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Abstract

Deep-inelastie® p scattering at high squared momentum trangérup to 30000 GeV is used to search farg contact
interactions associated to scales far beyond theAdcentre of mass energy. The neutral current cross section measurements
do/dQZ, corresponding to integrated luminosities of 16.4 plof e~ p data and 108 pb~1 of e p data, are well described by
the Standard Model and are analysed to set constraints on new phenomena. For conventional contact interactions lower limits
are set on compositeness scatesanging between 1.6-5.5 TeV. Couplings and masses of leptoquarks and squadarity
violating supersymmetry are constrainedigx. > 0.3—-1.4 TeV. A search for low scale quantum gravity effects in models with
large extra dimensions provides limits on the effective Planck scalésof 0.8 TeV. A form factor analysis yields a bound on
the radius of light quarks ok, < 1.0 x 10~18m,

0 2003 Published by Elsevier B.V.

1. Introduction Table 1
] ) ] Reaction Lint (pb‘l) V5 (GeV)  Runperiod Ref.
Deep |_nelast|c neutral current scatteriggg— eX e p>etX 3564053 301 1994-1997  [2]
at very high squared momentum trans{# allows e“p—e X 164+03 319 1998-1999  [3]
one to study the structure ef; interactions at short etp—>etX 6524095 319 1999-2000  [4]

distances and to search for new phenomena beyond the
Standard Model (SM). The concept of four-fermion
contactinteractions (CI) provides a convenient method
to investigate the interference of any new particle field
associated to large scales with thand Z fields of the
Standard Model. This Letter considers conventional
contact interactions, such as general models of com-
positeness and the exchange of heavy leptoquarks an
supersymmetric quarks, as well as low scale quantum
gravity effects, which may be mediated via gravitons
coupling to Standard Model particles and propagating
into large extra spatial dimensions.

The present analysis is a continuation of previous
studies [1] based oa™ p data [2]. New H1 cross sec- Lexp  ath )
tion data ore~ p scattering [3] and oa™ p scattering 2 Z 6; " —6;"(1—2 y Ai(ex))
data [4] lead to a substantially higher sensitivity to new AG;

of squared momentum transfers 200 Gey Q2 <

30000 GeV for inelasticity y < 0.9. Details can be

found in the quoted references. In this Letter a contact

interaction analysis is presented for each of the two

recent data sets and the combined data including the
revious measurements.

The phenomenological models under study and
the analysis method are described in more detail in
Ref. [1]. The analysis investigates the measured cross
sections @/dQ? and performs quantitative tests of the
SM or CI models, applying a minimisation of the®
function

physics phenomena. Similar studiesegfcontact in-

]
X . 2
teractions have been performed by other experiments + Z% (1)
at HERA [5], LEP [6] and TEVATRON [7], providing k
results comparable to those presented here. Heres . and6!" are the experimental and theoreti-

cal cross sections for the measurement poamdAg;

is the corresponding error including statistical and un-
2. Data and analysis method correlated systematic errors added in quadrature. The

functions A (ex) describe correlated systematic er-

The data have been collected with the H1 detector rors for pointi associated to a sourde They de-

at HERA and correspond altogether to an integrated pend on the fit parametets, which are effectively
luminosity of Liny = 117.2 pb~. They consist of pulls caused by systematics. In general the influence
three data sets of different lepton charge and centre of the correlated systematic errors is small. The fol-
of mass energy/s (see Table 1). The cross section lowing dominant sources of correlations are included:
measurements ogddQ? extend over a large range an overall normalisation uncertainty of 1.5-1.8% de-
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Fig. 1. Cross sectionszs(;ldQ2 at./s =319 GeV fore™ p — ¢~ X scattering (top) andt p — ¢T X scattering (bottom). H1 data are compared
with Standard Model expectations using the CTEQ5D parton distributions. The errors include only statistics and uncorrelated experimental
systematics. Normalisation uncertainties are 1.8%y(data) and 1.5%¢(" p data).

pending on the run period, experimental uncertainties ~ The cross sectionsode ™ p — ¢~ X)/dQ? [3] and
on the scattered lepton energy and angle and an uncerdo (et p — et X)/dQ? [4] from the new data are
tainty on the strong couplings(Mz) = 0.118+0.003 shown in Fig. 11 They are very well described by the
entering the SM prediction. In a combingd analysis Standard Model expectations over the f@f range,
using Eqg. (1) all data sets are treated as independent

samples with individual normalisation and measure-

ment uncertainties. The influence on the fit results of mspondmg figures for the* p cross sections ay/s =
correlations between data sets is negligible. 301 GeV [2] are shown in [1].
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over which they vary by six orders of magnitude.
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there are four coupling coefficient§, = eq»(g/A%,)2,

