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Abstract

Using the deep inelastic” p ande ™ p charged and neutral current scattering cross sections previously published, a combined electroweak ar
QCD analysis is performed to determine electroweak parameters accounting for their correlation with parton distributions. The data used h
been collected by the H1 experiment in 1994—2000 and correspond to an integrated luminosit® @ht17A measurement is obtained of the
W propagator mass in charged curreptscattering. The weak mixing angle %mv is determined in the on-mass-shell renormalisation scheme.

A first measurement at HERA is made of the light quark weak couplings t&hieoson and a possible contribution of right-handed isospin
components to the weak couplings is investigated.
0 2005 Elsevier B.VOpen access under CC BY license.

1. Introduction Based solely on the precise data recently published by H1
[1,4,5,8] a combined QCD and EW analysis is performed here
The deep inelastic scattering (DIS) of leptons off nucleondor the first time and parameters of the electroweak theory are
has played an important role in revealing the structure of mattegetermined. The data have been taken by the H1 experiment
in the discovery of weak neutral current interactions and in thén the first phase of operation of HERA (HERA-I) with un-
foundation of the Standard Model (SM) as the theory of strongoolarisede® and e~ beams and correspond to an integrated
and electroweak (EW) interactions. At HERA, the first lepton—luminosity of 1008 pb~ for e*p and 164 pbt for ¢~ p,
proton collider ever built, the study of DIS has been pursuedespectively. A measurement is made of themass in the
since 1992 over a wide kinematic range. In termssf the  space-like region from the propagator mak,p) in charged
negative four-momentum transfer squared, the kinematic cowurrent scattering. The masses of tiieboson (/) and top
erage includes the region where the electromagnetic and weajiark (z,) and the weak mixing angle (ifiy) are determined
interactions become of comparable strength. Both charged cuwithin the electroweak S{2),, x U(1)y Standard Model. The
rent (CC) and neutral current (NC) interactions occurein  vector and axial-vector weak couplings of the lightgndd)
collisions and are studied by the two collider experiments Hiquarks to thez® boson are measured for the first time at HERA.
and ZEUS. Many QCD analyses of HERA data have been perFhese results are complementary to determinations of EW pa-
formed to determine the strong interaction coupling consiant rameters at LEP, the Tevatron and low energy experinj&@is
[1-3] and parton distribution functions (PDH®),4,5]. In EW
analyses, théV boson mass value has been determined fron2. Charged and neutral current cross sections
the charged current data at high? [4,6-11] Previously the
QCD and EW sectors were analysed independently. 2.1. Charged current cross section

The charged current interactiors; p —'9,)X, are mediated
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Aéé""eak represents the other weak vertex and box correctionand Wf becomes non-zero. Nevertheless the capability of the

which amount to a few per m[iiL6] and are neglected. The term CC cross sections to probe up- and down-type quarks remains.

¢&c [4] contains the structure function®;", xW3" and W;.

The factorsY,. are defined ag+ =14+ (1— y)2andy isthe  2.2. Neutral current cross section

inelasticity variable which is related to Bjorken Q2 and the

centre-of-mass energy squaretly y = 0%/xs. The NC interactionse® p — e* X, are mediated by photon
Within the SM, the CC cross section in Eg.) can be ex- () or Z° exchange in the channel. The measured NC cross

pressed in the so-called on-mass-shell (OMS) scHéamere-  section with unpolarised beams after correction for QED radia-

placing the Fermi constauit » with: tive effects[13,15,21]is given by
o 1 2,NC(,+ 2
Gr= ) 3) do™(eTp) 2ma” +,weal
V2MG (1= My /M) 1= Ar dxd0?2  x04 dic(r. 02) (1+ AR, (©)

wherea = «(Q? = 0) is the fine structure constant and;  \ith
is the mass of theZ® boson. The ternAr contains one-loop
and leading higher-order EW radiative corrections. The one¢NC( Q2) =Y, F(x, Q2) F Y_xF3(x, Q2) —y2Fy (x Qz),

loop contributions can be expressed 1) (10)
Ar — A — cos Oy Ap+ Arrem ) whereA:¥**represents weak radiative corrections which are
Sir? Oy typlcally Iess than 1% and never more than 3%. The NC struc-

