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A Determination of Electroweak Parametersat HERA

H1 Collaboration

Abstract

Using the deep inelastic”p ande™p charged and neutral current scattering cross sections
previously published, a combined electroweak and QCD aisaly performed to determine
electroweak parameters accounting for their correlatidh parton distributions. The data
used have been collected by the H1 experiment9d-2000 and correspond to an inte-
grated luminosity ofil17.2pb~!. A measurement is obtained of thE propagator mass

in charged currentp scattering. The weak mixing angi&?6yy is determined in the on-
mass-shell renormalisation scheme. A first measuremenE&AHis made of the light
quark weak couplings to th&° boson and a possible contribution of right-handed isospin
components to the weak couplings is investigated.

(To be submitted to Phys. Lett. B.)



A. Aktas'?, V. AndreevS, T. Anthonig, S. Aplin'®, A. Asmoné*, A. Astvatsatouroy,

A. Babaev®, S. Backovié!, J. Baht?, A. Baghdasaryafi, P. Barano¥, E. Barrelet’,

W. Bartel?, S. Baudran#f, S. Baumgartné?, J. Becket', M. Beckinghan’, O. Behnké?,
O. Behrendt, A. Belousov®, Ch. Berget, N. Berget?, J.C. Bizot®, M.-O. Boenid,

V. Boudry??, J. Bracinik?, G. Brandt?, V. Brissort®, D.P. Browri®, D. Brunckd?,

F.W. Biissel', A. Bunyatyand®3®, G. Buschhor#, L. Bystritskay&®, A.J. Campbelf,

S. Caron, F. Cassol-Brunnét, K. Cerny*?, V. Cerny%47, V. Chekeliad’, J.G. Contreras,
J.A. Coughlah, B.E. Cox!, G. Cozzikd, J. Cvack, J.B. Daintor®, W.D. Dau®,

K. Daum?™43, Y. de Boet?, B. Delcourt®, A. De Roeck™*®, K. Desch!, E.A. De Wolf!,

C. Diacond?, V. Dodonov?, A. Dubak!4¢, G. Eckerlint®, V. Efremenké&’, S. Egl#*,

R. EichlerS, F. Eiselé?®, M. Ellerbrock?, W. Erdmanf’, S. Esseno¥, A. Falkewic?,
P.J.W. Faulknér L. Favart, A. Fedotov®, R. Felst®, J. Ferencéf, L. Finke'!, M. Fleischet?,
P. Fleischmanti, Y.H. Fleming’, G. Flucké®, A. Fomenkd®, I. Forestt!, G. Franké’,

T. Frissord?, E. Gabathulé?, E. Garuttt®, J. Gaylet’, C. GerlichH?, S. Ghazaryatf,

S. Ginzburgskayd, A. GlazoV?, I. Glushkow, L. Goerlicl, M. Goettlich®, N. Gogitidzé®,
S. Gorbouno¥’, C. Goyort?, C. Grald®, T. Greensha¥f, M. Gregori?, B.R. Grell?,

G. Grindhamme¥, C. Gwilliam?!, D. Haidt?, L. Hajduk’, M. Hansso#’, G. HeinzelmanH,
R.C.W. Hendersadr, H. Henschel, O. Henshaw, G. Herrerd', M. Hildebrandt®,

K.H. Hiller®®, D. Hoffmanr#?, R. Horisberge¥, A. Hovhannisyat¥, T. Hreus®, S. Hussaif?,
M. Ibbotsor?!, M. IsmaiP!, M. Jacquet, L. Janauschek, X. Jansselt, V. Jemano¥,

L. Jonssoff, D.P. Johnsoh A.W. Jung?, H. Jung®!°, M. Kapichin€, J. Katzy?, N. Keller'!,
I.R. Kenyor?, C. Kiesling”, M. Klein?®, C. Kleinwort?, T. Klimkovich'?, T. Kluge'’,

