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ABSTRACf 

R.eli!lble predictions of jet and jet-MllOCiatal quantities rm! important to 
understanding the bu:ktcrouncls to new physiai signals at hadron collidcrs; thie 
Tl!ftUitel!I the use or next-tn-ll!&ding order calculations. We pre!lllnt, aa an exam
pi<!, the <Ille of a next-to-leading order Clllc11lal.ion in improving tbe ana1y.Jm of 
W+jet meuuremcnts. 
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Next-to-leading order calculatio1111 in jct. physics &re importML to providing 
reliable pt«lictions of jct cl'Qf!ll M<:t ione and ditotributions 11ot collid<n, sinc:ie it is 
only at next-to-leading order tltat. oue ca11 atlll't to control apurlous renorruallza.. 
tion-ecale dependence, and tltat one can start to - the coinct dependeuce on 
variou• experimental nieolu\lon paramet'.or., such as the jet COIH! sl?A. 

Rlllir.ble pAdit:tic>M of jet cr088 eections and distribuLiuns Ml in turn impor· 
tant to tho dlsco~iy 1111d klcmtlficatlon of new ph)'llies. An Important ex11mpt.i 
of cul'l'ent. interl!llt ill the Mardi for the top quark in thfl chiannel wherct one of 
the top-antitop pair d~ hadronically whllat the other~ •mileptoni· 
cally. 'l'his yielda the typical signature or all Isolated lepl.on 11CC01l1Pllflitid by 
four }cts and miosing tranllV«IMI energy. Such a signal can e.leo arhoe from the 
ordinary proceeaof W baoon production ~1panied by four jets wising from 
QCD radiation; the experimental challenge Iles in 11eparating Lho signal from 
this background. 

In order t-0 calculate the btlckgrou11d, on<1 must 11111! a leading-ordP.r program, 
VECHOS.1 Highor"'<lrder ror~tiona to exdusi¥e-jct distributions calcultlt<ld 
with it mli\Y be large, and will in gencnll depend on the jet slgorit.hm ~'IDployed 
in the analysis. While ""' cannot cxwni11e these cwre<:tiona directly, we can 
explortl them in a simplec context, that of W boeon production aecoinpaniod 
by a lone jet, using a program built upon the ftam~WIOl'k d«M:ribed in i:efs.12,Jj. 
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Figlll'e J. Jet spectrum in W + 1 jet events with the standanl jet algorithm. 

There are two contributions to next-to-l~'lldi11g order oorrectione to n-jet 
croes-eectio1111 and dietributiona: lire virtual corrcc.tiD11S to the letlding-ordfll' 
matrix clement.; and the real radiative oorrections, where configurations with 
an additional parton sufficiently soft or collinear to cla.ify the eYl!nt M an n· 



jet one uslng the experimontAI jet algorithm. ln the Cramework ~ h«e, one 
introduOO!I a peramet.er (the 'parton reeolution') to divide then+ 1 pllrt.on inte
gration region into two subregions, the first cont&ining all the 80~ and collin~ 
div~nc:es. Upon performing these integrations analytically, one obtains a re
sult which caneela the singulN"itiesp._nt in the virtual matrix elP.ments, but 
introduCJa a logarithmic dependence on the pl'rt.on l"'el!IGlutio11 psrameter. The 
integni.I over the aocond •uhregion, performed numericslly, then caneels tltis 
logarithmic dependence, yielding an answer which is bnth finite and fmi of 
dependence on sud! artificially-introduced peraruet:.ers. Thia i11 similar to the 
method widely 118ed in QED calculations.~ The key point ia the orga11ization 
using color-ordered amplitudes, which yields a l'ad.orizat.ion of tlt'l eoft:. singu
laritieR per ordering, and makes it pomibk! to perform the integrals over the 
singular regions analytically. These lnteg'ral&can be eummarilM<i in a univensal 
aet of functions, independent of the details or the hard proclCl!8. 

The virtual corrections to the basic process !l!l!leen the large spurious d11-
pcndence preeent in kmding-order calculatiolll! (where the only dependence ia 
through the ooupling constant); and the real-radiation corrections introduce 
the leading perturbatlve depcndon<."<! on jet reeolution parameters such 1111 the 
jet cone size AR. 

The oorrections to the leading-order l'f!l!ult Ii-om ti- two 80lll'ce3 me,y be 
quite im-ge, if the ratios of eca.les in the logN"ithma they introduce are large. 
ln this cue, we ehoukl be wary of relying on a perturbative calculation, M the 
logm-ithma may opoil the applicability of perturbootion theory (unleae one c:t\n 
neum tbero). Conversely, one may be able to modify the jet algorithm, and 
chooo.oe the renQMQaliil&tion scalo, ao BB to minimiie 9Udt logaritluua; with the 
modified algorithm, the neirt-to-leM!ing order M1Ult will be cloee to the leading
order one, and tile latter wil I be reliable. One c:t\n th'ln apply the same algorithm 
to more complicated ~ where next-to-lel!lding order calculatiQne ~ 
not available, with incre8"<l confidence in the reliability of "' leading-order 
prediction. 

We illustrllte thie procedure with the calcul.U.ion of the jet ep<ld.rum in 
events with a W and eXJ!Ctly one jP.t. F'igure 1 shows the jet E·r spectrum in 
such events .U. Tuvatron energies (./i.., 1.8TuV), with the etandanl CDF cone 
algorithm (AR= 0.7) in the rapidity ~n i'lJI < 2, and with standard cuts 
on the daughter lepton (pr, > 20 GeV, 11111 < 3) and on missing tra1111vet11e 
energy (> 20 GeV). At largt1t jet tranimrse energies, the corrections are large. 

By changing the remxmalize.tion scale uflP.d at leaJing order from Mw to 
JM3, + Ej,.,, and by modifying the jet algorithm to l"ll(luire not only a mini
mum Er. but also a minimum fraction of the hardeet jet's Er, we can make 
the next-to-leading order corre•:tiolll! sruall throughout the 11pectrum. 'l'hi1J ill 
ahown in tigure 2. We may al&o note that this change or rcnonnalilmtion scale 
hu, 88 expected, little effect on the next-to-lee<ling order prediction. 
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Figure 2. Jet spectrum in W + l jet events with the modified jet algorithm. 
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