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FORWARD PROTON TAGGING AS A WAY TOIDENTIFY A LIGHT HIGGS BOSON AT THE LHC�A.D. Martin, V.A. Khoze and M.G. RyskinInstitute for Parti
le Physi
s Phenomenology, University of DurhamSouth Road, Durham DH1 3LE, UK(Re
eived June 26, 2002)We show that ex
lusive double-di�ra
tive Higgs produ
tion, pp ! p+H + p, followed by the H ! b�b de
ay, 
ould play an important role inidentifying a `light' Higgs boson at the LHC, provided that the forwardoutgoing protons are tagged. We predi
t the 
ross se
tions for the signaland for all possible b�b ba
kgrounds.PACS numbers: 14.80.Bn 1. Introdu
tionThe identi�
ation of the Higgs boson(s) is one of the main goals of theLarge Hadron Collider (LHC) being built at CERN. There are expe
tationsthat there exists a `light' Higgs boson with mass MH . 130 GeV. In thismass range, its dete
tion at the LHC will be 
hallenging. There is no obviousperfe
t dete
tion pro
ess, but rather a range of possibilities, none of whi
h is
ompelling on its own. Some of the pro
esses are listed in Table I, togetherwith the predi
ted event rates for the integrated luminosity of 30 fb�1 ex-pe
ted over the �rst two or three year period of LHC running. We see that,either large signals are a

ompanied by a huge ba
kground, or the pro
esseshave 
omparable signal and ba
kground rates for whi
h the number of Higgsevents is rather small.Here we wish to draw parti
ular attention to pro
ess (
), whi
h is of-ten disregarded; that is the ex
lusive signal pp ! p + H + p, where the+ sign indi
ates the presen
e of a rapidity gap. It is possible to installproton taggers so that the `missing mass' 
an be measured to an a

ura
y�Mmissing ' 1 GeV [3℄. Then the ex
lusive pro
ess will allow the mass ofthe Higgs to be measured in two independent ways. First the tagged protons� Presented at the X International Workshop on Deep Inelasti
 S
attering (DIS2002)Cra
ow, Poland, 30 April�4 May, 2002.(3473)



3474 A.D. Martin, V.A. Khoze, M.G. Ryskingive MH =Mmissing and se
ond, via the H ! b�b de
ay, we have MH =Mb�b,although now the resolution is mu
h poorer with �Mb�b ' 10 GeV. Theexisten
e of mat
hing peaks, 
entered about Mmissing = Mb�b, is a uniquefeature of the ex
lusive di�ra
tive Higgs signal. Besides its obvious valuein identifying the Higgs, the mass equality also plays a key role in redu
-ing ba
kground 
ontributions. Another advantage of the ex
lusive pro
esspp! p+H+p, with H ! b�b, is that the leading order gg ! b�b ba
kgroundsubpro
ess is suppressed by a Jz = 0 sele
tion rule [3, 9℄. TABLE IThe number of signal and ba
kground events for various methods of Higgs dete
tion atthe LHC. The signi�
an
e of the signal, S=pS +B, is also given. The mass of the Higgsboson is taken to be 120 GeV and the integrated luminosity is taken to be 30 fb�1. Thenotation ggPP is to indi
ate that the gluons originate within overall 
olour-singlet (hardPomeron) t-
hannel ex
hanges. The entries for the various pro
esses are 
omputed fromreferen
es (a) [1℄, (b) [2℄, (
) [3, 4℄, (d) [1, 5℄ and (e) [3, 6℄. For (a) we show the CMSvalue without the NLO K fa
tor. In
luding the K fa
tors for both the signal and theba
kground in
reases the H ! 

 signi�
an
e to about 9� [7℄.number of eventsHiggs signal signal ba
kgd. S=B signif.(a) H ! 

 313 5007 0.06 � 1 GeV�M

� 4:3�(b) t�tH 26 31 0.8 �10 GeV�Mb�b � 3�b! b�b(
) ggPP ! p+H + p 11 4 3 � 1 GeV�Mmissing� 3�b! b�b(d) WBFqWWq ! jHj ! j��j 25 8 3 4:4�(e) WBF with rap. gapsqWWq ! j +H + j 250 1800 0.14 �10 GeV�Mb�b � 5:5�b! b�b
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ulation of the ex
lusive Higgs signalThe basi
 me
hanism for the ex
lusive pro
ess, pp ! p + H + p, isshown in Fig. 1. Sin
e the dominant 
ontribution 
omes from the region�2QCD � Q2t � M2H the amplitude may be 
al
ulated using perturbativeQCD te
hniques [8, 9℄M = (p2GF ) 12�2�S3 Z d2QtQ4t fg �x1; x01; Q2t ; M2H4 � fg �x2; x02; Q2t ; M2H4 � ;(2.1)where the skewed unintegrated gluon densities, fg, are given in terms of the
onventional integrated density g(x). The fg's embody a Sudakov suppres-sion fa
tor T , whi
h is e�e
tively the survival probability that the gluonremains untou
hed in the evolution from Qt up to the hard s
ale MH=2.
p

p

Qt

H

x2

x1x1′

x2′Fig. 1. S
hemati
 diagram for the ex
lusive pro
ess pp! p+H + p.The radiation asso
iated with the gg ! H hard subpro
ess is not theonly way to populate and to destroy the rapidity gaps. There is also thepossibility of soft res
attering in whi
h parti
les from the underlying eventpopulate the gaps. The probability, S2 = 0:02, that the gaps survive thesoft res
attering was 
al
ulated using a two-
hannel eikonal model, whi
hin
orporates high mass di�ra
tion [10℄. In
luding this fa
tor, and the NLOK fa
tor, the 
ross se
tion is predi
ted to be [4℄�(pp! p+H + p) ' 3 fb (2.2)for the produ
tion of a Standard Model Higgs boson of mass 120 GeV atthe LHC1. It is estimated that there may be a fa
tor two un
ertainty in thispredi
tion [3℄.1 Cross se
tion (2.2) at the Tevatron, 0.2 fb, is too low to provide a viable signal.



