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DESY 13-059, IFUM-1011-FTSignal-ba
kground interferen
e e�e
ts for gg! H !W+W� beyond leading orderMar
o Bonvini,1 Fabrizio Caola,2 Stefano Forte,3 Kirill Melnikov,2 and Giovanni Ridol�41Deuts
hes Elektronen-Syn
hroton, DESY, Notkestra�e 85, D-22603 Hamburg, Germany2Department of Physi
s and Astronomy, Johns Hopkins University, Baltimore, USA3Dipartimento di Fisi
a, Universit�a di Milano and INFN,Sezione di Milano, Via Celoria 16, I-20133 Milano, Italy4Dipartimento di Fisi
a, Universit�a di Genova and INFN,Sezione di Genova, Via Dode
aneso 33, I-16146 Genova, ItalyWe study the e�e
t of QCD 
orre
tions to the gg! H !W+W� signal-ba
kground interferen
eat the LHC for a heavy Higgs boson. We 
onstru
t a soft-
ollinear approximation to the NLO andNNLO 
orre
tions for the ba
kground pro
ess, whi
h is exa
tly known only at LO. We estimate itsa

ura
y by 
onstru
ting and 
omparing the same approximation to the exa
t result for the signalpro
ess, whi
h is known up to NNLO, and we 
on
lude that we 
an des
ribe the signal-ba
kgroundinterferen
e to better than O(10%) a

ura
y. We show that our result implies that, in pra
ti
e, afairly good approximation to higher-order QCD 
orre
tions to the interferen
e may also be obtainedby res
aling the known LO result by a K-fa
tor 
omputed using the signal pro
ess.I. INTRODUCTIONSear
h for the Higgs boson at the LHC has been aremarkable su

ess so far. Indeed, both the ATLASand CMS 
ollaborations have announ
ed the dis
overyof a new boson, whose properties are 
ompatible withthat of the Standard Model Higgs parti
le, with massmh � 125 GeV. Both 
ollaborations also ex
luded ad-ditional Higgs-like bosons in a large mass range mh .600 GeV [1, 2℄. The interpretation of the ex
esses ob-served in various produ
tion and de
ay 
hannels, as orig-inating from a single spin-zero parti
le, was made possi-ble by detailed theoreti
al predi
tions for the Higgs bosonprodu
tion and de
ay rates, see Ref. [3℄ for an overview.However, these experimental results do not imply thatthere are no additional Higgs-like bosons with masses600 GeV . mh . 1 TeV. In fa
t, the sear
h for su
hparti
les is well underway [4℄. In the Standard Model, asthe Higgs boson be
omes heavier, its total de
ay widthgrows rapidly �h � m3h thanks to 
ontributions of thelongitudinal ele
troweak bosons: for mh � 600 GeV, thewidth is 
lose to 120 GeV. Sin
e the �nite-width e�e
ts
hange the distribution of the invariant masses of the de-
ay produ
ts of the Higgs boson, their understanding isimportant for developing experimental sear
h strategies.There are two �nite width e�e
ts that in
uen
e theHiggs boson lineshape. First, the Higgs propagator mustassume the Breit-Wigner form in the resonant regime1=(s�m2h)! 1=(s�m2h+ imh�h). While this modi�
a-tion is literally 
orre
t for a light (and therefore narrow)Higgs boson, for a heavy Higgs, it must be modi�ed; theproper way to do this was subje
t to a signi�
ant dis
us-sion in re
ent literature, see Refs. [5, 6℄ and referen
estherein. The se
ond e�e
t is the interferen
e with theba
kground. Note that, in prin
iple, the two e�e
ts arenot 
ompletely independent of ea
h other sin
e modi�
a-tions of the Breit-Wigner form for the propagator 
hangethe very de�nition of the \ba
kground" in the resonan
e

