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Abstract

We give a short description of the Forward Physics Montedd&iPMC)
which is intended for studies of diffractive physics and {almton ex-
changes at the LHC.

The Forward Physics Monte Carlo (FPMC) was developed torcawariety of physics
processes that can be detected with very forward protorirspeeters. The detectors are cur-
rently being proposed to ATLAS and CMS collaborations armahswill enable studies of single
and double diffractive production, central exclusive pctibn (CEP), two-photon exchange etc.
Implementing all of these processes into a single FPMC praognas the advantage of a quick
data-to-model comparison and easier interfacing with #teaor simulation framework. The
latest version of the generator is availablevatv. cer n. ch/ pr oj ect - f pnt.

In this report we shortly summarize the structure and usagfeed-PMC program before
presenting a few results coming directly from the generator

1 TheFPMC program

The FPMC is a stand-alone generator which generates etresils, particle decays and hadroniza-
tion as in HERWIG. The forward physics processes are based erchange of pomerons, pho-
tons, or gluons in case of double pomeron exchange, twaphmbduction and central exclusive
production, respectively. In FPMC, the radiation of a m#dgparticle of the incoming proton

is described in terms of fluxes, probabilities that the incgnproton emits a mediating particle
of a given energy. A selection of a specific flux therefore ¢etimda generation of a particular
physics processes. In the following we briefly mention thesiiimportant switches of the pro-
gram which are tabulated in Table 1. The detailed descrigifdhe program can be found in the
complete manual [1].

e TYPEPR - switches between exclusive (“EXC”) and inclusivegesses (“INC”), for ex-
ample between the Higgs diffractive production in compjetxclusive mode or in the
inclusive one when there are pomeron remnants present.

e TYPINT - selects the QCD (“QCD”) or photon (“QED”) processes

e NFLUX - as mentioned above, it specifies the mechanism of tohange: 9 (factorized
model, double pomeron exchange), 10 (factorized modelbldaowggeon exchange), 15
(two-photon exchange based Budnev photon flux [2]), 16 (skeé KMR model, two
gluon exchange [3]). Other non-default fluxes like Papagjearphoton flux [4] or photon
flux for heavy ions [5] are also present.



e IPROC - the process number, specifies what final state wilrbdyzed of the exchanged
particles, some possible values are listed in Table 2. Hastiktion: IPROC=19999,
NFLUX=16, TYPEPR="QCD" generates exclusive Higgs prodcivith all decay chan-
nels open following the KMR prediction or IPROC=16010, NEX£lL5, TYPEPR="QED”
produces exclusivé/ W two-photon production.

e ISOFTM - with this parameter, the survival probability fac{6] can be turned on (1) and
off (0). It is of the order of of 0.03 for LHC (0.1 for Tevatrofgr QCD (double pomeron
exchange, CEP) and 0.9 for QED two-photon exchange prazesse

¢ IFITPDF - specifies a set of the parton density functions & plbmeron/reggeon. The
common parameters are 10 or 20 which correspond to the numsitrell and ZEUS fits
of the densities, respectively [7].

| Parameter | Description \ Default |
TYPEPR | Select exclusive 'EXC’ or inclusive 'INC’ production 'EXC’
TYPINT | Switch between QED and QCD process 'QCD’
NFLUX | Select flux 9
IPROC | Type of process to generate 11500
MAXEV | Number of events to generate 1000
ISOFTM | Turn survival probability factor on (1), off(0) 1
ECMS CMS energy (in GeV) 14000
HMASS | Higgs mass (GeVF) 115
PTMIN Minimum p7 in hadronic jet production 0
YJMIN Minimum jet rapidity -6
YIMAX Maximum jet rapidity +6
EEMIN Minimum dilepton mass in Drell-Yan 10.0
IFITPDF | Diffractive PDF 10
NTNAME | Output ntuple name ‘tmpntuple.ntp’

Table 1: Main FPMC parameters.