Cross section calculations in the Standard Model are wherea and b indicate theL (left-handed) andR
performed in the DIS scheme in next-to-leading order (right-handed) fermion helicitieg, is the overall cou-

(NLO) QCD using the corresponding CTEQ5D parton

pling strength,Af’zb is a scale parameter ang, deter-

parametrisation [8]. These parton distributions were mines the interference sign with respect to the Stan-

obtained including the small amount of72pb~* of
1994 H1 data withD? < 5000 GeVf only and are thus
essentially uncorrelated with the present data.

Fits to the SM prediction yielg2 = 10.4 for 17
degrees of freedom (dof) with a fitted normalisation
of 0.998 for thee p data andy?/dof = 13.9/17
with a normalisation of D06 for thee™ p data, using
statistical errors from the experiment and including
all systematics as in Eq. (1). Applying other parton
density functions like CTEQ6 [9], MRST [10] or
GRV [11] leads to slight changes of the normalisation
within errors, but yields equally good agreement with
the data.

dard Model currents. Any particular model, such as
compositeness or the exchange of leptoquarks or su-
persymmetric quarks, can be constructed by an ap-
propriate choice of the coupling‘pgb. The phenom-
enological models of interest and their analytical
treatment are discussed in more detail in [1].

4. Compositeness scales
In general models allowing for fermion composite-

ness or substructure it is convenient to choose a cou-
pling strength ofg? = 47 and to assume a universal

The cross section measurements do not show sig-scaleA for all quarks. The contact interaction coeffi-

nificant deviations from the Standard Model and will

be used to set limits on couplings from processes
mediated through contact interactions. Since the con- ;¢

cept of contact interactions is an effective theory,

cients then read

47
ab = Cab 13-

theoretical expectations cannot be formulated consis- Various scenarios of chiral structures, e.g., pure L(eft)

tently in NLO. A sensible approach is to reweight
at each Q? value the SM NLO cross section by
6°(SM+ Cl)/6-°(SM), the ratio of leading order
(LO) cross sections with and without inclusion of con-
tact interactions. The? function of Eq. (1) can be

and R(ight) or V(ector) and A(xial vector) couplings,
are defined by setting particular chiral contributions to
values ofe,, = +1 and setting all other combinations
to zero.

The sensitivity to ClI models is tested by determin-

applied to evaluate the sensitivity of the data to a cer- ing the quantities /A2 in a x 2 fit using the experimen-

tain Cl scenario and to determine its parameters. The tal statistical and systematic errors and leaving the sign
corresponding limits at 95% confidence level (CL) are of interference free. The results from a combined fit to
derived by using a frequentist approach as described inall data sets are shown in Fig. 2. The data tend to pre-
the appendix. Systematic uncertainties are included in fer negative interference, which may be due to some
this procedure. This determination of limits is different downward fluctuations at highap?, but are consis-
from the method used in our previous publication [1]. tent with the Standard Model within two standard de-
viations in all scenarios.

Lower limits on compositeness scale parameters
AT, associated to positive or negative interference,
are derived from a frequentist approach and are sum-
marised in Table 2. Despite the lower integrated lumi-
nosity, thee™ p data exhibit for some models compa-
rable _L and RR couplings) or even higherA(A*
coupling) sensitivity than the* p data. The two lep-
ton charges complement each other and a combined
analysis of alle*p data sets yields substantial im-
provements in most scenarios compared with the pre-
vious publication [1]. The results are presented in

3. Contact interaction formalism

The most general chiral invariant Lagrangian for
neutral current vector-like four-fermion contact inter-
actions can be written in the form [12,13]

Lv=>Y "> 0l Cavued)(@y"an).

q a,b=L,R

)

For leptone and eachup-type and downtype quark
flavour ¢ with the corresponding currentg and g
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—20 o f, 2% H1 Fig. 3. The lower limits on compositeness scale para-
LL ' — meters vary between@ TeV and 55 TeV depending
LR ———— K . . i
RL ————t— on the chiral structure. Choosing different parton dis-
RR ' —1 tributions [9—-11] changes the quoted limits typically
W e by a few per cent, at most by 15%. The most restric-
VA it tive bounds are observed for ti&/ model, where all
LL+RR i chiral components contribute with the same sign. As
RL+LR | an illustration, examples of fits to the p ande™ p

1 1 1 cross sections are shown in Fig. 4.