region, but dis
ussion of these subtleties is beyond thes
ope of this paper.Our goal is to 
onsider the interferen
e of the signalpro
ess gg ! H !W+W� and the ba
kground pro
essgg ! W+W� for a heavy Higgs boson1. This interfer-en
e was �rst 
omputed at leading order in Refs. [7, 8℄.Although the gg ! W+W� amplitude appears at oneloop, it is enhan
ed at the LHC by the large gluon 
ux,making the interferen
e e�e
ts non-negligible. An obvi-ous short
oming of Refs. [7, 8℄ is that their analysis of theinterferen
e is performed at leading order in perturbativeQCD as far as the Higgs boson signal is 
on
erned. Thisis unfortunate sin
e, for the Higgs boson signal, higherorder QCD 
orre
tions are extremely important, as theyenhan
e the total rate by more than a fa
tor two [9{11℄.It is therefore interesting to explore their impa
t on thesignal-ba
kground interferen
e.Su
h an endeavor, however, is highly non-trivial. In-deed, a full NLO and NNLO QCD 
al
ulation of ba
k-ground amplitudes requires evaluation of two- and three-loop 2! 2 Feynman diagrams whi
h is beyond the rea
hof the 
urrent 
omputational te
hnology. On the otherhand, it is well-known [12℄ that for the Higgs boson sig-nal a large fra
tion of radiative 
orre
tions is 
apturedby the soft-
ollinear approximation. Sin
e this approxi-mation should be parti
ularly suitable for the des
riptionof a heavy Higgs boson, we 
onstru
t a soft-
ollinear ap-proximation for the entire gg ! W+W� amplitude thatin
ludes both the signal and the ba
kground and studythe impa
t of these 
orre
tions on the interferen
e.This paper is organized as follows. In Se
tion II wesket
h the 
onstru
tion of the soft-
ollinear approxima-tion. In Se
tion III we present numeri
al results. We
on
lude in Se
tion IV.1 For the light mh = 125 GeV Higgs boson the interferen
e isnegligible if proper signal-sele
tion 
riteria are applied [7℄.
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2II. SETUPWe begin by des
ribing the setup of our 
omputation.We are interested in higher order QCD 
orre
tions tothe interferen
e between the signal pro
ess gg ! H !W+W� and the pure QCD ba
kground gg ! W+W�.We 
ompute these 
orre
tions in the soft gluon approx-imation, whi
h is known to des
ribe the full NLO andNNLO Higgs 
ross se
tion to very good a

ura
y. Wewill numeri
ally assess the a

ura
y of our approxima-tion in Se
. III by 
omparing it with known NLO andNNLO results for the signal pro
ess.The 
ross se
tion for the produ
tion of a W+W� pairwith invariant mass Q2, fully di�erential in the kinemat-i
s variables of the two W 's, is given byd���; y; f�ig; Q2� = Z dx1dx2dz fg(x1; �F)fg(x2; �F)� Æ(� � x1x2z) d�̂�z; ŷ; f�̂ig; �s; Q2�2R ; Q2�2F � (1)where fg is the gluon distribution, and d�̂ is the di�er-ential partoni
 
ross se
tion for the pro
essg(p1) + g(p2)!W+(pW+) +W�(pW�) +X; (2)with (pW+ + pW�)2 = Q2; �F and �R are the fa
toriza-tion and the renormalization s
ales, �s = �s(�R) is thestrong 
oupling 
onstant at the s
ale �R, � � Q2=s. Wedenote by y the rapidity of the W pair, and by f�ig ageneri
 set of variables des
ribing the kinemati
s of thede
ay produ
ts of the W+W� system in the hadroni

enter-of-mass frame; they are related to the 
orrespond-ing variables ŷ; f�̂ig in the partoni
 
enter-of-mass framesby a boost with rapidity y
m = 12 ln x1x2 , and thus the �̂iare fun
tions of f�ig; x1; x2 and z.In the soft (z ! 1) limit, the rapidity distributionof the W+W� pair is entirely determined by the in
lu-sive 
ross se
tion [13{15℄, up to 
orre
tions suppressedby powers of (1 � z), and the partoni
 
