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Higher-order QED corrections to W-boson mass determination at hadron colliders
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The impact of higher-order final-state photonic corrections on the precise determination \&fitbgson
mass at the Fermilab Tevatron and CERN LHC colliders is evaluated. In the presence of realistic selection
criteria, the shift in thé/W mass from a fit to the transverse mass distribution is found to be about 10 MeV in
theW— v channel and a few MeV in th&/— ev channel. The calculation, which is implemented in a Monte
Carlo event generator for data analysis, can contribute to reduce the uncertainty associated Withabke
measurement at future hadron collider experiments.
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Precision tests of the standard model require more antV— v channel[12]. An uncertainty of 12 MeV is assigned
more accurate knowledge of the basic parameters of thky the DO Collaboration to thaV—evr channel[13].
theory. In particular, future measurements of theboson An appropriate theoretical tool to compute photonic radia-
and top quark masses at the Fermilab Tevatron and CEREIVSG CorreCti?ﬁch)]in|:he Iea_ldting ]!09 aDPFOXin}aﬁﬂnt@S thef?hED
Large Hadron CollidefLHC) are expected to considerably approaciLu]. It consists of a numerical solution or the
improve the present indirect bound on the Higgs-boson masED Dokshitzer-Gribov-Lipatov-Altarelli-ParisiDGLAP)
from electroweak precision data. As recently discugdada evolutlgn. equation fqr the charged lepton structure function
. ) D(x,Q9) in the non-singlet channel. The solution can be cast
precision of 27 Me\(16 MeV) for theW-boson mas#ly is i, ‘the form[10]
the target value for run lldrun Ilb) of the Tevatron. An
accuracy of 15 MeV is the goal of the LH2]. D(x,Q%)=I1(Q%m?) (1 —x)
In order to measur®, with such a high precision in a
hadron collider environment, it is mandatory to keep under I
control higher-order QCD and electroweak radiative correc-
tions to theW and Z production processes. The status of §
. e ) .
QC_:D chrect!ons to_weak boson_producnon in hadro_nlc col- Xf dy P(y) 8(x—y)
lisions is reviewed in Ref[3], while recent progress in the 0
calculation of electroweak corrections, as achieved by means
of independent calculatiorig —7], is summarized in Ref8].
As shown in Refs[2,4-§, the relevant distributions to ex-
tract My, (e.g., the transverse mass spectruame mainly
modified by photon radiation and, in particular, by final-state Y X+ X+
photon rad)ilart)ion, which gives rise topcollinear Ioéarithms of xTI(s ,mz)fo dxlfo dxzP(x1)P(x2)
the form (a/)log(enf), wheres is the effective center of
mass(c.m.) energy andm, is the mass of the final-state lep-
ton. This poses the question of the impact of higher-orde{nere
(i.e., beyond ordet) leading logarithmic corrections due to
multiphoton radiation. A first attempt toward the inclusion of a (sids’ [xs
O(a?) QED corrections was the calculation of the double- H(SlySz):exl{ - gj TJ; dzF(2)

bremsstrahlung matrix elementsy’ —W—lvyy and qq 2 S
—7y, Z—1*1"yy (I=e,u) performed in Ref[9]. The aim is the Sudakov form facto?(z) is the e—e+ y splitting

of the present work is to evaluate the impact of higher-ordefunction andx, is an infrared regulator. Equatidt) allows
final-state QED corrections on th& mass determination at us to computeD(x,Q?) by means of a Monte CarlGMC)
hadron colliders, by including both real bremsstrahlung andalgorithm, which, as shown in Rdf10], simulates the emis-
virtual corrections. To this end, a parton showBS ap- sion of a shower ofreal and virtugl photons by a charged
proach in QED[10] is employed to simulate multiphoton fermion and accounts for exponentiation of soft photons and
radiation effects. An independent calculation of multiphotonresummation of collinear logarithms due to multiple hard
radiative corrections in leptonM/ decays has appeared very bremsstrahlung. A remarkable advantage of the PS algorithm
recently[11], but without quantifying their impact on th&  is the possibility of generating transverse momeniuyof
mass measurement. The uncertainty in YWenass due to fermions and photons at each branching. The generation of
higher-order QED effects is presently estimated by the Coltransverse degrees of freedom can be performed according to
lider Detector at FermilalfCDF) Collaboration at the Teva- different recipes, as described in detail in R&0]. Here, we