G. Knies?, A. Knutssor’, V. Korbel'®, P. Kostkd’, K. Krastev", J. Kretzschma,

A. Kropivnitskay&®, K. Kruiger*, J. Kiicken¥’, M.P.J. Lando#, W. Lange?,

T. LaStovickd®3, G. Lastovicka-Medift, P. Laycock®, A. Lebede¥’, G. Leibenguttf,

V. Lendermantt, S. Levoniat’, L. Lindfeld*!, K. Lipka®, A. Liptaj?”, B. List*,

E. Lobodzinsk#®, N. Loktionov&®, R. Lopez-Fernandé, V. Lubimov?,

A.-1. Lucaci-Timoce’, H. Lueder$!, D. Luke 10, T. Lux!!, L. Lytkin'2, A. Makankin€,

N. Malder?!, E. Malinovsk?®, S. Mangand®, P. Maragé, R. Marshalt!, M. Martisikova,
H.-U. Martynt, S.J. Maxfield®, D. Meer?, A. Mehta?®, K. Meier'4, A.B. Meyer!,

H. Meyer’, J. Meyet’, S. Mikock®, I. Milcewicz-Mika%, D. Milstead®, D. Mladenov?,

A. Mohamed®, F. Moread®, A. Morozo\®, J.V. Morris’, M.U. Mozer3, K. Muller!,

P. Murin'®#, K. Nankov’, B. Narosk&!, Th. Naumant#?, P.R. Newmath C. Niebuht",

A. Nikiforov?”, D. Nikitin®, G. NowaK, M. Nozicka?, R. Oganezo¥, B. Olivier?,

J.E. Olssoff, S. Osmat?, D. Ozerov®, V. Palichik, I. Panagoulia$, T. Papadopouldd,

C. Pascaudl, G.D. Patel’, M. Pee?’, E. PereZ, D. Perez-Astudillé®, A. Perieantf,

A. Petrukhirf®, D. PitzI', R. Placakyt&, B. Portheaul’, B. Povh?, P. Prideau¥,

N. Raicevié!, P. Reimet?, A. Rimmer?®, C. Rislet’, E. Rizvi'?, P. Robmantt, B. Roland,
R. Roosef, A. Rostovtse¥’, Z. Rurikovd’, S. Rusako¥’, F. Salvairé!, D.P.C. Sankey

E. Sauvaf?, S. Schatzé?, F.-P. Schilling®, S. Schmidt’, S. Schmitt’, C. Schmitz!,

L. Schoeffe!, A. Schoning’, H.-C. Schultz-Coulolt, K. Sedlak?, F. Sefkow?,

R.N. Shaw-West I. Sheviako¥®, L.N. Shtarkov®, T. Sloarl”, P. Smirno¥®, Y. Soloviev*,
D. SoutH?, V. SpaskoV, A. Speckd’, B. Stell&*, J. Stiewé!, |. Strauch®, U. Straumantt,
V. TchoulakoV, G. ThompsoH, P.D. Thompsoh F. TomasZ, D. Traynot?, P. Truof!,

|. Tsakov®, G. Tsipolitis %42, I. Tsurin'®, J. Turnaf, E. Tzamariudakf, M. Urbari!,

A. Usik?, D. Utkin®, S. Valkar?, A. Valkarova?, C. Vallee?, P. Van Mecheleh A. Vargas



Trevind, Y. Vazdik?®, C. Veelkenr®, A. Vest', S. Vinokurova’, V. Volchinski*®, B. Vuijicic?”,
K. Wacker, J. Wagnel, G. Webetl', R. Webet’, D. Wegenet, C. Wernel®, N. Wernet!,
M. Wessel$’, B. Wessling’, C. Wigmoré, Ch. Wissing, R. Wolf'?, E. Wiinsct, S. Xella!,
W. Yan', V. Yegano®, J.ZaceK3, J. Zalesak, Z. Zhang®, A. Zhelezo¥®, A. Zhokin?,
Y.C. Zhu'?, J. Zimmermantl, T. Zimmermanff, H. Zohrabyaf® and F. Zome?®®