1 1 L
05 -04 -03 -02 -01 0 01 02
e/A? (TeV )

Fig. 2. Fit results on the parametertA2 of compositeness models 9. Leptoquarks
using the combined:t p and e~ p data. The inner and outer

error bars represent one and two standard deviations, respectively, Leptoquarks couple to Iepton—quark pairs and ap-

obtained by using experimental statistical and systematic errors. pear in extensions of the Standard Model which try
to connect the lepton and quark sectors. They are
colour triplet scalar or vector bosons, carrying lep-
ton (L) and baryon B) number and a fermion number

LR R R R R L B R L R R R R R F=L+3B.SinceF =2fore g andF =0foretyq
H1 A” (TeV) A* (TeV) states, one expects different sensitivities to particular
LL 1.6 ——— 2.8 leptoquark types from electron and positron scattering.
LR 1.9 — 3.3 For high enough mass scales the leptoquark mAss
RL 2.0 —— 3.3 and its coupling. are related to the contact interaction
RR 22 —— 2.8 coefficients via
A% 5.5 ; 5.3 2
AA 41  — 25 =t
VA 30  e—— 2.9 @ mE,
LL+RR 3.0 e — 3.7 - .
RL:LR 4.4 - 44 Within the model of [14] the production and decay
T I T ST modes are fixed and the relative contributiefjshave
5 0 58A (TeV) been calculated [15]. The notation, quantum numbers

and couplings of the various leptoquarks are given in
Fig. 3. Exclusion regions and lower limits (95% CL) on composite- 1able 3.

ness scale parametens™ for various chiral models obtained from The analyses of the cross section measurements
the combined:* p ande™ p data applying a frequentist method. do not show an indication of a leptoquark signal.
Table 2

Lower limits (95% CL) on compositeness scale paramete¥sfor various chiral structures. Results are given for the present analysispof
ande™ p data and for a combined analysis includinfyp data at/s = 301 GeV [2]

Coupling e~ p (319 GeV et p (319 GeV allet p ande™p
At (TeV) A~ (TeV) At (TeV) A~ (TeV) AT (Tev) A~ (TeV)

LL 2.4 1.3 2.3 1.3 2.8 1.6
RR 2.4 1.4 2.4 1.3 2.8 2.2
LR 1.4 1.2 3.1 1.8 3.3 1.9
RL 1.4 1.2 3.1 1.9 3.3 2.0
174 3.3 3.8 4.8 53 5.3 55
AA 3.2 1.6 2.3 3.7 2.5 4.1
VA 2.4 2.3 2.8 2.9 2.9 3.0
LL +RR 3.1 3.4 3.1 2.3 3.7 3.9

RL+ LR 18 1.4 4.2 4.0 4.4 4.4
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Compositeness: VV
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Fig. 4. NC cross sectionoddQ2 at /s = 319 GeV normalised to the Standard Model expectation.eHp ande™ p scattering data are
compared with curves corresponding to 95% CL exclusion limits obtained from each data set and from the combined Yatarfguositeness
scalesat and/_l— (top), couplingsM /. of IeptoquarksflL and_VlL (center), gravitational sca_le\ds assuming pgsitive;\(: +1) and negative
(A = —1) couplings (bottom). The errors represent only statistics and uncorrelated experimental systematics.

The results of fits for each type of leptoquark are e™ p scattering despite the lower integrated luminosity.
interpreted in terms of limits on the ratid_ o/A and This sensitivity is illustrated in Fig. 4, which shows
are summarised in Table 3. In some cases, sfga,nd possible contributions of the Ieptoquaﬂ{s andvlL to

v, thee™p data give more restrictive bounds than thee™ p ande* p cross sections. The two leptoquarks
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Table 3

Coupling coeﬁicientmzb, fermion number and 95% CL lower limits oM /2 for scalar §) and vector ¥') leptoquarks. Results are given
for the present analysis ef p ande™ p data and for a combined analysis includingp data at,/s = 301 GeV [2].L and R denote the lepton
chirality. The subscriptf =0, 1/2, 1 is the weak isospirﬁ and V differ by two units of hypercharge frori and V, respectively. Quantum
numbers and helicities refer 6 ¢ ande™ g states

