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Introduction. The gluon fusion procesgy — H, which proceeds through a heavy-quark loop,
is the main production mechanism for the Standard Model $ilggson [1] at the Large Hadron
Collider (LHC) over the full mass range 100 Ge¥My < 1 TeV [2]. As a consequence, in the
last decade an enormous theoretical effort has been detmtind computation of higher-order
perturbative corrections both for this signal and for itdmizackgrounds, in order to achieve the
highest possible theoretical accuracy. A particularlyami@nt observable is the doubly-differential
transverse-momentungy) and rapidity {) distribution: a precise knowledge of the Higgs and
y-spectrum is very important to improve the statistical gigance at hadron colliders by applying,
for instance, suitable cuts on the jets accompanying thgdHigcay products [2, 3]. A@(a%), the
Higgs is produced with vanishing transverse-momentumrdermto have non-vanishing values of
gr, a recoiling jet is required and thus the Leading Order (L@ys$verse-momentum distribution
starts atﬁ(ag) [4]. The Next-to-Leading Order (NLO) QCD corrections haweb calculated in
the infinite top mass limitNl; — o) [5, 6, 7, 10, 11], i.e. by using an effective lagrangian clise
coupling the Higgs to gluons. This approximation has praeebe sufficiently accurate provided
thatMy < 2M; andgr < M, [8, 9]. It has long been known that, in the smajlregion gr < My),
the presence of large logarithmic terms of the farglog(M3/q2) spoils the convergence of the
perturbative series. These terms originate from the eamssi soft and collinear radiation from
the incoming partons. Since the bulk of the events is exddotéhe smallgr region, an all order
summation of the logarithmic enhancements is mandatorydardo obtain reliable results. The
technique to perform soft-gluon resummation at small frarse-momentum in perturbative QCD
is well-known [12] and has been applied to the Higgs case uyeid-to-Next-to-Leading Loga-
rithmic level (NNLL) [13]. The fixed-order and resummed rksinave eventually to be matched
in order to prevent possible double-counting of the loganit terms in the intermediatg- re-
gion and thus to obtain a uniform theoretical accuracy okerdntireqr-range. The mat-ching
is achieved by taking the sum of the two contributions and thabtracting the truncation of the
resummed term to the same perturbative order of the fixeeroedult. In [14, 15] we provided the
details of the transverse-momentum resummation formalsmnwe developed for the hadropro-
duction of a general colourless final state, and we perforenddtailed phenomenological study
in the case of Higgs boson production at the LHC. We inclutedNNLL resummed result and
the purely perturbative calculation at NLO, thus reachinoidorm theoretical accuracy (zﬁ(ag‘)
over the entirer-range. The formalism has been implemented in the publidylable numerical
codeHqgT [16]. Lately [17] we extended the resummation formalisminclude rapidity depen-
dence, thus providing NNLL+NLO accuracy for thaly-differential cross section iy andy at
the LHC. The inclusion of rapidity does not change the maatuiees of our formalism: the re-
summation is performed at the level of the partonic crosi@ewvith factorization of the parton
distribution functions as in the customary fixed-order gktions; the formalism can be applied to
any hard-scattering process producing a colourless fiatd atcompanied by an arbitrary and un-
detected final state; the singular terms are exponentiatadniversal (i.e. process-independent)
form factor; a constraint of perturbative unitarity impdsen the resummed contribution allows
both to decrease the uncertainty in the matching procedurgesamediateqr and to recover the
total cross section result upon integration oggr In the following we will show numerical results
for the Higgs differential distributions at the LHC. For di&s about the formalism and for further
phenomenological discussions, we refer the reader to ewiqurs papers [14, 15, 17].
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Figure 1. Comparison of the NLL+LO and Figure 2: The Higgsqgr-spectrum at the LHC for
NNLL+NLO bands.The NNLL+NLO result nor- y=0. TheK factor defined in Eq. 2 is shown in the
malized to the central value of the NLL+LO result inset plot.

is shown in the inset plot.