ross se
tion inEq. (1) takes the formd�̂�z; ŷ; f�̂ig; �s; Q2�2R ; Q2�2F �= d�̂(0)(f�̂ig; �s)z G�z; �s; Q2�2R ; Q2�2F �; (3)where d�̂(0)(f�̂ig; �s)Æ(1�z) is the leading order partoni

ross se
tion, and G�z; �s; Q2=�2R; Q2=�2F� is the in
lusive
oeÆ
ient fun
tion 
omputed in the soft limit, i.e. (upto the expli
it z fa
tor) the in
lusive partoni
 
ross se
-tion normalized to the leading order in su
h a way thatG(z; �s) = Æ(1� z) +O(�s).In the same limit, the momenta of the W bosons inthe partoni
 
enter-of-mass frame are given byp̂W� = pQ22 �1;�� sin �̂; 0;�� 
os �̂� (4)

with �̂ the W boson s
attering angle in the partoni

enter-of-mass frame, and � = p1� 4m2W =Q2 (for sim-pli
ity, we have assumed that the W -bosons are on-shell,but we will not make this assumption in the sequel). Thekinemati
s of the pro
ess in the soft limit is therefore thesame as the leading order kinemati
s, ex
ept that thetotal energy squared is res
aled by a fa
tor z.The boost that relates the partoni
 and hadroni

enter-of-mass frames is �xed by taking for the momentaof the 
olliding gluons either p1 = zx1P1; p2 = x2P2or p1 = x1P1; p2 = zx2P2, where P1;2 are four-momenta of the 
olliding protons [14℄. Alternatively,one may also take as momenta of the 
olliding gluonsp1 = pzx1P1; p2 = pzx2P2 [13℄. These two 
hoi
es
oin
ide in the soft limit up to terms suppressed by twopowers of (1�z) [15℄ and, in fa
t, give very similar resultsfor observables 
onsidered in this paper. We will makethe �rst 
hoi
e at NLO, where it is a
tually exa
t, whileat NNLO we will take the average of the results obtainedwith either 
hoi
e 
ases.We now turn to the expli
it form of the 
oeÆ
ient fun
-tion G(z; �s; Q2=�2R; Q2=�2F), whi
h 
ontains the 
ore ofour soft-
ollinear approximation. We �rst sket
h the im-portant features of the soft gluon approximation and itsmodi�
ations by fo
using on the next-to-leading order.Further details on this, in
luding required modi�
ationsat NNLO, 
an be found in Refs. [16, 17℄.Working to NLO a

ura
y and in the soft limit andnegle
ting all non-singular terms, we write the fun
tionGas (we suppress expli
it s
ale dependen
e for simpli
ity)G(z; �s) = Æ(1� z)+ �s2��8CAD1(z) +�2�23 CA + 
1�Æ(1� z)� (5)where Di(z) = �lni(1� z)=(1� z)�+ and 
1 is the ratioof the infrared regulated higher-order virtual 
ontribu-tions to the 
ross se
tion and the leading order 
rossse
tion for gg ! W+W�, see [16℄ for its proper de�-nition.2 For our purposes, the important feature of thisformula is that non universal NLO 
orre
tions for thepro
ess gg !WW only enter through the 
oeÆ
ient 
1.This is be
ause only emissions from external gluon linesin ea
h diagram 
ontribute to the amplitude in the softlimit. For the signal-only pro
ess gg ! H ! WW , 
1is known both in the in�nite mt [18, 19℄ approximationand for �nite mt [20℄. The determination of 
1 for theinterferen
e would require the evaluation of 
ompli
atedgg !W+W� amplitudes whi
h is beyond existing te
h-ni
al 
apabilities.However, we note that the value of 
1 
an be ob-tained without any 
omputation in the kinemati
 limit2 Be
ause we 
onsider here the 2 ! 2 s
attering pro
ess, 
1 doesdepend on the s
attering angle. We assume that this depen-den
e is mild and systemati
ally ignore it in this paper. Partialjusti�
ation for this assumption is given below.