tron to be 20 MeV in th&V—ev channel, and 10 MeV in the generate photon angular variables according to the leading

a JQZH ’dS/H L
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TABLE |. Comparison between the present calculatisprAace) and wGRAD [5,17] for the p p —W
—lv, |=e,u cross sectiongin pb), at the Tevatron run Il and the LHC.

Js=2 Tev Js=14 Tev
e u e o
Born WGRAD 441.71) 190641)
WGRAD 418.34) 429.43) 1800Q2) 18452)
final-statewGRAD 419.711) 430.01) 180941) 18541)
Born HORACE 441.61) 19051)
O(«) HORACE 419.41) 429.91) 18061) 18531)
exponentiatetHORACE 419.51) 430.01) 18081) 18531)

pole behavior 1/(+ B,cosd;,), whereg, is the lepton veloc-  the pole approximatiortsecond line in Table)land it also
ity and 9., is the relative lepton-photon angle. gives the possibility for selecting the effect of a gauge-
A simple recipe to evaluate final-state corrections toinvariant subset due to final-state correctiofithal-state
- ) . . . i i 0
p(p)—>W—> vl consists of attaching a single structure function WERAD IN Table ). Therefore, the difference, at a few 0.1%

D(x,Q2) to the lepton coming from the/ decay. Needless to level, betweenwGRAD and final-statewGRAD points out,

say, this amounts to the neglect of photonic corrections du%/heln tcotmpa(rjl_n% with .tthh‘? Bt(;]rn ]f)rlfdlctt'((;gs' theldotmlnan?(e of
to initial-state radiation, initial-state—final-state interference,"&-Stat€ radiation within the fufl se (a) electrowea

and W-boson emission. However, it is known that radiation corrections.

from an internal off-shell particle cannot contribute to lead- OU the other hand, it can be seen that the pred|<_:t|ons by
the final-statenvGRAD are in very good agreement with our

ing logarithmic corrections, which are the main concern of its b hich | d . P
the present study. On the other hand, initial-state QED corlesults yO(a) HORACE which is an ordetx expansion o

rections need an appropriate treatment, as carefully discuss%?)e complete PS algorithm. Since the differences are well
in Refs.[4-8,14 and as very recently reanalyzed in Ref. elow the 0.1% level, this comparison demonstrates that the
[15]. Actually, radiation off quarks gives rise to quark massJaUge-invariance violations present in our approach are nu-

singularities that must be reabsorbed in parton distributioﬁnerically negligible. The_ contribution of h_igher—order effects
functions(PDP), in analogy to gluon emission in QCD. This &N be seen by comparir@(a) HORACE with our complete

requires the inclusion of QED corrections into the DGLAP phred_ictions g(ijven by expgnentia_teubRA_%l_z The(i)r effect on
evolution of PDFs and into their fit to experimental data.tN€ Intégrated cross section is tiny, within 0.1%.

Currently, available PDF sets do not incorporate such effects. Having egtablished the physical andi technical accuracy of
However, it is known[2,14,1§ that the inclusion of QED Ol calculation, we move to the analysis of hemass shift

contributions in PDF evolution results in a modified scaledUe t0 higher-order corrections. The input parameters used in

dependence of PDFs, which was found to be negligible in th&he simulations are

X range relevant foW—pq;on productio_n at hadron golliders ,=0, m,=0511x10"% GeV,

[6]. Further, photonic initial-state and initial-state—final-state !

interference corrections have only a small and uniform effect

on theM distribution, while QED final-state radiation sig-

nificantly distorts theM shape, thus considerably affecting G,=1.166 3% 105 GeV 2, «,=0.1185, )

the extracted value dfly [5].