2 Examples of processes produced in FPMC
2.1 Inclusive diffraction

The first example we discuss is the inclusive diffractione Blarting point to predict inclusive
diffraction at the LHC (or the Tevatron) is the measuremdrglaon and quark densities in the
pomeron performed at HERA [7]. Once these parton densitesm@own, it is straightforward

to compute the diffractive production at the Tevatron or thC. The only assumption is that
the factorization breaking betweep and hadron collisions is a soft process, independent of the
hard process and it can be applied as a multiplicative fdottire cross section. In that sense, we
call this model “factorized” model. In FPMC, we assume thevisal probability to be 0.1 at the
Tevatron and 0.03 for the LHC.



It will be important to remeasure the structure of the pomeabthe LHC and to study
the factorization breaking of the cross section at highgiasrhecause inclusive diffraction also
represents an important background for most of the prosdssbe studied at the LHC using
forward detectors like exclusive Higgs production, stadi¢ the photon anomalous coupling,
SUSY particle production in two-photon exchange, etc.

In Figure 1, we give the dijet cross section as a function afimiim transverse jet momen-
tum pZ" for inclusive dijets, light quark jets and b-jets only. Tee&soss sections were obtained
using the process numbers IPROC=11500, 11701 and 1170 fight quark and jets pro-
cesses, respectively. Other parameters were set NFLUXHREPR="QCD’, IFITPDF=10.

2.2 Central exclusive production / exclusive double pomeron exchange

In exclusive production, the full energy of the exchangedigas (pomerons, gluons) is used to
produce a heavy object (Higgs boson, dijets, diphotons), ietthe central detector and no energy
is lost in pomeron remnants as in inclusive case. There isngortant kinematic consequence
that the mass of the produced object can be computed usimgdten momentum losses, &
measured in the forward detectorsids= /&5 (with s being the total center of mass energy
of colliding protons). We can benefit from the good forwartegdeor resolution o to measure
the mass of the produced object precisely. Moreover, sie€EP fulfill certain selection rules
also other kinematic properties (spin and parity) of thelpoed object can be easily determined.

In Fig. 2 (left), we display the CEP cross sections of Higgsdmowith its direct back-
ground ofb-jet production as they are obtained directly from FPMC gatwe using the process
numbers IPROC=19999 and 16005, respectively. Other paeasnevere set to NFLUX=16,
TYPEPR="QCD'.
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Fig. 1: Dijet cross section for inclusive dijets, light qkgets and b-jets only as a function of minimum transverse
momentum of the two leading jets with"", p%<** > p'™ at/s = 14 TeV.
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Fig. 2: Left: Higgs boson central exclusive production cross sectiowvdaous masses of the Higgs boserx and
b-jet production cross section as a function of bhénvariant massRight: Cross section of the SW W production
through two-photon exchange as well as the effect ofAk& and\” anomalous parameters.

2.3 WW two-photon production

The two-photon production is described in terms of the phdlox. In FPMC one can study
the dilepton, diboson, diphoton, and Higgs production. hii following we will discuss as an
example thd¥ pair production. The process number and other parametetBigoprocess are
IPROC=16010, TYPEPR="EXC’, TYPINC="QED".

Besides the SM production, FPMC was interfaced with O’Megdrix element genera-
tor [8] to allow anomalous coupling studies [9]. Currenthe triple gauge bosoi IV effective
Lagrangian is included which is parametrized with two anlous parameterax”, A7. The de-
pendence of the total diboson production cross sectiondrgiaoton exchanges as a function of
the two anomalous parameters is depicted in Fig. 2 on thé righ

3 Conclusion

In this short report, we described the new Forward Physicet®Garlo generator which allows

to produce single and double pomeron exchanges, two-photiuted processes and Central
Exclusive Production at hadron colliders. These proceases heart of the forward physics
program at the LHC. The main aim is to combine various avhilatodels into one interface to

allow easy data-to-model comparisons.
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