34m2W � Q2 � 4m2t , mb � mt. In this limit, the in-terferen
e is dominated by the 
ontribution of longitudi-nally polarized W bosons, whi
h 
an be obtained fromQCD 
orre
tions to the produ
tion of two neutral s
alarsgg ! HH in the heavy top mass limit [21℄. Sin
e boththe box 
ontribution for gg ! HH and the triangle 
on-tribution for gg ! H are des
ribed by the same e�e
-tive Lagrangian, the virtual QCD 
orre
tions should beidenti
al in the two 
ases. Although the assumptionsQ2 � 4m2t , mt � mb are not really justi�ed, we take thevalue for 
1 that is obtained in that limit as a referen
evalue, and estimate the sensitivity of the �nal result toits variations.The soft approximation of Eq. (5) is of 
ourse only de-�ned up to subleading terms. An optimal 
hoi
e of sub-leading terms 
an be found [17℄ by using a 
ombinationof analiti
ity arguments in Mellin spa
e, and informationon universal subleading terms in the z ! 1 limit, aris-ing partly from the exa
t soft-gluon kinemati
s [15℄ andpartly from universal 
ollinear splitting kernels [12, 22℄.A dis
ussion of this optimal soft approximation is be-yond the s
ope of this paper, and we refer to Ref. [17℄for a full dis
ussion. Here, we note that the best approx-imation proposed in [17℄ (
alled soft2 there) e�e
tivelyamounts to performing in Eq. (5) the repla
ementDi(z)! Di(z) + ÆDi(z);ÆDi(z) = (2� 3z + 2z2) lni 1�zpz1� z � lni(1� z)1� z ; (6)where ÆDi(z) is an ordinary fun
tion (not a distribution).In what follows, we will 
all the approximation based onEq. (5) with su
h repla
ement a \soft-
ollinear" approxi-mation. We will quantify the impa
t of subleading e�e
tsby 
omparing this improved soft-
ollinear approximationto a purely soft result.At higher orders the soft approximation Eq. (5) is alsoknown: see e.g. Eq. (79) in [16℄. We improve it anal-ogously to Eq. (6), see Ref. [17℄ for details. This soft-
ollinear approximation is the basis for the NLO andNNLO numeri
al results for the signal and the interfer-en
e that we dis
uss in the next Se
tion.III. NUMERICAL RESULTSWe 
onsider the pro
ess gg ! W+(e+�)W�(e���) atthe LHC for two values of the 
enter-of-mass energy:ps = 8 TeV and ps = 13 TeV. We take the Higgs massto be mh = 600 GeV, and its total de
ay width to be�h = 122:5 GeV [23℄. All numeri
al results presented be-low are obtained with a �xed-width Breit-Wigner fun
-tion. We have 
he
ked that use of the running-width inthe Breit-Wigner propagator [24℄ leads to results for thesignal and interferen
es that di�er by an amount thatis below our a

ura
y goal, and we expe
t that same islikely to be the 
ase for a full treatment of �nite-widthe�e
ts [5, 6℄. Moreover, we have found that the QCD

ps = 8 TeV ps = 13 TeVNLO NNLO NLO NNLOexa
t 2.150 2.78 2.074 2.67soft-
ollinear 2.187 2.820 2.127 2.730N -soft 2.135 2.700 2.073 2.607TABLE I: K-fa
tors for the in
lusive Higgs-only 
ross se
tionin the narrow width approximation, with mh = 600 GeV,
omputed using the exa
t theory, our best soft-
ollinear ap-proximation, and an unimproved soft approximation (see textfor details). The (N)NLO result is 
omputed using (N)NLOPDFs, while the referen
e LO 
ross se
tion is always 
om-puted with NLO PDFs. Numeri
al results are obtained usingthe 
ode [26℄.radiative 
orre
tions are insensitive to the propagator, tothe a