L1, Physikalisches Institut der RWTH, Aachen, Gerniany

2111, Physikalisches Institut der RWTH, Aachen, Gernfany

3 School of Physics and Astronomy, University of Birminghaimmingham, UK

4 Inter-University Institute for High Energies ULB-VUB, Bisels; Universiteit Antwerpen,
Antwerpen; Belgium

® Rutherford Appleton Laboratory, Chilton, Didcot, WK

6 Institute for Nuclear Physics, Cracow, Polahd

7 Institut fur Physik, Universit Dortmund, Dortmund, Germafy

8 Joint Institute for Nuclear Research, Dubna, Russia

9 CEA, DSM/DAPNIA, CE-Saclay, Gif-sur-Yvette, France

10 DESY, Hamburg, Germany

1 Institut fur Experimentalphysik, Universit Hamburg, Hamburg, Germafy

12 Max-Planck-Institutiir Kernphysik, Heidelberg, Germany

13 Physikalisches Institut, Universit Heidelberg, Heidelberg, Germahy

14 Kirchhoff-Institut fir Physik, Universit Heidelberg, Heidelberg, Germahy

15 Institut fur Experimentelle und Angewandte Physik, Univétdtiel, Kiel, Germany
16 Institute of Experimental Physics, Slovak Academy of 8e&rkosice, Slovak Republic
17 Department of Physics, University of Lancaster, Lancatif

18 Department of Physics, University of Liverpool, Liverpddk®

19 Queen Mary and Westfield College, London,’UK

20 physics Department, University of Lund, Lund, Swéden

21 Physics Department, University of Manchester, Manchgistiét

22 CPPM, CNRS/IN2P3 - Univ. Mediterranee, Marseille - France

23 Departamento de Fisica Aplicada, CINVESTA&rMa, Yucahn, Mexicd

24 Departamento de Fisica, CINVESTAVeMcd

% |nstitute for Theoretical and Experimental Physics, Magdaussia

%6 | ebedev Physical Institute, Moscow, Russia

27 Max-Planck-Institutiir Physik, Minchen, Germany

2 LAL, Universie de Paris-Sud, IN2P3-CNRS, Orsay, France

¥ LLR, Ecole Polytechnique, IN2P3-CNRS, Palaiseau, France

30 L PNHE, Universiés Paris VI and VII, IN2P3-CNRS, Paris, France

31 Faculty of Science, University of Montenegro, Podgorierb& and Montenegro
32 Institute of Physics, Academy of Sciences of the Czech Rggiaha, Czech Republi¢
33 Faculty of Mathematics and Physics, Charles UniversitgHar, Czech Republi¢
34 Dipartimento di Fisica Universé# di Roma Tre and INFN Roma 3, Roma, Italy

3 Institute for Nuclear Research and Nuclear Energy, Sofidg&ia®

36 paul Scherrer Institut, Villigen, Switzerland

37 Fachbereich C, Universitt Wuppertal, Wuppertal, Germany

3 Yerevan Physics Institute, Yerevan, Armenia

39 DESY, Zeuthen, Germany



40 Institut fur Teilchenphysik, ETH, iich, Switzerland
41 Physik-Institut der Universitt Zirich, Ziirich, Switzerland

12 Also at Physics Department, National Technical Univergitygrafou Campus, GR-15773
Athens, Greece

43 Also at Rechenzentrum, UniveiitVuppertal, Wuppertal, Germany

4 Also at University of P.JSafirik, Kosice, Slovak Republic

45 Also at CERN, Geneva, Switzerland

16 Also at Max-Planck-Institutfr Physik, Minchen, Germany

47 Also at Comenius University, Bratislava, Slovak Republic

@ Supported by the Bundesministeriuim Bildung und Forschung, FRG, under contract
numbers 05 H1 1GUA /1, 05 H1 1PAA /1, 05 H1 1PAB /9, 05 H1 1PEBY®{1 1VHA /7 and
05H1 1VHB /5

b Supported by the UK Particle Physics and Astronomy Resé2acimcil, and formerly by the
UK Science and Engineering Research Council

¢ Supported by FNRS-FWO-Vlaanderen, IISN-IIKW and IWT andteyuniversity Attraction
Poles Programme, Belgian Science Policy

4 Partially Supported by the Polish State Committee for SifielResearch,
SPUB/DESY/P003/DZ 118/2003/2005

¢ Supported by the Deutsche Forschungsgemeinschaft

f Supported by VEGA SR grant no. 2/4067/ 24

9 Supported by the Swedish Natural Science Research Council

¢ Supported by the Ministry of Education of the Czech Repuinliter the projects
INGO-LA116/2000 and LNOOAOO6, by GAUK grant no 175/2000

