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DIFFRACTIVE HIGGS PRODUCTION:SOFT COLOUR INTERACTIONS PERSPECTIVE�N. Tîmneanu, R. Enberg and G. IngelmanHigh Energy Physi
s, Uppsala UniversityBox 535, S-75121 Uppsala, Sweden(Re
eived June 18, 2002)We brie�y present the soft 
olour intera
tion models whi
h are su

ess-ful in reprodu
ing a multitude of di�ra
tive hard s
attering data, and givepredi
tions for di�ra
tive Higgs produ
tion at the Tevatron and LHC. Onlya few di�ra
tive Higgs events may be produ
ed at the Tevatron, but wepredi
t a substantial rate at the LHC.PACS numbers: 14.80.�j, 14.80.BnHiggs produ
tion in di�ra
tive hard s
attering has been argued to beuseful for Higgs dis
overy be
ause of the lower hadroni
 ba
kground a
tivityin events with one or two rapidity gaps and leading protons. This espe-
ially holds for Higgs produ
tion in so-
alled Double Pomeron Ex
hange(DPE) events, where the two beam protons survive the 
ollision, keepinga large fra
tion of the beam momentum, and where there is a 
entral sys-tem 
ontaining a Higgs. Another possibility is ex
lusive Higgs produ
tion,p�p ! p�pH, where the 
entral system is just a Higgs boson, and a missingmass method [1℄ 
an be applied.Existing predi
tions [2℄ of the 
ross se
tions for these pro
esses vary byseveral orders of magnitude, so the 
entral question is whether the 
rossse
tion is large enough. In 
ontrast to other models used for estimating thedi�ra
tive Higgs 
ross se
tion, our models have proven very su

essful inreprodu
ing experimental data on di�ra
tive hard s
attering pro
esses bothfrom the ep 
ollider HERA and from p�p 
ollisions at the Tevatron [3℄. Thisputs us in a better position to answer the question whether the di�ra
tiveHiggs 
hannel is a feasible one at the Tevatron and at LHC [4℄.� Presented at the X International Workshop on Deep Inelasti
 S
attering (DIS2002)Cra
ow, Poland, 30 April�4 May, 2002.(3479)



3480 N. Tîmneanu, R. Enberg, G. IngelmanThe Soft Colour Intera
tion (SCI) model [5℄ and the Generalised AreaLaw (GAL) model [6℄ were developed under the assumption that soft 
olourex
hanges give variations in the topology of the 
on�ning 
olour string-�eldssu
h that di�erent �nal states 
ould emerge after hadronisation, e.g. withand without rapidity gaps or leading protons.Both models are implemented in the Lund Monte Carlo programs Lepto[7℄ for deep inelasti
 s
attering and Pythia [8℄ for hadron�hadron 
ollisions.The hard parton level intera
tions are given by standard perturbative ma-trix elements and parton showers, whi
h are not altered by the softer non-perturbative e�e
ts. The SCI model then applies an expli
it me
hanismwhere 
olour�anti
olour (
orresponding to non-perturbative gluons) 
an beex
hanged between the emerging partons and hadron remnants. The GALmodel, similar in spirit, is formulated in terms of intera
tions between thestrings. The soft 
olour ex
hanges between partons or strings 
hange the
olour topology resulting in another string 
on�guration (Fig. 1). The prob-ability for su
h an ex
hange is taken to be a 
onstant phenomenologi
alparameter in the SCI 
ase, while for GAL the probability for two stringsto intera
t is dynami
ally varying, favouring �shorter� strings and suppress-ing `longer' ones. The only parameter entering the models has its valuedetermined from the HERA rapidity gap data and then is kept �xed.
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Fig. 1. Higgs produ
tion in p�p 
ollisions with string topologies (double-dashedlines) before and after soft 
olour intera
tions in the SCI or GAL model, resultingin events with one or two rapidity gaps (leading parti
les).The SCI and GAL models give di�erent di�ra
tive hard s
attering pro-
esses by simply 
hoosing di�erent hard s
attering subpro
esses in Pythia.Rapidity gap events 
ontaining a W , a dijet system or bottom quarks arefound to be in agreement with Tevatron data [3℄. Di�ra
tive events with aleading proton, or two leading protons [9℄, are also well des
ribed [3℄. In par-ti
ular, the 
ross se
tions for dijets in DPE events obtained from the modelsagree with the CDF data [9℄, as do more ex
lusive quantities, su
h as the
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tions Perspe
tive 3481dijet mass fra
tion (see Fig. 2). Let us emphasise that the dynami
s of thispro
ess is similar to the DPE Higgs pro
ess, and this has been advo
ated asa testing ground for di�erent models aiming at des
ribing di�ra
tive Higgs.
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Fig. 2. Distribution of the dijet mass fra
tion (ratio of dijet mass to total 
entralsystem mass) in DPE events at the Tevatron, CDF data [9℄ 
ompared to SCI model.The predi
tive power of the models has also been tested, sin
e we wereable to predi
t 
orre
t ratios for produ
tion of J= asso
iated with gapsat the Tevatron [3℄. It is remarkable how through the same soft 
olourme
hanism, two di�erent soft phenomena arise in the same event, namely arapidity gap and turning a 
olour o
tet 
�
 pair into a 
olour singlet produ
ingJ= . Furthermore, our predi
ted ratios for di�ra
tive Z produ
tion [3℄ seemto be in very good agreement with those re
ently found by DØ [10℄.The properties of the Higgs boson in the Standard Model are �xed,ex
ept for its mass. The present lower limit is 114.1 GeV and �2 �ts to highpre
ision ele
troweak data favours mH < 212 GeV [11℄. The latest LEPdata give an indi
ation (� 2:1�) of a Higgs with a mass of 115.6 GeV [12℄.Higgs produ
tion at the Tevatron and the LHC 
an pro
eed throughmany subpro
esses, whi
h are in
luded in Pythia version 6 [8℄. The dom-inant one is gg ! H, whi
h a

