
INCLUSIVE DIS AT HIGH Q2 AT HERAS. Levonian1

1 DESY, Notkestraße 85, 22607 Hamburg, GermanyAbstratWith reently published HERAII data both H1 and ZEUS ollabora-tions ompleted their inlusive deep inelasti sattering (DIS) analyses.This report summarises main results of the ross setions measurementsfor inlusive neutral- (NC) and harged-urrent (CC) DIS reations ob-tained using full HERA e±p samples of ∼ 0.5 fb−1 per experiment, withthe emphasis on high Q2 regime.1. IntrodutionDeep inelasti sattering data from ep ollider HERA provideunique information on the proton struture down to 10−18m.At the same time these data represent a powerful laboratory totest the Standard Model both in eletroweak and QCD setorsin a wide kinemati range of negative four-momentum transfersquared, Q2, up to 50000 GeV2 and Bjorken x down to 10−6.Data of HERA I run (1992-2000) were used to measure unpo-larised ep ross setions with the emphasis on low x and low andmedium Q2 regime where high preision of 1−2% was ahieved,and orresponding HERAPDF 1.0 [1℄ has been extrated. Highluminosity HERA II run (2003-2007) with 3-fold inrease of e+pand 10-fold inrease of e−p statistis allowed to improve prei-sion of high Q2 and high x domain, whih is a topi for this1



2report. Together with aess to √

Q2 omparable to the massesof the Z and W bosons, a longitudinal polarisation of leptonbeam (±35% in average) also gives an opportunity to probethe hiral struture of the eletroweak interations. In partiu-lar, the struture funtion xF γZ
3 is determined with improvedstatistial preision, and NC parity violating struture funtion

F γZ
2 is extrated for the �rst time. Detailed desription of theanalyses and results presented below an be found in [2, 3℄.2. ResultsAt HERA II left handed (L) and right handed (R) polarised lep-ton beams yield polarised e±p ross setions. Still, unpolarisedross setions are also measured by merging L and R data setsand orreting remaining small polarisation using pQCD �ts toobtain HERA II ross setions with Pe = 0. H1 ombines thenthese new unpolarised NC and CC HERA II ross setions withpreviously published HERA I ross setions, taking into aountorrelated systemati unertainties. A total of 854 data pointsare averaged to 413 ross setion measurements. The data showgood onsisteny with a total χ2/ndf = 412.1/441. Finally, allH1 unpolarised ross setions undergo ombined QCD analy-sis using HERAFitter framework [1,4℄ based on QCD evolutionode QCDNUM, thus yielding new H1PDF 2012 parton densityfuntions, as shown in Fig. 1. One an see, that the new high

Q2 data have a visible impat on all distributions, espeially inthe xD distribution (where D = d + s).The polarised single di�erential ross setions dσNC/dQ2 areused to onstrut the asymmetry
A± =

2

P±

L − P±

R

·
σ±(P±

L ) − σ±(P±

R )

σ±(P±

L ) + σ±(P±

R )and ompare it to pQCD expetation using the H1PDF 2012
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2 = 1.9 GeV2QFig. 1: H1PDF 2012. Top row: parton distribution funtions at the start-ing sale Q2
= 1.9 GeV

2 (left), at the evolved sale of 10 GeV
2 (middle)and M2

W (right). Bottom part: omparison of relative experimental uner-tainties of the PDFs extrated from HERAI (outer) vs HERAI+II (inner)data sets under the same �t onditions to assess the e�et of the new high
Q2 measurements.



4�t. The magnitude of the asymmetry is observed to inreasewith inreasing Q2 and is positive in e+p and negative in e−psattering, thus on�rming the parity violation e�ets of ele-troweak interations at large Q2 as predited by the SM. Sinefor a given lepton harge the di�erene in the left and right po-larised NC ross setions is sensitive to F γZ
2 as well as xF γZ

3 and
xFZ

3 , it is possible to extrat diretly parity violating struturefuntion F γZ
2 by taking proper di�erenes for e+p and e−p data,for whih xF γZ

3 and xFZ
3 terms anel. Suh measurement isperformed double di�erentially in x and Q2 ≥ 200 GeV2. To im-prove statistial signi�ane the measurements are transformedto a ommon Q2 value of 1500 GeV2 and are averaged in eah

x bin (see Fig. 2). In turn, γZ interferene term xF γZ
3 is thedominant ontribution to xF3 and is determined from new om-bined HERA I+II NC unpolarised ross setions by negletingpure Z boson exhange term. The measurement is transformedto Q2 = 1500 GeV2 and then averaged for �xed x values. Theaveraged xF γZ