7 Supported by the Swiss National Science Foundation

¥ Supported by CONACYT,&ico, grant 400073-F

! Partially Supported by Russian Foundation for Basic Resteagrant no. 00-15-96584



1 Introduction

The deep inelastic scattering (DIS) of leptons off nucleloas played an important role in re-
vealing the structure of matter, in the discovery of weaktrawurrent interactions and in the
foundation of the Standard Model (SM) as the theory of stramd electroweak (EW) interac-
tions. At HERA, the first lepton-proton collider ever builie study of DIS has been pursued
since 1992 over a wide kinematic range. In termg)8f the negative four-momentum trans-
fer squared, the kinematic coverage includes the regiorreMie electromagnetic and weak
interactions become of comparable strength. Both charge@mt (CC) and neutral current
(NC) interactions occur imp collisions and are studied by the two collider experiments H
and ZEUS. Many QCD analyses of HERA data have been performddtermine the strong
interaction coupling constant, [1-3] and parton distribution functions (PDFs) [2,4,5].BW
analyses, thél” boson mass value has been determined from the charged tcdatarat high
Q? [4,6-11]. Previously the QCD and EW sectors were analysgepiandently.

Based solely on the precise data recently published by H, $18], a combined QCD and
EW analysis is performed here for the first time and parametkthe electroweak theory are
determined. The data have been taken by the H1 experimem ifirst phase of operation of
HERA (HERA-I) with unpolarise@™ ande™ beams and correspond to an integrated luminosity
of 100.8 pb™! for etp and16.4 pb~! for e~p respectively. A measurement is made of thie
mass in the space-like region from the propagator mégs.() in charged current scattering.
The masses of thd” boson (/) and top quarks(;) and the weak mixing anglei(26y,) are
determined within the electrowe&kJ(2), x U(1)y Standard Model. The vector and axial-
vector weak couplings of the light:@ndd) quarks to theZ® boson are measured for the first
time at HERA. These results are complementary to deterioimabf EW parameters at LEP,
the Tevatron and low energy experiments [12].

2 Charged and Neutral Current Cross Sections

2.1 Charged Current Cross Section

The charged current interactions;p — @ X, are mediated by the exchange oflaboson
in thet channel. The measured cross section for unpolarised bdéengarrection for QED
radiative effects [13—15] can be expressed as

A20CC (et G2 M2 2 vea
%&m = {MVQVJ_VQQ} OEo(e. Q%) (14+258") . (1)
with  ¢5.(z, Q%) = %[Y+W2i(x,Q2):FY_xW3i(x,Q2)—y2WLi(x,Q2)]. (2)

Here G is the Fermi constant accounting for radiative correctitmshe I/ propagator as
measured in muon decays % represents the other weak vertex and box corrections,
which amount to a few per mil [16] and are neglected. The t@f@ [4] contains the structure

functionsW, xW,"= andW;=. The factorsy. are defined a3 = 1 + (1 — y)? andy is the
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inelasticity variable which is related to Bjorken Q? and the centre-of-mass energy squared
by y = Q*/xs.

Within the SM, the CC cross section in Eqn.(1) can be exptessthe so-called on-mass-
shell (OMS) scheme [17] replacing the Fermi constalptwith:

T 1

- M?2 _ ’
VMG (1= ) A

Gr 3)

wherea = «(Q? = 0) is the fine structure constant and; is the mass of th&° boson. The
term Ar contains one-loop and leading higher-order EW radiativeections. The one-loop
contributions can be expressed as [16]

cos2Oyy

AT = AO{ - Ap + A{rrem . (4)

sin29w
The first termAc« is the fermionic part of the photon vacuum polarisation.ds la calculable
leptonic contribution and an uncalculable hadronic congmdmhich can however be estimated
usingete~ data [18]. Numerically these two contributions are of san#ize and have a to-
tal value 0f0.059 [19] when evaluated at/%. The quantityAp arises from the large mass
difference between the top and bottom quarks in the vecteotbself-energy loop:

3o m?

