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Abstract

We show the expected yields for the Central Exclusive PrioindCEP) of a Higgs boson, in the
WW decay channel, afté0 fb—" with the CMS detector. The background coming fréh+ 2jet
events overlayed with protons from pile-up is consideredether with possible cuts to supress it.



1 Introduction

This note presents a study of the Central Exclusive Prooiun€¢€EP) of a Higgs boson at CM&y — pHp. The
Higgs boson was considered to decay in two W bosons, one atwg@cays in a leptore ©r 1) and the other to
jets. The EXHUME Monte Carlo was used, version 1.3.1 [1]. Higgs boson was assumed to have a mass of
165 GeV. For simulating the detector response, the Fast Siinlabftware of CMS FAMOS was used, version
1.4.0 [4].

The only source of background studied wés+ 2jets, generated with AlpGen [2], in which the W boson is only
allowed to decay leptonically. The background sample ghfsesame CMS detector simulation as the signal.

The simulation chain included the mixing of 7 minimum biasB)pile-up events on average (according to a
Poisson distribution) per bunch crossing, generated WiBDFET [3], which includes the elastic and diffractive
components, that is, single diffraction, double diffraotiand double pomeron exchange. This is the expected
number of pile-up events for instantaneous luminositie§ ef 2 x 10?3 s~ cm—2,

The proton taggers information (FP420 and TOTEM 220m Ror@s)Rvas obtained through acceptance tables
in the FAMOS package. This way each proton carries an aceeptaveight” (smearing of the proton kinematics
is also included). The proton is accepted or not accordingisoveight.

2 Summary of signal selection

Given the high multiplicity of pile-up events, several mo$ may be detected in the forward proton taggers in a
single bunch crossing. To resolve the ambiguity, the coatimn in which the proton pair has the missing mass
closest to the nominal Higgs mass is chosen.

The following selection cuts were applied:

e The events were required to pass the HLT criteria (singlemardhe single electron bits).

¢ Inthe final state at least 1 isolated muon (electron) with> 20 GeV 25 GeV) was required, along with 2
jets (reconstructed with an Iterative Cone algorithm oé€£0.5) withEr > 25 GeV andHr > 25 GeV.

¢ To exploit the exclusivity of the signal events, the numbfaracks @pr > 0.9 GeV) outside the jets’ cones
and not associated with the candidate lepton was requirbd 1., < 4. These tracks were also required
to be associated to the primary vertex.

e A pair of accepted protons was required on opposite siddsedahteraction point.

e The following variables were considered in order to takesativge of the central vs. forward correlations in
the signal events:

1. Reyy: This variable was defined as the ratio of the “cluster massthe missing massiRcy =
Mca/AM, where theM ¢y, is defined asVicn = /p2(551) + m2(jjl) + Hr . The events were
required to satisf¥.6 < Rops < 1.3.

2. Ay;;: This variable was defined as the difference between theageerapidity of the jets and the
rapidity of the central system as obtained from the protahg;; = |0.5(n;1 + nj2) — O.5ln(§—;)|,
where¢; and ¢, are the momentum fractions lost by the protons in the z-phg zminus sides,
respectively. The cu\y;; < 0.4 was imposed.

3. Finally the reconstructed missing mass from the protosss iequired to be in a mass window around
the generated Higgs masEi9.5 < AM < 170.5 GeV when considering the scenario in which both
FP420 and TOTEM 220m RP’s are present a6@l.5 < AM < 168.5 GeV when considering the
scenario in which only FP420 is present.

3 Reaults

Table 1 shows the cumulative selection efficiencies for lo¢hsignal and background, after the cuts described
above, for the scenario in which only FP420 is present. Ateova are the expected yields aféérfb . The error
shown for thelV + 2jets is statistical and reflects the limited sample sizelabld. Table 2 shows the analogous



efficiencies and event yields f60 fb~' when both FP420 and the TOTEM 220m RP’s are combined. Here one
obtains an increase in the signal yield, however at the dastvmrse S/B ratio.

For the calculation of the event yields, the inclusive CER—~ WW cross section assumed wagw = 1 fb,
with a branching ratio of 29.6% for the considered decay nkbmn For thdV + 2jets background the cross section
used wa.5 nb, considering already only the leptonic decay channelgdéction factor of 40 was also assumed
to simulate the effect of the timing cuts that will allow fdret reduction of the pile-up background, but which are
not included in the simulation.

Table 1: Selection efficiencies and event yields for an iratiegl luminosity of50 fb !, assuming that only FP420
is present.

H—-WW W+2jets

HLT 1x or le 0.60 0.40

1u(e) pr > 20 GeV (25 GeV) 0.55 0.36
2 jetsEp > 25 GeV 0.21 0.20

Hr > 25 GeV 0.18 0.16

Nchg < 4 0.15 0.009

RP’s Accep. 0.04 0.00007

0.6 < Ry < 1.3 0.03| 0.000003

Ay <04 0.03| 0.0000005

161.5 < AM < 168.5 (GeV) 0.03 | 0.00000004
N events ¢0fb 1) 0.47] 0.14+ 0.08

Table 2: Selection efficiencies and event yields for an iratesgl luminosity o0 fb~*, assuming both FP420 and
TOTEM 220m RP’s present.

H—-WW W+2jets

HLT 1porle 0.60 0.40

1u(e) pr > 20 GeV 25 GeV) 0.55 0.36
2 jetsEr > 25 GeV 0.21 0.20

Hr > 25GeV 0.18 0.16

Nehg < 4 0.15 0.009

RP’s Accep. 0.12 0.0002

0.6 <Ry <1.3 0.11 0.00009

Ay(jj) < 0.4 0.11 0.000014

159.5 < AM < 170.5 (GeV) 0.08 | 0.0000004
N events ¢0fb~") 1.40 | 1.46+ 0.49

4 Conclusion

A procedure has been discussed to select central exclisive WV events at CMS, with the use of the proton
taggers of FP420 and TOTEM. The main background coming fiém jets events overlayed with protons from
the pile-up has been shown to be largely suppressed by apgpdyits that correlate the central system with the
information from the proton taggers.

The final signal yields may become larger after optimizatfoninstance, of the jet reconstruction and identifica-
tion at low Er. Improvements in the background rejection are also exgdnteoptimizing the track multiplicity
cut, by reconstructing tracks at lowger.
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