LQ nd, =l (1 MLg)? F e p (319 GeV et p (319 Gey allet p ande™ p
e el Mig/ (GeV) Mg/ (GeV) Mg/ (GeV)

s& e =+3 2 530 610 710

s& he="+3 2 480 560 640

s& dr="+3 2 220 220 330
L __1

St e e=—3 0 290 760 850
R __1 d 1

K b =—3 b, =—3 0 220 370 370

SL d 1

8, edp=-3 0 200 410 430

sk e =+3 el =+1 2 510 410 490
L d _

v “tr= -1 0 480 660 730
R —

Vs edp=-1 0 420 550 580

VR et p=—1 0 810 750 990

d _

v, edp=+1 2 280 410 420
R — d _

v, e =+1 edp =+1 2 390 890 950

vL —

Vi, e p="+1 2 400 970 1020

vE e, =-2 ed, =-1 0 1150 960 1360

differ by their spin and couple with the same chiral single squarks to be produced or exchanged in deep
structure but different strength and sign:toand d inelastic scattering [16] via

quarks. This emphasises the complementary role and

importance of both electron and positron beams. The

combined analyses of a#ffp data further constrain  ¢*dg — iy, &1, i, coupling’} ;, (3)

the search for leptoquarks, reaching exclusion values
ofuptoM /) = 1.4 TeV. Note that upper boundson _+- = 7 .

the couplin% strength can only be set for leptoquark ¢iip = dr. Sk br - couplingryy. @

masses exceeding the accessible centre of mass energ¥ o o )
of HERA. he subscriptsjk of the couplinga;., describe the

generation indices of the left-handed leptons, the left-

handed quarks and the right-handkavntypequarks

of the superfields, respectively.
6. Squarksin R, violating super symmetry Thee™q coupling of the left-handewlp-typesquark

of reaction (3) is the same as that of the scalar

Ieptoquark§f/2, and the coupling of the right-handed

In the most general formulation of supersymmetry downtypesquark of reaction (4) is the same as that

there exist operators which couple a lepton-quark of the scalar Ieptoquarﬂé. Therefore, the formalism
pair to a squark, the scalar superpartner of a quark. and results of the leptoquark analysis can be directly
Such couplings violater-parity (via lepton number  applied. Limits on the ratiof; /1’ for R, violating
violation), defined asR, = (—1)38+L+25 with § squarks, assuming branching ratiBg_.., = 1, are
being the spin. Thuk, = +1 for SM particles and  given in Table 4. Note that the squark generations
R, = —1 for superpartners. This interaction allows cannot be distinguished in this analysis.
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Table 4
CoeﬁicientSegb and 95% CL lower limits oqu/)J for R, violating couplings to squarks. Results are given for the present analysispof
ande™ p data and for a combined analysis includintp data at/s = 301 GeV [2]

£, coupling el, e p (319 GeV et p (319 GeV all et p ande™ p
Mz /) (GeV) M /¥ (GeV) M;/) (GeV)
=(k)
My eti—d 4 =+3 530 610 710
Mg etd—ald) edp=-1 200 410 430
7. Largeextradimensions Table 5

Lower limits (95% CL) on the gravitational scales assuming
It has been suggested that the gravitational scale POSitVé ¢ =-+1) and negativei(= —1) coupling from the present
Mg in (4 + n)-dimensional string theory may be as _analys_ls oJfre p and e” p data and from a combined analysis
includinge™ p data at,/s = 301 GeV [2]
low as the electroweak scale of order TeV [17]. The oo T T 10 G P ——
relation to the Planck scald/p ~ 10'° GeV and oupling ¢~ p ( eV eTp ( eV alle”pande™p

. o . . . Mg (Te Mg (Te Mg (Te
the sizeR of then compactified extra dimensions is 1 S0(58V) So( 77\/) Sész)
given by M2 ~ R" M2*". In some models with large 061 073 078

extra dimensions the SM particles reside on a four-
dimensional brane, while the spin 2 graviton propa-
gates into the extra spatial dimensions and appearsence, resulting in lower limits o#s > 0.82 TeV for

in the four-dimensional world as a tower of mas- ) =41 andMg > 0.78 TeV forix = —1.