The first termAa is the fermionic part of the photon vacuum ture function termpi. [4] is expressed in terms of the gener-
polarisation. It has a calculable leptonic contribution and arflised structure functionsy, x F3 and F1.. The first two can be
uncalculable hadronic component which can however be estfurther decomposed §22]

mated using:te™ data[18]. Numerically these two contribu-

2 2 \2
i imilar si : «Q xQ
tions are of similar 2'5|ze and haye a totgl value @39 [19] Fo=Fp—ve—, . Fzyz i (vz +a2)< . ) FZZ,
when evaluated al/;. The quantityAp arises from the large (Qc+ M3) 0
mass difference between the top and bottom quarks in the vec- (11)
tor boson self-energy loop: . 2 2 \2
xF3= —ae%ngZ + (ZUeae)< ZKQ ) xF3
3w m? (0% + M%) 0°+
Ap = 5) (12)

167 Sin? Oy co Oy M_§
Here

after neglecting the mass of the bottom quark. The second term
in Eq(4) has a numerical value of aboutO8. The last term 22

i - i in. K 1= (13)
Arrem iS numerically smaller 0.01). It contains the remain- GrM2
ing contributions including those with logarithmic dependence z
on m; and the Higgs boson magdy. Leading higher-order in the modified on-mass-shell (MOMS) sche{@d8], in which
terms proportional taG2m# andae, are included as well. In  all EW parameters can be defined in termsvoiG r and Mz

Egs.(4), (5)and the OMS scheme, it is understood that (besides fermion masses and quark mixing angles), or
]‘42 M2 MZ

Sy =1— —%. (6) _4—<1——) 1— Ar 14
2 T Gty o (14)

In the quark—parton model (QPM), the structure functions, the OMS scheme. The guantities and a, are the vector
W5 andxW3" may be interpreted as lepton charge dependening axial-vector weak couplings of the electron to #g[12].
sums and differences of quark and antiquark distributions ang, the pulk of the HERA phase spacg; is dominated by the

are given by electromagnetic structure functid originating from photon
> = i YA zZ H

W2+ =xU + D), xW3+ —x(D —U), gxchang~e only. '[he funct(;ons2 andx Fy are the c'ontnbzu-

Wy =x(U+ D). AW =x(U — D). ) tions to F»> andx F3 from Z* exchange and the functloﬁgf”

andxF”Z are the contributions frony Z interference. These

:l: g = .
whereas;” = 0. The termscU, x D, xU andx D are defined contr|but|ons only become important at large valueg8f
as the sum of up-type, of down-type and of their antiquark-type | the QPM, the longitudinal structure functidhy, equals

distributions, i.e., below the quark mass threshold: zero and the structure functiori, FZ’/Z and Fzz are related

xU =x@u+c), xD=x(d+s), to the sum of the quark and antiquark momentum distributions,
- o _ - xq andxg,
xU=x(u+o0), xD=x(d+5). (8)
N VA -
In next-to-leading-order (NLO) QCD and théS renormalisa- [an Fzy ) FZZ] =X Z[es, 2e4vy, qu + 03]{q +q} (15)

tion schemd20], these simple relations do not hold any longer q
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whereas the structure functiom§3” z andxF3Z are related to Table1

their difference, Summary of the main fit assumptions. In the fits, in addition to the free parame-
ters listed in the first column, the systematic correlation uncertainty parameters
vZ yA ~ are allowed to vary (see Table 2[i5]). The fixed parameters are set to values
[xF}? xF{]=2x ) lega. vgaqllq — G}- (16) y( (&) P

taken from[12] and M is set to 120 GeV
q

Fit Fixed parameters

In Egs.(15), (16)e, is the electric charge of quagk andv, and

ay are, respectively, the vector and axial-vector weak coupling cc NC
constants of the quarks to ti: G-Mprop—PDF - o, Gp, My
Mprop—PDF GF Ot,GF,MZ
vg =13, — 2e,Sin Oy, (17)  Mw-PDF o Mz, mi, My
m;—PDF a, Mz, My, My
ag =12, (18) —og—ag—
q q,L Vy—ay—vg—dq PDF GF,MW Ot,Mz,MW
3 . . . vy—a,—PDF Gp, My o, Mz, My, vg,aq
where/?”, is the third component ofithe vkveak isospin. vg—a4—PDF Gp. My o My, My, vy, ay
The weak radiative correctiona 3"*®“in Eq. (9) corre- 13 p=13 x—PDF Gr. My @, Mz, My, vy L.aq.L