3476 A.D. Martin, V.A. Khoze, M.G. RyskinThe event rate in entry (
) of Table I in
ludes a fa
tor 0.6 for the e�-
ien
y asso
iated with proton tagging, 0.6 for b and �b tagging, 0.5 for theb;�b jet polar angle 
ut, 60Æ < � < 120Æ, (ne
essary to redu
e the b�b QCDba
kground) and 0.67 for the H ! b�b bran
hing fra
tion [3℄. Hen
e theoriginal (� = 3 fb) � (L = 30 fb�1) = 90 events is redu
ed to an observablesignal of 11 events, as shown in Table I.3. Ba
kground to the ex
lusive Higgs signalThe advantage of the p + (H ! b�b) + p signal is that there exists aJz = 0 sele
tion rule, whi
h requires the leading order ggPP ! b�b ba
k-ground subpro
ess to vanish in the limit of massless quarks and forwardoutgoing protons2. However, in pra
ti
e, LO ba
kground 
ontributions re-main. The proli�
 ggPP ! gg subpro
ess may mimi
 b�b produ
tion sin
e wemay misidentify the outgoing gluons as b and �b jets. Assuming the expe
ted1% probability of misidenti�
ation, and applying 60Æ < � < 120Æ jet 
ut,gives a ba
kground-to-signal ratio B=S � 0:06. Se
ondly, there is an admix-ture of jJz j = 2 produ
tion, arising from non-forward going protons whi
hgives B=S � 0:08. Thirdly, for a massive quark there is a 
ontribution tothe Jz = 0 
ross se
tion of order m2b=E2T, leading to B=S � 0:06, where ETis the transverse energy of the b and �b jets.Next, we have the possibility of NLO ggPP ! b�bg ba
kground 
on-tributions. Of 
ourse, the extra gluon may be observed experimentallyand these ba
kground events eliminated. However, there are ex
eptions.The extra gluon may go unobserved in the dire
tion of a forward proton.This ba
kground may be e�e
tively eliminated by requiring the equalityMmissing =Mb�b. Then we may have soft gluon emission. First, we note thatemission from an outgoing b or �b is not a problem, sin
e we retain the 
an
el-lation between the 
rossed and un
rossed graphs. Emission from the virtualb line is suppressed by at least a fa
tor of !=E (in the amplitude), where !and E are the energies of the outgoing soft gluon and an outgoing b quarkin the ggPP ! b�b 
entre-of-mass frame. The potential danger is gluon emis-sion from an in
oming gluon, see Fig. 2. The �rst two diagrams no longer
an
el, as the b�b system is in a 
olour-o
tet state. However, the third dia-gram has pre
isely the 
olour and spin stru
ture to restore the 
an
ellation.Thus soft gluon emissions from the initial 
olour-singlet ggPP state fa
toriseand, due to the overriding Jz = 0 sele
tion rule, QCD b�b produ
tion is stillsuppressed. The remaining danger is large angle hard gluon emission whi
his 
ollinear with either the b or �b jet, and therefore unobservable. If the 
one2 In the mb ! 0 limit, the two Born-level diagrams (Figs. 2(a,b) without the emissionof the gluon) 
an
el ea
h other.



Forward Proton Tagging as a Way to Identify . . . 3477angle needed to separate the g jet from the b (or �b) jet is �R � 0:5 then theexpe
ted ba
kground from unresolved three jet events leads to B=S ' 0:06.The NNLO b�bgg ba
kground 
ontributions are found to be negligible(after requiring Mmissing ' Mb�b), as are soft Pomeron�Pomeron fusion 
on-tributions to the ba
kground (and to the signal) [3℄. So, in total, double-di�ra
tive Higgs produ
tion has a signal-to-ba
kground ratio of about three,after in
luding the K fa
tors.
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Fig. 2. The ba
kground from 
olour-singlet NLO gg ! b�bg produ
tion, where �,� and 
 are gluon 
olour labels and where the ti are the 
olour matri
es for thequark�gluon verti
es. 4. Dis
ussionIdentifying a `light' Higgs will be a 
onsiderable experimental 
hallenge.All dete
tion pro
esses should be 
onsidered. From Table I we see thatvaluable information 
an be obtained from weak boson fusion, where theHiggs and the a

ompanying jets are produ
ed at high pt. For example,pro
ess (d) is based on the H ! �� de
ay for whi
h the ba
kground issmall [1, 5℄, whereas pro
ess (f) exploits rapidity gaps so that the largerH ! b�b signal may be isolated [6℄, provided the pile-up problems 
an beover
ome [3℄.Here we have drawn attention to the ex
lusive pp ! p + H + p signal,pro
ess (
). The pro
ess has the advantage that the signal ex
eeds theba
kground. The favourable signal-to-ba
kground ratio is o�set by a lowevent rate, 
aused by the ne
essity to preserve the rapidity gaps so as toensure an ex
lusive signal. Nevertheless, entry (
) of Table I shows that thesignal has reasonable signi�
an
e in 
omparison to the standard H ! 

and t�tH sear
h modes. Moreover, the advantage of the mat
hing Higgspeaks, Mmissing =Mb�b, 
annot be overemphasised3.3 This may be 
ontrasted with the sear
h for a Higgs peak sitting on a huge ba
kgroundin the M

 spe
trum, see pro
ess (a) of Table I.
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