PROCEEDINGS

OF SCIENCE

A strategy for Precision Measurements of the
W-boson Mass and Width at the LHC

K. Rejzner*

II. Institut fiir Theoretische Physik, Universitdt Hamburg, Hamburg, Germany.
Marian Smoluchowski Institute of Physics, Jagiellonian University, Krakow, Poland.
E-mail: katarzyna.rejzner@mail.desy.de

F. Fayette
LPNHE, Pierre et Marie Curie Universités Paris VI et Paris VII, Paris, France.
L. Physikalisches Institut, Universitdt Gottingen, Gottingen, Germany.

M. W. Krasny
LPNHE, Pierre et Marie Curie Universités Paris VI et Paris VII, Paris, France.

W. Ptaczek

Marian Smoluchowski Institute of Physics, Jagiellonian University, Krakow, Poland.

A. Siédmok

Marian Smoluchowski Institute of Physics, Jagiellonian University, Krakow, Poland.
LPNHE, Pierre et Marie Curie Universités Paris VI et Paris VII, Paris, France.
Institut fiir Theoretische Physik, Universitdt Karlsruhe, Germany.

The strategies to measure the electroweak model parameters at the Tevatron and at LHC must
be different. There are two basic reasons for that: (1) the Tevatron is the proton—antiproton
collider while the LHC is the proton-proton one, (2) LHC collider energy is large enough to open
the “Pandora box” of heavy quark-flavour degrees of freedom, which are poorly controlled. We
shall demonstrate, in this presentation, that the present precision of the SM parameters cannot
be improved by the LHC programme, unless LHC-dedicated measurement methods are used and
a “precision-support” experimental program is conducted. We shall focus our attention on the
measurement of the mass of the W-boson, its charge asymmetry and on the measurement of
the W-boson width. We shall propose a dedicated measurement program, specific to the LHC

environment, capable to improve the present precision of these parameters.
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1. Measurement simulation

The tool for event generation is WINHAC 1.30 — a Monte Carlo generator for single-W pro-
duction in hadronic collisions with its leptonic decays. WINHAC includes also neutral-current
processes, with ¥y and Z bosons in the intermediate state, at the Born level. A distinct feature of
the WINHAC event generator is that it describes W and Z production and decay in terms of spin
amplitudes. The advantage of this approach is that one has explicit control over all spin states, and
thus over transverse and longitudinal boson polarization and their interferences.

The events have been simulated using a parametrized average response of the detector. The
systematic biases in the detector response have been modeled and simulated in the dedicated gen-
eration and simulation runs.

More detailed discussions of these measurement strategies are presented in Refs. [1, 2, 3, 4, 5].

2. Observables

We assume in the following that the mass of the W-boson will be determined using the follow-
ing observables:
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Ow (Prs1r) = g5 5y (717 events”), Ow-(pra,m) = g5t (17 events”),
43 -
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(2.1)
where pr i+, M+ (pr,-,N;-) denote, respectively, the transverse momentum and pseudorapidity of
the positively (negatively) charged lepton, My, y; and pr; are, respecively, the mass, rapidity
and transverse momentum of the lepton pair. The signature of the “/* events” (“/~ events”) is the
presence of precisely one isolated /™ (1) candidate. The signature of the “I*[~ ev.” is the presence
of the two isolated opposite charge lepton candidates.

We assume that the observables are uncorrected for the calibration of the positive and of the
negative lepton momentum scale, specified in terms of the calibration factors: &+ and g-. These
two parameters describe the relationship between the true and the reconstructed curvature radius of
positive and negative tracks in the solenoid magnetic field of the LHC detectors: p/f" pltf(‘f) X
(1 +¢&:()). In order to measure the W-boson mass, the observables defined in (2.1) must be
interpreted within the Standard Model:

OW—(pTJ,T][) = Ty- (81 u, d,s,c u, d_S_ MW—,FW—)

OZ(MllayllapT,ll) Tz(El &+ u,d,s,c,b,ii,d,s,c,b,My Fz,Sln 6w, (X) 2.2)
OZ+(Mllvalanl) TZ+(8[+,M d,s,c,b,u, an E,l_? Mz Fz,Sln Ow, )

Oz (Mllvalanl) (81+udscbﬁd_§él_7M FZ7SII1 9Woc)

where, u,d,s,c,b,ii,d,s,¢,b are the kr-unintegrated PDFs, My, +, My,—, My are the masses of the
W and of the Z bosons, ['y+, I'y-, I'z are the respective widths, 8y is the Weinberg angle and
o is the fine-structure constant. The functional forms of Tx are those implemented in the WIN-
HAC/ZINHAC generators.