3 is shown in Fig. 2. Both F γZ
2 and xF γZ

3 stru-ture funtions are well desribed by the H1PDF2012 �t. Whilethe F γZ
2 ∝ (q + q̄) re�ets total parton omposition in the pro-ton, the xF γZ

3 onstrains valene distribution (2uv + dv).
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Fig. 2: Struture funtions F γZ
2 (left) and xF γZ

3 (right) transformedto Q2
= 1 500GeV

2 for data (solid points) and the expetation fromH1PDF2012 (solid urve). The inner error bars represent the statistialunertainties and the full error bar orresponds to the total measurementunertainty.



5The Q2 dependene of NC and CC ross setions for Pe = 0is shown in Fig. 3(left). A typial preision of these measure-ments are ∼ 1.5% (NC) and ∼ 4% (CC). The NC ross setionsexeed the CC ross setions at Q2 ≃ 200 GeV2 by more thantwo orders of magnitude. The steep derease of the NC rosssetion with inreasing Q2 is due to the dominating photon ex-hange ross setion whih is proportional to 1/Q4. In ontrastthe CC ross setion is proportional to [

M2
W /(Q2 + M2

W )
]2 andapproahes a onstant value at Q2 ≃ 300 GeV2. The NC andCC ross setions are of omparable size at Q2 ∼ 104 GeV2,thus illustrating the uni�ed behaviour of the eletromagnetiand the weak interations in DIS.The total CC ross setions for Q2 > 400 GeV2 and y <

0.9 for the di�erent longitudinal lepton beam polarisations areshown in Fig. 3(right) and ompared to the SM expetations us-ing the HERAPDF1.5 parametrisation [5℄. They agree withinone standard deviation. For H1 data a linear �t to the polari-sation dependene of the measured ross setions is performed
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Fig. 3: Left: Q2 dependene of the NC and CC ross setions dσ/dQ2 forthe ombined HERAI+II (H1) and HERAII (ZEUS) unpolarised e−p and
e+p data. Right: Dependene of the e±p CC ross setions on the longitu-dinal lepton beam polarisation Pe. The inner and outer error bars representthe statistial and total errors, respetively. The data are ompared to theStandard Model expetation based on the HERAPDF1.5 set [5℄.



6taking into aount the orrelated systemati unertainties be-tween the measurements. The �t extrapolated to the point
Pe = +1 for e−p and Pe =−1 for e+p results in vanishing rosssetions. This result exludes the existene of harged urrentsinvolving right handed fermions mediated by a boson of mass
MR

W below 214 and 194GeV at 95% CL for e−p and e+p sat-tering respetively, assuming SM ouplings and a light νR
e .3. ConlusionsWith addition of HERA II data, the inlusive DIS ross setionsfor e±p interations at √

s = 319GeV are now measured inthe range of 0.045 ≤ Q2 ≤ 50000 GeV2 and 6 · 10−7 ≤ x ≤
0.65, spanning six orders of magnitude in (x, Q2) plane. Thesedata allowed to extrat proton PDFs with improved auray,espeially at high x.The NC lepton polarisation asymmetry A±, sensitive to par-ity violation, is determined, and the struture funtion F γZ

2 ismeasured for the �rst time. At high Q2 the struture fun-tion xF γZ
3 is determined using unpolarised NC ross setions.All these measurements are in exellent agreement with the SMpreditions. A linear saling of the polarisation dependene ofthe CC total ross setion is observed in aordane with theSM. The data are onsistent with the absene of right handedweak urrents.1. H1 and ZEUS Collab., F.D. Aaron et al., JHEP 01, 109 (2010).2. H1 Collab., F.D. Aaron et al., JHEP 09, 061 (2012).3. ZEUS Collab., S. Chekanov et al., Eur. Phys. J. C61, 223 (2009);ZEUS Collab., S. Chekanov et al., Eur. Phys. J. C62, 625 (2009);ZEUS Collab., S. Chekanov et al., Eur. Phys. J. C70, 945 (2010);ZEUS Collab., H. Abramowiz et al., Phys. Rev. D87, 052014 (2013).4. H1 Collab., F.D. Aaron et al., Eur. Phys. J. C64, 561 (2009).5. H1 and ZEUS Collab., H1-prelim-10-142, ZEUS-prel-10-018.


