
UvA-DARE is a service provided by the library of the University of Amsterdam (https://dare.uva.nl)

UvA-DARE (Digital Academic Repository)

Charged current deep inelastic scattering at HERA

van Sighem, A.I.

Publication date
2000

Link to publication

Citation for published version (APA):
van Sighem, A. I. (2000). Charged current deep inelastic scattering at HERA. [Thesis,
externally prepared, Universiteit van Amsterdam].

General rights
It is not permitted to download or to forward/distribute the text or part of it without the consent of the author(s)
and/or copyright holder(s), other than for strictly personal, individual use, unless the work is under an open
content license (like Creative Commons).

Disclaimer/Complaints regulations
If you believe that digital publication of certain material infringes any of your rights or (privacy) interests, please
let the Library know, stating your reasons. In case of a legitimate complaint, the Library will make the material
inaccessible and/or remove it from the website. Please Ask the Library: https://uba.uva.nl/en/contact, or a letter
to: Library of the University of Amsterdam, Secretariat, Singel 425, 1012 WP Amsterdam, The Netherlands. You
will be contacted as soon as possible.

Download date:24 May 2023

https://dare.uva.nl/personal/pure/en/publications/charged-current-deep-inelastic-scattering-at-hera(99418cd5-6da2-402e-9a8f-66f360cb5387).html


Chapterr 8 

Otherr topics 

8.11 Measurement of Mi 
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Thee single differential cross section da/dQ2 as a function of Q2 is determined by the Fermi 
constantt Gp, a term T{Q2) that contains the dependence on the parton density functions and 
aa propagator term M'W/{Q2 + Mw): 

dada  ̂ ( Ml N 2 

dQdQ2 2 

Thee propagator term is responsible for the rapid fall-off of the cross section towards high Q2. 
Thiss yields a reasonable sensitivity to the mass of the W boson as is illustrated in figure 8.1. This 
plot,, basically the same as figure 7.6b, shows the ratio of the measured cross section da/dQ2 

too the Standard Model expectation evaluated with the CTEQ4D parton density functions. 
Thee lines show the results of the Standard Model predictions with different W masses varying 
betweenn 60 GeV and 100 GeV. At the highest Q2 values the predicted cross section is quite 
sensitivee to Mw- Unfortunately, the measured cross section has a large uncertainty due to the 
lackk of statistics. 

Thee value of Mw is obtained via a binned log-likelihood fit to the cross section da/dQ2 

wheree Mw acts as the free parameter. The fit is performed with MINUI T [64] and yields a 
mass s 

MMww = ) GeV (8.2) 

withh a minimum y^/dof = 1.2. The central value is obtained using the CTEQ4D PDFs. The 
systematicc error is evaluated by shifting the measured cross section with the size of the error of 
eachh source as listed in section 7.4. Positive and negative deviations of the central value of the 
MwMw fit  are added separately in quadrature. The error originating from the uncertainties in the 
partonicc content of the proton is estimated by repeating the fit using the CTEQ4M, the MRS A 
andd the MRSH PDFs and the NLO QCD fit instead of the CTEQ4D PDFs. The deviations 
fromm the central value are added in quadrature. 

Anotherr fit is performed to determine Mw under more restrictive theoretical assumptions. 
Inn this fit Gp and Mw are related by the Standard Model constraint 

rr _ ™ Mz L _ (R-t) 
FF~~ V2(M2-MW)MW1-Ar l
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Figur ee 8.1: ratio of the measured cross section da/dQ2 to the Standard Model cross section 
predictionprediction evaluated using the CTEQ4D PDFs. The lines show the Standard Model predictions 
withwith different W boson masses ranging from 60 GeV to 100 GeV. 

wheree Mz is the mass of the Z boson and a is the fine structure constant. The term A r 
containss the electroweak radiative corrections to the lowest order expression for GF and it is 
aa function of a and the masses of the fundamental bosons and fermions. Al l fermion masses, 
exceptt for the mass mt of the top quark, and a and Mz are fixed at the PDG values [1]. The 
centrall  result of the fit  is obtained with mt = 175 GeV and a Higgs boson mass MH of 100 GeV 
andd yields 

MMww = 80.50J:g;^(stat)+O;^(syst)  0.31(PDF)+°;°j!(Amt !AM H,AM z) GeV (8.4) 

Thee last error is obtained by re-evaluating Mw with mt in the range 170 < mt < 180 GeV, 
MMHH in the range 100 < MH < 220 GeV and Mz in the range 91.180 < Mz < 91.194 GeV. The 
dependencee of Mw on these changes is small and the resulting error is negligible compared to 
thee other errors. 