W-boson Mass and Width Measurements at LHC K. Rejzner

We propose to base the measurements of the Standard Model parameters on the following
experimental observables:

(+7_) _ % +(I71 77) Y *(p,vn) (+1_) _ O+(P‘~,U)*O f(P‘J?)
Asymy " (pr,m) = OHPZ nﬁgww rem)e ASYMZ T (Pri ) = G 50,y
e
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Oz+ (pr1sM1) = f&??ﬁ; Oz (M, prgs m)dMy,
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2.3)
The last integral is over the phase-space of the coplanar [T/~ pairs produced in peripheral pp
collisions.

3. Unfolding biases

We used the following method of unfolding biases:

e First we generated a pseudo-data event sample &2, representing a given systematic bias &
(for a fixed value of the physical parameter 2'€f, where 2 = My, Ty, ...).

e Then we generated a set of 2k + 1 unbiased (i.e. & = 0) template data samples .# .7 . Each
sample 7 of the .# .7 set corresponds to a given value of (") = et L 5

e The likelihood between the binned do/dpr,; (or do/dn;) distributions for the nth MT
sample and the bias-dependent &% sample was quantified in terms of the 2 value:

(dGé dGé On>2

2’ (pras&n) = ZAd02€+AdG§ " 3.1
Allw] Al(My+ +My-)/2] | AMy+ — My-)]
MeV MeV MeV
Mdas _09.c  $bPAS _g107.c +32 +148 117
Mdas — .. P _ o1.c 12 111 11
ub13s —0.95. 4, 0188 — 4,4+ 0.05u, ~10 64 139
blas = 1.05-u,, d?lasz dy—0.05-u, |  +10 +79 +115
bblas 1.2-b +43 +42 0
pb1as — 0 8.p —34 —39 0

Table 1: The results of the performed analysis for some chosen biases.

Our analysis has shown that the main source of errors for the precision measurements are un-
certainties of PDF’s. We have used a simple model to take those uncertainties into account. We have
assumed the coherent shifts between quarks of different flavors. For example, we have checked the
influence of decreasing the number of ¢ quarks by 10% with the simultaneous increasing of the
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number of s quarks (see Table 1). It has been shown that effects caused by heavy flavour quarks
are very significant and without applying some new strategy the present precision of measurement
of W mass and width cannot be improved at the LHC.

4. The way forward

The precision of the My and I'y can be improved if one applies a dedicated strategy which
would take into account all the effects characteristic for a pp collider. Such a strategy was proposed
by our group and it has following main steps:

e The LHC runs should be performed not only for the pp collisions but also dd collisions. Use
of isoscalar beams has many advantages. Among them:

— Isoscalar beams u, = d, cancel the majority of W+, W~ and Z production differences,

— The measurement of the W-boson charge-asymmetry constraint can be achieved di-
rectly from the s — ¢ distribution.

e There should be dedicated runs with rescaled collision CM energy: /s; and /s = %—‘i “\/S1.
These two settings allow to keep the momentum fractions of the partons producing the Z and
W-bosons equal, if the W-boson sample is collected at the CM-energy ,/s1 and the Z-boson
sample at the CM-energy /s>.

e There should be dedicated runs with reversed solenoid magnetic field. The solenoid current
. . . h _ M

should be rescaled while running at the two CM-energies /s; and /s, by a factor % = ﬁ

to equalize the distribution of the curvature radius p; for charged leptons originating from

the decays of the Z and W bosons.

o An “LHC-precision-support” programme has been proposed: a DIS experiment with COM-
PASS. Use of W and Z data only is not sufficient for constraining the PDF’s. External
constraints are needed. An optimal (in terms of its complementarities to the LHC measure-
ments) constraint can be provided by a COMPASS high-precision measurement. The Letter
of Intent for such an experiment has been submitted to the SPSC and LHCC [6].
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