ounts for 50% and 70% of the 
ross se
tion(for 115 < mH < 200 GeV) at the Tevatron and LHC, respe
tively. Inthis pro
ess, see Fig. 1, the gluons 
ouple to a quark loop with dominant
ontribution from top due to its large 
oupling to the Higgs. Other produ
-tion 
hannels are also 
onsidered. The overall 
ross se
tions are obtained byfolding the subpro
ess 
ross se
tions with the parton density distributions.After the standard parton showers in Pythia, SCI or GAL is applied,giving a total sample of Higgs events, with varying hadroni
 �nal states.Single Di�ra
tive (SD) Higgs events are sele
ted using one of two 
rite-



3482 N. Tîmneanu, R. Enberg, G. Ingelmanria: (1) a leading (anti)proton with xF > 0:9 or (2) a rapidity gap in2:4 < j�j < 5:9 as used by the CDF 
ollaboration. Applying the 
ondi-tions in both hemispheres results in a sample of DPE Higgs events. Theresulting 
ross se
tions and relative rates are shown in Table I. The resultshave an un
ertainty of about a fa
tor two related to details of the hadronremnant treatment and 
hoi
e of parton density parameterisation. TABLE ICross se
tions at the Tevatron and LHC for Higgs in Single Di�ra
tive (SD) andDPE events, using leading proton or rapidity gap de�nitions, as well as relativerates (SD/all and DPE/SD) and number of events, obtained from the soft 
olourex
hange models SCI and GAL. Tevatron LHCmH = 115 GeV ps = 1:96 TeV ps = 14 TeVL = 20 fb�1 L = 30 fb�1�[fb℄ Higgs-total 600 27000SCI GAL SCI GALHiggs in single di�ra
tion:� [fb℄ leading-p 1.2 1.2 190 160� [fb℄ gap 2.4 3.6 27 27R [%℄ leading-p 0.2 0.2 0.7 0.6R [%℄ gap 0.4 0.6 0.1 0.1# H + leading-p 24 24 5700 4800,! # H ! 

 0.024 0.024 6 5Higgs in DPE:� [fb℄leading-p's 1:2� 10�4 2:4� 10�4 0.19 0.16� [fb℄ gaps 2:4� 10�3 7:2� 10�3 2:7� 10�4 5:4� 10�3R [%℄ leading-p's 0.01 0.02 0.1 0.1R [%℄ gaps 0.1 0.2 0.001 0.02# H + leading-p's 0.0024 0.0048 6 5The 
ross se
tions at the Tevatron are quite low in view of the luminosityto be a
hieved in Run II. Higgs in DPE events are far below an observablerate. For mH = 115 GeV, only tens of single di�ra
tive Higgs events arepredi
ted. Only the most abundant de
ay 
hannel, H ! b�b, 
an then be ofuse and a very e�
ient b-quark tagging and Higgs re
onstru
tion is required.The 
on
lusion for the Tevatron is thus that the advantage of a simpli�edre
onstru
tion of the Higgs in the 
leaner di�ra
tive events is not reallyusable in pra
ti
e due to a too small number of di�ra
tive Higgs eventsbeing produ
ed.
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tions Perspe
tive 3483In 
ontrast, the high energy and luminosity available at the LHC fa
il-itate a study of single di�ra
tive Higgs produ
tion, where also the strikingH ! 

 de
ay should be observed. Also a few DPE Higgs events may beobserved. The quality of a di�ra
tive event 
hanges, however, at LHC en-ergies. Besides the produ
tion of a hard subsystem and one or two leadingprotons, the energy is still enough for populating forward dete
tor rapidityregions with parti
les. As seen in Fig. 3, the multipli
ity of parti
les is 
on-siderably higher at the LHC, 
ompared to the Tevatron. The requirement ofa �
lean� di�ra
tive Higgs event with a large rapidity gap in an observableregion 
annot be a
hieved without paying the pri
e of a lower 
ross se
tion.Requiring gaps instead of leading protons gives a substantial redu
tion inthe 
ross se
tion, as seen in Table I. Note that the high luminosity mode ofLHC 
annot be used, sin
e the resulting pile-up of events would destroy therapidity gaps.
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Fig. 3. Multipli
ity (for LHC divided by 2.5) in the region 2:4 < j�j < 5:9 in thehemisphere of a leading proton with the indi
ated minimum xF, for Higgs eventsfrom the SCI and the Pomeron models.In 
on
lusion, the soft 
olour intera
tions models predi
t a rate of di�ra
-tive Higgs events at the Tevatron whi
h is too low to be useful. However,LHC should fa
ilitate studies of Higgs in single di�ra
tion and the observa-tion of some DPE events with a Higgs boson.
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