Ap —
P~ 16 sin?fyy cos20y, M2’

(5)

after neglecting the mass of the bottom quark. The seconditelEqn.(4) has a numerical value
of about0.03. The last termAr,.,,, is numerically smaller~{ 0.01). It contains the remaining
contributions including those with logarithmic dependemn m; and the Higgs boson mass
Mpy. Leading higher-order terms proportional &.m} and aa, are included as well. In
Eqgns.(4,5) and the OMS scheme, it is understood that

sin?fy, = 1 — Mg, /M3, (6)
In the quark parton model (QPM), the structure functiiis and=1;" may be interpreted

as lepton charge dependent sums and differences of quamkngirguark distributions and are
given by

Wy =a(U+ D), aWs =2(D—-U), Wy =x(U+D), aW; =z(U—-D), (7)

whereasWW; = 0. The termszU, 2D, U andzD are defined as the sum of up-type, of
down-type and of their anti-quark-type distributions, below theb quark mass threshold:

2U=z(u+c), zD=xz(d+s), zU=z(u+¢c), zD=ux(d+73). (8)

In next-to-leading-order (NLO) QCD and théS renormalisation scheme [20], these simple
relations do not hold any longer ahid;- becomes non-zero. Nevertheless the capability of the
CC cross sections to probe up- and down-type quarks remains.



2.2 Neutral Current Cross Section

The NC interactions;*p — e* X, are mediated by photon)or Z° exchange in thechannel.
The measured NC cross section with unpolarised beams aftezction for QED radiative
effects [13, 15, 21] is given by

dngC(eip) 277'(1/ 2 +,weak
g = grote@) (1+axE) ©)
with Qbﬁc(flf, Qz) = Y+F2(ZE, Qz) -+ Y_I‘Fg(l’, QQ) - yQFL(xv QQ) ) (10)
whereA 5" represents weak radiative corrections which are typidedly thari % and never

more thar8%. The NC structure function terghi;, [4] is expressed in terms of the generalised
structure functiongs, x F; and F,. The first two can be further decomposed as [22]

N 2 2 2
F2 = F2 — Ve %Fﬁz “‘(U?‘l‘ai) (Q2 QM2) F227 (11)
R 2 2 2
[L’Fg = — Qe ﬁ%va —+ (21)50,5) <Q2KIQM2) .Z'F3Z . (12)
Here Y
24/2
= Gan AZ‘ , (13)

in the modified on-mass-shell (MOMS) scheme [23], in whidlE&Y parameters can be defined
in terms ofa, G and My (besides fermion masses and quark mixing angles), or

L My (1—M2)(1—Ar) (14)

in the OMS scheme. The quantitiesanda. are the vector and axial-vector weak couplings
of the electron to theZ® [12]. In the bulk of the HERA phase spach, is dominated by the
electromagnetic structure functidn, originating from photon exchange only. The functions
Ff andz Ff are the contributions td, andz F; from Z° exchange and the functlomQZ and
xFQZ are the contributions from~ interference. These contributions only become important
at large values of)?.

In the QPM, the longitudinal structure functidn, equals zero and the structure functions
Fy, F)? and FZ are related to the sum of the quark and anti-quark momentstritiitions ¢
andzq,

(Fo, 32 Ff ) = 2> €2, 2eqvq,v7 + a{q + T, (15)

q

whereas the structure functionsy” andzFy{ are related to their difference,

[xF?:{Za vFy] =2z Z[eqaq, Veaq{q — G} - (16)
q
In Eqns.(15,16%, is the electric charge of quark andv, anda, are, respectively, the vector
and axial-vector weak coupling constants of the quarksed’th
v, = Iq7L 2e, sin*Oyy, a7)
a, = I, (18)
6



where[ij is the third component of the weak isospin.