Numerical results. We present numerical results for the doubly-differentegl &ndy) cross
section for the production of a Standard Model Higgs bosdh miassMy=125 GeV at the Large
Hadron Collider. We used the MRST2004 NNLO (NLO) set of partigstribution functions [18]
with as evaluated at 3 loops (2 loops) for predictions at NNLL+NLCL{NLO) accuracy. We
fixed the renormalization and factorization scales bothaktpithe Higgs masgir = ur = My
and made them vary betwedh, /2 and My to examine the scale dependence of our results.
As a cross-check of our calculation, we have verified thateobtain both the numerical results
of Ref.[15] upon integration ovey and the NNLO total cross section at fix¢d10, 11] upon
integration ovenyr. In Fig. 1 the scale dependence of the NLL+LO and NNLL+Nd3spectrum
with integrated rapidity is shown: the reduced thicknesghefNNLL+NLO band with respect to
the NLL+LO one and the overlapping of the two bands in theaegy < 100 GeV indicate a very
good convergence of the resummed result. In the upper-cmyimer we show th& factor defined
by

dOnNNLL+NLO(HF, HR)
Klar) = donLL+Lo(HF = R =My)’ @)
i.e., the NNLL+NLO band normalized to the central value of tHLL+LO one. We note that
a simple rescaling of the NLL+LO result is not allowed sinbe K factor turns out to bejr-
dependent: the cross section is enhanced in the targegion, where higher-order contributions
are not negligible [5, 6, 7], and suppressed in the supaliegion, where the non-per-turbative
regime sets in. In Fig. 2 we plot theg dependence of the cross sectiory=, showing both the
purely perturbative NLO result and the resummed NNLL+NL®ute The NLO cross section
diverges to—o asqgr — 0 due to the large logarithmic terms coming from soft-gluadiation,
and shows an unphysical peak. In contrast, the NNLL+NLOIltesyerfectly regular at small-
gr, vanishing forgr=0 and converging to the NLO result for highgf values ¢r ~ My). The



Higgs boson production at the LHC: transverse-momentum resummation and rapidity dependence
Giuseppe Bozzi

0.4

qr=15 GeV 1255 K
My=125 GeV o5 —

0.3~

02

d%0/dqy dy (pb/GeV)

0.05 NNLL+NLO My=125 GeV ]
B NLO
Mr=Hr=My
0.0 0.00 ‘ . ‘ .
- 0 4 20 40 60 80 100
y ar (GeV)

Figure 3: The Higgsy-spectrum at the LHC for Figure 4: The Higgs rescaledr-spectrum at the
gr=15 GeV. TheK factor defined in Eq. 2 is LHC as defined in Eq. 3. The dotted lines show
shown in the inset plot. the values for the rati&,.

resummation effects are clearly visible when looking at itteide plot, where the ratio of the
matched NNLL+NLO result to the NLO fixed-order result is smow

_ donnLLenLo/ (dor dy)
K(ar,y) = donLo/(da dy) @

Resummation is not only relevant at smail but also in the intermediate regiogr(<80 GeV),
where there is a20% enhancement with respect to fixed-order. The smallrdifiee between the
y=0 curve (solid line) and the integrated rapidity resultsfuzd line) evidentiates the poor rapidity
dependence of the resummed result. In Figure 3 the rapidiemdence of the cross section at
gr=15 GeV is shown both at NLO (dashes) and NNLL+NLO (solid)iaecuracy. The resummed
result reduces the cross section in the central rapiditpnegvhere most of the events are expected
(~25% suppression with respect to fixed-order). Khiactor of Eq. 2, shown in the inset plot, is
roughly constant in the central rapidity region and stastbe rapidity-dependent in the forward
(and backward) region where the cross section is ratherl.sfls behaviour also explains the
coincidence of the two curves in the inset plot of Fig. 2. A endetailed investigation of the
rapidity dependence of the cross section is obtained byistydhe quantities

.., d?0/(dar dy) _ do/dy
R(QT.Y)—M—qu7 =T

Ry )
In Fig. 4 we plot these two quantities, as a functiorygf for the two different valueg=0 and
y=2. The NNLL+NLO and NLO results are nearly equal at fixed dépi reflecting the similar
behaviour of the inset plot in Fig. 2. The overall decreastmefdifferential cross section when
going fromy=0 toy=2 amounts to nearly 40%, as expected since the total crossrseapidly
decreases with increasing rapidity. As for tlredependence, the results show a slightly
increasing (decreasing) slope 6+0 (y=2) and it is quite evident that the cross section varies
more in absolute value than @i shape.
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