. Even if thg tregtmer!t of final—stat_e photon radiation alope M =80.423 GeV, M,=91.1882 GeV,

is not gauge invariant, it can be easily checked by comparing

the PS spectrum with the gauge-invariant factor for collinear M2

photon emission by a fermiofl6]. It is found that gauge  sjr2g,,=1— _‘2’ W= ——

violations are confined to the nonlogarithmic corrections, M3 2\2m

which are beyond the approximation of the present analysis. _ _ _
In order to quantify the effect of higher-order final-state We adopt theG, scheme and fixed-width scheme in our

QED corrections on th&V mass determination, we devel- calculation. At the parton level, we consider the processes

oped the MC event generataorRACE (higher-order radiative

m,=0.10565836 GeV, a 1=137.035999 76,

 3G,My . 2aq
37

corrections following the approach described above and per- ~ U+td—W'—1"+v, u+s-W"=I"+y,
formed a number of MC experiments. Before the phenom- o o
enological analysis, we performed a tuned comparison be- c+d—W'—I1"+p,, c+s—=W ="+, (3)

tween the predictions aforACE and those ofwGRAD [5,17),

to verify the accuracy of our calculation. The results of suchand their charge conjugate, with=e,x and CKM matrix

a comparison are shown in Table I, using default PDFs, inpuélements according to Réfl8]. The results for the processes
parameters, and cuts as in REf7]. wGrRAD includes the pp—W—I+v (Tevatron and pp—W—Il+v» (LHC) are
O(a) electroweak radiative corrections W production in  obtained by convoluting the parton-level matrix element with
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70000 - N at\/s=2 TeV. The distribution without lepton identification

E requirements and smearing effe¢sslid histogram is com-
60000 | W—oev pared to the distribution including lepton identification crite-
i ria (markerg and detector resolutiongshaded histogram
The shape of thé/; spectrum is considerably modified by
detector resolution effects, in agreement with the results
shown in Refs[12,13. The arrows in Fig. 1 select the range
65 Ge\W M ;<100 GeV, which is used by the CDF Col-
laboration in itsW mass analysis and one that we also adopt
in the fitting procedure described below.

To evaluate the shift induced by higher-order corrections
on theW mass, we perform binneg? fits and binned maxi-
mum likelihood fits to theVi ; distribution, in complete anal-
ogy with the experimental fitting procedure. Here we show
1 only the results of they? fits, because the results of the
LTI e maximum likelihood fits are in perfect agreement with the
60 70 80 90 00 110 former. UsingHORACE, we generate a sample of pseudodata

M, (GeV) and calculate with high numerical precision ting spectrum

G 1 The t distribu hout leoton identi (binned into 100 binsat the Born level fand for a fixed,

.1 e transverse mass distripution witnhout lepton taenti-« i ” H ref__
fication criteria and detector resolutiotsolid histogran, wFi)th lep- Np:)zltSI\j:vael C(\)/ﬁ:ue of the W mass, !'e"MW 80.423 G_eV_.
. L oo ) ! , pute then; spectrum includindd(«) leading
ton |dent|f!cat|on c_rlterla(markers and with detector resolutions log corrections for 20 hypothesizalf mass values, with a
i(rfgi{gte: t:':tz?:zgg:]theWHeV channel an/s=2 TeV. Arrows spacing of 5 MeV for theV—ev channel and 10 MeV for
' the W— wv channel. We then normalize the spectra within
the fit interval and we calculate, for ead?t,, value, the
XZ as X2:2i (O'i,a_O'i,Borrl)zl(AO'iz,a+Ao'i2,Borr1)! where
T gorn @aNd g , are the MC predictions for thigh bin at the
Born andO(«a) level, respectively, and o gory, Ao, the
corresponding statistical errors due to numerical integration.
his allows to quantify the mass shift due @(«) correc-
lons. The shift due to higher-order corrections is derived
according to the same procedure, by generating a sample of
pseudodata for th#; distribution atO(«) and fitting them
However, in order to perform a realistic phenomenologicalin terms of theM spectrum _obtained including high_er-order
’ corrections for 10 hypothesizétf mass values. In this case,

analysis and study the depende_nce of\_ﬂhmass shift from we use 1 MeV spacing between masses. Figure 2 shows the
detector effects, we implement, in addition to the above cuts