The weak radiative correctiorxsji\,’g”e“k in Egn.(9) correspond effectively to modifications
of the weak neutral current couplings to so-called dresseglings by four weak form factors
Peqs Ker Kq @Ndk,, [16]. The form factorp., has a numerical value very close tdor Q? <
10000 GeV? and only at very high)? a deviation of a few percent is reached [16]. The form
factorsk. , ., fall strongly with@? [16] and approach unity where theZ andZ° contributions
become significant. Given the current precision of the datdySection 3), in the following
analysisp., = 1 is assumed and the weak mixing angle in Eqn.(17) is replageuh leffective
one,sin*05 = k,(1 — M2, /M%), wheres, is assumed to be flavour independent and equal to
the universal part of the form factors [19].

3 Data Setsand Fit Strategies

The analysis performed here uses (as in [5]) the followingdéth sets: two lov))? data sets
(1.5 < Q% < 150 GeV?) [1], three highQ? NC data sets100 < Q? < 30000 GeV?) [4,5, 8]
and three higld)?> CC data sets300 < Q? < 15000 GeV?) [4,5,8]. These data cover a Bjorken
x range from3 - 10~° to 0.65 depending ord)?.

The low(Q? data are dominated by systematic uncertainties which havecision down to
2% in most of the covered region. The hig¥ data on the other hand are mostly limited by the
statistical precision which is up 89% or larger forQ? > 10000 GeVZ.

The combined EW-QCD analysis follows the same fit procedarnesad in [5]. The QCD
analysis is performed using the DGLAP evolution equati@dg at NLO [25] in theMS renor-
malisation scheme. All quarks are taken to be massless.

Fits are performed to the measured cross sections assumeiisgyong coupling constant to
be equal tav,(Mz) = 0.1185. The analysis uses arrspace program developed within the
H1 Collaboration [26]. In the fit procedure & function which is defined in [1] is minimised.
The minimisation takes into account correlations betweata ghoints caused by systematic
uncertainties [5].

In the fits, five PDFs — gluonyU, D, zU andxzD — are defined by 10 free parameters
as in [5]. Table 1 shows an overview of various fits that ardqgoered in the present paper
to determine different EW parameters. For all fits, the PDiaiaed here are consistent with
those from the H1 PDF 2000 fit [5]. For more details refer tg[27

4 Results

4.1 Determination of Masses and sin?6y,

The cross section data allow a simultaneous determinafi@rnzoand My, and of the PDFs
as independent parameters (##1/,.,,-PDF in Table 1). In this fit, the paramete(s; and
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Fit Fixed parameters

CcC NC
G-M0p-PDF — a,Gp, My
Miyop-PDF Gr a,Gp, My
My -PDF a, Mz, my, My
my-PDF o, My, My, My
Vy=0y~Vg-a4-PDF | G, My o, Mz, My
Vy=y~PDF Gp, My | o, Mz, My, vg,aq
vg-aq-PDF Gp, My | o, Mz, My, vy, a,
I} =13 p-PDF Gp,Mw | a, Mz, My, v, 1,041

Table 1:Summary of the main fit assumptions. In the fits, in additiothtofree parameters listed in the
first column, the systematic correlation uncertainty paters are allowed to vary (see Table 2 in [5]).
The fixed parameters are set to values taken from [12]\dpdis set to120 GeV.

My, in Eqn.(1) are considered to be a normalisation varigbknd a propagator masg,,,,
respectively, independent of the SM. The sensitivityGtaccording to Eqn.(1) results from
the normalisation of the CC cross section whereas the 8étysio 1/, arises from the&)?
dependence. The fit is performed including the NC crossaedi@ta in order to constrain the
PDFs. The result of the fit t6; and M,,,,, is shown in Fig. 1 as the shaded area. e
value per degree of freedom (dof)583.0/610 = 0.87. The correlation betwee@ and M,

is —0.85, and is found to be larger than the correlations with the Q@eameters [28]. This
determination of is consistent with the more precise valuelof6637 - 107> GeV 2 of G
obtained from the muon lifetime measurement [12], dematisyy the universality of the CC
interaction over a large range f values.

