.:qag flx dz® C, (%, LR, JbF, s, @2)R iz, i, 1iR)

Measured cross sections Matrix elements from pQCD PDFs

X dependence is not calculable with pQCD
Parametrize PDFs for g, u , d with simple approach at the starting Q02

Evolve PDFs with DGLAP for other scale Q2

Construct cross sections from PDFs
Perform x*fit to experimental data

Simple approach ® 13 parameter fit

. B A B NCi ., p. with additional
xqz (.CE) ¥ Az . xi (1 e .TJZ) . Pz (ZE') constrains
A-normalization, B-low x, C-high x
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'HERAPDF history

H1 and ZEUS HERA I+I1 PDF Fit

Q" =10 GeV?

HERAI+HERAII CC

H ERAPDF 1.7 jetS charm _ | —— HERAPDF1.5 NNLO (prel.)
. - exp. uncert.

I:l model uncert.

- parametrization uncert.

March 2011

HERAPDF
1.6 HERAI+HERAII CC
jets

xg (x 0.05) ™

HERAPDF 1.5
recommended HERAI+HERAII CC S <008

released at NC NLO, NNLO
LHAPDF

HERAPDF Structure Function Working Group

HERAPDF 1.0| HERAI CC, NC
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7 - Hi-prelim-11-143)
HERAPDF 1.7 ZEUS=prel=11-010

, NC charm, jets, NLO version

HERA I+II inclusive, jets, charm PDF Fit

Q° =10 GeV*?

June 2011

—— HERAFDFL.7 (prel.)
I exp. uncert.

| model uncert.
[ parametrization uncert.

HERAPDF1.6 (prel.)

[ xg(x0.05)

| XS (x0.05)

HERAPDF Structure Function Working Group

1.7 NLO

Data from HERAII are only preliminary,
improvements are expected
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From HERA to LHC

o LR | LR oI LA LR T L .
050 0 attes ana as |®|Data from fixed target
rg ?E [] Atlas and CMS rapidity plateau experlments (hlgh X) can not
E D0 Central+Fwd. Jete .
10 o eoe/m0 conteat Sous be easily extrapolated to
106 = m HERA data (low x)
E [l ZEUS
10° L
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[ a
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1035 with DGLAP
, W ,
102:_ . / / y
: M =10 GeV
: 'H Measurements from HERA
10 & LH !
MHHHHH GG can be used for theoretical
o o1 . SRR
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.~ HERAPDF and LHC results

® W lepton charge asymmetry is
sensitive to the ratio of uand d
quarks

A,(y) = doyw+ /dn, — doy— /dn,
“e\e doy+ /dne + doy— /dng
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» LHC data are described by HERAPDF
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® Jet data are sensitive to strong
coupling constant and gluon

Data from LHC will put further constrains
to PDFs

More LHC results at M. Martinez
and D. Froidevaux talks on Tuesday




. HERAFitter http://projects.hepforge.org/herafitter/

® Based NOT only on HERA data, but also on LHC, Tevatron, fixed target ...
® Different processes available: Drell-Yan, DIS, Diffraction,W/Z/top production ...

® Different model/schemes approaches: ABKM, MSTW, CTEQ, FastNLO, Applgrid,
Hathor

® Outputis: PDFs, theoretical cross sections, coupling constant ...

First publication is out arXiv:1203.4051

A T T ' tor T ' T
|I(-£ ! Q%= 1.9 GeV? ATLAS - \ .
. | j Open source project. First beta
S ol spivz fixeds 4 release at HepForge.
CI\II H 558 epW2Z free s ]
p->\]< 1_5:_ _:

s - | ® Distribution of the light strange sea

] | quarks
05— -+ | ® ATLAS and HERA data
OL Lol A
10° 10 10"
17

P
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http://projects.hepforge.org/herafitter/

(<’ Summary

® HERA provided unprecedented knowledge about proton
structure at low x

> Presented inclusive measurements will improve electro-
weak fit

> Presented charm measurements will improve gluon PDF
> Recommended PDF is HERAPDF is 1.5
> Recent HERAPDF 1.7 was presented

® PDFs from HERA are important
iInputs for LHC predictions

® HERAFitter gives possibility to
further improve PDFs by adding
measurements from other

experiments r
18
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