spond effectively to modifications of the weak neutral current
couplings to so-called dressed couplings by four weak form i ) i
factors peg, ke, K, and k., [16]. The form factorp,, has a here are chS|stent with those from the H1 PDF 20(6ffitFor
numerical value very close to 1 fgp? < 10000 GeV and more details refer (i27].

only at very highQ? a deviation of a few percent is reached
[16]. The form factorsc, 4 ., fall strongly with Q? [16] and
approach unity where theZ and Z° contributions become o )
significant. Given the current precision of the data used (Sec-1. Determination of masses asit’ Oy

tion 3), in the following analysiso., = 1 is assumed and the

weak mixing angle in Eq(17)is replaced by an effective one, The cross section data allow a simultaneous determination
sin? 8 =k, (1— M2,/ M%), wherex, is assumed to be flavour Of Gr andMy and of the PDFs as independent parameters (fit
independent and equal to the universal part of the form facG—Mprop—PDF inTable 1. In this fit, the parameter& » and

4. Results

tors[19]. My in Eqg. (1) are considered to be a normalisation variatile
and a propagator maggyop, respectively, independent of the
3. Data setsand fit strategies SM. The sensitivity taG according to Eq(1) results from the

normalisation of the CC cross section whereas the sensitivity

The analysis performed here uses (a$5}) the following t0 Mprop arises from thep? dgpendenc_e. The fitis performed
H1 data sets: two lowp? data sets (5 < 02 < 150 Ge\?) [1] including the NC cross section data in order to constrain the
three h|ghQ2 NC data sets (10& Q2 g 30000 Ge\?) [4’5: PDFS The reSUIt Of the f|t tG and Mprop iS ShOWﬂ |nF|g l
8] and three highp2 CC data sets (308 02 < 15000 GeV)) ~ 25 the shaded area. Thé value per degree of freedom (dof)

0.65 depending om?2. —0.85, and is found to be larger than the correlations with the

S'QCD parameter$28]. This determination ofG is consistent

The low Q2 data are dominated by systematic uncertaintie Hth X : 5 2 of

which have a precision down to 2% in most of the covered reWith the more precise value of5637x 107> GeV~* of Gr
gion. The high0? data on the other hand are mostly limited ©Pt@ined from the muon lifetime measurem¢t?], demon-

by the statistical precision which is up to 30% or larger forstratlng the universality of the CC interaction over a large range
QZ > 10000 Ge\? of Q.2 yalues. .

The combined EW-QCD analysis follows the same fit pro- F1XiNg G 10 G, one may fit the CC propagator ma#rop
cedure as used {8]. The QCD analysis is performed using the only. For this fit (4prop-PDF), the EW parameters are defined
DGLAP evolution equation24] at NLO[25] in theMS renor- I the MOMS scheme and the propagator mé, is consid-
malisation scheme. All quarks are taken to be massless. _ered to be independent of any other EW parameters. Note that

Fits are performed to the measured cross sections assumiffyt'€ MOMS scheme, the use 6fr makes the dependency of

the strong coupling constant to be equabtgM ) = 0.1185. the CC and NC Cross sections i) andMH negligibly small.