Fixing G to G, one may fit the CC propagator mass,, only. For this fit (M-
PDF), the EW parameters are defined in the MOMS scheme and thagatp masd/,,.,, is
considered to be independent of any other EW parameters.tNaitin the MOMS scheme, the
use ofGr makes the dependency of the CC and NC cross sections, @md My negligibly
small. The result of the fit, also shown in Fig. 1, is

Mirop = 82.87 £ 1.82, T0%8| . GeV. (19)

Here the first error is experimental and the second corresptm uncertainties due to in-
put parameters and model assumptions as introduced in %abl¢5] (e.g. the variation of
as = 0.1185 % 0.0020). They? value per dof i$33.3/611. If the PDFs are fixed in the fit, the
experimental error on/,,., is reduced td.5 GeV, which indicates that the correlation between
Mo, and the QCD parameters is not very strong but not negligitiee[27]. The determi-
nation given in Eqn.(19) represents the most accurate measmt so far of the CC propagator

mass at HERA [4, 7-11].

The propagator mask¥/,,,, measured here in the space-like region can be compared with
direct'W boson mass measurements obtained in the time-like regidinebyevatron and LEP
experiments. The value is consistent with the world avecddé,;,, = 80.425+0.038 GeV [12]
within 1.3 standard deviations.



Within the SM, the CC and NC cross sections can be expresst#tei@MS scheme in
which all EW parameters are determined doy M, and My, together withm; and My in
the loop corrections. In this scheme, the CC cross sectiomalsation depends oify, via
the Gr — My relation (Eqn.(3)). Some additional sensitivity #d,, comes through thé/y,
dependent terms (e.g., Eqn.(14)) in the NC cross sectioing-in, to its world average value
of 178 GeV [12] and assuming/y = 120 GeV, the fit My, -PDF leads to

My, = 80.786 £ 0.205exp 701020, oy T 0-0255m, — 0.084501,, £ 0.0335ar) GeV.  (20)

Here, in addition to the experimental and model uncertesntthree other error sources are
considered: the uncertainty on the top quark mass = 4.3 GeV [12], a variation of the
Higgs mass from 20 GeV to 300 GeV and the uncertainty of higher-order termsiin [27,29].

It should be pointed out that the result Eqn.(20) /i, is not a direct measurement but an
indirect SM parameter determination which provides a &iaacy check of the model.

Together with the world average value bf, = 91.1876 + 0.0021 GeV [12], the result
obtained onlMy from Eqn.(20) represents an indirect determinatiosioféy;, in the OMS
scheme (Eqn.(6))

sin®fy = 0.2151 £ 0.0040ex, £00011 |, (21)

where the first error is experimental and the second is thtieateovering all remaining uncer-
tainties in Eqn.(20). The uncertainty dueitt/, is negligible.

Fixing My, to the world average value and assumillg, = 120 GeV, the fit m;-PDF
givesm; = 108 4+ 44 GeV where the uncertainty is experimental. The result reptegae first
determination of the top quark mass through loop effecthérp data at HERA.

4.2 Determination of v, g and a4

At HERA, the NC interactions at hig)? receive contributions fromy~Z interference and’®
exchange (Eqns.(15,16)). Thus the NC data can be used &zetkte weak couplings of up- and
down-type quarks to th&® boson. At highQ? and highz, where the NG=*p cross sections
are sensitive to these couplings, the up- and down-typekaiiatributions are dominated by
the light v and d quarks. Therefore, this measurement can be considered¢ordee the
light quark couplings. The CC cross section data help disgyié the up and down quark
distributions.

In this analysis (fitv,-a,-v4-a4-PDF), the vector and axial-vector dressed couplings of
andd quarks are treated as free parameters. The results of thre 8hawn in Fig. 2 and are
given in Table 2. The effect of theandd correlation is illustrated in Fig. 2 by fixing eitheror
d quark couplings to their SM values (fits-a,-PDF andv,-a,-PDF). The precision is better
for the u quark as expected. The superior precisiondprcomes from theyZ interference
contribution:ngZ (Eqn.(16)). Thei-quark couplings,; anda, are mainly constrained by the
Z° exchange ternt’Y (Eqn.(15)). These differences in sensitivity result indiféerent contour
shapes shown in Fig. 2.