222 dictribnti - _
the lepton identification requirements quoted in Table | ofAX ;fX ~ Xmin d_|str|_but|ons as a fu_nct|on OAMW:MW
Ref. [5]. Furthermore, we simulate uncertainties in the en-~Mw . for the fit with O(a) corrections(left) and the fit
ergy and momentum measurements of the charged leptons Yt higher-order correctionsright). The mass shift ob-
the detector by means of a Gaussian smearing of the particRerved forO(«) corrections amounts to about 20 MeV for
four-momenta, using as standard deviation values the spedf’® W— €v decay(dashed lingand to 110 MeV for thenv
fications relative to electrons and muons for the run 11— /v decay(solid line), as a consequence of the different
DO detector20]. identification requirements. It is _vvorth noticing that, due to

The strategy followed by the CDF and O(a) corrections, events are shlfteq to lower \(aluesx/bﬁ
DO Collaborations to extradily, from the data is to per- 2and then we expect that the best fit valueldyy is greater
form a maximum likelihood fit to the transverse mass distri-thanMy;', as observed in Fig. 2. These shifts are in reason-
bution of the final-state lepton pair or to the transverse moable agreement with the results of the CDF and
mentum of the charged lepton. Here we consider thd® Collaborations, even in the absence of a complete detec-
transverse mass, which is the preferred quantity to determin@r simulation. The mass shift due to higher-order effects is

50000 |

number of events

40000 |
30000 |
20000 [T

10000 |

CTEQ6 PDFg19]. The virtuality scaleQ? is set to beQ?

=s, s being the effective c.m. energy after gluon radiation,
in both PDFs and lepton structure function. The c.m. ener
gies considered are/s=2 TeV for the Tevatron ands
=14 TeV for the LHC.

To model the acceptance cuts used by the CDF an
DO Collaborations in theikVV mass analyses, we impose the
following transverse momentump{) and pseudorapidity
(n) cuts: p(1)>25 GeV, [5()|<1.2, pt>25 GeV.

the W mass and is defined as about 10 MeV for theN— wv channel(solid line) and a few
MeV (dashed ling for the W—ewv channel. As expected,
M= \/ZDT(UDT( v)(1—cos¢'), 4) higher-order contributions slightly reduce the effect due to

O(«) corrections. We performed the same analysis for the
LHC collider (using the cuts and pseudodetector simulation
wherep+(l) andpy(v) are the transverse momentum of the of the Tevatron colliderand found that the same conclusions
lepton and neutrino, an@'” is the angle between the lepton do apply to the LHC.
and the neutrino in the transverse plane. The transverse massin conclusion, we have evaluated the impact of higher-
distribution, as obtained by our simulation, is shown in Fig. 1order final-state QED corrections on the determination of the
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FIG. 2. TheA)(z:Xz—sznin distributions from a fit to thé ; distribution, includingO(«) QED correctiongleft) and higher-order QED
corrections(right), as a function of th&V mass shift, at/s=2 TeV. The results for th&V—ev andW— v channels are shown.

W mass at hadron colliders, in view of future improved mea-available for data analysis. A more realistic analysis would
surements with an accuracy of 15—-30 MeV. In the presencesquire a full detector simulation, which is beyond the scope
of realistic selection criteria, we have found that the shift dueof the present paper.

to these corrections is about 10 MeV in thé— u v channel A merging of fixed-order electroweak and QCD calcula-
and a few MeV in theW—ev channel. The calculation, if tions with higher-order QED effects would be highly desir-

included in future experimental analyses, would reduce th@ble for extracting th&V mass from data at the aimed level

uncertainty in the precision measurement of YWemass at

hadron colliders. To this end, the MC progra#®RACE is

of accuracy. The study of the neutral-current process
(=) .
pp—v,Z—I|"1" is left to a future work.
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