The analysis uses anspace program developed within the H1 The result of the fit, also shown Fig. 1, is

Collaboration[26]. In the fit procedure, &2 function which is

defined in[1] is minimised. The minimisation takes into ac-

count correlations between data points caused by systematitere the first error is experimental and the second corresponds

uncertaintie$5]. to uncertainties due to input parameters and model assump-
In the fits, five PDFs—gluonU, x D, xU andx D—are de-  tions as introduced in Table 5 if5] (e.g., the variation of

fined by 10 free parameters agH). Table 1shows an overview o, = 0.1185+ 0.0020). They? value per dof is 533/611. If

of various fits that are performed in the present Letter to detethe PDFs are fixed in the fit, the experimental erroridgop

mine different EW parameters. For all fits, the PDFs obtaineds reduced to 5 GeV and the central value is changed by

Mprop= 8287+ 1.82xp 0 30| - 41 GEV. (19)
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xto™ where the first error is experimental and the second is theo-
it I B B retical covering all remaining uncertainties in E@0). The
[ H1 GeM,,,-PDF uncertainty due té M7 is negligible.
- M, PDF(G=G) | Fixing My to the world average value and assumg =
L | 120 GeV, the fitn;—PDF givesn, = 108+ 44 GeV where the
012 68 CL . uncertainty is experimental. The result represents the first de-
I 1 termination of the top quark mass through loop effects irefhe
data at HERA.

0.115

4.2. Determination ob, 4 anda, 4

* World Average

L At HERA, the NC interactions at hig? receive contribu-

75 80 85 90 tions fromy Z interference an&® exchange (Eqg15), (16).

Morop (GEV) Thus the NC data can be used to extract the weak couplings
of up- and down-type quarks to ti#° boson. At highQ? and

Fig. 1. The result of the fit t&; and Mprop at 68% confidence level (CL) shown high x, where the NCeip cross sections are sensitive to these
as the shaded area. The world average values are indicated with the star symbol: I.’ th dd t k distributi domi
Fixing G to G r, the fit results in a measurement of the propagator massp coupiings, the up- and down-type quark distributions are domi-

shown as the circle with the horizontal error bars. nated by the light: andd quarks. Therefore, this measurement
can be considered to determine the light quark couplings. The
0.5 GeV, which indicates that the correlation betwelpo, CC Cross section data help disentangle the up and down quark
and the QCD parameters is not very strong but not negligibldlistributions.
either[27]. The determination given in E@19) represents the  In thisanalysis (fiv,—a,—vs—as—PDF), the vector and axial-
most accurate measurement so far of the CC propagator maggctor dressed couplings efandd quarks are treated as free
at HERA[4,7-11] parameters. The results of the fit are showrig. 2 and are
The propagator masHprop measured here in the space-like given inTable 2 The effect of the: andd correlation is illus-
region can be compared with direBt boson mass measure- trated inFig. 2by fixing eitheru or d quark couplings to their
ments obtained in the time-like region by the Tevatron and LEFSM values (fitsiy—aq—PDF andv,—a,—PDF). The precision is
experiments. The value is consistent with the world average dpetter for the: quark as expected. The superior precisionifor
My = 80.4254-0.038 GeV[12] within 1.3 standard deviations. comes from the/ Z interference contributiomFg’Z (Eq. (16)).
Within the SM, the CC and NC cross sections can be exThed-quark couplings,; anda, are mainly constrained by the
pressed in the OMS scheme in which all EW parameters ar&° exchange ternFZZ (Eq.(15)). These differences in sensitiv-
determined byr, Mz andMy together withm, andMy inthe ity result in the different contour shapes showrtrig. 2
loop corrections. In this scheme, the CC cross section normal- The results do not depend significantly on the lodata, nor
isation depends oMy via the G — My relation (Eq.(3)). on the assumptions on the parton distributions at towhere
Some additional sensitivity tdfy, comes through thésy, de-  DGLAP may fail. This was checked by performing two other
pendent terms (e.g., E(L4)) in the NC cross section. Fixing fits, one for which the data at< 0.0005 are excluded, and an-
m, 1o its world average value of 178 Gd¥2] and assuming other one for which the normalisation constraint on the low

My =120 GeV, the fitMy—PDF leads to behaviour of the antiquark distributions is relaXédrhis lim-
ited influence of the lowx region on the values of the fitted
My =80.786+ O.ZOngpfgjggS model £ 0-02%, EW couplings is partly due to the fact that electroweak effects
i 2
— 0.084),, =+ 0.033(a,) GeV. (20) are most prominent at large and Q<. Moreover the correla-

tions between the fitted couplings and the PDF parameters are

Here, in addition to the experimental and model uncertaintiesnoderate, amounting to at most 2120].

