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The ATLAS and CMS experiments measure luminosity with forward detectors. The measuring

ability in forward region is crucial for soft QCD and diffractive physics as well. To expand

the kinematics of the measured processes to a very small polar angle region and to get a

possibility for central exclusive Higgs and dilepton processes measurements the near-to-beam

instrumentation is placed in-between the LHC magnets downstream the interaction points of

ATLAS and CMS.

1 Diffraction and Forward Physics

1.1 ATLAS and CMS Forward Detectors

ATLAS 1,2 and CMS 3,4 forward detectors cover the large polar plane or pseudorapidity region.
The pseudorapidity (η) is defined through the polar angle θ as: η = − ln tan(θ/2). The
pseudorapidity limit for the forward calorimeters FCAL and HF at ATLAS and CMS respectively
is |η| . 5. In addition ATLAS is equipped with LUCID 5, ZDC 6, ALFA 7 and CMS with
CASTOR 8, ZDC 9 detectors which cover large pseudorapidity region well beyond the main
apparatus limit. For the upgrade the near-to-beam detectors which have been investigated by
FP-420 R&D project 10 are planned to be installed for both ATLAS and CMS in the high beam
dispersion region at the distance of 420 m downstream the interaction point (IP).

1.2 Diffraction at the LHC

Diffractive events have rapidity gap (RG) and small scattered proton energy loss fraction ξ,
defined as ξ = 1 − E′/Eo. The E0 and E′ are the beam energy and the scattered proton
energy respectively. The RG is a pseudorapidity region free of particles between the beam axis
and the nearest reaction fragments. Elastic scattering (ES), single diffraction (SD) and central
exclusive processes (CEP) are characterized by small proton four-momentum transfer t as well.
The LHC diffractive physics program 11 is different for low luminosity (LL) and high luminosity
(HL). Forward calorimeters will be involved in RG and diffractive mass determination 12. For
early LHC data at LL the RG events can be selected to study diffractive W-bosons 13, di-jets
and vector mesons production processes. At LL it is possible to include the RG selection in
the “level 1” trigger. The RG at the LHC degrades in multiple interactions and one consider
here the RG survival probability 14. At HL the RG will be destroyed by the pile-up events in
each bunch crossing (BC). The double/multi pomeron exchange, di-jets, W/Z and heavy quarks



production within the diffractive system will be studied as well as the diffractive CEP. These
hard diffractive processes which are characterized by high mass and high pT production will
provide the information of diffractive parton distribution functions (dPDF) at the LHC.

1.3 Central Exclusive Production (CEP)

In CEP processes p p → p X p the scattered protons remain intact and the produced central
system X may contain products of a single particle like a Higgs-boson or vector meson. CEP
allows direct access to quantum numbers of the central state X and has the direct relation of
the scattered protons energy loss to central mass MX with clean azimuthal correlation of both
scattered protons. At certain scenario it could be a clean Higgs discovery channel 15,16. The
spectrometric ability to measure scattered proton momentum and energy is independent of the
decay channel. At CMS and ATLAS the FP-420 detectors are planned to measure CEP. The
FP-420 contains a Si-tracker as the beam-magnets spectrometer and two types of Cherenkov
light detectors as the time-of-flight (ToF) system to be installed near to the outgoing beams
inside the so called “Hamburg pipe” 10. The Si-tracker should allow measurement of clear CEP
final state with a good central mass resolution of ∆M ∼ 2-5 GeV in a wide mass spectrum of
50 . M . 900 GeV. The mass resolution ∆M depends on the produced central mass M , on
the beam background and divergence, and on the beams interaction angle. The ToF system
of the FP-420 serves to reduce the pile-up background and increase signal-to-noise ratio for
the investigated CEP processes. The photon-induced elastic γ γ → ℓ+ ℓ− processes with the
tagged protons can provide additional luminosity calibration 17. The Υ production cross-section
in γ p → Υ p → ℓ+ ℓ− p is sensitive to the proton dPDFs. LHC opens a possibility to measure
the Upsilon at significantly higher centre-of-mass energies as before.

2 Luminosity measurement

The unavoidable beam losses and emittance blow-up effects at collisions permanently diminish
the luminosity over the physics run 18. Hence it is very important to control the instantaneous
luminosity. The ATLAS and CMS collaborations intend to use rates counting methods with LU-
CID and HF respectively (see sec. 2.2 and 2.3) to determine the instantaneous relative luminosity
which needs to be calibrated with the absolute luminosity measurement. One of the methods to
determine the absolute luminosity is based on the measurement of the elastic scattered protons
rate at very small angles and total inelastic rate. This approach allows luminosity determination
via the optical theorem. Another method is the absolute luminosity determination from machine
parameters 19 which does not requires the measurement of physics processes.