The results do not depend significantly on the lewlata, nor on the assumptions on the
parton distributions at low: where DGLAP may fail. This was checked by performing two
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Fit Ay, Uy aq Vg x?/dof
Vy=Ay~Vg-aq-PDF | 0.56 +£0.10 | 0.05 +0.19 | —0.77 £ 0.37 | —0.50 £ 0.37 | 531.7/608

Vy-0y-PDF 0.57+0.08 | 0.27 +0.13 — — 534.1/610
vg-ag-PDF — — —0.80+0.24 | —0.33 +£0.33 532.6/610
SM value 0.5 0.196 —0.5 —0.346 -

Table 2:The results of the fits to the weak neutral current couplingmimparison with their SM values.
The correlation between the the fit parameters may be fouf&0in

other fits, one for which the data at < 0.0005 are excluded, and another one for which
the normalisation constraint on the lawbehaviour of the anti-quark distributions is relaked
This limited influence of the low: region on the values of the fitted EW couplings is partly
due to the fact that electroweak effects are most promineiairge » and Q?. Moreover the
correlations between the fitted couplings and the PDF paeasare moderate, amounting to
at most21% [30].

The results from this analysis are also compared in Fig. B siinilar results obtained re-
cently by the CDF experiment [31]. The HERA determinatios beamparable precision to that
from the Tevatron. These determinations are sensitiveaindd quarks separately, contrary to
other measurements of the light quafR-couplings inv N scattering [32] and atomic parity vi-
olation [33] on heavy nuclei. They also resolve any sign @ity and the ambiguities between
v, anda, of the determinations based on observables measured ¢ tiesonance [34].

In more general EW models which consider other weak isospittipiet structure, the
vector and axial-vector couplings in Eqns.(17,18) are finedlin the following way [35]

v, = [(iL + I;R — 2e4Kq sin?0y, (22)

@, = I3, — . (23)

Fixing I? , andsin®6y, to their SM values, afit td; , andI} ; is performed (fit/} z-13 ,-PDF).
The results are shown in Fig. 3. Both quantities are congistgh the SM predictiorig”R =0,
although the precision is not yet sufficient to exclude a gbuation of quarks in right-handed
multiplets.

5 Conclusion

Using the neutral and charged current cross section datattggublished by H1, combined

electroweak and QCD fits have been performed. In this arsatps correlation between the
electroweak and parton distribution parameters is takenaocount and a set of electroweak
theory parameters is determined for the first time at HERA.

IFurther relations between the QCD parameters are givenrbysies and thus were not relaxed. The number
of parameters which determine the parton densities wasamyed with respect to the QCD fit performed in [5],
where it was obtained using a well-defingtiminimisation procedure.
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Exploiting the©? dependence of the charged current data, the propagatorhaadseen
measured with the resultl;,., = 82.87 + 1.82.,, *073| _  GeV. Within the Standard Model
framework, the’” mass has been determined toMg, = 80.786 & 0.205cx, *0:008],, GeV in
the on-mass-shell scheme. This mass value has also beetowdsri/e an indirect determina-
tion of sin®6yy yielding 0.2151 + 0.0040cx, *00011|,,,- Furthermore, a result on the top quark
mass via electroweak effectsdp data has been obtained.

The vector and axial-vector weak neutral current coupliofya andd quarks to thez°
boson have been determined at HERA for the first time. A pssitntribution to the weak
neutral current couplings from right-handed current cowgd has also been studied. All results
are consistent with the electroweak Standard Model.
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Figure 1: The result of the fit t&' and A/, at68% confidence level (CL) shown as the shaded
area. The world average values are indicated with the stabsly Fixing G to G, the fit
results in a measurement of the propagator nidgs, shown as the circle with the horizontal

error bars.
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Figure 2: Results at8% confidence level (CL) on the weak neutral current couplings o
(upper plot) and/ (lower plot) quarks to theZ® boson determined in this analysis (shaded
contours). The dark-shaded contours correspond to resulissimultaneous fit of all four
couplings and can be compared with those determined by tikeepPeriment (open contours).
The light-shaded contours correspond to results of fits @/béherd or u quark couplings are
fixed to their SM values. The stars show the expected SM valBesiminary contours (not
shown) obtained froma™e~ measurements at th& resonance can be found in [34].
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Figure 3: The result of the fit to the right-handed weak isosiarges/; , and I} , at 95%
confidence level (CL). In the SM the right-handed chargezare (star symbol).
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