three other error sources are considered: the uncertainty on the The results from this analysis are also compareéim 2

top quark mas$m, = 4.3 GeV [12], a variation of the Higgs with similar results obtained recently by the CDF experi-

mass from 120 to 300 GeV and the uncertainty of higher-ordement[31]. The HERA determination has comparable precision

terms in Ar [27,29] It should be pointed out that the result to that from the Tevatron. These determinations are sensitive to

Eq.(20)on My is not a direct measurement but an indirect SMu andd quarks separately, contrary to other measurements of

parameter determination which provides a consistency check dfie light quarkz® couplings invN scattering32] and atomic

the model. parity violation[33] on heavy nuclei. They also resolve any
Together with the world average value &f; = 91.1876+ sign ambiguity and the ambiguities betwegnanda, of the

0.0021 GeV[12], the result obtained oMy from Eq.(20) rep-

resents an indirect determination of &y in the OMS scheme —

(Eq. (6)) 12 FEuyrther relations between the QCD parameters are given by sum rules and
thus were not relaxed. The number of parameters which determine the parton

densities was unchanged with respect to the QCD fit performf],iwhere it

was obtained using a well-defingd minimisation procedure.

SirP Oy = 0.2151 0,004y 709919

the (21)



H1 Collaboration / Physics Letters B 632 (2006) 35-42 41

Table 2
The results of the fits to the weak neutral current couplings in comparison with their SM values. The correlation between the fit parameters may[Bfound i
Fit ay vy ag V4 Xz/dof
vy—ay—vg—aq—PDF 056+ 0.10 005+0.19 —0.77+£0.37 —0.50+£0.37 5317/608
vy—ay,—PDF 057+ 0.08 027+0.13 — — 534.1/610
vg—aq—PDF - — —0.80+£0.24 —0.33+£0.33 5326/610
SM value 05 0.196 —-0.5 —0.346 -
>= [ T T T T T T T T T T T T "n;;_ . . . . . .
,L H1 B v,-a,-v a2, -PDF = | ! ' ]
v,-a,-PDF . H1 Fit I} -l a-PDF |
05| * Standard Model —
68% CL + g
0 [ —
I * Standard Model
-1|- — CDF . I 1
-0.5 |- —
L | ! A ! L |
-1 0 1 L i
a, R . T R
0.5 0 0.5
- — 3
> i i lar
; H1 Bl H1v-a,v,-a,-PDF b
+ H1v,a,-PDF Fig. 3. The result of the fit to the right-handed weak isospin chatg_%and
3 68% CL 13 g @t 95% confidence level (CL). In the SM the right-handed charges are zero
L (star symbol).
L ~ e 3 i i it t3
0 Fixing 73, and sirf6y to their SM values, a fit td? , and

-1

* Standard Model -

— CDF

ay

I3  is performed (fit/3 ,—13 ,—PDF). The results are shown
in Fig. 3. Both quantities are consistent with the SM prediction
I3R = 0. At 95% confidence level, the existence ola (dg)
doublet coupling to thé¥ via the standard weak coupling is
ruled out, although the precision is not yet sufficient to exclude
|I3 ¢ = 0.5 independently ofI3 |.

5. Conclusion

Fig. 2. Results at 68% confidence level (CL) on the weak neutral current cou-
plings ofu (upper plot) andi (lower plot) quarks to the® boson determined

in this analysis (shaded contours). The dark-shaded contours correspond to re- Using the neutral and charged current cross section data re-

sults of a simultaneous fit of all four couplings and can be compared with thost&ently published by H1, combined electroweak and QCD fits

determined by the CDF experiment (open contours). The light-shaded contours . .
correspond to results of fits where eith&or u quark couplings are fixed to ave been performed. In this anaIyS|s a set of electroweak the-

their SM values. The stars show the expected SM values. Preliminary contou@'Y parameters is determined for the first time at HERA and the

(not shown) obtained frora™e™ measurements at thie resonance can be correlation between the electroweak and parton distribution pa-

found in[34]. rameters is taken into account. This correlation is found to be
small, although not negligible.

