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1. Introduction

The electroweakW andZ boson production in hadronic collision is a particularly valuable
process to constrain parton distribution functions (PDFs) in a nucleon. Bymeasuring leptonic
products of the weak boson decays, electroweak parameters like sin2 θW or theW/Z boson masses
and decay widths can also be determined. At the Born level, theW andZ bosons are produced
by annihilation of two quarks from the colliding nucleons. In the collinear approximation, the
elementary cross sections for these processes have to be convoluted withthe nucleons’ PDFs. A
direct access to these distributions is provided by the measurement ofW± production asymmetry
in rapidity. The measuredW asymmetry can be used in the global fit analysis to constrain PDFs,
in particular, the ratio of theu andd PDFs. Such measurements were performed at the Fermilab
Tevatron [2, 3, 4, 5, 6].

Diffractive hadroproduction of electroweak bosons was observed experimentally at the Teva-
tron [7] and analysed theoretically in a series of papers [8, 9, 10, 11].In the pomeron model
interpretation, the rapidity gap between the intact hadron and the diffractive system appears due to
a vacuum quantum number exchange with partonic substructure, in the case when a hard scale ex-
ists in the process. [12]. This structure is described by the pomeron parton distributions which are
usually assumed to be flavour symmetric to account for vacuum quantum numbers of the pomeron
exchange. We will show that the measurement of the diffractiveW boson asymmetry at the LHC is
an ideal process to test the latter assumption. In addition, this asymmetry may provide an additional
constraint for the determination of the ordinary PDFs in the proton.

2. Inclusive case

The leading order cross sections for theW bosons production are given by [13]

dσW±

dy
= σW

0 ∑
qq′

|Vqq′ |2
{

q(x1,µ)q′(x2,µ) + q(x1,µ)q′(x2,µ)
}

(2.1)

where the factorization scaleµ = MW, andq/q denote quark/antiquark distributions. In addition

σW
0 =

2πGF

3
√

2

M2
W

s
, x1 =

MW√
s

ey , x2 =
MW√

s
e−y . (2.2)

wherey is the W boson rapidity. Obviously,y= 1
2 ln(x1/x2) and from the conditions 0< x1,2 < 1,

the following constraint results:−ymax< y< ymax with ymax= ln(
√

s/MW). The cross section for
theZ boson production has a similar form. In the forthcoming analysis we consideronly u andd
quarks since thes quark is Cabbibo suppressed. TheW± boson production asymmetry in rapidity
is defined as follows

A(y) =
dσW+(y)/dy−dσW−(y)/dy
dσW+(y)/dy+dσW−(y)/dy

. (2.3)

Substituting relavant quark distributions, we find

A(y) =
(up(x1)−dp(x1))up(x2) + up(x1)(up(x2)−dp(x2))

(up(x1)+dp(x1))up(x2) + up(x1)(up(x2)+dp(x2))
, (2.4)
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W and Z production cross sections at LHC
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Figure 1: T TheW andZ boson production cross sections at the LHC and asymmetryA(y) computed for
the LO MSTW08 parton distributions [14]. The dashed lines on the right show relation (2.5) while the
dash-dotted line show the approximation with valence quarks only.

where the local isospin symmetry for the sea quarks,up(x) = dp(x), was assumed for simplicity.
The asymmetry is symmetric with respect to the rapidity reflectiony→−y, which is clearly seen
in Fig. 1. Forx1 ∼ 1, the sea quark distributionu(x1) is small and

A(y)≃ up(x1)−dp(x1)

up(x1)+dp(x1)
. (2.5)

Whenx2 ∼ 1 the argument in the above is changed tox2. From this relation, thedp(x)/up(x) ratio
at the scaleµ = MW can easily be found.

3. Diffractive case

In the single diffractive case, the electroweak bosons are produced ina restricted region of
rapidity with a rapidity gap without particles between the proton, which stayes intact, and the
diffractive system. In the pomeron model interpretation, one of two quarkswhich produce the
weak bosons, comes form the pomeron and is described by flavour symmetric pomeron parton
distributions

uIP = ūIP = dIP = d̄IP = sIP = s̄IP = . . .≡ qIP(x,xIP) , (3.1)

wherexIP = M2
D/s is a fraction of the proton’s momentum transferred into the diffractive system of

massMD andx = x2/xIP is a fraction of the pomeron momentum carried by the pomeron parton.
From the conditions 0< x,xIP < 1, theW boson rapidity is in the range:−ymax+ ln(1/xIP) < y<
ymax. Thus∆ = ln(1/xIP) is the length of the rapidity gap .

In Fig. 2 we show theW andZ production cross sections with the LO MSTW08 proton parton
distributions [14] and the pomeron parton distributions from the analysis [15]. The effect of the
pomeron is clearly visible in the left hemisphere - the rapididty gap is formed andtheW asymmetry
strongly decreases. These cross sections should be multiplied by a gap survival factor,S2 = 0.09
[16], which takes into account soft interactions destroying the rapidity gap [17].
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W and Z production cross sections at LHC
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Diffractive W asymmetry at LHC
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Figure 2: The diffractive weak boson production cross sections and the correspondingW boson asymmetry
(solid line) together with asymmetry in the inclusive case (dashed line). The cross sections have to be
multiplied by the gap survival factorS2 = 0.09. The shaded area indicate the rapidity gap∆(xIP = 0.1) = 2.3.

TheW boson production asymmetry (2.3) is a particularly good observable since itis insensi-
tive to the gap survival factor, which multiplies the diffractiveW productions cross sections. The
flavour symmetric pomeron parton distributions also cancel, and we obtain fortheW boson asym-
metry in the diffractive case,

AD(y) =
up(x1)−dp(x1)

up(x1)+dp(x1)+2up(x1)
. (3.2)

Notice thatAD(y) is independent ofxIP, i.e. the length of the rapidity gap. In order to understand our
result, it is interesting to compare Eq. (3.2) with the approximate asymmetry (2.5),valid in the right
hemisphere fory> 0. For large rapidities, when the sea quark distributions can be neglected,these
two asymmetries are equal while fory≈ 0, when the valence quark distributions in the denominator
are negligible,AD(y)≈ A(y)/2. This is clearly seen in Fig. 3 where the ratioAD(y)/A(y) is shown.
Approaching the rapidity gap, the asymmetryAD(y)→ 0 while A(y) rises. Thus, the ratio shown
in Fig. 3 is close to zero at the edge of the rapidity gap.

The pattern shown in Fig. 3 is quite general and depends only on the assumption on flavour
symmetry of the pomeron parton distributions. Therefore, it would be interesting to test exper-
imentally the very concept of the flavour symmetric pomeron parton distributionsby measuring
the ratio of the twoW asymmetries in the diffractive and nondiffractivepp scattering. System-
atic errors will cancel in such a ratio which should allow for a quite precise determination of this
quantity. In addition, the diffractiveW asymmetry provides an additional constraint for the parton
distribution functions in the proton. We are looking forward to the experimental verification at the
LHC of the presented results.
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Ratio of W boson asymmetries
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Figure 3: The ratio of theW asymmetries in the diffractive and nondiffractiveppscattering.
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