sive Kaluza—Klein states with a level spacingn = In other scenarios the gauge bosgnand Z are
1/R. The gravitons couple to the SM particles via the also assumed to propagate into extra dimensions. This
energy—momentum tensor with a tiny strength given |eads to analogous Kaluza—Klein states which couple
by the inverse Planck scale. However, the summation to matter with electroweak strength and interfere with
over the enormous number of Kaluza—Klein states up the ordinary gauge boson fields. In a specific model

to the ultraviolet cut-off scale, taken af, leads to an
effective contact-type interaction [18] with a coupling

A

Mg
The coefficientA depends on details of the theory
and is expected to be of order unity. However, by
convention, one also allows for a negative coupling
and thus sets, = £1. The scale dependence of
gravitational effects is quite different from that of
conventional contact interactions discussed in the
previous sections.

The cross section formulae for virtual graviton ex-
change in DIS have been calculated in [1] using the
conventions and formalism of [18]. The interference
of the graviton with the photon and fields has op-
posite sign for electron and positron scattering, as il-
lustrated in Fig. 4. Lower limits on the scale parame-
ter M, derived from fits to the @l/dQ? distributions
including gravitational contributions, are summarised
in Table 5. There is similar sensitivity to the effective
gravitational scale for positive and negative interfer-

nG

of 4 + 1 =5 dimensions [19] with compactification
radius R = 1/M¢, the sums over the exchange of
Kaluza—Klein gauge bosons essentially modify the
photon propagator /02 — 1/0? + 72/(3M2) and
the Z propagator 1(Q? + M2) — 1/(Q? + M2) +
72/(3M2). Afitto the data yield9/c > 1.0 TeVas a
lower limit at 95% CL for the compactification scale.

8. Form factors

A fermion substructure can also be formulated
by assigning a finite size to the electroweak charge
distributions. It is convenient to introduce electron and
quark form factorsf (Q?) which reduce the Standard
Model cross section at high momentum transfer [20]:

2
() =1-"202 ©
d doSM
d07 = gz (@)@, ©)
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compactification scald/¢ > 1.0 TeV. A form factor
approach yields an upper limit on the size of light
andd quarks ofR, < 1.0 x 1018 m assuming point-
like electrons.

Table 6

Upper limits (95% CL) on the quark radiug, assuming point-
like leptons (fo = 1) or common form factors fi = f,) for the
present analysis @f~ p ande™ p data and from a combined analysis
including e p data at/s = 301 GeV [2]

Form factor e~ p (319 GeV) eTp (319 GeV all et p ande™p

Ry (107¥m) R, (1078m) R, (1078 m)
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fe=1y 0.8 0.8 0.7
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Fits to the data yield upper limits on the particle
size R = /(r?), taken as the root of the mean
squared radius of the electroweak charge distribution.
Assuming a point-like electron, i.e., settifig= 1, the
radius of the light andd quarks can be constrained
to R, < 1.0 x 10718 m at 95% CL. If both electrons
and quarks are assumed to have common form factors
one obtains limits on fermion sizes & , < 0.7 x
1018 m. The results of the analysis are given in Appendix A. Setting limits

Table 6.
For the present analysis several methods have been
studied to calculate limits and confidence levels and
9. Summary the final results quoted are based on the frequentist

approach (see, for example, [21]). Thé function of
Neutral current deep inelastc p ande™ p scatter- Eq. (1) is used as the quality measure of agreement
ing cross section measurements are analysed to searclhetween data and contact interaction models. It allows
for new phenomena mediated throu@a)(gg) con- an easy implementation of systematic uncertainties.
tact interactions. The data are well described by the The other methods investigated differ in the definitions
Standard Model expectations. The use of electrons andof the statistical error entering the total errod; in the
positrons provides complementary information and a x? expression.

combined analysis based on an integrated luminosity

of 117.2 pb~* yields improved limits on scales of new

Taking the statistical errors of the experiment, one
can test the compatibility of the data with a certain

physics. The present analysis supersedes previous remodel hypothesis and determine the corresponding

sults [1].
Lower limits at 95% CL oneq compositeness
scale parametersi* are derived within a model

parameter, for example,/42. Each data point con-
tributes with a fixed weightné;? to the x2 func-
tion, independent of the model parameter. However,

independent analysis. They range between 1.6 anddownward fluctuations with respect to the model pre-