determinations based on observables measured at‘theso- Exploiting the 02 dependence of the charged current data,

nance[34]. the propagator mass has been measured with the Mgt =
In more general EW models which consider other weakgs g7 182€Xp+8§g 4o GEV. Within the Standard Model
} . —U. moae )

isospin multiplet structure, the vector and axial-vector coutramework, theW mass has been determined to by =
plings in Eqs(17), (18)are madified in the following waj35] 80.7864+ 0.205expf8'883 1, GeV in the on-mass-shell scheme.
This mass value has also been used to derive an indirect de-

vy = I;',L + I;,R — 2e4kq SN Oy, (22)  termination of siRdy yielding 02151+ 0.004(2_3pr8:8812 -
3 3 Furthermore, a result on the top quark mass via electroweak ef-
ag =1y — I - (23) fects inep data has been obtained.



42 H1 Collaboration / Physics Letters B 632 (2006) 35-42

The vector and axial-vector weak neutral current coupling$14] M. Béhm, H. Spiesberger, Nucl. Phys. B 304 (1988) 749;
of u andd quarks to thez® boson have been determined at H. Spiesberger, Nucl. Phys. B 349 (1991) 109.
HERA for the first time. A possible contribution to the weak [15] A- Kwiatkowski, H. Spiesberger, H.J. Mohring, Comput. Phys. Com-
i i ; . 69 (1992) 155.
neutral current couplings from right-handed current coupllng:TlG] mun. 69 (1992)

) . . W. Hollik, et al., in: W. Buchmidiller, G. Ingelman (Eds.), Proceedings of
has also been studied. All results are consistent with the elec- ~ the workshop Physics at HERA, vol. 2, DESY, 1992, p. 923.

troweak Standard Model. [17] A. Sirlin, Phys. Rev. D 22 (1980) 971;
A. Sirlin, Phys. Rev. D 29 (1984) 89.
Acknowledgements [18] See, e.g., M. Davier, S. Eidelman, A. Hocker, Z. Zhang, Eur. Phys. J. C 27

(2003) 497, hep-ph/0208177, and references therein.

. [19] H. Spiesbergemttp://www.desy.de/~hspiesb/eprc.html
We are grateful to the HERA machine group whose 0Ut'[ZO] W.A. Bardeen, A.J. Buras, D.W. Duke, T. Muta, Phys. Rev. D 18 (1978)

standing efforts have made this experiment possible. We thank ~ 399s.
the engineers and technicians for their work in constructing angk1] D.Y. Bardin, C. Burdik, P.C. Khristova, T. Riemann, Z. Phys. C 42 (1989)
maintaining the H1 detector, our funding agencies for financial 679

support, the DESY technical staff for continual assistance and M- Bohm, H. Spiesberger, Nucl. Phys. B 294 (1987) 1081;
he DESY directorate for support and for the hospitality which M. BoAm, H. Spiesberger, Nucl. Phys. B 304 (1988) 749.
the pp pitality [22] M. Klein, T. Riemann, Z. Phys. C 24 (1984) 151.

they extend to the non-DESY members of the collaboration. If23] w.F.L. Hollik, Fortschr. Phys. 38 (1990) 165.

is our pleasure to thank H. Spiesberger for helpful discussiong24] Y.L. Dokshitzer, Sov. Phys. JETP 46 (1977) 641, Zh. Eksp. Teor. Fiz. 73
(1977) 1216 (in Russian);

V.N. Gribov, L.N. Lipatov, Sov. J. Nucl. Phys. 15 (1972) 675, Yad. Fiz. 15
(1972) 1218 (in Russian);

V.N. Gribov, L.N. Lipatov, Sov. J. Nucl. Phys. 15 (1972) 438, Yad. Fiz. 15
(1972) 781 (in Russian);

. G. Altarelli, G. Parisi, Nucl. Phys. B 126 (1977) 298.