ura
y we work to. We let both the W -bosons de-
ay leptoni
ally and re
onstru
t all kinemati
 variablesfrom the 
harged lepton and neutrino momenta. We taketheW total width to be �W = 2:11 GeV and heavy quarkmasses mt = 172:5 GeV and mb = 4:4 GeV.We use the NNPDF2.3 PDF set [25℄ at NLO andNNLO, with �s(mZ) = 0:118. Throughout this paper,we set the renormalization and fa
torization s
ales equalto the Higgs boson mass �R = �F = mh. In 
onstru
tingour soft-
ollinear approximation, we retain the exa
t mtand mb dependen
e where available. For example, weuse the exa
t value of 
1, Eq. (5), for the signal pro
ess,while for the analogous O(�2s) 
oeÆ
ient 
2 we use thevalue 
omputed in the in�nite mt (point-like) approxi-mation. Note that with this 
hoi
e, all logarithmi
 termsat NNLO have the exa
t mt and mb dependen
e, whilethe 
oeÆ
ient of the Æ(1 � z) term is only approximate.As mentioned in Se
t. II, for the interferen
e we take theresult in the m2W � Q2 � m2t , mb � mt limit as ourreferen
e value.To assess the quality of the soft-
ollinear approxima-tion, we �rst test it against the signal-only gg ! H pro-
ess at NLO and NNLO. Results are shown in Tab. I fortwo values of the 
ollider energy. The K-fa
tors 
om-puted (without in
luding the Higgs de
ay) using the ex-a
t theory3 are 
ompared to those obtained with our soft-
ollinear approximation, or with the so-
alled N -soft ap-proximation, de�ned in Ref. [17℄. The latter amounts toapproximating the partoni
 
ross se
tion with the inverseMellin transform of a pure N -spa
e soft approximation,3 At NNLO, an exa
t result valid for large Higgs masses is not
urrently available. For our result, we use the exa
t result atNLO [18℄ plus the point-like result at O(�2s), improving it withthose mt, mb dependent terms whi
h are fully determined bylower orders (whi
h in
lude all soft-
ollinear terms). We have
he
ked that the result obtained in this way is stable upon varia-tion of small-z terms up to the a

ura
y shown in Table I, whi
his a 
onsequen
e of the dominan
e of soft-
ollinear terms for aheavy Higgs boson at the LHC [27℄.



4ps = 8 TeV ps = 13 TeVLO NLO NNLO LO NLO NNLO�H 0.909 1.99(5) 2.6(1) 3.77 8.1(2) 10.3(5)�Hi 1.188 2.6(1) 3.4(3) 4.56 9.7(4) 12.5(9)�H=�LOH | 2.19(5) 2.8(1) | 2.14(5) 2.7(1)�Hi=�LOHi | 2.2(1) 2.9(2) | 2.13(9) 2.8(2)TABLE II: Results (in fb) for the Higgs-only 
ross se
-tion �H and the signal+interferen
e 
ross se
tion �Hi, withmh = 600 GeV. No 
uts on the �nal state applied. The errorsrepresent the un
ertainty on the soft-
ollinear approximationand on the unknown ba
kground 
oeÆ
ients, estimated asexplained in the text.in whi
h only powers of lnN and 
onstant terms are kept.Both approximations reprodu
e the exa
t result toO(3%) or better in all 
on�gurations. At ps = 8 TeV,where the soft-
ollinear terms are expe
ted to domi-nate [27℄, our soft-
ollinear approximation reprodu
es theexa
t result to better thanO(2%), while at higher energy,ps = 13 TeV, the agreement deteriorates slightly, be-
ause non-soft terms be
ome relatively more important.However, whereas at NNLO the soft-
ollinear approxi-mation is more a