Bothh values of Mw are in agreement with the current world average Mw = 80.41  0.10 GeV 
usingg timelike W production experiments at Tevatron and at LEP [1]. Note, however, that the 
secondd fit cannot be seen as an independent measurement of the W mass as it strongly depends 
onn the underlying Standard Model. Since the mass of the W boson as measured from CC DIS is 
thee mass of the spacelike W, the results of both fits are complementary to the measurements of 
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MMww from pp and e+e annihilation and constitute an important check of the Standard Model 
consistency. . 

8.22 Large rapidit y gap events 

InIn deep inelastic scattering events the proton usually breaks up after the hard interaction. This 
leadss to an energy deposit around the forward beampipe caused by the proton remnant. Also an 
energyy flow is observed between the remnant and the current jet. However, in about 5% of the 
neutrall  current DIS events with Q2 exceeding 5 GeV2 the proton does not break up [66]. This 
typee of events is referred to as diffractive DIS. Diffractive scattering is generally understood to 
proceedd through the exchange of a colourless object with the quantum numbers of the vacuum, 
calledd the Pomeron, of which the true nature is still unclear. The Pomeron also has a partonic 
structuree that is probed by the virtual photon. One of the experimental signatures of diffractive 
DISS events is that the hadronic energy deposit closest to the proton beam direction is found 
att a large polar angle or, equivalently, at a small pseudorapidity. Therefore, these events are 
generallyy referred to as "large rapidity gap" events. 

Itt is interesting to see if these diffractive events also occur in charged current DIS. As the 
couplingg of the exchanged W boson is sensitive to the flavour of the Pomeron constituents, this 
wouldd provide additional information on the nature of the Pomeron. A search for diffractive 
chargedd current DIS events has been presented in [6]. Two variables are used to identify 
largee rapidity gap events, r)max and cos##. The variable rjmax is defined as the pseudorapidity 
off  the most forward island with energy greater than 400 MeV. The hadronic angle djj is 
givenn by the energy weighted mean polar angle of the energy deposits in the calorimeter, 
coss 9H — Y^i Pz,il ^2i Ei where the sum runs over all calorimeter cells. Note that OR is not the 
samee as the quantity ĥ as defined in chapter 6. 

Figuress 8.2a and 8.2b show the distributions of rjmax and COS$H, respectively. The dots 
representt the charged current data and the filled histogram is the total expectation of the 
ARIADNEE charged current Monte Carlo sample combined with the expected background. The 
dottedd histogram is the prediction of the MEPS Monte Carlo sample. Figure 8.2c shows a 
scatterr plot of cos0# versus r/max for the final data sample. The rectangular box indicates 
thee region rjmax < 2.5 and cos6H < 0.75 which is taken as the definition of large rapidity gap 
events.. Ten events are observed in this region, while 4.7 events are expected according to 
thee ARIADNE Monte Carlo prediction and 3.5 events according to MEPS, both including a 
backgroundd contribution of 0.4 events. One of the observed events is shown in figure 8.3. In 
thee CCfied neutral current data sample 6.1 events are observed. These numbers indicate that 
aa fraction of the charged current events can be of a diffractive nature. More data are necessary, 
however,, to make a definite statement about this. 