[2] S. Chekanov, et al., ZEUS Collaboration, Phys. Rev. D 67 (2003) 012007[25] W. Furmanski, R. Petronzio, Phys. Lett. B 97 (1980) 437.

hep-ex/0208023. )
. ) [26] C. Pascaud, F. Zomer, LAL preprint, LAL 95-05, 1995;
[3] S. Chekanov, et al., ZEUS Collaboration, hep-ph/0503274, Eur. Phys. J., C. Pascaud. F. Zomer, hep-ph/0104013.

submitted for publication. .
) _[27] B. Portheault, Ph.D. Thesis, March 2005, LAL 05-05, IN2P3/CNRS,
[4] C. Adloff, et al., H1 Collaboration, Eur. Phys. J. C 13 (2000) 609, hep Université de Paris Sud Orsay, available ftp://www-h1.desy.de/

References

[1] C. Adloff, et al., H1 Collaboration, Eur. Phys. J. C 21 (2001) 33, hep-
ex/0012053.

ex/9908059. publications/theses_list.html
(5] ;/ég(l)zfgozt al., H1 Collaboration, Eur. Phys. J. C 30 (2003) 1, hep- [28] See:http://www—h1.aesy.de/psfiles/ﬁgures/d05-093.gf-mw.correlalkimn

the uncertainties on the parameters and their correlations.
[29] B.A. Kniehl, in: G. Ingelman, A. De Roeck, R. Klanner (Eds.), Proceed-
ings of the Workshop Future Physics at HERA, vol. 1, DESY, 1996,

[6] T. Ahmed, et al., H1 Collaboration, Phys. Lett. B 324 (1994) 241.
[7] S. Aid, et al., H1 Collaboration, Phys. Lett. B 379 (1996) 319, hep-

ex/9603009. p. 160
(8] g)'(/égllozfg;; al., H1 Collaboration, Eur. Phys. J. C 19 (2001) 269, hep- [30] See: http://www-h1.desy.de/psfiles/figures/d05-093.vg-ag.correlaiion

the uncertainties on the parameters and their correlations.

'[31] D. Acosta, et al., CDF Collaboration, Phys. Rev. D 71 (2005) 052002,
hep-ex/0411059.

132] G.P. Zeller, et al., NuTeV Collaboration, Phys. Rev. Lett. 88 (2002)

091802, hep-ex/0110059;

G.P. Zeller, et al.,, NuTeV Collaboration, Phys. Rev. Lett. 90 (2003)

239902, Erratum.

T33] S.C. Bennett, C.E. Wieman, Phys. Rev. Lett. 82 (1999) 2484, hep-
ex/9903022.

[34] LEP and SLD Electroweak Working Groups, hep-ex/0412015;

http://lepewwg.web.cern.ch/LEPEWWG/plots/summer2004/

See, e.g., M. Klein, T. Riemann, |.A. Savin, Phys. Lett. B 85 (1979) 385.

[9] J. Breitweg, et al., ZEUS Collaboration, Eur. Phys. J. C 12 (2000) 411

hep-ex/9907010;
J. Breitweg, et al., ZEUS Collaboration, Eur. Phys. J. C 27 (2003) 305
Erratum.

[10] S. Chekanov, et al., ZEUS Collaboration, Phys. Lett. B 539 (2002) 197,
hep-ex/0205091;
S. Chekanov, et al., ZEUS Collaboration, Phys. Lett. B 552 (2003) 308
Erratum.

[11] S. Chekanov, et al., ZEUS Collaboration, Eur. Phys. J. C 32 (2003) 1
hep-ex/0307043.

[12] S. Eidelman, et al., Particle Data Group Collaboration, Phys. Lett. B 592[35]
(2004) 1.

[13] D.Y. Bardin, K.C. Burdik, P.K. Khristova, T. Riemann, Z. Phys. C 44
(1989) 149.


http://www.desy.de/~hspiesb/eprc.html
http://www-h1.desy.de/publications/theses_list.html
http://www-h1.desy.de/psfiles/figures/d05-093.gf-mw.correlation
http://www-h1.desy.de/psfiles/figures/d05-093.vq-aq.correlation
http://lepewwg.web.cern.ch/LEPEWWG/plots/summer2004/
http://www-h1.desy.de/publications/theses_list.html

	A determination of electroweak parameters at HERA
	Introduction
	Charged and neutral current cross sections
	Charged current cross section
	Neutral current cross section

	Data sets and fit strategies
	Results
	Determination of masses and sin2 thetaW
	Determination of vu,d and au,d

	Conclusion
	Acknowledgements
	References