2.1 Machine luminosity

The LHC machine is designed for the round Gaussian beams. Machine luminosity is defined as:

L = Rθ ·
N2

p · nb · frev

4π · σ∗ 2
. (1)

Here Np is the number of protons in one beam per bunch, nb the number of bunches, frev the
revolution frequency, σ∗ = σ∗

x = σ∗
y the RMS of the transverse beam size at the IP and Rθ the

geometric luminosity reduction factor due to the beams crossing angle θ at the IP. The dedicated
crossing angle orbit bumps should separate the LHC beams to avoid parasitic collisions in the
common beam pipe around the IP. The crossing angle reduce the luminosity and the geometric
reduction factor Rθ is:
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2

. (2)



The luminosity is also reduced if the beams are not colliding head-on and shifted to each other
with δx and δy. The van der Meer separation scan20 used to optimize the overlap of the colliding
beams 21 could be applied to measure luminosity 19 with the remaining luminosity fraction:
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As a function of separation the ratio of the eq. 3 could be measured for instance with the warm
directional strip line couplers (BPMSW) near the Q1 magnets and with the TAN monitors.

2.2 CMS luminosity with HF

The HF 22 forward calorimeters of the CMS apparatus will be used as the “always-on” bunch-
by-bunch instantaneous luminosity monitor which is independent from the main CMS DAQ.
The HF covers a large range in forward pseudorapidity 3 ≤ |η| ≤ 5 which is also essential for
diffraction and soft QCD studies. At the LL stage the “hits zero counting” method could be
used, measuring the fraction of empty BCs and assuming that the number of interactions follow
the Poisson statistics. The basic approach is that the mean number of interactions in one BC is
proportional to the luminosity in this BC. At the HL stage the empty BCs disappear and the
“zero counting” degrades because every BC contains interactions. The sum of average transverse
energy in HF towers measured bunch-by-bunch is used.

2.3 ATLAS luminosity with LUCID

ATLAS will measure luminosity with the LUCID 23,5 detector which consists of the gas filled
Cherenkov light tubes. LUCID is installed with one layer of 20 tubes surrounded the beam pipe
and pointed to the IP. LUCID tubes cover the pseudorapidity region of 5.6 < |η| < 5.9. For
the upgrade it is proposed to install 5 layers with 40 tubes per layer. LUCID is the relative
luminosity detector and it should be calibrated with ALFA 23,7 over the special runs. One
estimates the bunch luminosity Lbx by the mean number of inelastic p p interactions µbx in
one BC. One obtains the µbx counting the mean number of LUCID hits 〈Nh/bx〉 and the mean

number of hits per detected p p interaction 〈Ndet
h/pp

〉:

µbx =
1

εh/pp

·
〈Nh/bx〉

〈Ndet
h/pp

〉
= σinel · Lbx . (4)

Here εh/pp is the total efficiency to detect an inelastic p p interaction in LUCID and σinel is the

inelastic cross section. The 〈Ndet
h/pp

〉 is procured in calibration. The simulation 24 shows non-

linear effects in hits counting which should be compensated over the measurement 25. LUCID
detector has successfully recorded data over the short LHC running in September 2008.

2.4 ATLAS luminosity with ALFA

The LUCID detector will be calibrated with the ALFA 7 (Absolute Luminosity For ATLAS)
detectors which measure the absolute luminosity by the forward elastic rate. The ALFA detectors
will be installed at about 240 m from the ATLAS IP on both downstream sides in-between
the LHC magnets. They will be placed inside in the “roman pot” (RP) stations which are
implemented into the beam pipes. The RP system allows to move the sensitive detector volumes
inside the pipe in respect to the beam and to retract them outside the beam zone during injection
and by bad beam radiation conditions. There are four RP stations, two by two in each side of
IP. One RP station contains two active volume detectors, moving from above and from below
to the beam. The ALFA active volume consists of the scintillating fiber planes which will be
moved at the distance of 10 σ∗ to 15 σ∗ from the beam. The distance of the scintillating fiber



volumes from the beam assigns geometrical acceptance of the ALFA detector. Special high-β∗

optics which has the potential to reach the Coulomb interference region will be applied during
the special LHC runs dedicated to the ALFA measurements. This optics is needed to focus the
scattered protons on the active scintillator planes of the ALFA detector. The expression for the
elastic spectrum is given as a a fit with four parameters L, σtot, B and ρ to the dN/dt versus
proton momentum transfer t distribution:

dN

dt
≈ L ·
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2

|t|
︸ ︷︷ ︸

Coulomb−Nuclei Interference

+
σ2

tot · (1 + ρ2) · e−B·|t|

16π
︸ ︷︷ ︸

Nuclear Scattering








(5)

Here L is the luminosity, σtot is the total p p cross section, B is the nuclear slope and ρ-parameter
is the ratio of Re to Im parts of the nuclear scattering amplitude. The main background sources
to ES events in ALFA arise from the beam halo and from the SD processes at multiple proton
interactions. According to simulation the total ALFA acceptance for SD integrated over all t
and ξ values yields 40-45% 26.
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