urate than the N -soft, at NLO theopposite happens. This o

urs be
ause numeri
ally theN -soft approximation happens to be 
loser to the exa
tresult than our improved soft-
ollinear one in the small-N limit. Sin
e the small-N limit is beyond the region ofappli
ability for both of these approximations, we 
on-sider this feature to be a

idental but note that one 
animprove both of these approximations by mat
hing themto the 
orre
t small-N limit [29℄. In what follows we usethe soft-
ollinear approximation as the default and takethe spread of values between the soft-
ollinear and theN -soft approximations as an estimate of the un
ertaintydue to de�
ien
ies of these approximations in the small-N region.We have also 
he
ked the reliability of our approxi-mation for di�erential distributions when de
ays are in-
luded. Indeed, at NLO a

ura
y, we �nd that our ap-proximate results for the lepton pt and rapidity distribu-tions and for the lepton invariant mass mll distributionare in good agreement with the full result obtained fromMCFM [28℄.Having assessed the a

ura
y of our approximation, we
an now apply it to study higher order 
orre
tions to thesignal-ba
kground interferen
e. As explained in the pre-vious Se
tion, we need the exa
t leading order predi
tionfor the interferen
e. We extra
t it from Ref. [7℄, as im-plemented in MCFM. For the Higgs boson signal, we usethe exa
t expression obtained as dis
ussed above. For theba
kground, we in
lude the 
ontributions of all the threequark generations, see [7℄ for details. We also need theinfrared-regulated virtual 
ross se
tion 
1, and the analo-gous NNLO 
oeÆ
ient 
2. As already mentioned, we takethe signal values for these 
oeÆ
ients �
1;2 as a referen
e,