8.33 Hadroni c final state 

Thee cross section measurements presented in the previous chapter are all inclusive, i.e. they 
ignoree all structure in the hadronic final state. Nevertheless, it is interesting to see if the 
hadronicc final state is properly described in the Monte Carlo predictions. In the previous 
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Figur ee 8.2: distribution of charged current data (dots) and ARIADNE Monte Carlo data 
(full(full  histograms) as a function of (a) the pseudorapidity r\max of the most forward island and 
(b)(b) the cosine of the hadronic angle OH- The dotted histograms show the expectations of the 
MEPSMEPS Monte Carlo. Figure (c) shows the distribution of charged current data events in the 
( imouCOS )̂) plane. The box indicates the region that satisfies the definition of large rapidity 
gapgap events. 

sectionn it was shown that the rapidity of the events can be described by Monte Carlo data. 
Heree a number of properties of jets in the final state wil l be investigated. 

Jetss are defined according to the longitudinally invariant kT algorithm [67] which is run in 
thee inclusive mode [68]. The algorithm starts by considering a list of calorimeter objects with 
transversee energy ET, azimuthal angle <j>  and pseudorapidity 77. Initiall y these objects are taken 
ass all calorimeter cells with an energy deposit. The algorithm then proceeds as follows 

1.. for each object i a distance parameter d, is defined as di = E\{. 

2.. a distance parameter d  ̂ is defined as d  ̂ = min(£'!
2, Ej) [(77, - r/j)2 + {fa — <j>j) 2] for every 

pairr of objects {%,]). 

3.. the smallest parameter dmin of all the di and du is found. 

4.. if dmin is a pair distance parameter then the two objects i and j are merged into a new 
objectt according to formulae 8.5 to 8.7. 
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Figur ee 8.3: example of a charged current event with a large 
hashas r] max = 0.2, COSOH = -0 .46, Q2 = 286 GeV2 and x = 0.007. 

gap.gap. This specific event 

5.. if dmin is of the dt type then object i is added to the list of jets and discarded in the 
remainderr of the algorithm. 

6.. steps 1 to 5 are repeated until d, < min(dy) for every object i. 

Thee transverse energy, the azimuthal angle and the pseudorapidity of each jet are then computed 

 jet 

Vjet Vjet 

"jet"jet — 

i i 

-'T,-'T, jet 

—— 7;ETtj<l>i 

(8.5) ) 

(8.6) ) 

(8.7) ) 
JJT,jet T,jet 

wheree the sum runs over all calorimeter cells. Jets are only accepted if the transverse energy 
exceedss 6 GeV and the pseudorapidity is smaller than 2.5. In this way very forward jets due 
too the proton remnant are excluded. 

Inn figure 8.4 the number of jets, the transverse energy, the pseudorapidity and the Q2 

distributionn of the jets in the final charged current sample are shown. The dots represent the 
dataa while the histograms show the predictions of the ARIADN E and MEPS Monte Carlo sets. 
Inn general the measured distributions are well reproduced although a tendency for more multi-
jett events in data than predicted is observed. This is also reflected in a harder Q2 distribution 
thann expected from Monte Carlo for 2-jet events. 
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F i g u ree 8.4: jet properties of the selected charged current sample: (a) number of jets, (b) 
transversetransverse jet energy Erjet, (c) pseudorapidity rjj et, (d) distribution in Q2 for events with one 
oror two jets. The dots denote charged current data while the filled and dashed histograms are the 
predictionspredictions of ARIADNE and MEPS, respectively. 

8.44 Compar ison with NC DIS 

Figuree 8.5 compares the cross section da/dQ2 for charged current DIS with the most recent 
ZEUSS measurement of the neutral current cross section [55]. At Q2 <C M\ the photon propa-
gatorr dominates the neutral current cross section. The charged current cross section is heav-
il yy suppressed in comparison, mainly due the factor 1/{Q2 + M^,,)2 as the magnitude of the 
couplingg to the quarks and positron is about the same as for neutral current scattering (see 
equationn 1.17). Going to higher Q2 the neutral current cross section falls much more rapidly 
thann the charged current cross section. For Q2 > M\ the two cross sections reach about the 
samee magnitude, a demonstration of the electroweak SU(2) x U(l) unification. 
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Figur ee 8.5: comparison of the differential cross section da/dQ2 for neutral current (circles) 
andand charged current (dots) deep inelastic e+p scattering from the ZEUS 1994-97 analysis. The 
lineslines represent the Standard Model predictions evaluated using the CTEQ4D parton density 
functions. functions. 
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