5.5 TeV depending on the chiral structure. A study of
virtual leptoquark exchange yields lower limits on the
ratio M_g/A between 0.3 and.4 TeV. Squarks irR-
parity violating supersymmetry with masses satisfying
M,;/)Jljl < 0.43 TeV andM;/)},, < 0.71 TeV can
be excluded. Possible effects of low scale quantum
gravity with gravitons propagating into extra spatial
dimensions are searched for. Lower limits on the
effective Planck scalgéfs of 0.78—0.82 TeV are found.
Allowing for Kaluza—Klein states of the SM gauge
bosons results in a lower limit on the extra dimension

dictions get a larger weight (smaller statistical error)
than upward fluctuations (larger statistical error). This
property may enforce asymmetric situations and er-
rors, as is observed in the present data, see Fig. 2. If
the fitted parameter is found to be not significantly
different from zero, the result can be converted into
limits at a given confidence level (CL). A convenient
way is to take the values corresponding to a change
of x2(1/A*2) — x2\, = Ax2,, for instance A x5, =

3.84 for a 95% CL limit. This method was used in
the previous publication [1] and is illustrated for sev-
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Fig. 5. Examples of different methods to calculate limits on the compositeness/daleV A, AA and LL + RR models obtained from
combined fits including all data. Distributions pf — Xr%]in versuse /A2 using statistical errors from the experiment (left) and statistical errors

from the prediction (center). Confidence level vers;asz from the frequentist method with dashed lines indicating the 95% CL limits for
positive and negative interference (right). In all cases systematics are included.

eral compositeness models by thé distributions in function is taken from the model prediction. This
Fig. 5. This simple and robust definition is certainly approach is completely equivalent to using the log-
meaningful for parabolic curves, but the probabilis- likelihood function, and it has been verified that both
tic interpretation becomes ambiguous if there are sec- methods lead to the same results. Each data point gets
ondary minima or other structures. a varying weight depending on the model parameter,
An alternative possibility is to assume the validity but independent of fluctuations in the data. For the
of a certain Cl model and to calculate the probability present data this leads to more symmetric situations
to observe the measured value for a given model and an unbiased evaluation. In general, the resulting
parameter. Here the statistical error entering jfe x? curves show a stronger sensitivity to details of
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the CI model, e.g., interference patterns, as can be [6] R. Barate, et al., ALEPH Collaboration, Eur. Phys. J. C 12

seen in Fig. 5. The widths of the distributions are
often, but not always, wider than in the previous case.
The problem to extract limits from these distributions
persists.

The final limits presented here have been deter-
mined by applying a frequentist approach. Starting
from a specific model with a scale parametgy,c the
cross section@/dQ? is calculated and then smeared
according to the statistical error given by the predicted
number of events. Distortions due to all uncorrelated

and correlated systematic uncertainties (except for the
parton distributions) are included, assuming Gaussian

behaviour of the errors. The Monte Carlo experiment

(2000) 183, hep-ex/9904011;
P. Abreu, et al., DELPHI Collaboration, Eur. Phys. J. C 11
(1999) 383;
P. Abreu, et al., Phys. Lett. B 485 (2000) 45, hep-ex/0103025;
M. Acciarri, et al., L3 Collaboration, Phys. Lett. B 489 (2000)
81, hep-ex/0005028;
M. Acciarri, et al., Phys. Lett. B 470 (1999) 281, hep-
ex/9910056;
G. Abbiendi, et al., OPAL Collaboration, Eur. Phys. J. C 13
(2000) 553, hep-ex/9908008.

[7] F. Abe, et al., CDF Collaboration, Phys. Rev. Lett. 79 (1997)
2192;
B. Abbott, et al., DO Collaboration, Phys. Rev. Lett. 82 (1999)
4769, hep-ex/9812010.

[8] H.-L. Lai, et al., Eur. Phys. J. C 12 (2000) 375, hep-
ph/0201195.

is then analysed in the same way as the data, i.e., With [9] 3. pumplin, et al., JHEP 0207 (2002) 012, hep-ph/0201195.

statistical errors from the prediction and including all
systematics, resulting in a fitted valug;;. This pro-

cedure is repeated numerous times and the fit result
are recorded in a probability distribution. The scale pa-

rameter is then varied and the 95% confidence lower

limit A% (A7) is defined as that valugy,e Where
95% of the Monte Carlo experiments produce values
of Agt which are larger (smaller) than the parameter
actually obtained from the data. Examples of CL dis-
tributions are shown in Fig. 5. For the present analysis
the frequentist approach provides in general slightly
weaker and more symmetric limits than the statistical
method used previously [1].
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