ps = 8 TeV ps = 13 TeVLO NLO NNLO LO NLO NNLO�H 0.379 0.83(2) 1.07(5) 1.55 3.29(8) 4.2(2)�Hi 0.427 0.93(3) 1.20(7) 1.66 3.5(1) 4.5(2)�H=�LOH | 2.19(5) 2.8(1) | 2.13(5) 2.7(1)�Hi=�LOHi | 2.19(7) 2.8(2) | 2.12(6) 2.7(1)TABLE III: Same as Table II, but with Higgs-based 
uts onthe �nal state. See text for details.and study the impa
t of virtual 
orre
tions on the inter-feren
e by varying 
1;2 in the range �5�
1;2 < 
1;2 < 5�
1;2.We �rst dis
uss the impa
t of QCD 
orre
tions onthe in
lusive 
ross se
tion. Following Ref. [7℄, we
ompare the signal-only 
ross se
tion �H with theba
kground-subtra
ted 
ross se
tion �Hi � �gg!WW ��gg!WW jbg only, whi
h in
ludes interferen
e e�e
ts. Wereport our results for the signal only 
ross se
tion �H andthe signal+interferen
e 
ross se
tion �Hi for 
1;2 = �
1;2in Table II. To fa
ilitate the 
omparison with the resultsof Ref. [7℄, LO results are 
omputed using NLO PDFs.For the signal, the quoted error is obtained by 
omparingour soft-
ollinear approximation to the N -soft approxi-mation. For the ba
kground, we also 
onsider the ad-ditional un
ertainty 
oming from independently varyingthe 
1;2 
oeÆ
ients for the �rst two and the third gener-ation in the �5�
1;2 < 
1;2 < 5�
1;2 range. This leads to anun
ertainty of about 6% on the interferen
e predi
tionswhi
h, 
ombined with the un
ertainty of the soft approx-imation, gives an overall un
ertainty of about 8� 9% atNNLO, see Table II. This un
ertainty is of same orderof magnitude as the 
urrent un
ertainties in the Higgsprodu
tion rate �NNLO related to higher-order QCD ra-diative 
orre
tions, PDF and �s un
ertainties et
, see [3℄.We 
on
lude that our approa
h to estimate higher order
orre
tions to the signal-ba
kground interferen
e in theHiggs produ
tion o�ers a robust framework and adequatephenomenologi
al pre
ision.We turn to a dis
ussion of the impa
t of the interfer-en
e in a more realisti
 setup, by imposing sele
tion 
utson leptons and neutrinos. Apart from the standard a
-
eptan
e 
uts on the lepton rapidity �l, lepton transversemomentum pt and missing energy =Et,j�lj < 2:5; pt > 25 GeV; =Et > 20 GeV (7)we impose additional signal-enhan
ement 
uts, linearlyextrapolating numeri
al values given in Ref. [30℄. To thisend, we require at least one lepton with pt > 130 GeV,and impose the following 
uts on the lepton invariantmass mll, azimuthal separation ��ll of the two leptonsand transverse mass of the W+W� pair m?:mll < 500 GeV; ��ll < 3:05;120 GeV < m? < mh: (8)We note that we have validated the soft-
ollinear ap-proximation at NLO QCD against MCFM for the di�er-
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FIG. 2: Same as Fig. 1, but for the lepton invariant mass mll distribution.ential distributions, so that we believe that our resultsare reliable even when 
uts on the �nal state are im-posed. We report our results in Tab. III. We see thatthe impa
t of the interferen
e is mildly (but notably) re-du
ed when the Higgs-sele
tion 
uts are applied to the�nal state parti
les. Note also that radiative 
orre
tionsto the interferen
e are rather similar to 
orre
tions to thesignal 
ross se
tion.We 
on
lude this Se
tion by showing the e�e
t of theinterferen
e on sele
ted kinemati
 distributions at the13 TeV LHC. In Fig. 1 we plot the di�eren
e of theazimuthal angle ��ll of the two 
harged leptons with(right pane) and without (left pane) Higgs-sele
tion 
uts.In Fig. 2 we do the same for the invariant mass of the
harged leptonsmll. We plot the NNLO QCD results ob-tained with our soft-
ollinear approximation as des
ribedin Se
t. II, using 
1;2 = �
1;2 for the interferen
e 
ase. Wesee that the Higgs-sele
tion 
uts redu
e the importan
eof the interferen
e, as already seen in the total rate.An interesting feature of our results is that our approx-imation reprodu
es, to a good a

ura
y, all the kinemati
distributions as obtained with MCFM. In parti
ular, all

the distributions 
an be perfe
tly reprodu
ed by res
al-ing the MCFM leading order distributions by the in
lu-sive NNLO K-fa
tor. For the signal, we also 
ompareour NNLO approximation against the known NLO distri-butions, res
aled by the NNLO/NLO in
lusive K-fa
tor(also shown in the plots). Also in this 
ase, the agree-ment is ex
ellent; the only ex
eption is the azimuthalangle distribution where di�eren
es are seen at large rel-ative angles. This is due to the fa
t that our soft-
ollinearapproximation does not reprodu
e the e�e
ts of a hardemission, whi
h modify the angular distribution. Note,however, that the azimuthal angle 
ut plays an insignif-i
ant role in separating the heavy Higgs boson from theba
kground so that the impa
t of this mismat
h on 
or-re
tions to the interferen
e is minor.IV. CONCLUSIONSWe have estimated the impa
t of QCD radiative 
or-re
tions on the signal-ba
kground interferen
e in gg !H !W+W� pro
ess for a heavy Higgs boson. We 
on-



6stru
ted a soft-
ollinear approximation to higher-orderQCD 
orre
tions and veri�ed its validity by 
omparing itto exa
t results for gg ! H , in
luding kinemati
 distri-butions of the Higgs de
ay produ
ts. We �nd that QCDradiative 
orre
tions enhan
e the signal-ba
kground in-terferen
e by a signi�
ant amount whi
h, however, is verysimilar to the perturbative QCD enhan
ement of the sig-nal 
ross se
tion.
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